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Introduction

Cancer is one of the deadliest diseases worldwide, [1] and patients who are diagnosed with cancer are commonly treated via chemotherapy. Since cisplatin entered the clinic it rapidly became the most used anticancer drug worldwide. Despite its undoubted success, cisplatin is associated with severe side effects, e.g. nerve and kidney damage, nausea, vomiting and bone marrow suppression, and both intrinsic and acquired resistance. To overcome these issues, considerable efforts have been made in the development of new metal-based drug candidates. [2] Among others, organometallic ruthenium(II) complexes of the type [Ru(η 6 -arene)(pta)Cl 2 ] (arene = p-cymene, toluene, benzene, etc.; pta = 1,3,5-triaza-7-phosphaadamantane), abbreviated RAPTA, were shown to exhibit relevant and unique in vivo properties in the absence of a strong cytotoxic effect. The prototype complex RAPTA-C 1 (Figure 1) damages DNA at the pH typically found in hypoxic tumour cells whereas little or no damage was found at the pH typically in healthy cells. [3] Although 1 reacts with isolated DNA, it preferentially binds to histone proteins in chromatin, which appears to be a major target. [4] In addition, studies have highlighted the promising in vivo properties of RAPTA compounds, i.e. their ability to inhibit the growth of primary tumors [5] , to reduce the number and weight of metastases, [6] and also to exhibit an antiangiogenic effect. [7] Importantly, very low doses of 1 can be applied in the absence of observable side effects when used in combination with targeted drugs. [8] Complementary to chemotherapy, photoactivated chemotherapy (PACT) has expanded the techniques used for the treatment of patients with cancer. [9] During PACT, a (preferably) nontoxic compound is injected and, upon light activation, triggered to form different kinds to chemical modifications on the injected compound, which result in the generation of toxic species. Importantly, PACT does not rely on the presence of oxygen, allowing hypoxic tumours to be treated, contrary to type II photodynamic therapy (PDT), which is the most common mechanism in PDT. [2h, 10] To date, metal-based compounds developed for application with PACT has focused on Ru, Rh and Pt complexes. [11] Notably, upon irradiation at 365 nm, the dinuclear complex [((η 6indane)RuCl) 2 (µ-2,3-dpp)](PF 6 ) 2 2 (2,3-dpp = 2,3-bis(2-pyridyl)pyrazine, Figure 2) releases the indane ligand to generate a reactive Ru species which forms mono-and bifunctional adducts with DNA. [12] It has also been shown that the cytotoxicity of Ru(II)-arene complexes may be slightly increased upon light irradiation thanks to the decomposition of the complexes. [13] In addition, Ru(II) polyazaaromatic complexes with π-acceptor ligands, e.g. 1,4,5,8-tetraazaphenanthrene (TAP) 3 or 1,4,5,8,9,12-hexaazatriphenylene (HAT) 4, are able to selectively form adducts with amino acids or DNA bases upon excitation of their MLCT band. [14] A different concept has been applied to a series of platinum(IV) complexes containing azide ligands that act as PACT agents. Upon activation by light, the azide ligands undergo photodissociation and/or photodecomposition, releasing nitrogen and the Pt(IV) core is simultaneously reduced to Pt(II). Importantly, the compounds can also be activated at longer wavelengths where no absorption is observed in the UV/VIS spectra, since σ-antibonding orbitals are populated which are promoting the release of the azide ligand. In vitro phototoxicity assays on trans, trans, trans-[Pt(N 3 ) 2 (OH) 2 (NH 3 )(py)] 5 confirmed the complex to be non-toxic in the dark, but highly cytotoxic when cells treated with the complex were irradiated with UV light. [15] Worthy of note, arene ruthenium(II) azido compounds of the type [(η 6 -p-cymene)Ru(N ⋂ O)N 3 ] 6 have already been prepared and used in 1,3-dipolar additions with substituted alkynes to yield [(η 6 -p-cymene)Ru(N ⋂ O)(N 3 C 2 (CO 2 R) 2 )]. [16] Inspired by these studies, we designed a RAPTA-type complex as a prodrug for PACT. For this purpose, we modified the prototype compound, 1, with azide ligands replacing the chlorides. Since 1 binds to its targets by the loss of the chloride ligand(s), photoactivatable azides should allow targeting by PACT. Herein, we disclose the synthesis and characterization of the diazide complex (8), and show that it has an improved cytotoxicity upon irradiation at 450 nm in comparison to the cancer cells treated in the dark.

Results and discussion

The synthesis of the RAPTA-azide complex was attempted in two steps; first, preparation of the azo-bridged-Ru-cymene dimer and, second, reaction of the dimer with two equivalents of pta. The method described by Bates et al. [17] for the synthesis of [Ru(η 6 -pcymene)(PPh 3 )Cl(N 3 )] from the azo-bridged dimer [Ru(η 6 -p-cymene)Cl(N 3 )] 2 was followed, in which the dimer is prepared in quantitative yield by addition of excess trimethylsilylazide to the chloro-bridged dimer [Ru(η 6 -p-cymene)Cl 2 ] 2 in dichloromethane (Scheme 1). As reported by the authors, only partial substitution of the chloride ligands occurs, to give the bridging azide complex, [Ru(η 6 -p-cymene)Cl(N 3 )] 2 .

In the preparation of [Ru(η 6 -p-cymene)(PPh 3 )Cl(N 3 )], the authors reported a single product following addition of PPh 3 to the dimer. However, reaction with pta under the same conditions resulted in a mixture of [Ru(η 6 -p-cymene)(pta)Cl 2 ] 1, [Ru(η 6 -p-cymene)pta(N 3 )Cl]

7 and [Ru(η 6 -p-cymene)pta(N 3 ) 2 ] 8. An alternative strategy, in which an excess of trimethylsilylazide was added directly to 1, the same mixture of products was obtained. Slow diffusion of hexane into a dichloromethane solution of the mixture afforded single crystals suitable for X-ray diffraction with both 1 and 7 present in the unit cell in a 1:1 ratio (see below).

As separation of the three complexes is problematic, a method described by Wehlan et al. for the preparation the fully substituted precursor [Ru(η 6 -p-cymene)(N 3 ) 2 ] 2 was undertaken. [18] The one pot reaction involves preparation of the azido dimer in situ from [Ru(η 6 -pcymene)Cl 2 ] 2 with a large excess of sodium azide in water, followed by direct addition of two equivalents of pta. Complex 8 was obtained in good yield as the only product (see Figures S6- S7). Slow diffusion of hexane into a dichloromethane solution of 8 yielded single crystals suitable for X-ray diffraction.

Scheme 1. Synthetic routes to RAPTA-type compounds with azide ligands, 7 and 8.

The structures of 7 and 8 are shown in Figure 3 and a comparison of selected bond parameters is provided in Table 1 along with RAPTA-C 1. The unit cell of 7 is highly disordered with 1 and 7 occupying the same positions and consequently only the structure of 7 is described in Table 1. Ellipsoids are drawn at the 50% probability level. a Taken from [3a] .

b Structure contains two crystallographically independent molecules within the unit cell.

Both 7 and 8 exhibit the piano-stool structure typical of Ru(η 6 -arene) compounds and the ruthenium-cymene and ruthenium-pta bond lengths are similar to those observed for RAPTA-C and other RAPTA complexes. [3a, 19] The ruthenium-azide bond lengths are markedly shorter than the ruthenium-chloride bonds (ca. 0.3 Å), but are comparable to other Ru(η 6 -arene)-azide complexes. [20] The structure of 7 contains two crystallographically independent molecules in 

Stability studies

Hydrolysis inside a cell is thought to activate cisplatin and is also proposed to be important to mono and dichloro ruthenium(II)-arene based drug candidates, which undergo rapid hydrolysis in water containing 5 mM NaCl (the approximate salt concentration inside a cell).

The process is usually reversed in the presence of 100 mM NaCl, the approximate salt concentration in the blood. Consequently, the stability of 8 in an aqueous solution was investigated. For this purpose, 8 was monitored at regular time intervals over 24 h using UVvis, 1 H and 31 P NMR spectroscopy. The 31 P NMR spectrum of a freshly prepared D 2 O solution of 8 shows a single peak at -29.2 ppm which has been assigned to the intact (unhydrolysed) complex. No evidence of decomposition was observed in either the NMR or UV-vis spectra (see Figure S8). The experiment was repeated with an additional 2 equivalents of glutathione over the same time period, and again decomposition was not observed (note that 1 reacts rapidly with glutathione). [21] Next, the stability of 8 was repeated in a 100 mM NaCl solution, corresponding to the concentration of free chloride ions in the blood stream since it is important that the azide ligands are not replaced by chloride before reaching the tumor environment. After 2 h in solution, a new peak is observed in the 31 P NMR spectrum at -32.1 ppm, which has been assigned to [Ru(η 6 -p-cymene)pta(N 3 )Cl], as it corresponds to a freshly prepared solution of 7 in D 2 O (see Figure S9). Equilibrium of 7:8 is reached after 4 h with a ratio of 1:2, following which no further change is observed. In the UV-vis spectra of 8 in 100 mM NaCl (Figure S2), only a small increase in absorbance at 335 nm and decrease at 400 nm is observed. Despite the slow conversion of 8 to 7, the compound should display sufficient stability for application as a prodrug for PACT.

Stability upon exposure to light

A solution of 8 in D 2 O irradiated with UV light (λ = 366 nm) and aliquots were removed at intervals of 15 min and analysed by 1 H and 31 P NMR and UV-vis spectroscopy. After the first 15 min of irradiation, a new species is observed in the 31 P NMR spectrum of 8 at -33.0 ppm, tentatively assigned to the aqua complex [Ru(η 6 -p-cymene)pta(N 3 )(H 2 O)] + as it is also formed from 7 in water. On further irradiation, a second new peak is observed in the 31 P NMR spectrum at -2.5 ppm, corresponding to oxidised pta (Figure 5 and Figure S10). The concurrent appearance of free p-cymene in the 1 H NMR spectrum suggests that the resulting ruthenium complex extensive ligand loss. Note that the release of a the arene ligand upon light exposure has been already observed for other Ru(II)-arene complexes. [12,22] Decreasing the wavelength of the light source to 254 nm accelerates the photolytic decomposition (Figure 5). After 30 min, the intensity of the signal corresponding to the original complex in the 31 P NMR spectrum has decreased by a factor of 2, and is replaced by the signal corresponding to oxidised pta. Following 2 h of irradiation, the original complex is no longer present, being replaced by the signal of free oxidised pta at -2.5 ppm. Emergence of a new species is also evident in the UV-vis spectra between 45 min and 2 h with an isosbestic point at 382 nm (Figure S3). Between 0 and 45 min the only change in the spectra corresponds to an increase in absorption at 344 and 400 nm. 

(Photo-)cytotoxicity studies

Having assessed the stability 8 in aqueous media and confirmed that the majority of 8 in its diazide form would accumulate in cells, the influence of 8 on cell viability in cancerous human cervical carcinoma (HeLa) and non-cancerous retinal pigment epithelium (RPE-1) cells was investigated to assess its suitability as a prodrug in PACT. For this purpose, 8 was incubated for 1 h, the time in which the majority of the structurally related compound RAPTA-C enters cells, and for 4 h, the time for equilibrium between 7 and 8 to be reached in a 100 mM NaCl solution. After incubation for the appropriate time (in the dark) the cells were incubated additional 44 h and the cell viability determined using a fluorometric resazurin assay (Table 2). Comparison of the data shows that at the longer incubation time the cytotoxicity is slightly higher. Notably, 8 is about 1.2 -1.4 times more toxic in the cancerous cell line HeLa in comparison to the non-cancerous cell line RPE-1. Having assessed the cytotoxicity, the effect of light irradiation (450 nm, 10 min, light dose 4.7 J/cm 2 ) was investigated. As anticipated, the cytotoxicity of 8 increases upon light exposure. The phototoxic index (PI), defined as the ratio between the IC 50 value in the dark and the IC 50 value upon light exposure, was calculated for 8 and is similar in both cell lines with values of 1.5-1.6 at 1 h incubation and 1.2 at 4 h incubation. This decrease of the PI with incubation time is probably due to the modest instability of 8 with time. As recently demonstrated, similar PI values were observed with other Ru(II)-arene complexes bearing 3,5cycloheptadienyldiphenylphosphine or cycloheptyldiphenylphosphine and ethylbenzoate or pcymene ligands. [13] Table 2. IC 50 values in the dark and following irradiation of 8 incubated in human cervical carcinoma (HeLa) and non-cancerous retinal pigment epithelium (RPE-1) cells. Average of three independent measurements. 
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Conclusions

An azide-containing analogue of the drug candidate RAPTA-C, 1, was prepared and evaluated as potential prodrug for PACT. The diazide complex, 8, is remarkably stable in water and in the presence of glutathione, whereas 1 reacts rapidly. However, at chloride concentrations equivalent to that of the blood stream, 8 undergoes a slow ligand exchange.

However, during exposure to UV light (λ = 366 nm or 254 nm), the compound undergoes more rapid and extensive ligand loss. As expected from the stability studies, the cytotoxicity in the dark was modest and increases upon light exposure, confirming a photoactivated effect.

In this context, it should be noted that in vitro cytotoxicities of this class of compounds are generally low and do not closely reflect their activity in vivo. Since RAPTA compounds are highly active in vivo against primary and metastatic tumours, it is conceivable that 8 could combine the advantages of a RAPTA chemotherapy and PACT.

Experimental

Materials

All chemicals were obtained from commercial sources and used without further purification. were purchased from Fisher Scientific and Resazurin from ACROS Organics.

Instrumentation and Methods

All manipulations were carried out using standard Schlenk techniques with solvents degassed prior to use. [Ru(η 6 -p-cymene)Cl 2 ] 2 and pta were synthesised according to literature procedures. [23] 1 H and 31 P NMR spectra were recorded on a Bruker Avance DPX spectrometer at room temperature. H o and H m describe aromatic protons H-ortho and H-para respectively.

UV-vis spectra were recorded a JASCO V-550 UV-vis spectrophotometer at room temperature. Microanaylsis was performed at the EPFL.

Synthesis of [Ru(η 6 -p-cymene)(pta)Cl(N 3 )]( 7)

1) To a solution of [Ru(η 6 -p-cymene)Cl 2 ] 2 (200 mg, 0.33 mmol) in dry dichloromethane (10 mL),N 3 SiMe 3 (0.2 mL, 2 mmol) was added dropwise at room temperature and the mixture stirred for 30 min. Hexane (5 mL) was added and the solvent volume reduced to give 7 as a red powder. The product was dissolved in dichloromethane (20 mL) and pta (111 mg, 0.7 mmol) added and the solution stirred for 4 h. Hexane (10 mL) was added and the solvent volume reduced to give the product as orange powder. Recrystallisation from methanol afforded an orange, semi-crystalline solid. Yield: 69 mg (21%).

2) To a solution of 1 (100 mg, 0.21 mmol) in dry dichloromethane (10 mL), N 3 SiMe 3 (0.46 mL, 4.6 mmol) was added dropwise at room temperature and the mixture stirred for 30 min.

Hexane (5 mL) was added and the solvent volume reduced to give 7 as an orange powder.

Slow diffusion of hexane into a dichloromethane solution afforded the product as orange crystals suitable for X-ray diffraction (see Figures S4-S5) Yield: 34 mg (35%).

1 H NMR (CDCl 3 ): δ 5.58 (d, 3 J HH = 5.6 Hz, 2H, H m ), 5.55 (d, 3 C, 38.86; H, 5.71; N, 25.49. Found C, 38.57; H, 5.65; N, 25.63.

X-ray structure determination

Data for 7 and 8 were collected on a KUMA CCD diffractometer system using graphitemonochromated Mo K α radiation. Data reduction was performed with CrysAlis Pro . [24] The structures were solved by SHELXT [START_REF] Sheldrick | SHELXT -Integrated space-group and crystal-structure determination¸[END_REF] and refined by least squares fit on F 2 using SHELX. [START_REF] Sheldrick | SHELXL -Crystal structure refinement[END_REF] The absorption correction was applied using the multi-scan procedure SCALE3

ABSPACK. [24] All non-hydrogen atoms were refined anisotropically with hydrogen atoms placed in geometrically calculated positions and refined using a riding model. In 7, positional disorder of the chloride and azide group was observed and resolved by splitting the atoms over two positions and then fixing the occupancy factors to 0.5. For structure 7, a number of disordered dichloromethane molecules were present, which were removed using the SQUEEZE algorithm of Platon. [27] For structure 8, hydrogen atoms which belong to the water molecule were located on the electron density difference map and the H-O bond lengths and the H-O-H bond angles constrained to reasonable values. ORTEP3 [28] was used to produce the graphical representation of 7 and 8. Relevant data is given in Table 3. 7) or upon addition of 2 equivalents of glutathione was monitored by 1 H and 31 P NMR and UV-vis spectroscopy over a period of 24 h.

Stability upon light exposure

A freshly prepared 10 mM solution of 8 in D 2 O was irradiated with UV light at 366 or 254 nm with a CANAG lamp (2 x 8 W tubes). The samples were placed at a distance of 10 cm from the lamp, with a power of ca. 8 Wcm -2 . Aliquots were taken after 15, 30, 45, 60 and 120 min and analysed by 1 H NMR, 31 P NMR and UV-vis spectroscopy.

Cell culture

Human cervical carcinoma (HeLa) cells were cultured using DMEM media and retinal pigment epithelium (RPE-1) cells using DMEM/F-12 with addition of 10% FBS and 1%

penstrep. The cells were cultivated and maintained at 37 °C in a cell culture incubator at 37 °C with 5% CO 2 atmosphere. Before use the cells were passaged three times.

(Photo)cytotoxicity studies

Cytotoxicity was assessed by measuring cell viability using the fluorometric resazurin assay.

The cultivated cells were seeded in triplicates in 96 well plates with a density of 4000 cells per well in 100 µL of media. After 24 h the medium was removed and the cells were treated with increasing concentrations of the appropriate compound diluted in cell media achieving a total volume of 200 µL. The cells were incubated with the compound for 1 or 4 h. After this time, the media was removed and replaced with 200 µL of fresh medium. For the phototoxicity studies, the cells were exposed to light with an Atlas Photonics LUMOS BIO irradiator. Each well was constantly illuminated with 450 nm (10 min, 4.7 J . cm 2 ) irradiation.

During this time, the temperature was maintained constantly at 37 °C. The cells were grown in the incubator for additional 44 h. For the determination of the dark cytotoxicity, the cells were not irradiated and after the medium exchange directly incubated for 44 h. After this time, the medium was replaced with fresh medium containing resazurin with a final concentration of 0.2 mg/mL. After 4 h incubation, the amount of the fluorescent product resorufin was determined upon excitation at 540 nm and measurement its emission at 590 nm using a SpectraMax M2 Microplate Reader (Molecular Devices). The obtained data was analyzed with the GraphPad Prism software.

Figure 1 .

 1 Figure 1. Structure of [Ru(η 6 -p-cymene)(pta)Cl 2 ] (pta = 1,3,5-triaza-7-phosphaadamantane), known as RAPTA-C 1.

  Figure 2. Structures of [((η 6 -indane)RuCl) 2 (µ-2,3-dpp)] 2+ 2, [Ru(1,4,5,8tetraazaphenanthrene)] 2+ 3, [Ru(1,4,5,8,9,12-hexaazatriphenylene)] 2+ 4, trans, trans, trans-[Pt(N 3 ) 2 (OH) 2 (NH 3 )(py)] 5 and [(η 6 -p-cymene)Ru(N ⋂ O)N 3 ] 6.

Figure 3 .

 3 Figure 3. ORTEP representation of one of the two independent molecules of 7 and 8.

  the unit cell, where each molecule has a slightly different geometry, with the principal difference being the Cl-Ru-N and Cl-Ru-P bond angles. In the case of 8, one molecule of water is also present in the unit cell and hydrogen bonding interactions are observed with terminal azide nitrogen atoms, N6 and N9 (d(H-N6) = 1.98(2) Å, d(H-N9) = 1.93(2) Å) (Figure 4).

Figure 4 .

 4 Figure 4. Hydrogen bonding between terminal azide nitrogens of 8 and water forming an infinite chain in the crystal. Ellipsoids are drawn at the 50% probability level.

Figure 5 .

 5 Figure 5. Graphs showing the percentage of pta compound present in an aqueous solution of 8 following UV irradiation as a function of time. Top: irradiation at 366 nm. Bottom: irradiation at 254 nm. Percentages were determined by integration of the signals in the 31 P NMR spectra.
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Table 1 .

 1 Selected bond lengths (Å) and angles (°) of 1, 7 and 8.

		1 a, b	7 b	8
	Ru-(Ar)centroid 1.692(4)	1.697(2)	1.708(1)
		1.701(4)	1.697(2)	
	Ru-P	2.296(2)	2.2939(11)	2.2991(7)
		2.298(3)	2.2910(11)	
	Ru-Cl	2.412(3)	2.4407(13)	-
		2.429(3)	2.4256(12)	
		2.425(3)		
		2.425(3)		
	Ru-N	-	2.06(2)	2.111(2)
			2.22(3)	2.112(2)
	Cl-Ru-P	87.09(9)	81.94(4)	-
		83.42(8)	83.56(4)	
		85.29(10)		
		82.78(9)		
	N-Ru-P	-	90.3(5)	84.87(7)
			89.9(8)	84.46(8)
	Cl-Ru-Cl	91.8(3)	-	-
		88.97(9)		
	Cl-Ru-N	-	82.7(5)	-
			84.5(8)	
	N-Ru-N	-	-	84.93(10)

RPE-1 dark 450 nm (10 min, 4.7 J/cm 2 ) PI dark 450 nm (10 min, 4.7 J/cm 2 )

  

						PI
	1 h	275 ± 14	176 ± 9	1.6 332 ± 18	225 ± 9	1.5
	4 h	214 ± 16	181 ± 5	1.2 290 ± 6	249 ± 13	1.2

  J HH = 5.6 Hz, 2H, H o ), 4.66(d, 2 J HH = 12.9 Hz, 3H, pta), 4.60(d, 2 J HH = 13.3 Hz, 3H, pta), 4.41 (s, 6H, pta), 2.74-2.91 (m, 1H, CH(CH 3 ) 2 ), 2.11 (s, 3H, arene-CH 3 ), 1.24(d, 3 J HH = 6.8 Hz, CH(CH 3 ) 2 ). 31 P NMR (CDCl 3 ): δ -33.5 (s, pta).

	Synthesis of [Ru(η 6 -p-cymene)pta(N 3 ) 2 ](8)
	To a solution of [Ru(η 6 -p-cymene)Cl 2 ] 2 (250 mg, 0.41 mmol) in water (50 mL), NaN 3 (500
	mg 7.7 mmol) was added and the resulting solution stirred for 30 min at room temperature.
	Next, pta (141 mg, 0.89 mmol) was added and the solution stirred for a further 12 h. The
	product was extracted with dichloromethane (3 x 50 mL) and the combined organic phases
	dried over sodium sulphate. The solution was concentrated in vaccuo and hexane (10 mL)
	added to precipitate 8 as a red powder. Yield: 344 mg (88%).
	1 H NMR (CDCl 3 ): δ 5.51 (d, 3 J HH = 5.8 Hz, 2H, H m ), 5.44 (d, 3 J HH = 5.6 Hz, 2H, H o ), 4.6 (s,
	6H, pta), 4.29 (s, 6H, pta), 2.70-2.86 (m, 1H, CH(CH 3 ) 2 ), 2.21 (s, 3H, arene-CH 3 ), 1.29 (d,
	3 J HH = 6.4 Hz, 6H, CH(CH 3 ) 2 ). 31 P NMR (CDCl 3 ): δ -30.6 (s, pta). ESI-MS (MeOH) m/z =
	912.0 [(Ru(η 6 -p-cymene)pta(N 3 )) 2 (µ-N 3 )] + (60%), m/z = 478.1 [Ru(η 6 -p-cymene)(pta-
	H)(N 3 ) 2 ] + (10%), m/z = 407.0 [Ru 2 (η 6 -p-cymene) 2 (pta)(pta-H)(N 3 ) 2 (µ-N 3 )] 2+ (100%). UV/Vis
	(H 2 O): λ (ε) = 205 (18800), 254 (6100), 366 (1200), 450 (670 M -1. cm -1 ). Anal: Calculated for
	C 16 H 28 N 9 OPRu ([Ru(η 6 -p-cymene)pta(N 3 ) 2 ]⋅H 2 O

Table 3 .

 3 Selected crystallographic data for 7 and 8.

	Parameter	7-RAPTA-C	8•H 2 O
	Formula Fw (g mol -1 )	C 16 H 26 Cl 1.5 N 4.5 PRu 466.63	C 16 H 28 N 9 OPRu 494.51
	Crystal system	Orthorhombic	Orthorhombic
	Space group	Pna2 1	P2 1 2 1 2 1
	a (Å)	13.0650(4)	9.8586(3)
	b (Å)	15.8103(4)	14.2771(5)
	c (Å) α (°) β (°) γ (°) Volume (Å 3 )	21.0201(6) 90 90 90 4342.0(2)	14.3972(4) 90 90 90 2026.43(11)
	Z	8	4
	D calc (g cm -3 ) µ (mm -1 )	1.428 0.987	1.621 0.880
	F(000)	1904	1016
	Temp (K)	140(2)	140(2)
	Measured reflns	30770	14181
	Unique reflns	9087	4261
	theta range (°) /	3.012 to 27.432 / 99.8	2.882 to 27.328 / 99.8
	completeness (%)		
	No. of data /	9087 / 565 / 476	4261 / 3 / 262
	parameters/restraints		
	GooF	1.022	1.080
	R [I>2σ(I)]	0.0269	0.0186
	wR2 b (all data)	0.0639	0.0423
	Largest diff. peak / hole	0.668 / -0.328	0.303 / -0.254
	(e.Å -3 )		
	Stability studies in aqueous solution	
	A freshly prepared 10 mM solution of 8 in D 2 O or (0.1 M NaCl D 2 O, equivalent to ca. pH =
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Graphical abstract

The diazide complex, [Ru(η 6 -p-cymene)pta(N 3 ) 2 ], is inert in water but slowly releases the azide ligand on exposure to light. For this reason, the in vitro cytotoxicity of the complex in the dark as well as upon light exposure at 450 nm in human cervical carcinoma (HeLa) and non-cancerous retinal pigment epithelium (RPE-1) cells was investigated.