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To study the effect of the structure of 3,3′-modified bipyridyl ruthenium complexes on their ability to recognize organic anions, various ruthenium complexes have been prepared. The binding functions and large-sized modified bipyridyl ligand turned out to be essential for selectivity in acetonitrile. The selectivity for dicarboxylates or phosphates can be switched by using guanidinium-or ammonium-functionalized probes. One of these probes turned out to be selective towards glutamate over aspartate and γ-aminobutyric acid (GABA). Another was selective towards adenosine 5′-triphosphate (ATP)

Introduction

Anions play fundamental roles in a wide range of chemical, biological, and environmental processes. For instance, phosphates and nucleotides such as adenosine 5′-triphosphate (ATP), adenosine 5′-diphosphate (ADP), and adenosine 5′monophosphate (AMP) are involved in energy storage, ionchannel regulation, [1] and phosphorylation. [2] During phosphorylation, kinases transfer the terminal phosphate from ATP onto a protein, a sugar, or a lipid. In parallel, ADP is released. The phosphorylation of proteins, by inducing structural modifications, switches on or off their enzymatic activity and in this way regulates many essential biological processes. [START_REF] Johnson | [END_REF] A way to measure the activity of enzymes that catalyze metabolic processes leading to the production of ADP would be to detect ADP selectively.

The development of luminescent chemosensors for halides, carboxylates, and inorganic and organic phosphates, such as nucleotides, has received substantial attention in the last few decades. [4] Many examples of fluorescent probes with metallic receptors, mainly zinc, [5] copper, [6] and more recently aluminium, [7] have been successfully used to detect selectively pyro-1 over adenosine 5′-diphosphate (ADP), pyrophosphate (PPi), adenosine 5′-monophosphate (AMP), and orthophosphate (Pi). In both cases, the binding was attributed to coulombic interactions and hydrogen bonding. π-stacking interactions also occurred with nucleotides. Replacing ammonium by zinc-dipicolylamine units made possible the recognition of phosphorylated species in buffered aqueous systems. To our delight, this probe showed selectivity for ADP over ATP and we proved that the selectivity was partly due to substitution at the 3-and 3′-positions of the ligand. phosphate (PPi). Luminescent probes able to recognize preferentially ATP over PPi and other adenosine phosphates have also been abundantly described. [8] In general, the observed selectivity is ascribed to stronger electrostatic interactions between the probe and the triphosphate. Conversely, examples of selective chemical probes for AMP or ADP are scarce. [9] In the case of ADP, binding experiments with these sensors were conducted either in organic solvent [9g,9k] or in hydroorganic medium. [9b-9d] The bindings of ADP and PPI were otherwise compared in only one case. [9d] Thus, the elaboration of new probes able to interact preferentially with organic anions, in particular with ADP, is still a challenge. Ideally, the luminescence intensity of such probes should increase upon the binding of guests.

Having this in mind, we developed a straightforward procedure for the synthesis of flexible probes for anion recognition (Figure 1). We explored the structure-binding relationship in acetonitrile to determine both the interactions involved and the parameters that influence the binding and selectivity. Then, we introduced the zinc dipicolylamine group for the recognition of phosphorylated species in aqueous systems.

The chosen luminophore was a tris-bipyridyl ruthenium complex, a luminescent compound with absorption and emission spectra in the visible region. [4c,10] Many bipyridyl ruthenium(II) luminescent probes for the detection of small inorganic anions have been described. [4d-4f ] Usually, the recognition is achieved by the functionalization of one of the bipyridyl ligands, most of the time at the 4,4′-positions. [4e,f,11] In this work, one of the bipyridines was modified at the 3,3′-positions through amide subunits. Indeed, in a preliminary study we saw that even if the quantum yield of the 3,3′-bipyridyl-modified ruthenium(II) complex is lower than that of its 4,4′-analogue, the increase in luminescence, observed upon the addition of different species, is often greater. [12] Three different binding functions were selected: Guanidinium and ammonium groups, both well-known to interact strongly with oxo anions through hydrogen bonds and charge interactions, [4b,4f,13] and a zinc(II) dipicolylamine complex, able to bind anions in aqueous medium. Various chain lengths were introduced between the amides and terminal binding sites to study the impact of the size of the molecular probe on both the recognition and selectivity. Finally, an analogous compound without a terminal binding site was also prepared to determine the role of amides in the recognition process.

Results and Discussion

Probe Design and Synthesis

To access the ruthenium probes we developed a rapid and easy synthesis starting from binicotinic acid, prepared on a gram scale from 1,10-phenanthroline. [14] The reaction of binicotinic acid with 2-(n-aminoalkyl)-1,3-diBoc-guanidines in the presence of EDCI and DMAP, followed by acidic deprotection of the guanidinium functions (n = 2, 4, and 6) led to guanidinium-functionalized ligands L 1 /L 3 in yields varying from 57 to 71 % (Scheme 1). Other ligands were obtained by using the same strategy; L 4 and L 5 , from commercially available (aminoalkyl)carbamates, in yields of 48 and 84 %, respectively, and L 6 , from hexylamine, in 77 % yield. Heating 1 equivalent of the appropriate ligand L i at reflux with cis-[(bipy) 2 RuCl 2 ]•2H 2 O led to the ruthenium(II) complexes. After ion exchange, Ru 1 -Ru 6 were recovered in good yields (52-79 %) as their hexafluorophosphate salts. They were obtained pure, except Ru 4 , recovered with 90 % purity. In fact, the high solubility of Ru 4 in water prevented us from removing the excess of ammonium hexafluorophosphate used for the anion exchange. The amount of remaining NH 4 PF 6 was estimated by 1 H and 19 F NMR experiments using (R)-(-)-1-(9-anthryl)-2,2,2-trifluoroethanol as internal reference. The elemental analysis of ruthenium complexes Ru 1 -Ru 5 showed the presence of four hexafluorophosphate anions, proving the protonation of both guanidines and amines in the solid state. Access to zinc(II) dipicolylamine analogue Ru 7 was achieved by classical reductive amination of Ru 5 in the presence of 2-pyridinecarbaldehyde, followed by the addition of 2 equivalents of zinc dichloride. The water-soluble probe Ru 7 was obtained pure in 94 % yield.

2 Scheme 1. Synthesis of 3,3-functionalized Ru 1-6 complexes.

Photoluminescence Characterization of the Ruthenium Complexes

As shown in Table 1, in acetonitrile, all the synthesized trisbipyridyl ruthenium complexes show two characteristic absorption bands at about 287 and 440 nm corresponding to ligandcenter (LC) and metal-to-ligand charge-transfer (MLCT) transitions, respectively. Owing to the electron-withdrawing nature 

Complex

Absorbance Emission λ max [nm] [a] ε [M -1 cm -1 ] [b] λ max [nm] [a] Φ [%] [c] τ [ns] [d] k r [s -1 ] [e] k nr [s -1 ] [e] τ ο [μs] [f ] [Ru(bipy) 3 ] 2+ 287 (LC) [g] 79800 [g] 609 [g] 6.2 [h] 855 [h] 7.7 × 10 4 [h] 4.8 × 10 5 [h] 13.0 450 (MLCT) [g] 14300 [g] [a] λ max of absorption and emission. [b] Molar extinction coefficient. [c] Fluorescence quantum yield (±10 %) determined at 25 °C for a 10 -5 M solution of [Ru II ] in degassed CH 3 CN. [d] Luminescence lifetime (±10 %) determined by using time-correlated single-photon counting (TCSPC). [e] Radiative (k r ) and nonradiative (k nr ) decay rates. [f] Radiative lifetime. [g] From ref. [15] [h] From ref. [19] of the amide substituents, which leads to lower MLCT transition energies, the MLCT absorption band is blueshifted with respect to [Ru(bipy) 3 ] 2+ (λ max = 450 nm). [15] The Ru i complexes display emission spectra with a single red-orange MLCT emission band at around 710 nm, 100 nm redshifted with respect to the band of [Ru(bipy) 3 ](PF 6 ) 2 (λ max = 612 nm). In Hepes buffered solution, this shift is even more important (for Ru 7 , 734 nm in aqueous medium). Such a phenomenon has already been observed in ruthenium complexes functionalized with amide or ester groups. [14][15][16] The quantum yields of all the 3,3′-functionalized complexes (1.9-2.4 %) are much lower than that of the [Ru(bipy) 3 ] 2+ standard (Φ = 6.2 %). This can be explained by the ligand distortion in the 3,3′-modified ruthenium complexes that disfavors charge transfer between the metal center and the ligands. It is noteworthy that the 3,3′-modified ruthenium complexes exhibit a biexponential decay of the luminescence intensity. A short decay time (29-93 ns) and a longer one (140-208 ns) were determined. It is clear by centesimal analysis that these biexponential decay times do not derive from the presence of a luminescent impurity in the synthesized ruthenium complexes. According to the literature, biexponential decay times have already been found in the case of tris-bipyridyl ruthenium complexes. [17] The authors reported that the observed biexponential decay may arise from the existence of two blocked conformers. Indeed, the relative rigidity of the amide moieties may prevent the conformers from interchanging within the lifetime of the excited state. In the present case, cis/trans amide isomers coexist in solution, as proved by the 1 H NMR spectra of these ruthenium complexes (the presence of two multiplets corresponding to the methylene at the α position with respect to the amide functions). The nonradiative decay rates increase with the linker length and, as expected, they are especially low for the most rigid probes, in other words, those with the shortest linker (Ru 1 and Ru 4 ). [18] 3

Anion Sensing

General Behavior of Probes Upon Addition of Anions

The binding of anions of interest, such as dicarboxylates and phosphate derivatives, by these probes was studied by UV/Vis and luminescence spectroscopy. The complexation of more simple anions, such as chloride or monocarboxylate anions, was also tested (Figure 2). The addition of the anions to solutions of Ru i in acetonitrile did not induce any change in the absorption spectra. In the presence of chloride or acetate anions, the Ru i emission spectra were not or only very slightly affected. In contrast, the addition of other species to solutions of Ru i probes resulted in an increase in the luminescence intensity accompanied by a concomitant hypsochromic shift of the maximum emission wavelength λ max .

This increase in luminescence intensity is consistent with the enhancement of the quantum yields of the probes measured in the presence of ions such as glutamate or dihydrogen phosphate (see Table A in the Supporting Information). As expected, regarding the non-modified [Ru(bipy) 3 ] 2+ complex, no changes in the emission spectra were observed upon the addition of anions. The evolution of the Ru 5 emission spectrum upon successive additions of dihydrogen phosphate is shown as an example in Figure 3. The emission enhancement can be ascribed to an increase in receptor rigidity, caused by interactions with the anions, which diminishes the potential pathways of vibrational and rotational nonradiative decay modes. To determine the influence of anions on the decay rates and decay times of the probes, we also measured them in the presence of glutamate and dihydrogen phosphate. The nonradiative decay rates decreased (except for the most rigid probe Ru 1 ), whereas the radiative decay rates showed a two-to three-fold increase in the presence of anions. 4

Concerning the decay times, as for the complexes Ru i alone, a biexponential decay was found when the probes interact either with glutamate or dihydrogen phosphate (see Table A in the Supporting Information). This observation suggests that the anions interact with the amide groups. Indeed, the MLCT dπ* state has the electron formally residing on the bipyridine ligand, and this configuration is presumably less favorable when a negatively charged guest binds to the amide of the bipyridine. [16,17,20] To verify the existence of interactions between amide subunits and anions, luminescence studies were carried out with the analogous probe Ru 6 , characterized by a 3,3′-bishexylamide modified ligand.

As for Ru 3 and Ru 5 , a hypsochromic shift and an increase in the luminescence intensity were observed when H 2 PO 4 -was added to a solution of Ru 6 in acetonitrile. Nevertheless the modification of the luminescence response is not as significant (see Figure S1 in the Supporting Information). These results show that the amide functions are implicated in the recognition event. To better identify the interactions involved we also performed 1 H NMR studies in deuteriated acetonitrile. The spectra of probes Ru 3 and Ru 5 in the presence of increasing amounts of either glutamate or dihydrogen phosphate were recorded. The 1 H NMR spectra of Ru 3 upon sequential additions of glutamate are shown as an example in Figure 4 (aromatic region) and in Figure S2 in the Supporting Information (whole 1 H NMR spectra). Addition of the anion leads to downfield shifts of the amide and guanidinium NH protons. More interestingly, the 4-H and 4′-H aromatic protons of the modified bipyridyl ligand L 3 as well as methylene protons linked to the amide functions are also shifted as the amount of glutamate in the solution increases. Similar results were obtained when dihydrogen phosphate was added to a solution of probe Ru 5 . Nevertheless, in this case, the signals corresponding to the methylene groups were not affected by the presence of the guest (see Figure S3 in the Supporting Information). These results confirm that both amides and terminal functions are implicated in the recognition process, mainly through the formation of hydrogen bonds and electrostatic interactions with the anions.

Alkyl Spacer Length Effect and Selectivity in the Case of Guanidinium-Functionalized Bipyridyl Ruthenium Complexes

Acetate and chloride anions did not induce any change in Ru 3 photoluminescence. The complex Ru 3 recognizes dihydrogen phosphate and dicarboxylates such as glutamate and aspartate, but also γ-aminobutyric acid (GABA; Figure 5a). The titration curve recorded with GABA suggests that the amine function and/or the alkyl chain of the target interact with the binding site of Ru 3 , because acetate is not recognized at all. Titrations with sulfate, succinate, and glutarate were also carried out (see Figure S4 in the Supporting Information). Among all the tested anions, glutamate is the one that induces the most significant changes in luminescence emission intensity (Figure 5a). For comparison with Ru 3 , luminescence studies were also carried out with the Ru 1 and Ru 2 complexes to study the effect of the alkyl chain length and thus the effect of host size on anion recognition. Ru 1 and Ru 2 gave similar results. As an example, Figure 5b shows the titration curves of Ru 1 upon the addition of various anions: Similar responses were observed for glutamate, aspartate, and dihydrogen phosphate. Moreover, Ru 1 detects very slightly acetate and chloride, which was not 5 observed with Ru 3 . As a consequence, of the complexes studied herein, the use of the hexyl spacer provides the most efficient probe in terms of selectivity. Hence, only the results obtained with probes incorporating a hexyl spacer will be presented below.

The method of continuous variation (Job's plots) was used to characterize the Ru 3 -anion complexes and determine their stoichiometries (see Figure S8a,b in the Supporting Information). The curves indicate that Ru 3 forms complexes with 1:2 and 1:4 stoichiometries in the presence of glutamate and dihydrogen phosphate, respectively. The association constants of Ru 3 with glutamate (log K 1:2 = 13.06) and dihydrogen phosphate (log K 1:4 = 18.02) were determined by using HypSpec®. [21] These stoichiometries are consistent with both the 4+ charge of the probes and the number of hexafluorophosphate anions that can be exchanged during the addition of guests. Most probably, only the replacement of the PF 6 -ions close to the binding functions impacts the variation in luminescence intensity. As can be seen in Figure 5a, the first added carboxylate anions did not induce noticeable variation in the luminescence intensity, which indicates that the first PF 6 -anions displaced are those interacting with the ruthenium center.

Effect of the Terminal Binding Functions

Guanidinium functions have planar structures more appropriate for interacting with carboxylates than tetrahedral ammonium ions. [4f,13,16] Thus, our idea was to modify the selectivity of such probes by replacing the terminal guanidinium moieties by ammoniums (probes Ru 4 and Ru 5 ).

As already mentioned, these ammonium-functionalized complexes present the same photophysical characteristics as the guanidinium-functionalized analogues (emission spectra with a single red-orange MLCT emission band at ca. λ max = 712 nm, 100 nm redshifted with respect to the band for [Ru(bipy) 3 ]PF 6 and also an attenuated luminescence efficiency). Chloride and acetate anions were not detected by the ammonium-functionalized probe Ru 5 , whereas responses were obtained in the presence of dihydrogen phosphate and dicarboxylates (Figure 6). A 1:2 stoichiometry was found for the Ru 5 -glutamate complex (see Figure S8c in the Supporting Information) as well as a lower binding constant (log K 1:2 = 11 59), which indicates that glutamate interacts less strongly with ammonium functions than with guanidinium. Ru 5 recognizes dihydrogen phosphate in the same way as Ru 3 (1:4 stoichiometry and log K 1:4 = 18.08; see Figure S8d in the Supporting Information). Nevertheless, for equivalent stability constants, the quantum yield of Ru 5 in the presence of H 2 PO 4 -(Φ = 9.3) is higher than that measured in the case of Ru 3 (Φ = 7.8; see Table A in the Supporting Information). As a consequence, the ammonium-functionalized probe is more sensitive towards phosphate ions than the guanidinium. This sensitivity encouraged us to study the binding ability of Ru 5 with phosphate anions of biological interest, namely ATP, ADP, and AMP.

Application to the Detection of Important Anions

The luminescence intensity of Ru 5 was recorded upon the addition of adenosine tri-, di-, and monophosphate, PPi, and dihydrogen phosphate anions (Figure 7). Although AMP and H 2 PO 4 -have the same charge, their titration curves are different. This difference can be ascribed to possible π-stacking interactions between the adenine base and the Ru 5 bipyridine ligands. To verify this hypothesis, titration curves with AMP and H 2 PO 4 -were recorded with [Ru(bipy) 3 ] 2+ as the probe. In the presence of dihydrogen phosphate, the luminescence of [Ru(bipy) 3 ] 2+ remained unchanged (no possible π-stacking associations), whereas it increased 1.6-fold upon the addition of AMP (see Figure S5 in the Supporting Information). These results are consistent with π-stacking interactions contributing to the recognition of adenosine phosphate derivatives. Nevertheless, compared with ionic interactions, π-stacking interactions are weak (small increase in luminescence intensity), which explains why there is no difference in the recognition of ADP and PPi (Figure 7). The stoichiometries of the complexes as well as the binding constants were determined for the adenosine phosphates (Table 2): AMP and ADP form 1:2 complexes with Ru 5 , 6 whereas a 1:1 complex is formed with ATP (see Figure S8e-g in the Supporting Information). The binding constants can be used to compare the affinity of a probe towards various species provided the complexes formed have the same stoichiometry. As this is not the case here, we chose to compare the slopes of the titration curves. Indeed, the greater the slope of the curve, the higher the affinity of the probe. According to the curves recorded here, the strongest affinity of the probe Ru 5 is towards ATP, with ADP and PPi showing similar affinities, and the weakest interaction being observed with AMP.

This was confirmed by the binding constants measured for complexes of identical stoichiometry, that is, AMP (log K 1:2 = 7.24) and ADP (log K 1:2 = 9.36). Thus, the affinity of Ru 5 for phosphate derivatives increases with the charge of the guest, in agreement with the literature. [4b] Nevertheless, the ionic interactions of ammonium phosphate are too weak in water and Ru 5 is not suitable for binding such species in aqueous media.

These results prompted us to introduce stronger complexing groups in water. Thus, we turned our attention to the zinc(II) dipicolylamine probe Ru 7 . Preliminary studies conducted in acetonitrile showed that the binding of AMP, H 2 PO 4 -, and glutamate by Ru 7 led to an increase in luminescence intensity. Just as with Ru 5 , selectivity for the nucleotide was observed (see Figure S6 in the Supporting Information). Next, binding studies in pure 25 mM Hepes buffered solution (pH 7.4) were conducted (Figure 8). Under such conditions, chloride, acetate, glutamate, and AMP did not induce any change in the luminescence intensity of the probe, whereas the addition of ADP, PPi, or ATP resulted in a significant increase in luminescence intensity as well as a 10 nm hypsochromic shift of the emission wavelength. The response of the probe upon addition of 20 μM of anions is shown in Figure 8. The variation in luminescence intensity upon addition of ADP is shown in the inset. Contrary to what we observed in acetonitrile with Ru 5 , selectivity for ADP over PPi was observed with Ru 5 in water due to π-stacking interactions. The selectivity for polyphosphates over AMP and H 2 PO 4 -is clearly a result of their different charges, but ionic interactions are not the only interaction involved in the binding, because selectivity of ADP over ATP is observed. The binding constants confirm this selectivity (Table 3). The higher response for ADP over ATP is ascribed to the positions of functionalization. Indeed, the 4,4′-modified probe Ru 8 , an analogue of the 3,3′-functionalized probe Ru 7 , has also been synthesized (see the Supporting Information). As for Ru 7 , the 4,4′-modified probe detects phosphorylated species in pure Hepes buffered solution. However it is not able to discriminate between ATP and ADP (see Figure S7 in the Supporting Information). 

Conclusions

Convinced by the potential of 3,3′-bipyridyl ruthenium complexes, we have developed a general and rapid synthesis that led to a series of novel ruthenium luminescent probes with either guanidinium, ammonium, or zinc(II) dipicolylamine binding sites. These complexes were subjected to anion complexation studies. Upon the addition of anions, the luminescence of the probes increased and a hypsochromic shift was observed.

As expected, guanidinium-functionalized probes proved to be more efficient in the recognition of carboxylates. It is noteworthy that the probe Ru 3 detects glutamate preferentially to phosphates or other neurotransmitters (aspartate and GABA). On the other hand, the analogous ammonium probe Ru 5 preferentially interacts with phosphate derivatives and more particularly with nucleotides. Moreover, as Ru 5 is able to discriminate phosphate derivatives as a function of their respective charge, selectivity for ATP was observed within the family of adenosine phosphate derivatives. Nevertheless, these probes are not able to bind such species in aqueous media, clearly because of the solvation of anions. This difficulty has been easily circumvented through metal-anion interactions. In Hepes-buffered solution, Ru 7 binds di-and triphosphates and is able to detect ADP selectively. This study shows that the binding of anions occurs through electrostatic and π-stacking interactions and that functionalization at the 3,3′-positions plays a key role in the observed selectivity.

Experimental Section

General Information and Materials: UV/Vis spectra were recorded with a Varian Cary 100 Scan spectrophotometer. Photolumines-
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cence spectra were collected with a Varian Eclipse fluorescence spectrophotometer. The excitation wavelength was 490 nm and the emission spectra were recorded between 500 and 850 nm. All the emission spectra were corrected. Emission quantum yields were determined by using [Ru(bipy) 3 ] 2+ as standard, which has a known emission quantum yield of 0.062 at 25 °C in acetonitrile. [19] Titration experiments were carried out at 25 °C with either 5 × 10 -6 M or 5 × 10 -5 M solutions of Ru i in distilled and degassed acetonitrile and increasing anion concentration. Measurements were repeated to verify their reproducibility. Photoluminescence emission (A/A 0 ), based on the titration data, represents the PL emission area of the probe in the presence of the guest (A) normalized to the initial PL emission area (A 0 ) in the absence of the anion.

Time-resolved fluorescence measurements were performed on dilute solutions (ca. 10 -6 M, optical density 0.1) in standard 1 cm quartz cuvettes using an Edinburgh Instruments (FLS920) spectrofluorimeter in photon-counting mode. Fluorescence lifetimes were measured by time-correlated single-photon counting (TCSPC) using the same FLS920 spectrofluorimeter. Excitation was achieved by a hydrogen-filled nanosecond flash lamp (repetition rate 40 kHz). The instrument response (FWHM ca. 1 ns) was determined by measuring the light scattered by a Ludox suspension. H 2 PO 4 -, CH 3 CO 2 -, H 2 SO 4 -, and halides in tetrabutylammonium salt form were purchased from Aldrich. Other anions in tetrabutylammonium salt form were obtained from the reaction between the corresponding acid and a solution of tetrabutylammonium hydroxide in water (40 % w/w) following a synthetic procedure described in the literature. [22] The anion salts were used after drying under vacuum. 4-(Dimethylamino)pyridine (DMAP), 1-

[3-(dimethylamino)- propyl]-3-ethylcarbodiimide (EDCI), N-Boc-ethylenediamine, N-Fmoc- 1,6-diaminohexane hydrobromide, 1,3-bis(tert-butoxycarbonyl)-2- methyl-2-thiopseudourea,
2-(2-aminoethyl)-1,3-diBoc-guanidine, 1-hexanamine, cis-bis(2,2′-bipyridine)dichlororuthenium(II), and ammonium hexafluorophosphate were also purchased from Aldrich. 2-(6-Aminohexyl)-1,3-diBoc-guanidine and 2-(4-aminobutyl)-1,3-diBoc-guanidine were synthesized from 1,3-bis(tert-butoxycarbonyl)-2-methyl-2-thiopseudourea and 1,6-diaminohexane or 1,4-diaminobutane, respectively. [23] Spectrophotometric-grade dichloromethane and acetonitrile were purchased from Scharlau and were distilled from CaH 2 and degassed before use.

Synthesis and Characterization of 2,2′-Bipyridine-3,3′-dicarboxylic Acid Bis[N-(2-guanidinoethyl)amide] Bis(hydrochloride) (L 1 ):

Compound L 1 was prepared following the procedure previously described for L 3 from 2-(2-aminoethyl)-1,3-diBoc-guanidine (1 g, 3.27 mmol), 3,3′-dicarboxy-2,2′-bipyridine (307 mg, 1.25 mmol), EDCI (640 mg, 3.27 mmol), and DMAP (31 mg, 20 mol-%). [12] After purification by silica gel chromatography (eluent: 95:5 ethyl acetate/ Et 3 N) the pure intermediate was dissolved in methanol (10 mL) and acetyl chloride (2 mL) was added slowly at 0 °C. The mixture, warmed to room temperature, was stirred overnight before being concentrated under reduced pressure. L 1 was obtained in 71 % yield (722 mg, 0.888 mmol). 1 H NMR (400 MHz, D 2 O, 25 °C): δ = 8.84 (br. s, 2 H Ar, 6-H, 6′-H), 8.45 (d, J = 8 Hz, 2 H Ar, 4-H, 4′-H), 7.95 (br. t, 2 H Ar, 5-H, 5′-H), 3.55-3.35 (m, 4 H, CH 2 N), 3.35-3.20 (m, 4 H, CH 2 N) ppm. 13 

Synthesis and Characterization of 2,2′-Bipyridine-3,3′-dicarboxylic Acid Bis[N-(4-guanidinobutyl)amide] Bis(hydrochloride) (L 2 ):

Compound L 2 was prepared following the procedure previously described for L 3 from 2-(4-aminobutyl)-1,3-diBoc-guanidine (1.45 g, 4.4 mmol), 3,3′-dicarboxy-2,2′-bipyridine (244 mg, 1 mmol), EDCI (800 mg, 4.23 mmol), and DMAP (25 mg, 20 mol-%). [12] After purification by silica gel chromatography (eluent: 95:5 ethyl acetate/ Et 3 N) the pure intermediate was dissolved in methanol (10 mL) and acetyl chloride (2 mL) was added slowly at 0 °C. The mixture, warmed to room temperature, was stirred overnight before being concentrated under reduced pressure. L 2 was obtained in 57 % yield (497 mg, 0.57 mmol). 

Synthesis and Characterization of 2,2′-Bipyridine-3,3′-dicarboxylic Acid Bis[N-(2-aminoethyl)amide] Hydrochloride (L 4 ):

Compound L 4 was prepared following the procedure previously described for L 3 from tert-butyl 2-aminoethylcarbamate (9.57 g, 26.7 mmol), 3,3′-dicarboxy-2,2′-bipyridine (2.23 g, 9.1 mmol), EDCI (6.94 g, 36.2 mmol), and DMAP (248 mg, 20 mol-%). After purification by silica gel chromatography (eluent: 9:1 CH 2 Cl 2 /Et 3 N) the pure intermediate was dissolved in methanol (150 mL) and acetyl chloride (4.6 mL) was added slowly at 0 °C. The mixture, warmed to room temperature, was stirred overnight before being concentrated under reduced pressure. The resulting solid was washed with a 9:1 dichloromethane/triethylamine mixture and dried to give a white solid (1. 43 g, 4.35 mmol, 48 %). M.p. 222-226 °C. 1 H NMR (400 MHz, CD 3 OD, 25 °C): δ = 8.67 (dd, J = 4.8, 1.6 Hz, 2 H Ar, 6-H, 6′-H), 8.14 (dd, J = 8.0, 1.6 Hz, 2 H Ar, 4-H, 4′-H), 7.59 (dd, J = 8.0, 4.8 Hz, 2 H Ar, 5-H, 5′-H), 3.51 (t, J = 6.4 Hz, 4 H, CH 2 N), 3.04 (t, J = 6.4 Hz, 4 H, CH 2 N) ppm. 13 pared following the procedure previously described for L 3 from N-Fmoc-1,6-diaminohexane hydrobromide (1.03 g, 2.4 mmol), 3,3′-dicarboxy-2,2′-bipyridine (244 mg, 1 mmol), EDCI (1. 15 g, 6 mmol), and DMAP (25 mg, 20 mol-%). [12] After work-up, the crude solid was washed several times with pentane. The resulting pure intermediate was dissolved in dichloromethane (17 mL) and piperidine (200 mg, 2.3 mmol) was added to the solution at room temperature. The mixture was stirred for 24 h before being concentrated under vacuum. The crude product was digested several times in pentane. The resulting solid was filtered and dissolved in methanol. After concentration of the organic layer under vacuum, the product L 5 was obtained pure, as an oil, in 84 % yield (370 mg, 0.84 mmol). 1 H NMR (400 MHz, D 2 O, 25 °C): δ = 8.68 (dd, J = 5.0, 1.6 Hz, 2 H Ar, 6-H, 6′-H), 8.16 (dd, J = 7.9, 1.6 Hz, 2 H Ar, 4-H, 4′-H), 7.69 (dd, J = 7.9, 5.0 Hz, 2 H Ar, 5-H, 5′-H), 3.22 (t, J = 6.7 Hz, 4 H, CH 2 NHCO), 2.97 (t, Synthesis and Characterization of 2,2′-Bipyridine-3,3′-dicarboxylic Acid Bis(N-hexylamide) (L 6 ): Compound L 6 was prepared following the procedure previously described for L 3 from distilled 1-hexanamine (483 μL, 3.68 mmol), 3,3′-dicarboxy-2,2′-bipyridine (294 mg, 1.20 mmol), EDCI (962 mg, 5.02 mmol), and DMAP (30 mg, 20 mol-%). [12] After work-up, L 6 was obtained pure in 77 % yield (388 mg, 0.95 mmol). 1 H NMR (400 MHz, CDCl 3 , 25 °C): δ = 8.56 (dd, J = 1.6, 5.2 Hz, 2 H Ar, 6-H, 6′-H), 7.92 (dd, J = 1.6, 8.0 Hz, 2 H Ar, 4-H, 4′-H), 7.47 (t, J = 4.8 Hz, 2 H, NH), 7.33 (dd, J = 5.2, 8.0 Hz, 2 H Ar, 5-H, 5′-H), 3.13 (dt, J = 4.8, 6.8 Hz, 4 H, CH 2 NHCO), 1.33-1.09 [m, 16 H, CH 3 (CH 2 ) 4 CH 2 NHCO], 0.85 (t, J = 6.8 Hz, 6 H, CH 3 ) ppm. 13 

J = 7.6 Hz, 4 H, CH 2 NH 2 ), 1.55-1.68 (m, 4 H, CH 2 CH 2 NH 2 ), 1.25-1.45 [m, 8 H, CH 2 (CH 2 ) 2 NH 2 , CH 2 CH 2 NHCO], 1.08-1.23 [m, 4 H, CH 2 (CH 2 ) 2 NHCO] ppm. 13 C NMR (100 MHz, D 2 O, 25 °C): δ = 169.3 [2 C(IV), CONH], 154.1 [2 C(IV) Ar, C-2, C-2′], 150.0 [2 C(III) Ar, C-6, C-6′ ], 137.2 [2 C(III) Ar, C-4, C-4′], 131.5 [2 C(IV) Ar, C-3, C-3′], 124.6 [2 C(III) Ar, C-5, C-5′], 39.6 [2 C(II), CH 2 N], 39.5 [2 C(II), CH 2 N], 27.9 [2 C(II), CH 2 CH 2 NHCO], 26.8 [2 C(II), CH 2 CH 2 NH 2 ], 25.4 [2 C(II), CH 2 (CH 2 ) 2 NHCO], 25.2 [2 C(II), CH 2 (CH 2 ) 2 NH 2 ] ppm. MS (ESI + ): m/z (%) = 463.4 (5) [M + Na] + ,

Synthesis and Characterization of Ru 1 :

Complex Ru 1 was prepared according to the synthesis previously described for Ru 3 from dihydrated cis-bis(2,2′-bipyridine)dichlororuthenium(II) (126 mg, 0.258 mmol) and L 1 (150 mg, 0.31 mmol). [12] After purification by silica gel chromatography (eluent: 80:15:5 CH 3 CN/H 2 O/KNO 3 saturated aqueous solution) and elimination of KNO 3 by successive precipitations in methanol, the orange product was dissolved in a minimum of distilled water. Ru 1 was recovered as the hexafluorophosphate salt in 68 % yield (247 mg, 0.175 mmol) by precipitation upon the addition of an aqueous saturated solution of ammonium hexafluorophosphate. M.p. 214-216 °C. 1 H NMR (400 MHz, CD 3 CN, 25 °C): δ = 8.52 (dd, J = 8.1, 3.6 Hz, 4 H Ar, 3-H, 3′-H of bipy), 8.20-8.03 (m, 6 H Ar, 4-H, 4′-H of L 1 and bipy), 7.88 (d, J = 5.6 Hz, 2 H Ar, 6-H, 6′-H of L 1 ), 7.69 (d, J = 5.3 Hz, 2 H Ar, 6-H, 6′-H of bipy), 7.55-7.35 (2 m, 2 H, 6 H Ar, NH amide, 5-H, 5′-H of L 1 and bipy), 7.26 (br. t, J = 5.0 Hz, 2 H, NH guanidine), 6.35 (br. s, 8 H, NH 2 ), 3.47-3.30 (2 m, 4 H, CH 2 NHCO, cis/trans isomers), 3.35-3.25 (m, 4 H, CH 2 -guanidine) ppm. 13 (1443.81): C 31.61, H 3.21, N 13.58; found C 31.50, H 3.06, N 13.57.

Synthesis and Characterization of Ru 2 : Complex Ru 2 was prepared according to the synthesis previously described for Ru 3 from dihydrated cis-bis(2,2′-bipyridine)dichlororuthenium(II) (77 mg, 0.154 mmol) and L 2 (92 mg, 0.17 mmol). [12] After purification by silica gel chromatography (eluent: 80:15:5 CH 3 CN/H 2 O/KNO 3 saturated aqueous solution) and elimination of KNO 3 by successive precipitations in methanol, the orange product was dissolved in a minimum of distilled water. Ru 2 was recovered as the hexafluorophosphate salt in 73 % yield (166 mg, 0.113 mmol) by precipitation upon the addition of an aqueous saturated solution of ammonium hexafluorophosphate. M.p. 175-180 °C. 1 H NMR (400 MHz, CD 3 CN, 25 °C): δ = 8.53 (dd, J = 8.1, 4.6 Hz, 2 H Ar, 3-H, 3′-H of bipy), 8-8.2 (m, 6 H Ar, 4-H, 4′-H of L 2 and bipy), 7.84 (d, J = 5.1 Hz, 2 H Ar, 6-H, 6′-H of L 2 ), 7.68 (d, J = 5.4 Hz, 2 H Ar, 6-H, 6′-H of bipy), 7.55-7.35 (m, 6 H Ar, 5-H, 5′-H of L 2 and bipy), 7.28 (t, J = 5.7 Hz, 2 H, NHCO), 6.51 (br. t, J = 5.6 Hz, 2 H, NH guanidine), 6. 3-5.8 (br. s, 6 H, NH 2 ), 1.5-1.65 (m, 8 H, CH 2 ), 3.40-3.15 (2 m, 4 H, CH 2 NHCO, cis/trans isomers), 3.25-3.10 (m, 4 H, CH 2 guanidine) ppm. 13 C NMR (100 MHz, CD 3 CN, 25 °C): δ = 165.7 [2 C(IV), CONH], 157.9, 157.8, 157.7, 157.5, 157.4, 157. (20) [M + H + 2PF 6 ] + , 1027 (15) [M + PF 6 ] + , 881 (10) H 3.54, N 13.23;; found C 34.29, H 3.77, N 13.18.

Synthesis and Characterization of Ru 4 :

Complex Ru 4 was prepared according to the synthesis previously described for Ru 3 from dihydrated cis-bis(2,2′-bipyridine)dichlororuthenium(II) (737 mg, 1.51 mmol) and L 4 (500 mg, 1.51 mmol). [12] After purification by silica gel chromatography (eluent: 85:12.5:2.5 CH 3 CN/H 2 O/KNO 3 saturated aqueous solution) and elimination of KNO 3 by successive precipitations in methanol, the orange product was dissolved in a minimum of distilled water. Ru 4 was recovered as the hexafluorophosphate salt in 54 % yield (1. Synthesis and Characterization of Ru 5 : Complex Ru 5 was prepared according to the synthesis previously described for Ru 3 from dihydrated cis-bis(2,2′-bipyridine)dichlororuthenium(II) (78 mg, 0.16 mmol) and L 5 (71 mg, 0.16 mmol). [12] After purification by silica gel chromatography [eluent: 9:0.5:0.5 CH 3 CN/H 2 O/KNO 3 saturated aqueous solution) and elimination of KNO 3 by successive precipitations in methanol, the orange product was dissolved in a minimum of distilled water. Ru 5 was recovered as the hexafluorophosphate salt in 52 % yield (115 mg, 0.083 mmol) by precipitation upon the addition of an aqueous saturated solution of ammonium hexafluorophosphate. M.p. 199-200 

Synthesis and Characterization of Ru 6 :

Complex Ru 6 was prepared according to the synthesis previously described for Ru 3 from dihydrated cis-bis(2,2′-bipyridine)dichlororuthenium(II) (192 mg, 0.40 mmol) and L 6 (146 mg, 0.35 mmol). [12] After purification by silica gel chromatography (eluent: 100 % CH 3 CN to 7:2:1 CH 3 CN/ H 2 O/KNO 3 saturated aqueous solution) and elimination of KNO 3 by successive precipitations in methanol, the orange product was dissolved in a minimum of distilled water. Ru 6 was recovered as the hexafluorophosphate salt in 76 % yield (296 mg, 0.27 mmol) by precipitation upon the addition of an aqueous saturated solution of ammonium hexafluorophosphate. M.p. 180 °C. 1 H NMR (400 MHz, CD 3 CN, 25 °C): δ = 8.50 (dd, J = 8.0, 3.6 Hz, 4 H Ar, 3-H, 3′-H of bipy), 8.05-8.15 (m, 4 H Ar, 4-H, 4′-H of bipy), 7.96 (d, J = 7.6 Hz, 2 H Ar, 4-H, 4′-H of L 6 ), 7.76 (dd, J = 5.6, 1.6 Hz, 2 H Ar, 6-H, 6′-H of L 6 ), 7.66 (d, J = 5.2 Hz, 2 H Ar, 6-H, 6′-H of bipy), 7.30-7.50 (2 m, 6 H Ar, 5-H, 5′-H of L 6 and bipy), 7.25 (t, J = 6.0 Hz, 2 H, NH), 3.07-3.40 (2 m, 4 H, CH 2 NHCO, cis/trans isomers), 1.45-1.60 (m, 4 H, CH 2 CH 2 NHCO), 1. 25-1.45 [m, 12 H, CH 3 (CH 2 ) 3 ], 0.90 (t, J = 6.8 Hz, 6 H, CH 3 ) ppm. 13 Synthesis and Characterization of Ru 7 : Sodium triacetoxyborohydride (155 mg, 8.28 mmol, 40 equiv.) and diisopropylamine (9.7 μL, 0.070 mmol, 4 equiv.) were added to a solution of Ru 5 (25 mg, 0.0174 mmol) in freshly distilled dichloroethane (2 mL) under an inert atmosphere. After stirring the mixture for 30 min at room temperature, 2-pyridinecarbaldehyde (66 μL, 0.70 mmol, 40 equiv.) was added. The mixture was stirred for 6 h at room temperature. Concentration under reduced pressure afforded a red solid, which was washed three times with 30 mL of pentane and three times with 30 mL of diethyl ether. After purification by silica gel chromatography (eluent: 80:15:5 CH 3 CN/H 2 O/KNO 3 saturated aqueous solution) and elimination of KNO 3 by successive precipitation in methanol, the orange product was dissolved in a minimum of distilled water. The dipicolylamine-ruthenium complex was recovered as the hexafluorophosphate salt by precipitation upon the addition of an aqueous saturated solution of ammonium hexafluorophosphate. After filtration, the solid was washed twice with cold distilled water and dried under vacuum. The resulting dipicolylamine-ruthenium complex isolated in 95 % yield (25 mg, 0.0166 mmol) was dissolved in freshly distilled acetonitrile (2 mL). Zinc chloride (4.52 mg, 0.0331 mmol, 2 equiv.) was added and the mixture stirred at room temperature for 4 h. After elimination of the solvent under reduced pressure, the Zn II -dipicolylamine-ruthenium complex Ru 7 was recovered quantitatively (29.6 mg, 0.0166 mmol) as a red solid. M.p. 182 °C. 1 H NMR (400 MHz, CD 3 CN, 25 °C): δ = 8.91 (d, J = 4.8 Hz, 4 H, Py), 8.50 (d, J = 8.2 Hz, 4 H Ar, 3-H, 3′-H of bipy), 8. 14-7.97 (m, 8 H Ar, 4-H, 4′-H of bipy, Py), 7.93 (d, J = 8.0 Hz, 2 H Ar, 4-H, 4′-H of L), 7.76 (d, J = 4.8 Hz, 2 H Ar, 6-H, 6′-H of L), 7.66 (d, J = 5.2 Hz, 2 H Ar, 6-H, 6′-H of bipy), 1.22-1.01 (m, 8 H, CH 2 CH 2 CH 2 N), 7.52 (d, J = 7.4 Hz, 4 H, Py), 7.55 (t, J = 4.8 Hz, 4 H, Py), 7.48-7.32 (m, 6 H Ar, 5-H, 5′-H of L and bipy), 7.25 (s, 2 H, NH), 4.14 (s, 8 H, CH 2 -Py), 3.30-2.90 (2 m, 4 H, CH 2 NHCO, cis/trans isomers), 2.72-2.55 (m, 4 H, CH 2 N), 1.47-1.30 (m, 8 H, CH 2 CH 2 N), 1.25-0.95 (m, 8 H, CH 2 ) ppm. 13 

Figure 1 .

 1 Figure 1. Structure of the synthesized 3,3′-bipyridyl-modified Ru II probes.

Figure 2 .

 2 Figure 2. Structures of the studied anions.

Figure 3 .

 3 Figure 3. Fluorescence emission spectra of Ru 5 in the presence of increasing amounts of (NBu 4 ) 2 H 2 PO 4 (H 2 PO 4 -/Ru 5 molar ratio: 0-2) in CH 3 CN at 25 °C.

Figure 4 .

 4 Figure 4. Evolution of the 1 H NMR spectra of Ru 3 in the absence (a) and in the presence of increasing amounts of tetrabutylammonium glutamate: (b) 0.1 equiv., (c) 0.2 equiv., (d) 0.3 equiv., (e) 0.4 equiv., (f) 0.5 equiv., and (g) 0.6 equiv. The spectra were recorded in CD 3 CN at 25 °C.

Figure 5 .

 5 Figure 5. Relative luminescence areas of a) a 5 × 10 -5 M solution of Ru 3 and b) a 5 × 10 -6 M solution of Ru 1 as a function of concentration of the anions in acetonitrile (λ exc = 490 nm, 25 °C).

Figure 6 .

 6 Figure 6. Relative luminescence areas of a 5 × 10 -5 M solution of Ru 5 in acetonitrile as a function of concentration of the anions (λ exc = 490 nm, 25 °C).

Figure 7 .

 7 Figure 7. Relative luminescence areas of a 5 × 10 -6 M solution of Ru 5 in acetonitrile as a function of concentration of nucleotides and inorganic phosphates (λ exc = 490 nm, 25 °C).

Figure 8 .

 8 Figure 8. Relative luminescence area of a 10 -5 M Ru 7 solution in Hepes (25 mM, pH 7.4) against addition of 2 equiv. of anions. Inset: luminescence enhancement of Ru 7 with increasing amounts of ADP (λ exc = 490 nm, 20 °C).

  1 H and13 C NMR spectra were recorded with a Bruker Ultrashield Avance 400 spectrometer operating at 400.132 and 100.625 MHz, respectively. Chemical shifts are reported in ppm and are calibrated against residual solvent signals of D 2 O (δ = 4.79 ppm), CD 3 CN (δ = 1.94, 1.32, 118.26 ppm), CD 3 OD (δ = 3.31, 49.00 ppm), or CDCl 3 (δ = 7.26, 77.16 ppm). All coupling constants are reported in Hz. The following notation is used for the 1 H NMR spectral splitting patterns: singlet (s), doublet(d), triplet (t), multiplet (m), doublet of doublets (dd), and doublet of triplets (dt). The following notation is used for primary, secondary, tertiary, and quaternary carbon atoms, respectively: C(I), C(II), C(III), and C(IV). Liquid secondary ion mass spectra were obtained with a Waters Autospec Mass Spectrometer (EBEqQ configuration) and electrospray mass spectra with an Applied Biosystems Qstar Spectrometer (QTof configuration). Elemental analyses were performed with a Thermofischer Flash EA1112 microanalyzer.

  C NMR (100 MHz, D 2 O, 25 °C): δ = 167.2 [2 C(IV), CONH], 156.9, 150.1 [4 C(IV), C=NH, C-2, C-2′], 148.0 [2 C(III) Ar, C-6, C-6′], 140.2 [2 C(III) Ar, C-4, C-4′], 132.0 [2 C(IV) Ar, C-3, C-3′], 126.4 [2 C(III) Ar, C-5, C-5′], 40.4 [2 C(II), CH 2 N], 38.6 [2 C(II), CH 2 N] ppm. MS (ESI + ): m/z (%) = 207 (100) [M/2] 2+ , 185 (35). HRMS (ESI + ): calcd. for C 18 H 26 N 10 O 2 [M/2] 2+ 207.1114; found 207.1123.

  1 H NMR (400 MHz, D 2 O, 25 °C): δ = 8.74 (br. s, 2 H Ar, 6-H, 6′-H), 8.32 (d, J = 8 Hz, 2 H Ar, 4-H, 4′-H), 7.83 (br. t, 2 H Ar, 5-H, 5′-H), 3.1-3.3 (m, 4 H, CH 2 N), 3.0-3.15 (m, 4 H, CH 2 N), 1.3-1.6 (m, 8 H, CH 2 ) ppm. 13 C NMR (100 MHz, D 2 O, 25 °C): δ = 167.3 [2 C(IV), CONH], 156.7, 151.1 [4 C(IV), C=NH, C-2, C-2′], 148.2 [2 C(III) Ar, C-6, C-6′], 139.4 [2 C(III) Ar, C-4, C-4′], 132.1 [2 C(IV) Ar, C-3, C-3′], 125.9 [2 C(III) Ar, C-5, C-5′], 39.3, 40.6 [2 C(II), CH 2 N], 25.4, 25.2 [4 C(II), CH 2 ] ppm. MS (ESI + ): m/z (%) = 469 (6) [M -H] + , 235 (100) [M/2] 2+ . HRMS (ESI + ): calcd. for C 22 H 34 N 10 O 2 [M/2] 2+ 235.1427; found 235.1426.

  C NMR (100 MHz, CD 3 OD, 25 °C): δ = 171.7 [2 C(IV), CONH], 156.3 [2 C(IV), C-2, C-2′], 150.9 [2 C(III) Ar, C-6, C-6′], 138.1 [2 C(III) Ar, C-4, C-4′], 133.2 [2 C(IV) Ar, C-3, C-3′], 124.9 [2 C(III) Ar, C-5, C-5′], 40.5 [2 C(II), CH 2 N], 38.6 ppm. MS (ESI + ): m/z (%) = 351 (30) [M + Na] + , 329 (23) [M + H] + , 269 (100) [M -NHCH 2 CH 2 NH 2 ] + . HRMS (ESI + ): calcd. for C 16 H 20 N 6 O 2 Na [M + Na] + 351.1539; found 351.1537. Synthesis and Characterization of 2,2′-Bipyridine-3,3′-dicarboxylic Acid Bis[N-(6-aminohexyl)amide] (L 5 ): Compound L 5 was pre-8

  C NMR (100 MHz, CDCl 3 , 25 °C): δ = 168.0 [2 C(IV), CONH], 156.5 [2 C(IV) Ar, C-2, C-2′], 149.6 [2 C(III) Ar, C-6, C-6′], 135.9 [2 C(III) Ar, C-4, C-4′], 132.6 [2 C(IV) Ar, C-3, C-3′], 123.2 [2 C(III) Ar, C-5, C-5′], 40.0 [2 C(II), CH 2 N], 31.6 [2 C(II), CH 2 CH 2 CH 3 ], 29.4 [2 C(II), CH 2 CH 2 NHCO], 26.5 [2 C(II), CH 2 (CH 2 ) 2 NHCO], 22.6 [2 C(II), CH 2 CH 3 ], 14.1 [2 C(I), CH 3 ] ppm. MS (ESI + ): m/z (%) = 433 (100) [M + Na] + , 843 (43) [M 2 + Na] + . HRMS (ESI + ): calcd. for C 24 H 34 N 4 O 2 Na [M + Na] + 433.2573; found 433.2578.

  C NMR (100 MHz, CD 3 CN, 25 °C): δ = 166.6 [2 C(IV), CONH], 157.9, 157.8, 156.0 [6 C(IV), C-2, C-2′ of L 1 and bipy], 152.8 [2 C(IV), CN 3 ], 153.7, 152.6 [6 C(III) Ar, C-6, C-6′ of L 1 and bipy], 138.9, 138.8 [6 C(III) Ar, C-4, C-4′ of L 1 and bipy], 137.7 [2 C(IV) Ar, C-3, C-3′ of L 1 ], 128.6, 128.5, [4 C(III) Ar, C-5, C-5′ of bipy], 128.0 [2 C(III) Ar, C-5, C-5′ of L 1 ], 125.21, 125.17 [4 C(III) Ar, C-

  0 [2 C(IV), 6 C(IV) Ar, 2 CN 3 , C-2, C-2′ of bipy and L 2 ], 153.1, 152.64, 152.6, [6 C(III) Ar, C-6, C-6′ of L 2 and bipy], 138.5 [2 C(IV) Ar, C-3, C-3′ of L 2 ], 138.9, 138.8, 138.0 [6 C(III) Ar, C-4, C-4′ of bipy and L 2 ], 128.5, 128.4 [4 C(III) Ar, C-5, C-5′ of bipy], 127.7 [2 C(III) Ar, C-5, C-5′ of L 2 ], 125.3 [4 C(III) Ar, C-3, C-3′ of bipy], 42.0 [2 C(II), CH 2 guanidine], 40.2 [2 C(II), CH 2 NHCO], 26.7 [2 C(II), CH 2 ], 26.3 [2 C(II), CH 2 ] ppm. MS (LSI + ): m/z (%) = 1318 (53) [M + H + 3PF 6 ] + , 1173

  2 g containing 11 % weight of NH 4 PF 6 or about 1.08 g of Ru 4 , 0.815 mmol) by precipitation upon the addition of an aqueous saturated solution of ammonium hexafluorophosphate. M.p. 236 °C. 1 H NMR (400 MHz, MeOD, 25 °C): δ = 8.66(d, J = 8.1 Hz, 4 H Ar, 3-H, 3′-H of bipy), 8.18 (d, J = 7.7 Hz, 2 H Ar, 4-H, 4′-H of bipy), 8.25-8.07 (m, 4 H Ar, 4-H, 4′-H of bipy), 7.94 (d, J = 5.5 Hz, 2 H Ar, 6-H, 6′-H of L 4 ), 7.71 (d, J = 5.6 Hz, 2 H Ar, 6-H, 6′-H of bipy), 7.60-7.42 (2 m, 6 H Ar, 5-H, 5′-H of L 4 and bipy), 3.75-3.54 (2 m, 4 H, CH 2 NHCO, cis/trans isomers), 3.25-3.12 (m, 4 H, CH 2 NH 3 + ) ppm. 13 C NMR (100 MHz, MeOD, 25 °C): δ = 168.4 [2 C(IV), CONH], 158.7, 158.4, 158.0 [6 C(IV) Ar, C-2, C-2′ of L 4 and bipy], 153.7, 153.4, 152.9 [6 C(III) Ar, C-6, C-6′ of L 4 and bipy], 139.6 [4 C(III) Ar, C-4, C-4′ of bipy], 139.0 [2 C(III) Ar, C-4, C-4′ of L 4 ], 138.2 [2 C(IV) Ar, C-3, C-3′ of L 4 ], 129.2, 129.1 [4 C(III) Ar, 4 CH, C-5, C-5′ of 9 bipy], 128.3 [2 C(III) Ar, C-5, C-5′ of L 4 ], 125.8, 125.7 [4 C(III) Ar, C-3, C-3′ of bipy], 41.0 [2 C(II), CH 2 NH 3 + ], 39.4 [2 C(II), CH 2 NHCO] ppm. MS (ESI + ): m/z (%) = 371 (100) [M/2] 2+ . HRMS (ESI + ): calcd. for C 36 H 36 N 1O O 2 Ru [M/2] 2+ 371.1027; found 371.1014.

  13 C NMR (100 MHz, D 2 O, 25 °C): δ = 166.7 [2 C(IV), CONH], 157.0, 156.9, 156.3 [6 C(IV) Ar, C-2, C-2′ of L 5 and bipy], 152.6, 151.8, 151.6 [6 C(III) Ar, 6CH, C-6, C-6′ of L 5 and bipy], 138.0, 137.9, [4 C(III) Ar, C-4, C-4′ of bipy], 137.0 [2 C(III) Ar, C-4, C-4′ of L 5 ], 136.7 [2 C(IV) Ar, C-3, C-3′ of L 5 ], 127.4 [4 C(III) Ar, C-5, C-5′ of bipy], 126.8 [2 C(III) Ar, C-5, C-5′ of L 5 ], 124.2 [4 C(III) Ar, C-3, C-3′ of bipy], 40.5 [2 C(II), CH 2 NHCO], 39.6 [2 C(II), CH 2 NH

  C NMR (100 MHz, CD 3 CN, 25 °C): δ = 165.5 [2 C(IV), CONH], 158.0, 157.8 [6 C(IV) Ar, C-2, C-2′ of L 6 and bipy], 152.9, 152.8 [6 C(III) Ar, 6 CH, C-6, C-6′ of L 5 and bipy], 139.2 [2 C(IV) Ar, C-3, C-3′ of L 6 ], 139.1, 139.0 [4 C(III) Ar, C-4, C-4′ of bipy], 137.8 [2 C(III) Ar, C-4, C-4′ of L 6 ], 128.6, 128.5 [4 C(III) Ar, C-5, C-5′ of bipy], 127.5 [2 C(III) Ar, C-5, C-5′ of L 6 ], 125.3, 125.4 [4 C(III) Ar, C-3, C-3′ of bipy], 41.2 [2 C(II), CH 2 NHCO], 32.2 [2 C(II), CH 2 CH 2 CH 3 ], 29.6 [2 C(II), CH 2 CH 2 NHCO], 27.5 [2 C(II), CH 2 CH 2 CH 2 CH 3 ], 23.3 [2 C(II), CH 2 CH 3 ], 14.3 [2 C(I), CH 3 ] ppm. MS (ESI + ): m/z (%) = 412.1 (100) [M/2] 2+ . HRMS (ESI + ): calcd. for C 44 H 50 N 8 O 2 Ru [M/2] 2+ 412.1544; found 412.1550.

  C NMR (100 MHz, CD 3 CN, 25 °C): δ = 165.5 [2 C(IV), CONH], 158.0, 157.8 [6 C(IV) Ar, C-2, C-2′ of bipy, L], 156.2 [4 C(III), Py], 152.8 [4 C(IV) Ar, C-6, C-6′ of bipy, L], 149.3 [4 C(III), Py], 141.9 [4 C(III), Py], 139.1, 139.0, 137.9 [6 C(III) Ar, C-4, C-4′ of bipy, L], 139.0 [2 C(IV) Ar, C-3, C-3′ of L], 128.7, 128.6 [4 C(III) Ar, C-5, C-5′ of bipy], 127.6 [2 C(III) Ar, C-5, C-5′ of L], 125.7 [4 C(III), Py], 125.4, 125.3 [4 C(III) Ar, C-3, C-3′ of bipy], 125.2 [4 C(III), Py], 58.0 [4 C(II), CH 2 Py], 56.0 [2 C(II), CH 2 N], 40.9 [2 C(II), CH 2 NHCO], 29.

Table 1 .

 1 Spectroscopic characterization of the Ru complexes at 25 °C in acetonitrile or in 25 mM Hepes buffer (pH 7.4, marked by '*').

Table 2 .

 2 Binding constants, determined from luminescence data, for Ru 5adenosine phosphate complexes in ACN.

	Anion	Stoichiometries of	log K
		Ru 5 -guest complexes	
	AMP	1:2	7.24
	ADP	1:2	9.36
	ATP	1:1	5.81

Table 3 .

 3 Binding constants, determined from luminescence data, for Ru 7anion complexes in 25 mM aqueous Hepes buffered solution (pH 7.4).

	Anion	Stoichiometries of	K [M -1 ]
		Ru 7 -guest complexes	
	ADP	1:1	1.14 × 10 5
	ATP	1:1	0.16 × 10 5

  441.3 (100) [M + H] + . HRMS (LSI + ): calcd. for C 24 H 37 N 6 O 2 [MH] + 441.2978; found 441.2988.

  3, C-3′ of bipy], 41.0 [2 C(II), CH 2 guanidine], 39.8 [2 C(II), CH 2 NHCO] ppm. MS (ESI + ):

	m/z (%) = 1430.6 (8) [M + Na + 2H + 4PF 6 ] + , 1284.7 (5) [M + Na +
	H + 3PF 6 ] + , 1262.9 (48) [M + 2H + 3PF 6 ] + , 1117.1 (100) [M + H +
	2PF 6 ] + , 971.1 (36) [M + PF 6 ] + , 486.0 (17) [M + H + PF 6 ] + , 413.1 (30)
	[M/2] 2+ . HRMS (LSI + ): calcd. for C 38 H 40 N 14 O 2 F 18 P 3 Ru [M + 2 H + 3
	PF 6 ] + 1263.1584; found 1263.1628. C 38 H 42 F 24 N 14 O 2 P 4 Ru•2H 2 O

  [M -H] + . HRMS (LSI + ): calcd. for C 42 H 50 N 14 O 2 F 18 P 3 Ru [M + 2H 2 + 3PF 6 ] + 1319.2210; found 1319.2251. C 42 H 50 F 24 N 14 O 2 P 4 Ru•H 2 O (1481.90): calcd. C 34.03,

  3 [2 C(II), CH 2 CH 2 NH], 27.4, 27.1 [4 C(II), CH 2 CH 2 CH 2 N], 24.8 [2 C(II), CH 2 CH 2 N] ppm. HRMS (ESI + ): calcd. for C 68 H 72 N 14 O 2 35 Cl 4 64 Zn 2 102 Ru [M/2] 2+ 743.1166; found 743.1168.
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