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Introduction

Molybdenum is an essential microelement since it is found at the heart of molybdoenzymes, so much vital for the living organisms. [START_REF] Maia | Molybdenum Tungsten Enzym[END_REF][START_REF] Hille | [END_REF][3][4] Nitrogen assimilation by plants, [START_REF] Seefeldt | Molybdenum Tungsten Enzym[END_REF][START_REF] Kappler | [END_REF] vitamin A formation in mammals, [7] and many other crucial biological redox processes in nature are efficiently performed by these metalloproteins that incorporate a Mo(+VI) or a Mo(+V) cation usually surrounded by O, N and S atoms, which can finely tune its electronic properties and the redox processes, passing through Mo(+V) and Mo(+IV) atoms. [8] Since this metal plays an active and important role in the metabolism of the majority of Earth's life forms, this makes molybdenum very interesting for biochemical and biomedical research and many authors have developed numerous very simple coordination complexes with molybdenum cores in the seventies and eighties to mimic such enzymes. [9][10][11][12][13][14][15][16] Developing new Mo-based compounds is indeed a good strategy to achieve promising drugs or biomimetic molecules. For this purpose, coordination compounds of dimolybdic [Mo (V) 2O2E2] 2+ (E = O or S) cores with simple ligands containing carboxylate and amine functions like EDTA, H3NTA, H2IDA, L-cysteine, L-histidine and others have been widely investigated. [17][18][19] In particular, since Mo (+V) binuclear complexes were interesting as models for redox active centers of molybdoenzymes, detailed electrochemical studies were performed in aqueous or in organic solvents to show the reversible or quasi-reversible cyclic processes of step-by-step one-electron reduction of the two Mo (+V) atoms to Mo (+IV) in the [Mo2O2E2] 2+ core in non-aqueous media. [20][21][22][23] However, surprisingly, to the best of our knowledge, no direct biological properties of [Mo2O2S2] 2+ and [Mo2O4] 2+ -based complexes were reported until a recent paper of Gretarsdóttir et al. in which six simple complexes combining the [Mo2O2S2] 2+ core and ligands such as disulfides, tetrasulfides, cyclopentadiene Cp, DMF, Serine, Cysteine or threonine have been suggested to have biological potential. Their convenient low cytotoxicity on cells was considered useful for possible therapeutic applications like the development of catalytic drugs. [24] In the last two decades, we acquired a strong expertise in the chemistry of such dimolybdic cores, which are used in the domain of polyoxometalates as building block for the synthesis of supramolecular assemblies, [25,26] some of them being capable of exhibiting electrocatalytic properties for the reduction of protons. [27,28] Furthermore, more recently we have patented results showing that such complexes can stimulate activity of microalgae Spirulina platensis. [START_REF] Floquet | Hidrat de bis[(iminodiacetat)oxotiomolibdat(V)] de tetrafenilfosfoniu şi procedeu de cultivare a microalgei Spirulina platensis cu utilizarea acestuia[END_REF] The compound [Mo2O2S2(IDA)2] 2-was indeed proved to regulate the ratio of acid and sulfate polysaccharides (up to 46% and respectively 100% more compared to a MoO3 solution at the same mass concentration) in the total carbohydrate composition of the cultivated spirulina cyanobacteria. [START_REF] Floquet | Hidrat de bis[(iminodiacetat)oxotiomolibdat(V)] de tetrafenilfosfoniu şi procedeu de cultivare a microalgei Spirulina platensis cu utilizarea acestuia[END_REF] These promising results prompted us to investigate more widely the biological activities of two series of [Mo2O2E2] 2+ coordination complexes either with E = S or E = O. Herein we first present the synthesis and characterization of 13 complexes (see Figure 1) combining such dimolybdic cores with ligands like oxalates (Ox), L-cysteine (L-cys), L-histidine (L-his), Iminodiacetate (IDA), Nitrilotriacetate (NTA) or ethylenediamine tetraacetate (EDTA) with a new synthetic route followed for sulfurated compounds. The complexes were characterized in the solid state by FT-IR and elemental analysis and in solution by ESI-MS and NMR which bring interesting results about the dynamics of such compounds in solution. A second part is devoted to biological screening tests allowing to investigate their potentialities for applications.

Figure 1 Structures of [Mo2O2S2] 2+ and [Mo2O4] 2+ complexes with H2Ox, H2IDA, H3NTA, H4EDTA, H2L-cys and HL-his ligands.[30-38] Color code: Mo(blue), O(red), S(yellow), N(green), C(black), H(white)

Results and discussion

Syntheses

The synthesis of Mo V 2O4-based complexes has followed the classical strategy of sodium molybdate Na2MoO4 interacting with ligands H2Ox, H3NTA, H4EDTA, H2-L-cys, H-L-his ligands in the presence of a reducing agent (usually hydrazine or dithionite) in aqueous solution at room temperature or at moderate heating. [17] On the other hand, compounds containing the di-μ-sulfido bridged unit [Mo V 2O2S2] 2+ were synthesized according to a method very different from those usually described in the literature which are often complicated and require strict precautions (long hydrosulfuration, specific reflux conditions in organic solvents, slow crystallization under inert atmosphere). The one pot synthesis used here avoids these problems by employing the K1.5(NMe4)0.5[I2Mo10O10S10(OH)10(H2O)5].20H2O solid precursor which generates [Mo2O2S2] 2+ species in acidic aqueous by hydrolysis of the bridging hydroxo groups. [39] The resulting red-orange solution then reacts with the ligand, which is introduced in excess in order to avoid the formation of cyclic compounds, well-known with this cluster. [26,28,33,[39][40][41] Mo2O2S2-based complexes are obtained preferably as K + salts, while the oxo homologues are more easily prepared in the form of Na + salts. The corresponding synthetic procedures are detailed in the experimental section given in the Supporting Information (SI). The compounds are isolated in the solid state and characterized by FT-IR, EDX, Elemental analysis, TGA, ESI-MS and NMR. In the following of this paper, for clarity, they will be denoted by the general notation "cation-core-ligand". Some are obtained as single crystals and the new structures are discussed below.

Structure of TBA-Mo2O2S2-IDA

The [Mo2O2S2(IDA)2] 2-complex was obtained with difficulty in solid state, compared to the other Mo2O2S2-based complexes and also to its oxo analogue which couldn't be isolated. A powder has been isolated only as PPh4 + salt, while single crystals were collected from a highly concentrated solution close to dryness containing an excess of TBA + cations. In contrast with the other complexes, the molecular structure of the anionic complex [Mo2O2S2(IDA)2] 2-depicted in Figure 2 was not known. The single dinuclear unit {Mo2O2S2} contains two iminodiacetate ligands (IDA 2-) coordinated to the Mo(V) centers, but the coordination modes of both iminodiacetato ligands are not equivalent and the resulting complex is chiral. Both ligands coordinate to Mo V centers through two oxygen atoms of the two carboxylate functions of IDA 2-and by the central nitrogen atom. The difference comes from the coordination mode of the latter. In a first ligand, N atom occupies the apical position in trans configuration with the Mo=O bond. In the other ligand, this atom coordinates Mo in an equatorial position, which constitutes an unusual coordination mode in this family of complexes to our knowledge. As shown in Figure 2b, in the solid state, both enantiomers are found in the crystal cell to give a racemic crystal. According to literature data for [Mo2O2S2]-based architectures, [26] 

Solution studies

The complexes were characterized in solution by 1 H-NMR spectroscopy and by 1 H DOSY-NMR technique, in deuterated water and DMSO (see Supporting Information) at a concentration of 5 mM. Note that, since the complex Mo2O2S2-L-his is neutral and that the oxalate containing complexes Cs-Mo2O2S2-ox and Na-Mo2O4-ox do not have protons, they are logically excluded from this 1 H NMR study.

The 1 H-NMR spectra of Mo2O4 and Mo2O2S2 based complexes in D2O are given in figures 3 and 4, while the NMR spectra recorded in DMSO are given in Figure S4 in SI. In aqueous solution, complexes K-Mo2O2S2-EDTA and K-Mo2O2S2-L-cys give spectra with fine peaks which can be assigned to the protons of coordinated ligands in frozen geometries. The signals of methylenic protons of L-cysteine ligands in K-Mo2O2S2-L-cys have shifted from around 3 ppm in the free ligand to 2.9 ppm and 3.5 ppm, and the proton on the tertiary carbon atom initially found at 3.9 ppm is now downfield by 0.6 ppm. In the case of K-Mo2O2S2-EDTA, chelation of EDTA ligand to the metal centers leads to a more intricate spectrum, from only 2 singlets in the free ligand to 3 pairs of doublets of the same intensity. The NMR spectrum evidences a symmetry lower in solution than the expected C2v of the frozen structure depicted in Figure 1. Anyway, both complexes show no sign of free ligand, excluding the possibility of decoordination.

In contrast, the identification of peaks seems impossible for K-Mo2O2S2-HNTA. For the latter, the peak at 3.8 ppm assigned to a small proportion of uncoordinated ligand and the large signals suggest partial decoordination of the complex and also dynamic properties of the HNTA ligands. This result is consistent with the NMR study published in 2010, where it was suggested that the methylene groups give broad and poorly resolved signals because of dynamic equilibria between the cis and trans isomers passing through partial decoordination of one ligand and thus the presence of free ligand and consequently of monocoordinated complex [Mo2O2S2(HNTA)(H2O)3] + . [33] The presence of additional isomers such as those obtained with TBA-Mo2O2S2-IDA cannot be ruled out either. When used as building blocks in supramolecular polyoxometalate assemblies, the [Mo2O2S2] 2+ core is usually considered much more labile than its oxo analogue [Mo2O4] 2+ . [25,40] The same phenomenon is expected in coordination complexes. However, the spectrum of Na-Mo2O4-EDTA shows something that looks like two very broad signals corresponding to the 12 protons of coordinated EDTA ligand, in contrast to its sulfido bridged analogue. The dynamics evidenced for the EDTA ligand in Na-Mo2O4-EDTA preclude any confident assignment of the peaks, even if we can suppose the presence of the peaks of the 6 pairs of non-equivalent protons strongly overlapped. In contrast also with sulfide analogues, the 1 H-NMR spectrum of K-Mo2O4-HNTA displays well resolved signals assigned to coordinated ligands but an important signal of free ligand at 3.8 ppm suggests, as for K-Mo2O2S2-HNTA, a decoordination process even at 5 mM concentration (Figure 4). Finally, the case of Na-Mo2O4-L-cys shows a mixture of free ligand and the target complex, in contrast with K-Mo2O2S2-L-cys, which displays only the signals of coordinated ligands. Changing the solvent can dramatically affect the dynamics of such complexes. By replacing water with DMSO, the dynamics in solution are indeed strongly modified as shown in Figure S4 in SI. In such a medium, the decoordination process no longer exists, which renders easier the characterization of these complexes where the dynamics is clearly attenuated, except for Na-Mo2O4-EDTA for which the 1 H NMR spectrum is particularly broad. Finally, 1 H DOSY NMR is a powerful tool to describe this type of compounds in solution in terms of size and molecular mass and for evidencing dynamic processes and supramolecular interaction in solution. [33,41,42] Besides, as part of a larger project on molybdenum complexes and their associations with cyclodextrins and/or proteins, these values can constitute good reference values. 1 H DOSY NMR spectra were recorded in D2O and in DMSO. For example, the spectrum obtained for K-Mo2O2S2-EDTA is depicted in Figure 5 

Biological activities

The solution studies evidence different behaviors in solution in the two series of coordination complexes prepared for this study. It was thus interesting to compare biological activities on different targets and associated either to alkali or to organic cations. The compounds were subjected to multiple in vitro biological tests to evaluate their antioxidant potential as well as their action on various cells and microorganisms as described in experimental section.

Antitumoral properties

One of the leading causes of cancer-related mortality is pancreatic cancer, while among women specifically it is the cervical cancer. Rhabdomyosarcoma is the most common soft tissue sarcoma affecting children and adolescents. Generally, these types of tumors are not detected at an early stage and are difficult to treat. [43][44][START_REF] Ashford | Preventing cervical cancer worldwide[END_REF][START_REF] Hinson | [END_REF][47] In this study, the in vitro tests were performed three types of human cancer cell lines originating from these specific malignant organs, namely: HeLa (cervical cancer), BxPC-3 (human primary pancreatic adenocarcinoma), and RD (human rhabdomyosarcoma) in comparison with mammalian healthy cells (MDCK). The results, as IC50 values, are compiled in the Table 2. 

Table 2 Cytotoxicity of compounds on healthy (MDCK) cells, pancreatic cancer (BxPc

Antioxidative properties

The [Mo (V) 2O2E2] 2+ compounds have served for many years as small molecular models for the active centers of many molybdoenzymes. [12,20,35,[49][50][51][52][53][54][55][56] Such molybdenum-sulfur systems are indeed involved in certain enzymatic electron transfer processes and therefore an antioxidant activity can be expected. Here we have tested the possibility of such biological application by measuring the radical scavenging capacity against two common oxidant radicals: ABTS •+ and DDPH • . In the first method, ABTS •+ radical cation is inhibited by reduction in a one electron transfer process, whereas the second method supposes neutralization of DDPH • by a hydrogendonating antioxidant. This will provide additional clues regarding the mechanism behind the in vitro antiradical property of our complexes. The IC50 values are given in Table 3. Out of the 13 measured compounds, 7 of them show a significant antioxidant activity. The table 3 indicates better results in the case of ABTS method, suggesting the appropriate electron transfer mechanism or the slow reaction kinetics with DDPH • (incubation time dependent activity). Clearly the compounds bearing cysteine ligands are the most powerful antioxidants of the series, being more active than reference antioxidant Trolox (water soluble analogue of Vitamin E) (K-Mo2O2S2-Cys almost 14 times and Na-Mo2O4-Cys almost 10 times respectively) and even the natural flavonoid Rutin (K-Mo2O2S2-Cys almost 11 times and Na-Mo2O4-Cys almost 8 times respectively). Somehow, cysteine ligands help in this process. Indeed, cysteine molecule is known to have antioxidant properties due to oxidizable thiol -SH group, which becomes more reactive in ionized thiolate form and has the ability to form disulfide bonds, like in the oxidative dimerization of cysteine into cystine. [57,58] Oxalate and Histidine are also known to be able to be oxidized and the activities of the corresponding complexes are also probably related to the activity of the ligands.

In contrast, IDA, NTA or EDTA ligands are not expected to be oxidized. The chelate-type [Mo2O2E2(EDTA)] 2- complexes have no activity at all as for the other coordination complexes formed around the Mo2O4 core, while the Mo2O2S2 complexes formed with IDA and HNTA display some activity. It suggests that his antioxidant ability depends on the redox properties of the Mo(V) centers which can be tuned with the nature of the coordinated ligand and by its oxo or sulfurated environment and more importantly from the ligand's redox properties itself. [20,21,53,59] The stability of the EDTA could also play a role by protecting the Mo(V) centers from oxidation, a process which leads to the breaking of the Mo-Mo bond and possibly to the decomposition of the compound, [60] while coordination of two separate ligands on each side of the Mo2O2E2 core leads to more labile structures and with higher ability to be oxidized. The combination of the aforementioned factors made K2[Mo2O2S2(L-cys)2].5H2O and Na2[Mo2O4(L-cys)2].5H2O to act as good small molecular-weight nonenzymatic antioxidants.

Antibacterial and antifungal activities

In the context of the worrying rise of antibiotic resistance levels worldwide, treating common diseases requires unceasing demand for new drugs combining efficiency and safety. Here, our molybdenum complexes were tested for their action deliberately on bacterial and fungal strains with medium to high antibiotic resistance. As clearly seen from the results in the tables 4 and 5 below, the majority of complexes have a weak antibacterial and antifungal activity against all tested G+ and G-bacteria and fungi, except for two of them. PPh4-Mo2O2S2-EDTA and PPh4-Mo2O4-EDTA are indeed significantly active against Gram positive bacteria with minimum inhibitory concentrations (MIC) of 0.002 mg/mL (S. aureus, B. cereus), 0.004 mg/mL (B. subtilis) and respectively 0.004 mg/mL (S. aureus, B. cereus), 0.008 (B. subtilis), being twice as active as the reference antibiotic Doxycycline or even pretty active when Doxycycline has no activity at all. Against fungi our compounds have barely any effect. Only those with tetraphenylphosphonium (PPh4-Mo2O2S2-EDTA, PPh4-Mo2O4-EDTA) have a better activity, but still ~15 times less active than Fluconazole fungi inhibitor drug.

Structure-activity correlation shows an activity dependency on the nature of the cation associated to the coordination compounds. Apparently PPh4 + cation is responsible for this inhibitory effect on bacteria and fungi, since other salts of the same complexes do not show any significant activities. This seems logical since tetraphenylphosphonium -a lipophilic membrane-permeable cation is considered biocide, acting upon several cellular targets inside microorganisms. [48] It is actually an excellent strategy to obtain multi-target compounds by combining bioactive organic cations to our bioactive coordination complexes. One inspiring example is the association of antibacterial tetraalkylammonium cations with [α-SiW11O39] 8-to create POM-based ionic liquids as coatings with anticorrosion and antimicrobial properties. [61] 

Table 4 Activity of Mo2O2E2 complexes against G+ and G-bacteria

Influence on unicellular microorganisms

Toxicity bioassay using infusoria microorganisms is a simple and very effective method to investigate the effect of chemical compounds on living organisms. Paramecia are aquatic single-celled eukaryotes, called protozoans, having short life cycle and rapid population growth through asexual reproduction. Their behavior and development are strongly dependent on the quality parameters of the environment, therefore they serve as good bioindicators for toxicological studies in laboratory conditions. [START_REF] Chubik | METHOD OF DETERMINING TOXICITY OF CHEMICAL SUBSTANCES IN AQUEOUS MEDIA[END_REF][START_REF] Madoni | [END_REF][START_REF] Лотова | Студенческая Наука XXI Века[END_REF][START_REF] Roșcov | [END_REF][66] Here, we test the toxicity of our compounds by exposing Paramecia caudatum Ehrenberg to different concentrations of each abiotic factor (chemical stressor) and the median lethal concentration (LC50) is evaluated based on their viability results. Li-Mo2O4-EDTA ≥100 ≥100

PPh4-Mo2O4-EDTA ≥100 ≥100

The majority of compounds are non-toxic since they have LC50 ≥ 100 µM. Once again, the non-natural cations TBA + and PPh4 + salts show inhibition action against microorganisms, as exposed anteriorly on bacteria and fungi, especially when associated to the Mo2O2S2 2+ core. The K-Mo2O4-HNTA substance was identified as the most toxic, killing half of the paramecia at very low concentrations (3.3 µM after 24h or 1.7 µM after 48h). Thereby, most of the compounds of this class prove to be generally inoffensive to model unicellular systems and could eventually qualify for biological tests on superior organisms.

Growth-stimulating properties

Spirulina platensis is a multicellular and filamentous blue-green microalga that draw considerable attention as a source of bioactive substances like proteins, vitamins, essential amino acids, β-carotene, etc. and has a great potential for development, especially as a small-scale crop for nutritional enhancement in humans and animals and as drugs. [START_REF] Habib | Review on culture, production and use of Spirulina as food for humans and feeds for domestic animals and fish, Food and Agriculture Organization of the United Nations[END_REF][START_REF] Djur | [END_REF] Research in recent decades have shown that the use of inorganic salts as well as coordination compounds of Zn(II), Fe(III), Cr(III), Cu(II) and other transition metals as chemical regulators contributes to the increased synthesis of bioactive components in the cyanobacterium Spirulina platensis, as well as to the biotransformation of the elements by their incorporation into bioorganic components. [START_REF] Cepoi | Recent Adv. Trace Elem[END_REF] The use of chemical regulators in phycobiotechnology has resulted in the development of a series of procedures to increase the productivity of Spirulina and to trigger the biosynthesis of specific metabolites of the biomass, including bioaccumulation of elements. [START_REF] Rudic | Phycobiotechnology-fundamental research and practical achievements[END_REF] Investigation of Mo2O2E2 compounds as new chemical regulators containing a molybdenum source for cultivation of Spirulina platensis could present interest, given the important role of this oligoelement in the metabolism of prokaryotic and eukaryotic organisms. Therefore, their effect on this microalga's productivity and biochemical composition is examined hereafter. The results are given in table 6.

This study was focused on the three compounds K-Mo2O2S2-HNTA, TBA-Mo2O2S2-IDA and PPh4-Mo2O4-EDTA. As seen in table 6, the results do not manifest any toxic effect towards Spirulina in the investigated concentration ranges. Productivity tends to rise proportionally with concentration in the case of K-Mo2O2S2-HNTA, TBA-Mo2O2S2-IDA, reaching maximum values at 50 mg/L. For K-Mo2O2S2-HNTA we get the higher growth rate of +6.94%, which equals to 1.26 g/L in the 10 th day. Beyond 50 mg/L concentration, a minor decrease is observed, but the productivity is still comparable to the reference sample. The repartition of biochemical components of spirulina seems to be reshaped also. The protein quantity is diminished by 3.1% for the HNTAbearing compound while in the presence of TBA-Mo2O2S2-IDA it increased by 8.5%. The biomass' peptide content, separated from the total protein fraction increases within the following concentration limits: 40-70 mg/L (K-Mo2O2S2-HNTA) and 50-70 mg/L (TBA-Mo2O2S2-IDA), reaching values that exceed the reference by 11.04-29.22%, 34.09-77.92% and 16.23-87.01%, respectively. Concerning the two compounds containing the Mo2O2S2 core, the gain in carbohydrates and lipids goes up to 19.63% and 14.04% for the one with HNTA ligands, whereas 9.56% and 23.71% for the one with IDA ligands. At first look, PPh4-Mo2O4-EDTA seems unsuitable for spirulina growing as productivity tends to decrease by 17.7% in the presence of 10 mg/L of this compound. However, this compound shows excellent results in selectively boosting the peptide ratio to 222.7%. So, despite the 1/6 biomass loss, production of peptide-rich spirulina is an interesting feature. 

Experimental section

Experimental details are given in Electronic Supporting Information.

Conclusion

In this paper, we have investigated two series of dinuclear complexes based on [Mo2O2S2] 2+ and [Mo2O4] 2+ cores. Almost all of them have been obtained in a one-step synthesis in water, consistent with green chemistry principles and a new synthetic procedure has been applied for sulfurated ones.

The solution studies revealed totally different behaviors for both series of complexes in terms of dynamics and lability depending on the nature of the central core and of the ligand. Although, the major part of these complexes was already known in the literature as models for enzymes, the biological activities of such series of complexes was in fact poorly explored. In the present study, strong evidences have been acquired for the biological efficiency of these coordination compounds. Although some compounds display cytotoxicity, we have evidenced that it is probably due to the organic counter cations PPh4 + , which are non-innocent. Therefore, we can say that these molybdenum complexes appear non-toxic.

Complexes [Mo2O2E2(EDTA)] 2-associating PPh4 + cations have been found with significant activity against all tested Gram-positive bacteria Staphylococcus aureus, Bacillus cereus and Bacillus subtilis with as low as 1.9 µg/mL of compound and also against all tested fungi Candida albicans, Candida krusei/parapsilosis and Cryptococcus neoformans with as low as 3.9 µg/mL of compound due to the antimicrobial effect of the cation. Such compounds can be considered as simple but relatively potent bacterial and fungal inhibitors. The majority of compounds are harmless in vitro and seem promising for application in biology as antioxidant agents, with minimal IC50 1.9 µM.

At the same time, the first three tested Mo complexes of our series are able to promote growth of Spirulina platensis culture, building up to 7% more biomass and they modulate its biochemical composition, diversifying even more its possible uses to a food supplement with rich peptide content (+123%) for instance. Concerning this class of complexes, novel biological tests are envisioned to eventually extend the arsenal of beneficial properties to other possible applications.

Figure 2 .

 2 Figure 2. (a) Molecular Structure of the complex [Mo2O2S2(IDA)2] 2-, (b) View of the two isomers of the complex [Mo2O2S2(IDA)2] 2-in the crystal cell

Figure 3 1

 3 Figure 3 1 H-NMR spectra of Mo2O2S2-based complexes in D2O. * indicates the presence of decoordinated ligand.

Figure 4 1

 4 Figure 4 1 H-NMR spectra of Mo2O4-based complexes in D2O. * indicates the presence of decoordinated ligand.In summary, these 1 H-NMR spectra in water evidence a dynamic behavior which is at the opposite of what is usually admitted for these clusters in polyoxometalate chemistry. More dynamics means higher lability, and thus more decoordination/coordination process are observed in [Mo2O4]-based coordination complexes. Besides, HNTA complexes exhibit a noticeable presence of free ligand at a concentration of 5 mM, which suggest a low chemical stability, as for Na-Mo2O4-L-Cys. Changing the solvent can dramatically affect the dynamics of such complexes. By replacing water with DMSO, the dynamics in solution are indeed strongly modified as shown in FigureS4in SI. In such a medium, the

  , while the values of self-diffusion coefficient are gathered in the table 1. The signals give more or less the same value with an average of 515 ± 6 μm 2 /s in D2O. It means that all the signals come from the same molecule, which exclude any decoordination process. Moreover, from Stokes-Einstein law this value allows calculation of a hydrodynamic radius around 0.4-0.5 nm, rather consistent with the expected molecular complexes. Similar values are obtained with the other complexes studied in D2O, while D logically decreases to an average of 191 µm².s -1 in more viscous solvent such as DMSO according to the Stokes-Einstein equation.

Figure 5 1

 5 Figure 5 1 H DOSY NMR spectrum of compound K-Mo2O2S2-EDTA in D2O, 5 mMIt is noteworthy for both K-Mo2O2S2-HNTA and K-Mo2O4-HNTA complexes that two sets of D values are identified in D2O, suggesting the existence of two species with essential difference in size and mass. The peak at 3.8 ppm for K-Mo2O2S2-HNTA diffuses at 603 μm 2 /s and the one at 3.75 ppm for K-Mo2O4-HNTA has a diffusion speed of 623 μm 2 /s, which is significantly high, in agreement with a free ligand in equilibrium with the complex, while the average D value for this family of compounds with no big differences in size is around 500 in D2O. The situation is totally changed in DMSO. As shown in figureS5(SI), only one set of D values is obtained in agreement with a decoordination/coordination process stopped.
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 3 , cervical cancer (HeLa) and rhabdomyosarcoma cancer (RD) cells. (NM = Not measured) Mo2O4 complexes with different ligands and in form of different salts serves as an indication of their toxicity on cells, and allows identification of the effect of each parameter i.e. cation, molybdenum core and ligand. The data in the table 2 show no toxicity or very weak toxicity in comparison to the reference cancer drugs Cis-platin and Doxorubicin. Only two complexes of EDTA show non-negligible values: PPh4-Mo2O2S2-EDTA has IC50 = 59.81 ± 26.45 μM on BxPc-3 cancer cells and PPh4-Mo2O4-EDTA has IC50 = 25.09 ± 7.02 μM on BxPc-3 cancer cells and 60.72 ± 12.1 μM on normal MDCK cells, which means that all other complexes are non-toxic or almost non-toxic.The comparison of these two complexes in their alkali salts which are not at all toxic suggests that it is not the [Mo2O4(EDTA)] 2-and [Mo2O2S2(EDTA)] 2-complexes that induces toxicity for these two compounds but the tetraphenylphosphonium counter-cations.[48] Hence, Mo2O2S2 and Mo2O4 complexes with Histidine, Cysteine, IDA, HNTA and EDTA ligands are surely safe in vitro as long as the cation is alkaline. These findings reveal the importance of the counter cation on the overall toxicity and show that molybdenum(V) [Mo2O2S2] 2+ and [Mo2O4] 2+ moieties coordinated with biocompatible ligands are non-toxic. This is in good agreement with other cytotoxicity results related to Mo2O2S2-based complexes associated to NEt4 + or alkali cations reported in the literature.[24] 

  

Table 1 .

 1 Self-diffusion coefficients D measured for complexes containing L-Cys, HNTA and EDTA ligands in D2O and in DMSO (5 mM concentration)

	Compound	D (μm 2 /s) in D2O	D (μm 2 /s) in DMSO
	K-Mo2O2S2-L-Cys	503 ± 14	193 ± 6
	K-Mo2O2S2-HNTA	499 ± 147	173 ± 6
	K-Mo2O2S2-EDTA	515 ± 6	216 ± 6
	Na-Mo2O4-L-Cys	502 ± 14	183 ± 7
	K-Mo2O4-HNTA	526 ± 43	Not soluble
	Na-Mo2O4-EDTA	533 ± 8	Not soluble

Table 3

 3 Antioxidant activities for Mo2O2S2 and Mo2O4 complexes against ABTS and DPPH

	Compound	IC50 (µM)	IC50 (µM)
		ABTS	DPPH
	Cs1.5Na0.5-Mo2O2S2-Ox	42.5±7.10	≥100
	K-Mo2O2S2-L-cys	1.9±0.12	36.4±6.10
	TBA-Mo2O2S2-IDA	27.2±3.69	-
	K-Mo2O2S2-HNTA	20.1±0.25	-
	K-Mo2O2S2-EDTA	-	-
	PPh4-Mo2O2S2-EDTA	-	-
	Mo2O2S2-L-his	7.0±0.52	-
	TBA0.5Na1.5-Mo2O4-Ox	74.9±3.78	≥100
	Na-Mo2O4-L-cys	2.73±0.65	-
	K-Mo2O4-HNTA	-	-
	PPh4-Mo2O4-EDTA	-	-
	Na-Mo2O4-EDTA	-	-
	Li-Mo2O4-EDTA	-	-
	TROLOX	26.3±0.70	48.9±0.80
	RUTIN	20.7±0.12	64.8±2.10
	NM = Not measured		

Table 6

 6 Toxicity of Mo2O2E2 complexes on Paramecia

	Compound	24h	LC50 (µM)	48h
	K-Mo2O2S2-L-Cys	≥100		≥100
	Mo2O2S2-L-His	28.72 ± 5.5		≥100
	TBA-Mo2O2S2-IDA	56.98 ± 5.6		48.66 ± 2.2
	K-Mo2O2S2-HNTA	≥100		≥100
	K-Mo2O2S2-EDTA	≥100		≥100
	PPh4-Mo2O2S2-EDTA	40.25 ± 2.6		≥100
	Na-Mo2O4-L-Cys	≥100		≥100
	K-Mo2O4-HNTA	3.3 ± 0.2		1.7 ± 0.01
	Na-Mo2O4-EDTA	≥100		≥100

Table 6

 6 Activity of Mo2O2E2 complexes on Spirulina platensis growth

	Compound	Conc.,	Producti	Proteins*	Peptides*	Carbohydrates*	Lipids*
		mg/L	vity* in	% of	%	% of	%	% of	%	% of	%
			the 10 th	dry	compared	dry	compared	dry	compared	dry	compared
			day, g/L	weight	to	weight	to	weight	to	weight	to
					reference		reference		reference		reference
	Control	0	1,180	65,95	100,00	3,08	100,00	11,61	100,00	10,33	100,00
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