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Part A - Research Results

A.1 Scientific Highlights 

Task 1 - Hydrosoluble ligands and their complexes 
(YoK, CNR-ICCOM, UD, UAL, CNRS-LCC/a, UAB, IST; Task Coordinator YoK)

T1a) Synthesis of ruthenium(II) -alkyne and vinylidene complexes derived from glycoynitols (CNR, UAL). A family of terminal alkynes and propargylic alcohols bearing a polyhydroxylated lateral chain, which can be easily derived from simple carbohydrates, has been synthesised and characterised by CNR. The reaction of these water soluble alkynes with ruthenium(II) precursors, such as Cp*Ru(PMe3)2Cl, was studied by both CNR and UAL researchers. These studies resulted in unusual -alkyne complexes which slowly isomerize to the more robust vinylidenes and -hydroxyvinylidenes. The reaction of these vinylidenes with ammonia and water affords glycosubstituted aminocarbenes and the homologated sugar, respectively. The latter is obtained via water addition across the the C()=C() bond of the unsaturated moiety. A joint paper between the two partner institutions has been published.[A1]

T1b) Water soluble ruthenium complexes stabilised by the phosphaadamantane PTA ligand (PTA = 1,3,5-triaza-7-phosphaadamantane)  (CNR, UAL). A new class of Ru-PTA cyclopentadienyl complexes, of general formula [(C5R5)RuXn(PTA)m](PF6)q (R = H; X = Cl, I, n = 1, m = 2; X = MeCN; n, m = 1, 2; q = 1. R = Me, X = MeCN, n = 1, m = 2, q = 1) and the complexes [{Cp(CH2)2NEt2}RuX(PTA)2](PF6), (X = Cl, MeCN, none) bearing a novel 2-(diethylamino)ethylcyclopentadienyl ligand have been prepared between Florence and Almería. The X-ray crystal structure of the protonated 2-aminoethylcyclopentadienyl Ru complex has been determined. A joint CNR/UAL paper has been published [A2]  and the results were presented at a conference.[B1] The slightly water soluble ruthenium dihydride complex of formula [(triphos)Ru(PTA))(H)2] has been prepared by CNR and its associates and has been transferred to INEOS (see T3a).

T1c) Synthesis and characterization of hydrosoluble protonated Ruthenium-PTA Complexes in Water. (CNR) The X-ray structure of the neutral RuCl4(PTAH)2.4H2O complex containing the N-protonated ligand PTAH (PTA = 1,3,5-triaza-7-phosphaadamantane) has been determined by CNR. The protonated nitrogen atom of PTA forms strong hydrogen bonding with a water molecule, while another water acts as donor to an unprotonated nitrogen atom, creating a network in the solid state. A paper describing this chemistry is in publication.[C1]

T1d) [Ru(H2O)6]2+ as starting material of the synthesis of water-soluble phosphine complexes of Ru(II) (UD). The chemical equilibria in aqueous solutions of [Ru(H2O)6]2+ and the water-soluble phosphines: meta-TPPMS, para-TPPMS, meta-TPPTS, PTA and PTAMe (N-methly-PTA) were characterized by multinuclear NMR spectroscopy. Trans-[Ru(H2O)4(PTAMe)2](tos)4.2H2O, trans-[Ru(H2O)4(PTAH)2](tos)4.2H2O, and trans-mer-[RuI2(H2O)-(PTAMe)3]I3.2H2O were isolated and their structures were determined by single crystal X-ray diffraction. The results were published.[C5]
T1e) Synthesis of water soluble vinylidenes and allenylidenes stabilised by hydrosoluble phosphines. (CNR, UAL) A variety of CpRRu(WSP)2Cl complexes (WSP = Water Soluble Phosphine) have been prepared conjointly in Florence and Almeria and used by UAL to prepare new water soluble vinylidene and allenylidene complexes. A communication dealing with this chemistry has been presented at the meeting “Green Solvents for Chemistry” and sponsored as “COST Awarded Lecture” at the symposium.[B2] Two other communications have been presented highlighting both synthetic [B7] and biological properties [B5] of these complexes. 

T1f) Synthesis of water-soluble N-heterocyclic carbene complexes of Ru (UD). Ru(II) complexes containing the 1-butyl-3-methyl-imidazol-2-ylidene ligand were synthesized and characterized. These complexes were found active catalysts of the hydrogenation of  olefins, aldehydes and ketones in aqueous solutions and/or in aqueous-organic biphases. The results were published in a paper and disclosed in two conference posters[C6] [D3] [D4] (See also T6b)
T1g) Synthesis of a water soluble white phosphorus complexes. (CNR) The first water soluble phosphorus derivatives have been prepared in Florence. In particular, complexes with sulfonated phosphines as coligands are able to coordinate white phosphorus and to dissolve it in polar solvents including water. The complex [CpRu(mTPPMS)2(1-P4)]Cl smoothly reacts with water or methanol yielding in very good yield the stable species [CpRu(mTPPMS)2(PH3)]Cl in which a phosphine ligand is coordinated to ruthenium (mTPPMS = m-Na+-OSO2C6H4PPh2).[D1]
T1h) Synthesis of N-based hydrosoluble complexes of Ru. (CNR) Various Ru(II) complexes containing the water soluble ligands Cup-dione (2,9-Dimethyl-[1,10]phenanthroline-5,6-dione) and Phen-dione ([1,10]phenanthroline-5,6-dione) were synthesised and characterised, together with the cuproine and phenanthroline analogues. These complexes are being evaluated as catalyst precursors for the catalytic oxidation of organic sulfides to sulfones using H2O2 as “green” terminal oxidant (see Task 6b).

T1i) Synthesis of water soluble phosphines containing amino acid residues. (CNR, UAL) A new water soluble phosphine bearing an oxazolydine moiety deriving from a cyclized L-serine methyl ester has been syntheised and fully characterised. The new ligand has been used by UAL to prepare the ruthenium complex [RuL3Cl2] (L = Ph2PCH=CH{oxazolidine-NBoc}]. Two communications have been presented.[B4,B6]

T1j) Synthesis of functionalized dendrimers (CNRSLCC/a). The synthesis of first and second generation of functionalized dendrimers has been carried out in Toulouse. The modification of these functional end groups to render them suitable for the grafting of PTA ligands is underway.

T1k) Synthesis of water-soluble luminescence sensors for polyoxoanions (YoK). Starting with [Re(CO)3(bispyridyl)L1]PF6, S1PF6, (Angew. Chem. in press), where L1 = 2,3-dihydroxy-N-pyridin-4-yl-benzamide, several derivatives were prepared by YoK partner in order to improve the solubility of the luminescent Re-compound in aqueous solution. The derivatives differ in the type of counter ions, which are more hydrophilic (e.g. ClO4-, NO3- or CF3SO3-) than the hexafluorophosphate. In addition, the chromophore bipyridyl was carboxylated to generate the corresponding [Re(CO)3(4,4’-bispyridyl dicarboxylic acid)L1]X compounds. All compounds are characterised by standard spectroscopic methods like NMR, IR, UV/Vis, and ESI. Crystals suitable for single crystal X-ray diffraction were grown of the benzyl protected compound [Re(CO)3(bispyridyl)L1]ClO4 (S1ClO4). This transition metal compound crystallises in the triclinic space group P-1 with four sensor molecules and four perchlorate counter ions per unit cell. While for the starting sensor, S1PF6, the maximum amount of water tolerated in an acetonitrile solution is 20%, the exchange of the counter ion to ClO4 improves the solubility so we can employ a 2:1 water/acetonitrile mixture. An article describing this result is in press.[C4]

T1l) Synthesis of hydrosoluble metal complexes with high biological activity (IST). Hydrosoluble ruthenium complexes of formula trans-[RuCl4L(DMSO)]Y (A) and [trans-RuCl4L2]Y (B) [L = imidazole (Him), 1,2,4- triazole (Htrz), and indazole (Hind); Y = counteranion] have been synthesised and characterised by X-ray crystallography and electrochemical measurements (collaboration of Profs. Keppler and Kukushkin’s groups) . A mechanistic study of ligand replacement by solvent was undertaken by digital simulation of cyclic voltammetry and kinetic data were correlated with antitumor activity.  A paper, reporting this chemistry and highlighting the importance of tuning the redox potentials of the Ru(III) complexes in view of their pharmacological significance, has been published.[C12]  A series of air stable, hydrosoluble, diorganotin(IV) complexes of 4-X-benzohydroxamic acid [X = NH2, NO2 or F] formulated as [R2SnL2] and [R2Sn(L)]2O (R = Me, Et, nBu or Ph) have been prepared and characterized by spectroscopic and mass spectral analysis. Their in vitro antitumor activity against a series of human tumour cell lines was tested and compared to cisplatin. A paper presenting these results has been published.[C13]
Task 2 - High oxidation state organometallic aqua ions 

(CNRS-LCC/a, CNRS-LCC/b, uab, UEN, INEOS, IST; Task Coordinator CNRS-LCC/b)
T2a) Studies of the Cp*MoVI aquated complexes (UEN, CNRSLCC/b). The kinetics of the formation of aquated complexes of the type (Cp*)MoO2+, (Cp*)MoO2(OH), (Cp*)MoO3- and (Cp*)MoO3H2+ from (Cp*)2Mo2O5 are presently being studied by UEN as a function of pH, temperature and pressure. Parallel to this work, water exchange reactions on the mentioned complexes are being studied as a function of pH, temperature and pressure using 17O-NMR. These studies are performed in order to reveal mechanistic information on both the acidification of (Cp*)MoO3- and water exchange reactions of the aquated complexes in 20% MeOH-H2O. Attempts to crystallize the Cp*MoO2(H2O)x+ ion, of which the value of x is unknown, by CNRSLCC/b have failed because of the low solubility of its molecular adduct with the conjugate base Cp*MoO3-, namely Cp*2Mo2O5. One of the crystallization attempts has serendipitously produced crystals of a new organometallic polyoxomolybdate, Cp*2Mo6O17, which has been structurally characterized. This compound has also been prepared in good yields by combination of Cp*2Mo2O5 and four equivalents of MoO42- under acidic conditions.[C2]  

Task 3 - Solvent-complex interactions
 (UAB, INEOS, CNRS-LCC/a, YoK, UEN, CNRS-LCC/b; Task coordinator: UAB) 

T3a) Hydrogen bonding of water to transition metal hydrides (CNR, INEOS). The geometry, energy and electronic features of the H...H interactions between the model Ru(II) dihydride [P(CH2CH2PH2)3RuH2] and water or alcohols with different proton donor abilities (CH3OH, CF3OH) were investigated by means of DFT/LanL2DZ calculations in both the gas phase and in solution. The computational analysis shows that trimolecular dihydrogen bonding adducts may be energetically favored through the additional participation of external molecules, either from the solvent or the reagent alcohol. A joint CNR/INEOS paper is under preparation.

The ruthenium dihydride complex [(triphos)Ru(PTA))(H)2], prepared by CNR (T1b), has been transferred to INEOS. The PTA ligand of this compound is water-soluble. The N-atoms of the PTA cage are proton acceptor centers and the PTA ligand forms hydrogen bond in the presence weak acids. However, the hydrogen complex is not an intermediate of the proton transfer reaction in low polar media. A study addressing the influence of both electronic and steric properties of different proton donors (alcohols and H2O) on the strength of the hydrogen bonding adduct and of the proton transfer reaction is in progress. The properties of this complex will be compared with similar complexes with different phosphine ligands.
T3b) Hydrogen bonding of water to main element group hydrides (INEOS, UAB). The INEOS team has started a project aimed at developing new approaches based on IR and UV spectroscopic methods to study H-bonding interactions with H2O serving at the same time as proton donor and proton acceptor as well as a medium where to carry out proton transfer reactions of organometallics. 

Different main group hydrides such as BH4(Bu4N), GaH4(Bu4N), B10H10(Bu4N)2, B12H12(Bu4N)2 have been considered as first models for this investigation. These hydrides have many basic centres and high formation constants at room temperature and then can provide different structures for their dihydrogen bonded complexes. The H2O molecule is a bifunctional weak acid and it was interesting for us to explore its ability to form complexes where it behaves as a bidentateligand. In agreement with our hypothesis, the interaction of H2O with BH4(Bu4N), GaH4(Bu4N), B10H10(Bu4N)2, B12H12(Bu4N)2 results in bidentate coordination. The interaction of boron and gallium hydrides with H2O, CH3OH and fluorinated alcohol was experimentally studied by IR in CH2Cl2 and THF and byb theoretical methods (DFT/B3LYP) in THF, gas phase and H2O by a close collaboration with UAB scientists. The dihydrogen bonded complexes have been shown to be intermediate of both hydrolysis and alcoholysis reactions. A joint paper by INEOS and UAB is under preparation (A.M. Filin, O.A. Filippov, A. Lledós, G. Ujaque, V.I. Bregadze, N.V. Belkova, E.S. Shubina, “Dihydrogen bonding and proton transfer to anionic hydrides of the main group elements”). 
T3c) The effect of the solvent (water) on the catalytic H/D exchange in aqueous solutions. (UD) Previous experimental results suggested that the H/D exchange between H2 and D2O or D2 and H2O, catalyzed by  [RhCl(TPPMS)3], may proceed through the formation of a hydrido-dihydrogen-rhodium species obtained from e.g. [RhH2Cl(TPPMS)3] by protonation. DFT (B3LYP) calculations were performed on the protonation of the latter compound. Due to the effect of hydrogen bonding, H3O+(H2O)n clusters of various size had to be considered as protonating agents. The results indicate, that the H/D exchange process can take place with low energy barriers. The effect of bulk water on the energetics was examined by employing polarizable continuum models. The results were presented at a conference [D5] and a paper is in preparation.

T3b) Water exchange reactions on seven-coordinate Fe and Mn complexes (UEN). Water exchange reactions on a series of seven-coordinate Fe(II), Fe(III) and Mn(II) complexes were studied with the use of 17O-NMR. These complexes show interesting catalytic effects in the activation of NO and as superoxide dismutase (SOD) catalysts. In most cases substrate activation is controlled by water displacement reactions from the first coordination sphere. The water exchange reactions were studied as a function of temperature and pressure in order to determine all activation parameters ((H#, (S# and (V#) of which the latter is the mechanistic decisive one. Thus, a detailed understanding of the water exchange mechanism enables further insight into the mechanism of the catalytic cycle. A series of papers reporting these results are presently in preparation.
Task 4 - Speciation studies
(HUJI, UD, UEN, CNRS-LCC/b, YoK, IST; Task coordinator: HUJI) 

T4a) Speciation of poly-anionic and poly-cationic Fe(III) porphyrin complexes (UEN). In collaboration with Norbert Jux of the Institute for Organic Chemistry, University of Erlangen-Nürnberg, two highly negatively and positively charged Fe(III) porphyrin systems were prepared to improve the water solubility of porphyrin complexes in general. These complexes are present in solution either in the diaqua, aqua-hydroxo or dihydroxo forms depending on the selected pH. Detailed potentiometric titrations enabled the determination of the acid dissociation constants and the speciation of the porphyrin systems. This information is of fundamental importance in studies dealing with the activation of NO and H2O2 (see T5d and T5e, respectively). 
T4b) Investigations into the influence of pH on the luminescence based sensors (YoK). The influence of the pH on the luminescence of the compounds S1PF6 and S1ClO4 (see T1k) was analysed in different water/acetonitrile mixtures. The experiments, which were performed using a Hitachi fluorimeter, show quenching in the luminescence emission with increasing pH. These measurements were repeated in the presence of molybdate. The rhenium compounds are efficient sensors for detecting molybdate. Here, the luminescence quenching starts around pH 2. Interference with the pH dependent luminescence quenching first occurs at pH 7 demonstrating the possibility of molybdate detection in the range of acidic to neutral media pH 2 to 7.

T4c)  pH-potentiometric characterization of [RuCl2(1-butyl-3-methylimidazol-2-ylidene)(p-cymene)].  (UD)  The title compound has been fully characterized in aqueous solution by pH-potentiometric titrations. It has been established, that one or both of the chloride ligands is easily lost (depending on the chloride concentration) yielding [RuCl(H2O)(1-butyl-3-methylimidazol-2-ylidene)(p-cymene)]+ (I) or [Ru(H2O)2(1-butyl-3-methylimidazol-2-ylidene)(p-cymene)]2+ (II). In 0.1 M KCl solution of pH < 6 the prevalent compound is I. With increasing pH, I is replaced by [RuCl(OH)(1-butyl-3-methylimidazol-2-ylidene)(p-cymene)], and at pH > 12 by [Ru(OH)2(1-butyl-3-methylimidazol-2-ylidene)(p-cymene)]. These findings were corroborated by the results of ESI-MS measurements. These results are described in a paper.[C6]
T4d)  pH-potentiometric characterization of [RhCl(OAc)(TPPMS)2].  (UD)  [Rh(CO)(OAc)(TPPMS)2] was chosen as a model compound of the complexes formed during the pretreatment with syngas of the aqueous solution of rhodium acetate and TPPTS in the Rhone Poulenc-Ruhrchemie industrial hydroformylation process. A pH-potentiometric titration of [RhCl(OAc)(TPPMS)2] has revealed that this complex behaves very similar to the previously studied [RhCl(CO)(TPPMS)2] except its slightly stronger tendency towards hydrolysis. The catalytically active [RhH(CO)(TPPMS)2] forms only above pH 6. The results were communicated at a conference[D2] and a paper has been submitted for publication. [C7]
T4e)  Complex equilibria in solutions of [Ru(H2O)6]2+ and water-soluble phosphines. (UD)  The metal complex species formed at various ligand-to-metal ratio, temperature and pH were studied by 1H and 31P NMR spectroscopy using meta- and para-TPPMS, meta-TPPTS, PTA and PTAMe ligands (see also T1d). Interestingly, with the sulfonated triphenylphosphines only [Ru(H2O)5L]2+ and cis- and trans-[Ru(H2O)4L2]2+ were formed even in a high ligand excess. With the small PTA, [Ru(H2O)3(PTA)3]2+, [Ru(H2O)2(PTA)4]2+, [Ru(H2O)(OH)(PTA)4]+, and [Ru(OH)2(PTA)4] were also detected at [L]:[Ru] = 12. The results were published.[C5]

T4f)  Potential dependent speciation of ruthenium complexes (HUJ). Speciation of Ru(acac)3 and  RuCl3 was investigated over a wide potential range by on-line electrospray mass spectrometer coupled to a radial flow - through electrochemical cell (EC-ESI/MS). RuII/RIII  and RuIII/RuIV  potential induced transformations were monitored and traced by EC-ESI/MS. 

T5f)  EC-ESI/MS studies of different iron complexes (HUJ). Speciation and electrochemical transformations of water soluble iron(II) and iron(III) complexes were studied by ESI/MS. Of particular importance is a class of new hydroxamate chelators that were synthesised in collaboration with Dr. Artem Melman from Jerusalem. The new hydroxamate chelators quench efficiently Fenton reactions and their log stability constants range between -25 and -30. Unlike Desfral and the newly synthesised hydroxamates form colour complexes with iron(III) (molar absorptivity range between 2000 and 7000).  A paper is in preparation.

T5g)  EC/ESI-MS studies of the speciation of Cp*2Mo2O5 complexes (HUJ, CNRS-LCC). The complex Cp*2Mo2O5 (Cp* = 5-C5Me5) (synthesized by Professor Rinaldo Poli) and its electrochemical reduction products in acetic acid/acetate, oxalic acid/oxalate and trifluoroacetic acid/trifluoroacetate solutions were investigated by HUJ and CNRS-LCC teams using combined electrochemical (EC) flow cell and on-line electrospray ionization mass spectrometry (ESI-MS). 

Task 5 - Substrate activation and mechanistic studies
(CNR-ICCOM, UD, UAB, YoK, CNRS-LCC/b, IST, UAL, INEOS, UEN; Task coordinator: UEN) 

T5a) Activation of alkynes and propargylic alcohols. (CNR, UAL) The water soluble glycoynitols derived from D-xylose were reacted with Cp*Ru(PMe3)2Cl to yield the corresponding -alkynes and vinylidenes bearing the polyhydroxylated substituent. [A1]   Additionally, the water soluble ruthenium complexes CpRRu(WSP)Cl (WSP = Water Soluble Phosphine) have been reacted with phenylacetylene and 1,1-diphenylpropargylic alcohol to yield hydrosoluble vinylidenes and allenylidenes. [B2]
T5b) Chemical reduction studies of  Cp*MoVI by sulfur compounds (CNRSLCC/b).  Numerous attempts to yield well defined reduction products of aqueous Cp*MoO2(H2O)x+ in the presence of various substrates, using H3PO2 or NaBH4 as reducing agents, have been unsuccessful.  The reaction with compound HSCH2COOH, in the absence of reducing agents, leads to the dinuclear MoIV complex [Cp*Mo(-SCH2COO)]2(-S), where the substrate has provided at the same time: (i) protons for the elimination of the oxo ligands as water; (ii) electrons for the metal reduction; (iii) the bridging sulfido ligand through a process of S-C bond activation. A paper is in preparation.  Future work will address the potential of this system for the electrocatalytic reduction of sulfurated hydrocarbons (Task 6).   
T5c) Chemical reduction studies of CpMoVI by sulfur compounds (CNRSLCC/b).  Compound Cp2Mo2O5 is spontaneously reduced by RSH (R = Et, iPr) and by HSCH2COOH.  The products of these reactions are currently being investigated.      

T5d) Activation of NO by Fe(III) porphyrin complexes (UEN). The highly water soluble poly-anionic and poly-cationic Fe(III) porphyrin complexes synthesized and characterized under T4a were used to study reactions with NO as a function of pH, temperature and pressure. The kinetics of both the “on” and “off” reactions were studied using flash photolysis and stopped-flow techniques. For both complexes the product is formally Fe(II)-NO+. The reactions with the aqua-hydroxo complexes are much faster than those with the diaqua and dihydroxo complexes, resulting in a maximum reactivity around a neutral pH. The pressure dependence of the reactions clearly supports the operation of a dissociative mechanism. Water exchange reactions under similar conditions also proceed according to a dissociative mechanism and the kinetic data indicate that coordination of NO is controlled in rate and mechanism by the water exchange reaction. The produced nitrosyl complexes undergo a nitrite catalyzed reductive nitrosylation reaction to form the corresponding Fe(II)-NO. complexes,[C14] for which the detailed reaction mechanisms were also studied. The work is presently being prepared for publication.  

T5e) Activation of H2O2 by Fe(III) complexes (UEN). Rapid-scan techniques were employed to study the activation of H2O2 by a series of Fe(III) complexes including porphyrin and non-porphyrin chelate systems. In all studied systems coordination of H2O2 to the Fe(III) centre is rapid and controlled by the water-exchange process. Coordinated peroxide is stabilized via deprotonation to form an intermediate hydroperoxo species, which is followed by the rate-determining homolysis or heterolysis of the O-O bond, which in turn is controlled by the nature of the spectator ligand and the ability of the metal centre to form higher oxidation state species like Fe(IV)-P+. The catalytic activity of the activation process was studied in the presence of typical substrate molecules that can undergo hydroxylation or epoxidation. Kinetic studies on the catalytic cycle were also performed as a function of pH, substrate, H2O2 and catalyst concentration, temperature and pressure. The work was partly published recently[C15] and there are more papers to follow. 
Task 6 - Catalysis, photocatalysis and electrocatalysis in water and biphasic media

(UD, IST, CNR-ICCOM, YoK, UAL, CNRS-LCC/a, HUJI; Task coordinator: UD) 

T6a) Water soluble ruthenium PTA complexes as catalysts for selective hydrogenation of -unsaturated oxo compounds. (PTA = 1,3,5-triaza-7-phosphaadamantane) (CNR, UAL). The water soluble [CpRRuXn(PTA)m](PF6)q complexes (task1/a) were tested as homogeneous catalysts for the hydrogenation of benzylidene acetone under hydrogen pressure in biphasic conditions and in transfer hydrogenation of cinnamaldehyde using the HCO2Na / H2O protocol. The hydrogen transfer results show higher activity for the Cp* derivatives (Cp* = C5Me5) than for the corresponding Cp complexes (Cp = C5H5). Under H2 pressure, all complexes show high selectivity to C=C double bond hydrogenation. These results have been communicated at international meeting [B3] and published jointly by CNR/UAL researchers.[A2] 

T6b) Water-soluble Ru-N-heterocyclic carbene complexes as catalysts of hydrogenation and redox isomerization processes. (UD) The newly synthesized Ru(II)-NHC complexes (T1f) such as [RuCl(H2O)(1-butyl-3-methylimidazol-2-ylidene)(p-cymene)]+ catalyze the hydrogenation of olefins, aldehydes and ketones with turnover frequencies up to 140 h-1 (80 °C, 10 bar H2). In addition, allylic alcohols were catalytically isomerized to saturated carbonyl compounds (e.g. 1-octen-3-ol to 3-octanone). The results were published in a paper and disclosed in two conference posters. [C6] [D3] [D4]
T6c) Catalytic hydrogenation of carbon dioxide, bicarbonates and carbonates.  (CNR, UAL, UD). Catalytic CO2 and HCO3- reduction by H2 in water was studied thanks to a multilateral project including AQUACHEM members (UAL, UD, CNR) and a Swiss laboratory (EPFL) as part of the COST Chemistry Action D29. Several water soluble ruthenium catalysts containing Cp and Cp* ligands and hydrosoluble phosphines (PTA, mPTA, TPPMS) have been tested.  The effect of temperature and pH have been analysed in a few cases. Independent studies on TPPMS complexes were carried out by UD. Aqueous suspensions of calcium carbonate were hydrogenated to yield calcium formate under a gas phase containing both H2 and CO2 (optimum ratio of p(CO2):p(H2) = 4:1) with [RhCl(TPPMS)3] as catalyst. Due to the mobile bicarbonate-formate equilibrium, the highest available formate concentration was decreased with increasing temperature but increased with increasing pressure. Under optimized conditions free formic acid was also formed in addition to calcium formate.[C9] [D7] The hydrogenation of bicarbonate in aqueous solution with [{RuCl2(TPPMS)2}2] was modelled by chemometric methods.[C10] A theoretical investigation of the hydrogenation of bicarbonate in aqueous solution with the [{RuCl2(TPPMS)2}2] catalyst has been started by UD. The DFT calculations cast doubt on the hydrogenation mechanism proposed earlier and initiated a repeated study of this reaction strongly focussed on the effect of the [TPPMS]:[Ru] ratio on the rate of the reaction. The results of the combined theoretical/experimental investigations will be published in due time – hopefully in 2005. The recent results in the homogeneous hydrogenation of carbon dioxide have been reviewed.[C11] This chemistry was described by UD in three papers and in a conference presentation.[C9][C10][D7]

T6d) Selective hydrogenations on heterogenized ruthenium complexes. (UD)    [{RuCl2(TPPMS)2}2] and [RuCl2(PPh3)3] were heterogenized on zeolite supports using the heteropoly acid method. The supported catalysts were applied both in aqueous and in organic media for the hydrogenation of unsaturated aldehydes. Mechanistic studies revealed that the hydrogenations proceeded with the same mechanism as in homogeneous solutions. Interestingly, the heterogenized versions of  [{RuCl2(TPPMS)2}2] and [RuCl2(PPh3)3] showed higher specific activity than the same complexes in solution. A paper on this subject has appeared.[C8]
T6e) Effect of NaI on the aqueous/organic biphasic hydrogenation of cinnamaldehyde catalyzed by[{RuCl2(TPPMS)2}2].  (UD, UAB)  It had been published in the literature that the activity of [{RuCl2(TPPMS)2}2] in the hydrogenation of propanal in aqueous systems was largely increased by the addition of various inorganic salts, NaI being the most effective. In a systematic study we have established, that the effect is due to easier formation of the active catalyst, [RuH2(TPPMS)4] from ‘RuI2(TPPMS)2’ than from ‘RuCl2(TPPMS)2’. In non-buffered (usually slightly acidic) solutions of [{RuCl2(TPPMS)2}2] the replacement of chloride by iodide facilitates the formation of [RuH2(TPPMS)4] and results in a large rate increase. However, in solutions of pH 7 or higher, [RuH2(TPPMS)4] forms easily from both precursors and the addition of NaI has no effect on the hydrogenation of aldehydes. The results were shown as a conference poster.[D6] A computational study of the selective hydrogenation of α,β-unsaturated aldehydes by [RuCl2(TPPMS)2]2 and [RuCl2(PTA)4] complexes has been undertaken by UAB partner.
T6f) Catalysis of the H/D exchange by [RhCl(TPPMS)3].   (UD)   The isotope exchange between D2 and H2O or H2 and D2O has been studied by DFT (B3LYP) calculations.[D5] The results show a strong influence of the solvent water. For details see T3b.

T6g) Catalytic isomerization of allylic alcohols to aldehydes (UAL, UD). The water soluble complex [CpRuCl(m-TPPMS)2] prepared by UAL has been shown to be an efficient catalyst for the isomerization of 1-octen-3-ol to octanal at very mild conditions (P(H2) = 10 bar, T = 80 ºC).

T6h) Catalytic epoxidation of olefins with (Cp’)2Mo2O5 complexes (CNRSLCC/b-IST).  Complex (C5Bz5)2Mo2O5 (Bz = CH2Ph) has been synthesized by treatment of (C5Bz5)Mo(CO)3Me with excess tBuOOH.  Together with other (Cp’)2Mo2O5 complexes (Cp’ = C5Me5, C5HiPr4, C5H2tBu3) it has been used to catalyze the epoxidation of cyclooctene.  Excellent results have been obtained in dry chloroform as solvent.  Unfortunately, no catalytic activity was observed in water.  A publication describing these results has recently been submitted.[A3]
T6i) Catalytic oxidation of alkanes in aqueous medium (IST). Researchers at IST have synthesised and characterised easily self-assembled novel copper triethanolamine complexes that adopt dimeric, trimeric and  polymeric structures containing metal centres with labile sites. It has been found that they can act as new active and selective catalysts (liquid biphasic catalysis) for cyclohexane oxidation to cyclohexanol and cyclohexanone by hydrogen peroxide, in mild conditions and in the absence of any additives or co-catalysts. A publication of this chemistry may be anticipated.
T6j) Catalytic oxidations using green oxidants. (CNR) The complex [Ru(cuproine)2(H2O)2](BF4)2 was found to be active in H2O2 activation and catalytic oxygen transfer to benzo- and dibenzothiophene, yielding the corresponding sulfones in good yield and 100% selectivity in acetonitrile solution at catalyst to substrate ratios as low as 1:1000, which is rivalling with the results reported in the recent literature. More catalytic tests are in progress, namely trying biphasic water/organic solvent conditions and H2O2 concentration effects. 

T6k) Photoinduced redox reactions. (YoK) The experiments described in T4a will be used by YoK partner in order to develop water-soluble photoactive redox catalysts.

T6l) Photoactivation of white phosphorus in water. (UAL) UAL team has an ongoing interest to develop new photocatalytic reactions and the search for new water soluble ruthenium photocatalysts is an important target of the AQUACHEM project. As a preliminary result of this research activity, we have discovered the photochemical activation of the P4 molecule in water under solar irradiation. The photocatalysed reaction results in the formation of H3PO4 under very mild reaction conditions using solar light.

T6m) Electrocatalytic activity of Ruthenium complexes. (HUJ). HUJ determined the electrocatalytic activity and mechanism of electrocatalysis of Ru(acac)3 and RuCl3 for the oxidation of several tetraline derivatives by EC-ESI/MS. 
T6n) Activation of nitriles. (IST) The syntheses of water soluble imidoylamidine complexes of Ni(II) were achieved by reactions of organonitriles or phthalonitriles with oximes mediated by Ni(II).  These products are structurally related to phthalocyanines and further reactions towards the syntheses of asymmetric imidoylamidine products will be attempted. In pursuit of the aim to achieve a catalytic aqueous detoxication of poisonous nitriles in waste waters, we have used an environmentally friend Zn(II)/ketoxime system but, in contrast to our expectations, its activity appears to be very sensible to other, apart from RCN, species in solutions. Thus, although we observed a significant decrease of MeCN concentration (due to its conversion to acetamide), e.g. even at the maximum contamitant level, in double-distilled water,  the hydration is completely inhibited when MeCN is dissolved in a regular tap-water. These findings unfortunately prevented further work in this direction.

A.2 Joint Publications in Refereed journals 
[A1]
(CNR-UAL) C. Ciardi, G. Reginato, L. Gonsalvi, I. de los Rios, A. Romerosa, M. Peruzzini

“Ruthenium(II) [image: image1.png]


-Alkyne and Vinylidene Complexes Derived from Glycoynitols: New Precursors for Water-Soluble Unsaturated Carbenes” Organometallics 2004, 23, 2020 (Article) 

[A2]
(CNR-UAL) S. Bolaño, L. Gonsalvi, F. Zanobini, F. Vizza, V. Bertolasi, A. Romerosa, M. Peruzzini “Water soluble ruthenium cyclopentadienyl and aminocyclopentadienyl PTA complexes  as catalysts for selective hydrogenation of -unsaturated olefins. (PTA = 1,3,5-triaza-7-phosphaadamantane) 
J. Mol. Catal. A: Chem. 2004, 224, 61 (Article) 

A.3 Joint Publications in Conference Proceedings  
[B1]
(CNR-UAL) Peruzzini M., Bolaño Garcia S., Bosquain S., Campos T., Gonsalvi L., Lidrissi C., Mañas Carpio S., Phillips A. D., Romerosa A., Saoud M., Serrano-Ruiz M.


“Nuovi complessi metallici idrosolubili stabilizzati dalla fosfina pta (pta = 1,3,5-triaza-7-fosfadamantano)”, XXXII National Italian Conference of Inorganic Chemistry, Roma, Italy, 20/25-09-2004 (oral presentation).
[B2]
(CNR-UAL) Romerosa A., Campos T., Lidrissi C., Saoud M., Serrano M., Gonsalvi L., Bolaño S., Peruzzini M.


“New water soluble vinylidene and allenylidene ruthenium complexes containing hydrosoluble phosphines and cyclopentadiene derivatives” Green Solvents For Synthesis, Bruchsal, Germany, 3/6-10-2004 (Keynote lecture sponsored by COSTD29 Management Committee as “COST Awarded Lecture”) 

 [B3]
(cnr-UAL) Bolaño S., Gonsalvi L., Zanobini F., Vizza F., Bertolasi V., Romerosa A., Peruzzini M.

“Regioselective hydrogenation of benzylidene acetone and cinnamaldehyde catalysed by water soluble ruthenium complexes” - 7th post-graduate Summer School on Green Chemistry; Venice, Italy, 5/21-09-2004 (poster presentation). 

[B4]
(CNR-UAL) Ciardi C., Mordini A., Peruzzini M., Reginato G., Romerosa A.

“Synthesis of a new Precursor of Water Soluble Phosphines: Studies on its Reactivity with RuCl3. Sustainable Chemical Processes: Stereoselective Transition Metal-Catalyzed Reactions. COST chemistry D24. Venice (Italy), 16/19-09-2004. P16, pp. 52 (poster presentation). AQUACHEM NO
[B5]
(CNR-UAL) Campos T., Romerosa A., Lidrissi C., Saoud M., Peruzzini M., Garrido J. A., García-Maroto F.

“Síntesis de Nuevos Complejos de Ru(II) Solubles en Agua con Actividad Frente a ADN” 

QIES-04, 11ª Reunión científica plenaria de Química Inorgánica, 5ª Reunión científica plenaria de Química del Estado Sólido y I Spanisch-Deutsches Wissenschaftliche Kolloquium von Arbeitsgruppen für Anorganische Chemie. I.S.B.N. 84-8121-755-7; Dep. Legal: C-1563/2004. CO-2. pp 45. (oral presentation). AQUACHEM NO
[B6]
(CNR-UAL) Ciardi C., Peruzzini M., Reginato G., Romerosa A. 

“Síntesis de un Nuevo Precursor de Fosfinas Quirales Solubles en Agua: Estudio de su reactividad con RuCl3” XXII Reunión del Grupo Especializado de Química Organometálica (GECO XXII). Ciudad Real, 12-14 de julio de 2004. PA38 (poster presentation). AQUACHEM NO
[B7]
(CNR-UAL) Campos T., Romerosa A., Serrano M., Peruzzini M. 

”Síntesis y Caracterización de [RuICp(mPTA)(PPh3)]Cl y su Complejo Vinilideno [RuCp(=C=C(H)Ph)(mPTA)(PPh3)](CF3SO3). XXII Reunión del Grupo Especializado de Química Organometálica (GECO XXII). Ciudad Real, 12-14 de julio de 2004. PA37 (poster presentation). AQUACHEM NO
· A.3 Joint Patents


There have been no joint patents resulting from this research work so far. 

· A.4 Publications in Refereed journals without joint coauthorships 
[C1]
(CNR) D. N. Akbayeva, M. Peruzzini, L. Gonsalvi, A. Ienco, F. Vizza

“On the Protonation of Ruthenium-PTA Complexes in Water. X-ray crystal structure of RuCl4(PTAH)2.4H2O (PTA = 1,3,5-triaza-7-phosphaadamantane)” Compt. Rend. Chimie. in press. (Article) 

[C2]
(CNRSLCC/b) E. Collange, L. Metteau, P. Richard, R. Poli

“Synthesis and structure of a new organometallic polyoxomolybdate, Cp*2Mo6O17” , Polyhedron 2004, 23, 2605-2610. (Article) 
[C3]
(LCC/b)  A. M. Martins, C. C. Romão, M. Abrantes, M. C. Azevedo, J. Cui, A. R. Dias, M. T. Duarte, M. A. Lemos, T. Lourenço, R. Poli 

“Molybdenum and Tungsten Cyclopentadienyl Oxo Monomers and Dimers: Syntheses and Applications in Olefin Epoxidation Catalysis”, Organometallics submitted. (Article) 

[C4]
(YoK) A. F. A. Peacock, H. D. Batey, C. Raendler, A. C. Whitwood, R. N. Perutz and A. K. Duhme-Klair “A metal-based lumophore tailored to sense biologically relevant oxometalates” Angew Chem. Int. Ed. in press. (Article) AQUACHEM NO
[C5]
(UD) J. Kovács, F. Joó, A.C. Bényei, G. Laurenczy

“Reactions of [Ru(H2O)6]2+ with water-soluble tertiary phosphines” Dalton Trans. 2004, 2336 (Article) AQUACHEM NO
[C6]
(UD) P. Csabai, F. Joó

“Synthesis and Catalytic Properties of New Water-Soluble Ruthenium(II)-N-Heterocyclic Carbene Complexes” Organometallics 2004, 23, 5640 (Article) AQUACHEM NO
[C7]
(UD) J. Kovács, F. Joó and C. D. Frohning

“Anion effects in the formation of the active catalyst in the Ruhrchemie-Rhône Poulenc aqueous biphasic hydroformylation process. Are there any?” Can. J. Chem., submitted. (Article)

 [C8]
(UD) Á. Zsigmond, I. Balatoni, K. Bogár, F. Notheisz, F. Joó

“Selective hydrogenations on heterogenized ruthenium complexes” J. Catal. 2004, 227, 417 (Article) AQUACHEM NO
[C9]
(UD) I. Jószai, F. Joó

“Hydrogenation of  aqueous mixtures of calcium carbonate and carbon dioxide using a water-soluble rhodium(I)-tertiary phosphine catalyst” J. Mol. Catal. A.: Chemical 2004, 224, 87 (Article) AQUACHEM NO
[C10]
(UD) J. Elek, D. Mandelings, F. Joó, Y. Vander Heyden

“Chemometric modelling of the catalytic hydrogenation of bicarbonate to formate in aqueous media” React. Kinet. Catal. Lett. 2004, 83, 321 (Article) AQUACHEM NO
[C11] 
(UD) P.G. Jessop, F. Joó, C.-C. Tai

“Recent advances in the homogeneous hydrogenation of carbon dioxide” Coord. Chem. Rev. 2004, 248, 2425 (Review article) AQUACHEM NO
[C12]
(IST) E. Reisner, V.B. Arion, M.F.C. Guedes da Silva, R. Lichtenecker, A. Eichinger, B.K. Keppler, V. Yu. Kukushkin and A.J.L. Pombeiro 

“Tuning of Redox Potentials for the Design of Ruthenium Anticancer Drugs — an Electrochemical Study of [trans-RuCl4L(DMSO)]- and [trans-RuCl4L2]- Complexes, where L = Imidazole, 1,2,4-Triazole, Indazole” Inorg. Chem. 2004, 43, 7083. (Article) 
[C13]
(IST) Q. Li, M.F.C. Guedes da Silva, Z. Jinghua and A.J.L. Pombeiro


“Diorganotin(IV) Derivatives of Arylhydroxamic Acids. Synthesis, Properties and  Antitumour Activity” J. Organomet. Chem. 2004, 689, 4584. (Article) 

[C14]
(UEN) A. Theodoridis and R. van Eldik


“The role of positively charged meso-substituents on the kinetics of the reductive nitrosylation of 
iron(III)-porphyrins. The catalytic role of nitrite”, J. Mol. Cat. A 2004, 224, 197 (Article) AQUACHEM NO

[C15]
(UEN) A. Brausam and R. van Eldik 


“Further mechanistic information on the reaction between FeIII(edta) and hydrogen peroxide. 
Observation of a second reaction step and importance of pH”, Inorg. Chem. 2004, 43, 5351 (Article) AQUACHEM NO

[C16]
(UEN) C. Selçuki, R. van Eldik and T. Clark 


“NO Binding to cobalamin: Influence of the metal oxidation state” Inorg. Chem. 2004, 43, 2828 (Article) AQUACHEM NO
[C17]
(UEN) A. Zahl, P. Igel, M. Weller and R. van Eldik 


“A new high-pressure NMR probe designed for a narrow bore magnet system”,
Rev. Sci. Instrum. 
2004, 75, 3152 (Article) AQUACHEM NO
· A.5 Publications in Conference Proceedings without joint 
[D1]
(CNR) M. Peruzzini


“Recent Advancements in the Metal-Mediated  Functionalization of White Phosphorus”

16th International Conference on Phosphorus Chemistry
Birmingham, England, UK, 4/9-07-2004. (Invited Keynote lecture) AQUACHEM NO
[D2]
(UD) J. Kovács, L. Nádasdi, F. Joó


The pH-dependent hydrolytic processes in the Rh(I) and Ru(II) catalytic systems


14th International Symposium on Homogeneous Catalysis 


Munich, Germany, 5/9-07-2004; P-0146 (poster presentation) AQUACHEM NO
[D3]
(UD) P. Csabai, F. Joó


Synthesis and catalytic porperties of new water-soluble Ru(II)-N-heterocyclic carbene complexes


14th International Symposium on Homogeneous Catalysis 


Munich, Germany, 5/9-07-2004; P-0189 (poster presentation) AQUACHEM NO
[D4]
(UD) P. Csabai, M. Fekete, F. Joó


Synthesis and catalytic porperties of new water-soluble Ru(II)-N-heterocyclic carbene complexes


Green Solvents for Synthesis


Bruchsal, Germany, 3/6-10-2004; p. 92 (poster presentation) AQUACHEM NO
[D5]
(UD) G. Kovács, G. Schubert, I. Pápai, F. Joó


Theoretical investigation or rhodium(I)-catalyzed H/D exchange in aqueous solutions


14th International Symposium on Homogeneous Catalysis 


Munich, Germany, 5/9-07-2004; P-0190 (poster presentation) AQUACHEM NO
[D6]
(UD) Á. Kathó, J. Molnár, G. Papp, F. Joó


Effect of NaI on the aqueous/organic biphasic hydrogenation of cinnamaldehyde catalyzed by [{RuCl2(TPPMS)2}2]


14th International Symposium on Homogeneous Catalysis 


Munich, Germany, 5/9-07-2004; P-0206 (poster presentation) AQUACHEM NO
[D7]
(UD) I. Jószai, F. Joó


Making use of Nature’s most abundant carbon sources : CO2 and carbonate rocks


14th International Symposium on Homogeneous Catalysis 


Munich, Germany, 5/9-07-2004; P-0322 (poster presentation) AQUACHEM NO

[D8]
(CNRSLCC/a) Laurent R., Zablocka M., Servin P., Padié C., Caminade A.M., Majoral J.P.

Phosphorus dendrimers: complexation and catalysis

1er Colloque Maroco-Français de Chimie Moléculaire

Rabat, Morocco, 26/28-01-2005 (poster presentation). AQUACHEM NO
Part B – Comparison with the Joint Programme of Work (Annex I of the Contract)

· B.1 Research Objectives 

Objective 1: - The design, synthesis and characterization of new hydrosoluble ligands (cyclopentadienyls, phosphines, porphyrins, azacrowns, bipyridyls etc.) and macroligands (dendrimers), and the study of their co-ordination chemistry with metals of catalytic relevance 

Following the development of Task 1, the new 2-(diethylamino)ethylcyclopentadienyl ligand has been prepared in Florence by reaction of sodium cyclopentadienilide in THF and 2-(diethylamino)ethylchloride. The ligand has been used in combination with PTA to prepare a variety of hydrosoluble ruthenium derivatives. A new family of hydrosoluble alkynes and propargylic alcohols derived from carbohydrates (glycoynitols) have been also prepared in Florence. From a collaborative study between CNR and UAL, several ruthenium(II) cyclopentadienyls derivatives have been prepared and charcterised.

A variety of cyclopentadienyl ruthenium(II) complexes stabilised by the water soluble phosphines PTA, TPPMS (TPPMS = m-Na+-OSO2C6H4PPh2), PTAH+I- and PTAMe+I- have been prepared by UAL and CNR and used in catalytic hydrogenation reactions in both aqueous and biphasic media. Very unusual hydrosoluble vinylidenes and allenylidenes have been prepared by UAL and their biological properties explored by UAL.

In Debrecen, new water-soluble Ru(II)-N-heterocyclic carbene complexes were prepared containing the 1-butyl-3-methylimidazole-2-ylidene ligand and were characterized by NMR and mass spectrometric techniques. The coordination chemistry of these new complexes was studied by pH-potentiometry, establishing the pH-ranges in which a particular compound, e.g.  [RuCl(OH)(1-butyl-3-methylimidazol-2-ylidene)(p-cymene)], exist.

A bilateral project aimed at synthesising water soluble phosphines bearing one or more moiety derived by amino acids has been started by UAL and CNR. A co-shared PhD thesis funded by the Spanish Ministry of Sciences is currently running. A first phosphine of this new class of ligands as well as a ruthenium complex containing this species have been prepared and characterized by spectroscopic methods.

The York goal is to synthesise water-soluble complexes that can function both as sensors and, with small modification, as redox catalysts. We have already improved the water solubility of our complexes dramatically while retaining their luminescence properties. In the next stages , we will aim to achieve solubility in pure water and to test the selectivity and redox properties of these species.

To complete the screening on preparative methods in water soluble ligand synthesis, the syntheses of hydroxylated and sulphonated phosphines were attempted at IST from methods in the literature, but difficulties have been encoutered leading to products that are not analytically pure or present NMR data different from those already reported. Only in a few cases further reactions could be attempted with Pt(II) complexes like PtCl(Me)(COD) and PtCl2(NCR)2 and the products characterization is under way.
Objective 2: - The design, synthesis and characterization of organometallic compounds with aqua, hydroxo, and oxo ligands.

In the reaction of [Ru(H2O)6]2+ with water soluble phosphines, such as meta- and para-TPPMS, meta-TPPTS, PTA and PTAMe+ several mixed aqua-phosphine complexes were identified in solution by UD. Interestingly, with the sulfonated triphenylphosphines only [Ru(H2O)5L]2+ and cis- and trans-[Ru(H2O)4L2]2+ were formed even in a high ligand excess, while with the small PTA, [Ru(H2O)3(PTA)3]2+, [Ru(H2O)2(PTA)4]2+, [Ru(H2O)(OH)(PTA)4]+, and [Ru(OH)2(PTA)4] were also detected.

The unusual tris -hydroxo complex [{(triphos)Ru}2(-OH)3]PF6 has been prepared by CNR and characterised by spectral methods and X-ray diffraction analysis. The organometallic polyoxomolybdate Cp*2Mo6O17 has been synthesized and characterized.  

Objective 3: - Studies of substrate activation and stoichiometric reactivity. Activation of inorganic substrates such as water, dioxygen, dihydrogen, carbon and sulfur oxides, bicarbonate and carbonate, phosphorus, organic substrates (alkynes, alkenes, alcohols, thiols, nitriles,) etc.  Activation of C-F, C-C and C-Heteroelement bonds.

As part of the collaboration within COST Action D29, Working Group 0009/03, which parallels the AQUACHEM consortium, Miss Tatiana Campos (UAL, PhD student) visited UD for for 6 weeks and studied the catalytic reactivity of the complexes [CpRuCl(PTA)(PPh3)], [CpRuI(mPTA)(PPh3)]Cl and [CpRuCl(m-TPPMS)2] in homogeneous aqueous phase and aqueous biphasic system in the hydrogenation and redox isomerization of allyl alcohols and HCO3- hydrogenation. Preliminary results show that [CpRuCl(PTA)(PPh3)] does not catalyze the tested reactions. In contrast, the [RuCpCl(m-TPPMS)2] showed hardly any activity in the reaction of 1-propen-3-ol, it smoothly converted 1-octen-3-ol to 3-octanone (97%) with only marginal hydrogenation to 3-octanol (3%) at very mild conditions (P(H2) = 10 bar, T = 80 ºC). Finally, albeit [RuICp(PPh3)(PTAMe)]Cl was less active in the reaction of 1-octen-3-ol, it selectively catalyzed the hydrogenation to 3-octanol (no trace of 3-octanone). 

Catalytic CO2 and HCO3- reduction by H2 in water was studied at EPFL as part of the COST Chemistry Action D29 and a newly started collaboration between EPFL Lausanne (Dr G. Laurenczy and Prof P. J. Dyson) and CNR. A detailed study on the effects of pH and temperature of the reaction in the presence of the two water soluble catalysts CpRuCl(PTA)2 and Cp*RuCl(PTA)2 was carried out during the two weeks stage of a CNR postdoctoral fellow (Dr Sylvain Bosquain). First results have shown that Cp*RuCl(PTA)2 is more active at lower temperature. Rate constants have been calculated for all reactions and are being correlated to pH effect and mechanistic details. 

The Debrecen group studied the hydrogenation of calcium carbonate in aqueous suspension under a H2/CO2 atmosphere. Earlier it had been established that in aqueous systems it is the HCO3– ion which directly participates in the hydrogenation and the hydrogenation of CaCO3 is facilitated by its dissolution under CO2 as bicarbonate. [RhCl(TPPMS)3] proved to be an efficient catalyst for this process which uses the two most abundant natural carbon sources.
The first water soluble coordination compound containing an intact white phosphorus molecule as a ligand has been synthesised in Florence. The chemistry of this amazing compound is currently under scrutiny. Preliminary tests indicate a very unusual reactivity of the coordinated phosphorus molecule with water and other reagents.

The activation of NO and H2O2 by Fe(III) porphyrin complexes (studied in Erlangen) are model systems being studied in a comparative way with biological heme systems such as cytochrome P450 and metmyoglobin. The activation of such molecules in the presence of a suitable substrate mimics parts of the catalytic cycle for reductive nitrosylation and oxidation/hydroxylation/epoxidation reactions in biological systems.     

Promising results have been obtained in the activation of thiols: simple RSH molecules yield metal reduction and coordination with CpMoVI oxo complexes, but C-S activation under very mild conditions is also achieved, at least for HSCH2COOH, leading to the sulfido-bridged complex  [Cp*Mo(-SCH2COO)]2(-S).  
The syntheses of water soluble imidoylamidine complexes of Ni(II), structurally related to phthalocyanines, were achieved at IST by reactions of oximes with organonitriles or phthalonitriles activated by by Ni(II).
Objective 4: Physico-chemical studies of complex-solvent interactions including spectroscopic, thermodynamic, kinetic and mechanistic investigations of the interaction between transition metal complexes and solvent molecules.  Process to be studied entail: water coordination and exchange; proton transfer to and from a metal centre and ligands as a function of pH; hydrogen bonding interactions between water (as a proton donor) and transition metals or ligands (as a proton acceptor). Study of the effect of solvent composition on pKa, rate constants, reaction enthalpies, etc.  


A joint CNR/INEOS theoretical study has been carried out to understand the influence of the solvent, including water, on the hydrogen bonding interaction established between an octahedral classical ruthenium(II) dihydride and a molecule of weak proton donor such as alcohol (T3a)

Detailed studies on water exchange reactions of Fe(II), Fe(III) and Mn(II) complexes were performed using 17O-NMR techniques. The selected complexes play a catalytic role in the activation of small molecules such as NO, O2- and H2O2. The thermal and pressure activation parameters for the water exchange reactions assist the assignment of detailed reaction mechanisms, which form the basis for the activation of the small molecules by the metal complexes.   
Objective 5: The development or improvement of analytical instrumentation for in situ and online analysis of reaction intermediates, by-products and products of stoichiometric or catalytic reactions (ESI-MS, spectroelectrochemistry, photochemistry, NMR spectroscopy, etc). 


The Jerusalem team (HUJ) has constructed a mathematical model describing convection diffusion in a radial cell is developed. The model allow prediction of the conversion and current in the coupled electroichemical cell that is used for EC/ESI-MS. Cell’s performance can be predicted over a wide parametric range by a simple mathematical expression which converges to the Levich equation under low – conversion conditions. The performance of the cell is demonstrated by studies of dimethylaminomethyl ferrocene (DMAMF) oxidation which is a simple single electron charge transfer reaction and allows validation of the mathematical model. The theoretical predictions of the model were in agreement with the results of on–line electrochemistry - mass spectrometry studies of DMAMF. The applicability range of this model is much larger than the Levich equation and it can be used to predict the conversion and the electrocatalytic currents even for high conversion cases, which are relevant to ESI-MS studies.  

The Jerusalem team (HUJ) has constructed an improved on-line electrochemical set up which can allow introduction of several reactant flows either before or after a radial electrochemical flow cell. The system will be used for the electrocatalytic and photocatalytic studies that were planned for the second year of the project. 

Objective 6: Theoretical studies, by ab initio and/or density functional methods, in parallel with the experimental studies. Targets of this activity will be the modelling of catalytic cycles and hydrogen bonded interactions. The analysis of solvent effects with different solvent/solute interaction models.

The theoretical analysis on the role of water and other solvents in the stability of the hydrogen bonding interaction established between a Ru(II) dihydride and a weak proton donor (ROH) mentioned above (T3a) well match also this objective.

Previous experimental results suggested that the H/D exchange between H2 and D2O or D2 and H2O, catalysed by [RhCl(TPPMS)3], may proceed through the formation of a hydrido-dihydrogen-rhodium species obtained from e.g. [RhH2Cl(TPPMS)3] by protonation. Recent DFT (B3LYP) calculations in Debrecen on the protonation of the latter compound indicated, that the H/D exchange process can take place with low energy barriers. Due to the effect of hydrogen bonding, H3O+(H2O)n clusters of various size had to be considered as protonating agents. The effect of bulk water on the energetics was examined by employing polarizable continuum models. 


The DFT calculations performed recently in Debrecen, cast doubt on the mechanism proposed earlier for the hydrogenation of bicarbonate in aqueous solution with the [{RuCl2(TPPMS)2}2] catalyst. This initiated a repeated study of this reaction, strongly focussed on the effect of the [TPPMS]:[Ru] ratio on the rate of the reaction. This is a case where theoretical modelling of a catalytic cycle needed further experimental work in order to eliminate points of ambiguity.

Starting from the experimental results obtained from the UD group about the selective catalytic hydrogenation of unsaturated aldehydes by hydrosoluble Ru(II) complexes, a theoretical study aimed at understanding the mechanism of the hydrogenation and at determining the factors governing the selectivity (C=C or C=O hydrogenation), has been started by UAB.
Theoretical studies using DFT calculations were used in Erlangen to study the interaction of NO with cobalamins (Vitamin B12). Recently, water exchange reactions on Li+ and Be2+ were studied in detail. In both cases evidence for an associative water exchange mechanism was reported. The ability to predict the mechanism of such reactions theoretically is a significant advance, since many such water exchange processes are too fast to be followed experimentally.

Objective 7: Catalytic studies in aqueous or biphasic media at different pH: CO2 hydrogenation, oxidation of various substrates, hydrodehalogenation of fluorinated and chlorinated hydrocarbons, functionalization of alkanes, metathesis of alkenes, hydroxylation of white phosphorus, detoxication of poisonous nitriles, etc., including comparison of the catalytic activity and selectivity of the water-soluble metalladendrimers with that of the corresponding water-soluble monomers. 

CO2 hydrogenation to formate is receiving attention from the scientific community as a possible way to remove this greenhouse gas from aqueous solutions. When dissolved in water at different pH values, it generates equilibria involving formation of hydrogen carbonates and carbonates, whose hydrogenation to formate represents the valorisation of cheap feedstocks (limestone rocks) to valuable chemicals (formates). Both aspects of this study are part of a sustainable approach to chemical research and devolepment, in line with the recent guidelines on environmental protection and sustainable development issued by EU on various occasions (latest CEFIC 2004 report), justifying the network’s interest in this topic.

In reactions with no proton formation or consumption, the effect of the solution pH on the reaction rate or selectivity originates from the pH-governed chemical equilibria in which the catalyst is involved. This was worked out in detail by UD by using pH-potentiometry in the cases of the new Ru(II)-N-heterocyclic carbene complexes and [Rh(OAc)(TPPMS)2], furthermore for the iodide effect in the hydrogenation of aldehydes with the [{RuCl2(TPPMS)2}2] catalyst. The redox isomerization of allylic alcohols with [CpRuI(PPh3)(PTAMe)]Cl and [CpRuCl(m-TPPMS)2] also displays pH-dependence with a rate optimum at pH 6.9, however, in this case the reaction mechanism may involve protonation/deprotonation of the organic intermediates in addition to the aquation and  subsequent deprotonation of the metal complex catalyst.
The efficient catalytic activation of H2O2 is a sought after goal in oxidation chemistry. The Ru(II) complexes synthesised and tested in Florence have proved to be highly efficient catalysts for the selective oxidation of aromatic sulfides to sulfones in organic phase, which can be considered the benchmark for the project while the target is switched to water phase/biphasic conditions, enabling easy product separation and catalyst recycling. Copper triethanolamine complexes have been used to catalytically oxidize cycloalkanes to cycloalkanols and cycloketones with hydrogen peroxide in aqueous biphasic systems and mild reaction conditions. On the other hand, H2O2 disappointingly shows no epoxidation of olefins in water with catalysis by Cp’2Mo2O5, whereas the same catalysts are very efficient for the epoxidation with tBuOOH in chloroform.

Objective 8: Electrocatalytic studies in aqueous/biphasic media. 
The Jerusalem team (HUJ) has constructed an improved on-line electrochemical set up which allows introduction of several reactant flows either before or after a radial electrochemical flow cell that is connected on-line to an electrospray mass spectrometer. The system will be used for the electrocatalytic and photocatalytic studies that were planed for the second year of the project. 

Objective 9: Photochemistry and photocatalysis in aqueous/biphasic media including solar-induced reactions.
YoK team is studying the luminescence properties of the rhenium sensors and investigating their response to aqueous solutions of several oxometalates and metal cations. In the next period we will undertake a photochemical investigation of the rhodium-PTA complexes synthesised in Florence. Photochemical studies promoted by solar light are also one of the targets under investigation by UAL. Preliminary test indicate the occurrence of the photocatalytic oxidation of white phosphorus to H3PO4 in water when the samples are exposed to diffuse daylight irradiation.

· B.2 Research Method

· B.3 Work Plan

B.3.1 Schedule and Milestones
Network Meetings and publications: The kick-off meeting of the network was held in Florence hosted by CNR on February 12 – 13, 2004. The meeting was held together with the kick-off meeting of the COST D29 working group (Green Chemistry through Aqueous Organometallic Catalysis), which has started almost at the same time (October 2003) of the AQUACHEM network. The two consortia deal with similar scientific activities and four out of six participants of the COST meeting are members of the AQUACHEM consortium. This fact offers many opportunities to interact thus enlarging the scientific activity of the networks. 

The minutes of the kick-off meeting are available on-line in the intranet AQUACHEM web page (http://www.iccom.cnr.it/aquachem/).

 Training milestones: We have had a slow start in recruiting Young Researchers. However, this slowness at the beginning of the project may be considered not surprising to a certain extent and easily correctable. We foresee to improve the delay accumulated in the first year and think that it will not be difficult to maintain the target of 326 man-months months by the end of the contract.

B.3.2 Research Effort of the Participants
During the period from December 23rd, 2003, until December 22nd, 2004, the research effort of the participants has been as follows: 

	Participant
	ESR

(Early stage researchers; person-months)


	ER

(Experienced researchers; person-months)


	Researchers

financed

from other sources

(person-months)
	Researchers

who have contributed

to the project

(number of individuals)

	
	Consumed
	Expected
	Consumed
	Expected
	
	

	1. [CNR-ICCOM]

2. [CNRS-LCC/a]

2. [CNRS-LCC/b]

3. [UD]

4. [HUJI]

5. [UAB]

6. [YoK]

7. [UEN]

8. [IST]

9. [UAL]

10. [INEOS]
	0

2

4

0

0

0

0

6

6

6

0
	0

3

6

0

0

0

0

6

12

3

0
	6

0

0

0

0

2

4

0

0

0

0
	6

4

0

4

0

6

6

0

0

0

0
	15

6

17

18

12

8

19

12

20

34

15
	6

4

5

4

4

3

4

4

8

8

6

	Totals
	24
	30
	12
	26
	
	


These efforts deviate to some extent from the original plan and will be corrected during the second year. ESR and ER researchers were recruited taking into account the EC rules and transnational mobility. A dedicated page in the network website lists the recruited young researcher as well as the name of the tutor who is in charge of the training and transfer of knowledge. Two of the recruited scientists are Nationals from Third Countries (Dr. Vanessa Landaeta (Venezuela) 6 months at CNR-ICCOM; Ms Inocenta Ayala (Peru) 6 months at UAL) summing up a total of 12 person-months. This corresponds to ca. 33% of the overall person-months so far recruited, which is practically in line with the EC rule fixing to 30% the limit of the funded research-months for Third Country Researchers. Care will be taken during the project development to reassess this small deviation from the EC limit.

· B.4 Organisation and Management

B.4.1.  Management of the Network has strictly followed the plan outlined in Annex I. The coordination of the network has been under the responsibility of the Network Coordinator, Dr. M. Peruzzini, who has been helped in fulfilling this job by Dr L. Gonsalvi who has taken the role of Network Manager. The important function attributed to Dr Gonsalvi has been approved by all the team leaders on the occasion of the kick-off meeting.  

Exchange of information, drafts of joint papers and, in general, communications concerning the Network has been assured by a wide and continuous use of E-mail which has represented a fast and reliable method of communication.

In addition to the Network Kick-Off a First Annual Meeting is scheduled for the beginning of February at IST (Lisbon, Portugal). The meeting will be hosted by Prof. Armando Pombeiro and will include scientific presentations by all the recruited AQUACHEM ESR/ER researchers. Also, some of the Network participants have met during the year at International Meetings and within individual visits.  These visits have served to discuss on the development of bilateral projects and to plan possible cooperations. During these events chemical samples for collaborative studies have been transferred between the partners. Samples have been also sent to partner laboratories by courier service.

The organization of the second year meeting, originally planned to be held in Barcelona (UAB), will be moved to the Almería team (UAL). The organization of this meeting will take place in coincidence with the first AQUACHEM workshop. Prof. Antonio Romerosa (UAL team leader) will organise the meeting. The first steps to organise the event, tentatively scheduled for mid December 2005, have been already taken. As there is no currently available open call of the EC for the organization of a series of scientific events, as originally planned, we have think to organize in any case the AQUACHEM Workshop using the intriguing format of a School of Organometallic Chemistry and Homogeneous Catalysis in Water. This event will be likely attended not only by the AQUACHEM partners and the ESR/ER grant holders of the network, but also by other outstanding scientists active in fields related to the AQUACHEM interests as well as by young European researchers interested in this rapidly developing research field.

In order to found support to concretise this idea, Prof. A. Romerosa, the AQUACHEM member entrusted with this workshop, has already contacted with the Spanish Royal Society of Chemistry, the Junta de Andalucia (i. e. the regional government), and the University of Almería. Funds will be asked for to the Spanish government and other international and private organizations in order to extend as much as possible the number of possible invited lectures and to set up a few grants to help participation of young researchers from less favourite countries in the Workshop. In the idea of the organisers and in agreement with the AQUACHEM members, the Workshop will last 4 days and will comprise scientific lectures, short oral presentations from young researchers, a poster session and a round table about the new perspectives in water chemistry. The organization of the AQUACHEM workshop will be discussed in the agenda of the First year meeting.

In keeping with Annex I, the scientific achievements resulting from the Network activity were disseminated through publications in the open literature and communic​at​ions at International Meetings (details in part A.2). The Network does not produce a Newsletter. The Network Manager has taken the duty to regularly place all the Network activities on the Network website (http://www.iccom.cnr.it/aquachem/)

B.4.2.  Major Network Meetings:

a. Kick-off meeting, Florence, Italy, 12-13 February 2004.

b. First Annual Meeting, scheduled in Lisbon, Portugal, 4-5 February 2005.
The Minutes of the kick-off meeting are available on the Intranet part of the Network’s web site.

B.4.3.  Networking

All activities are summarised in the table below.  Details of visits and secondments are provided in the second table below. 
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Colour Code:

	Collaboration

	Visit   

	Secondment


Visits (excluding secondments) 

	Who
	From
	To
	Dates
	Purpose

	R. Poli  a

	CNRS
	UAB
	20-21/01/04
	Visit: Research seminar, draft of joint publication, discussion of research plans

	A. ROMEROSA b


	UAL
	CNR
	08-27/02/04
	Visit: Scientific discussion and preparation of a first draft of a joint manuscript

	R. Poli  c
	CNRS
	INEOS
	29/05-08/06/04
	Visit: discussions, planning for the continuation of the collaboration, Conference: “Modern trends in organoelement and polymer chemistry. International conference dedicated to 50th anniversary of A.N. Nesmeyanov Institute of Organoelement Compounds”, Moscow, 30/05-4/06/2004.

	M. Peruzzini d
	CNR
	INEOS
	28/05-05/06/04
	Visit: discussions, planning for the continuation of the collaboration, Conference: “Modern trends in organoelement and polymer chemistry. International conference dedicated to 50th anniversary of A.N. Nesmeyanov Institute of Organoelement Compounds”, Moscow, 30/05-4/06/2004;

	A. ROMEROSA e


	UAL
	INEOS
	28/05-05/06/04


	Visit: discussions, planning for the continuation of the collaboration, attendance of international conference

	L. GONSALVI
	CNR
	UAL
	10-20/06/04
	Visit: scientific discussions, draft of joint publications with UAL scientists

	A.M. CAMINADE f
J.P. MAJORAL
	CNRSLCC/a
	UAB
	19-21/09/04
	Visit: discussions, attendance of bilateral (Midi-Pyrénées – Catalogne) scientific event

	R. Poli f
	CNRSLCC/b
	UAB
	19-21/09/04
	Visit: discussions, planning for the continuation of the collaboration, attendance of bilateral (Midi-Pyrénées – Catalogne) scientific event

	E. Shubina g
	INEOS
	CNRS
	25/09-03/10/04
	Visit (guest professor): discussions, planning for the continuation of the collaboration

	M. Peruzzini h  L. Gonsalvi h
S. DUCKETT h
A. Lledos  h
G.Ujaque h
E. Shubina h
N. Belkova h
	CNR

CNR
YORK

UAB

UAB

INEOS

INEOS
	CNRS
	01-02/10/2004
	Visit: Mid Term review and 2nd annual meeting of RTN HYDROCHEM; planning of research activities within the framework of the AQUACHEM project

	T. CAMPOS i
	UAL
	UD
	23/09-08/11/04 


	Scientific collaboration. Study of the HCO3- , 1-octen-3-ol and 1-propen-3-ol hydrogenation and isomerization promoted by water soluble ruthenium complexes. 

	C. CIARDI j
	UAL
	CNR
	01/10/04 - 
	Scientific collaboration: Synthesis of functionalized phosphines. Shared thesis co-direction between UAL and CNR  

	A. ROMEROSA k


	UAL
	CNR
	20-27/11/2004
	Visit: Research seminar, scientific discussions, draft of joint publications with CNR scientists

	
	
	
	
	


a Visit sponsored by UAB.  b Visit sponsored by COST-D29.  c Visit sponsored by an INTAS network.  d Visit sponsored by a CNR/RAS bilateral project.  e Visit sponsored by an INTAS network.  f Visit sponsored by the Catalan government.  g Visit sponsored by the Université de Bourgogne (invited professor programme).  h Visits sponsored by the EC (Project RTN HYDROCHEM). i Visit sponsored by COST (COST Chemistry Action D29). j Visit sponsored by the Spanish Ministry of Research (Ministerio de Educación y Eiencia. Estancias cortas Becarios F.P.U.).  k Visit sponsored by the SOCRATES-ERASMUS Program between the Universities of Almería (Spain) and Florence (Italy). 

Secondments visits 

Due to the late start of almost all appointments, no secondment activity has been done so far.

In spite of this, informal meetings between the Network participants have taken place during international conferences: 

Sustainable / Green Chemistry and Chemical Technology Workshop, Venice, Italy, 20-21 February 2004. Participants were L. Gonsalvi (CNR), F. Joó (UD).
 “Modern trends in organoelement and polymer chemistry. International conference dedicated to 50th anniversary of A.N. Nesmeyanov Institute of Organoelement Compounds (ineos)”, Moscow, Russia, 30-05/4-06-2004: participants were M. Peruzzini (CNR), R. Poli (cnrsLCC/b), A. Romerosa (UAL) and P. Revin, E. Gutsul, P. Dub, N. Belkova, E. Shubina, and L. Epstein (INEOS).

Icpc xiv, 16th International Conference on Phosphorus Chemistry; Birmingham, England, UK, 04-09/07/04: participants were M. Peruzzini (CNR), A.M. Caminade and J.-P. Majoral (cnrsLCC/a)

ISHC XIV, 14th International Symposium on Homogeneous Catalysis, Munich, Germany, 5-9 July 2004: participants were  L. Gonsalvi (CNR), F. Joó, Á. Kathó, J. Kovács, I. Jószai, P. Csabai, G. Kovács (UD)

“XXII Meeting of the Grupo Especializado de quimica organometalica (GEQO)”, Ciudad Real, Spain, July 12-14, 2004: participants were R. Poli and M. Baya (cnrsLCC/b) and A. Lledós  and A. Nova (UAB), A. Romerosa, T. Campos, C. Ciardi (UAL) 

Green Solvents for Synthesis, Bruchsal, Germany, 3/6-10-2004: participants were F. Joó (UD), A. Romerosa (UAL) and V. Landaeta (CNR).
· B.5 Training

B.5.1.  The vacant positions have been advertised primarily through e-mail by each scientist in charge to other scientists working in the same scientific area.  A Network-wide advertisement has been posted on the Network’s website and on the CORDIS website.  Posting on other web pages has been done by each Network participant on an individual basis. It is believed that personal contacts and advertisements as well as direct e-mailing of colleagues has hade the highest impact in terms of generating applications from qualified candidates.

B.5.2.  Recruitment has been as follows:

	Participant
	Contract deliverable of Young  Researchers to be financed by the contract (person- months)
	Young Researchers financed by the contract so far (person-months)

	
	ESR (a)
	ER (b)
	Total (a+b)
	ESR ( c)
	ER (d)
	Total (c+d)

	1. [CNR]
	18
	12
	30
	0
	6
	6

	2. [CNRS]
	54
	16
	70
	6
	0
	6

	3. [UD]
	0
	36
	36
	0
	0
	0

	4. [HUJI]
	0
	24
	24
	0
	0
	0

	5. [UAB]
	0
	24
	24
	0
	2
	2

	6. [YoK]
	0
	18
	18
	0
	4
	4

	7. [UEN]
	24
	12
	36
	6
	0
	6

	8. [IST]
	36
	9
	45
	6
	0
	6

	9. [UAL]
	33
	10
	43
	6
	0
	6

	10. [INEOS]
	0
	0
	0
	0
	0
	0

	TOTAL
	165
	161
	326
	24
	12
	36


Partners CNR and UEN are exactly on schedule (6 + 6 person-months). HUJI has no researcher to be recruited in the first year of the project. The UAL partner is ahead of 3 person-months. Other partners like CNRS, UAB, YoK, IST are slightly behind schedule, but this should not represent a problem as the total number of their allotted person-months is lower than the remaining three year duration of the project. The major deviation is from partner UD which has not recruited any ER to date. Efforts are under way to find the right candidate to fulfil the position opened at the University of Debrecen (36 person-months). If necessary two parallel appointments in a same year will be considered before the end of the contract. INEOS has no open position for the whole duration of the network.

B.5.3.  All ESR/ER have been integrated into the research programme according to plans:  

CNR: V. Landaeta is mentored by Dr. M. Peruzzini.

CNRSLCC/a: P. Servin is mentored by Dr A.M. Caminade

CNRSLCC/b:  C. Dinoi is mentored by Prof. R. Poli
UD: No young researcher has been recruited so far.

HUJI: No young researcher has been recruited so far.
UAB: A. Rossin is mentored by Dr. G. Ujaque
YoK: N. Reddig is mentored by Prof.  R. Perutz, Dr. A.-K. Duhme-Klair and Dr. S. B. Duckett 

UEN: R. Urpi-Bertran is supervised by Prof. R. van Eldik
IST: : S.M. Sbovata is mentored by Prof. A. J.L. Pombeiro and by Dr. M.F.C.Guedes da Silva
UAL: I. M. Mallqui Ayala is mentored by Dr. Antonio Romerosa 
INEOS: No young researcher was to be recruited

B.5.4.  The measures taken to train the ESR/ER have been as follows:

B.5.4.1 Local research training
Vanessa Landaeta (CNR): already trained in inert atmosphere synthesis and handling techniques;

- Synthesis of ruthenium water soluble complexes (16 h training by Dr L. Gonsalvi) 

- Synthesis of water soluble polyaza ligands (6 h training by Dr. F. Vizza)

- Catalytic oxidation reactions (32 h training by Dr. L. Gonsalvi)
- Operation of IR, UV, GC, and GC/MS instrumentation (4 h training by Dr. L. Gonsalvi).

- Acquisition and processing of 13C NMR spectra with Varian VXR 300 NMR spectrometer (3 h training by Dr. M. Peruzzini)

- Literature survey on catalytic methods for oxidation of thiophenes, (self, 1 week)

Paul Servin (CNRSLCC/a):
- Manipulations under inert atmosphere: 10 h (training by Dr. R. Laurent)

- Basic operations of multinuclear FT-NMR spectrometry (Bruker AC200 and AM250): 15 h (training by Dr. R. Laurent)

- Basic use of data bases (Beilstein , SCIFinder): 2 h (training by Dr. A.M. Caminade)

Chiara Dinoi (CNRSLCC/b): 

- Operations under controlled atmosphere: 20 h (training by Prof. R. Poli)

- Basic operations of multinuclear FT-NMR spectrometry (Bruker AC200 and AM250): 10 h (training by Dr. A. Labande)

- Operations of a Perklin-Elmer Spectrum GX FT-IR spectrophometer: 2 h (training by Dr. Miguel Baya)

- Introduction to electronic literature search tools: 2 h (training by Prof. R. Poli and by P. Eyraud)

- Operations of a Vacuum Atmosphere HE-63P glove-box: 1 h (training by S. Vincendeau)

Andrea Rossin (UAB):

- Use of large supercomputation recourses (4 hr, training by Dr. Gregori Ujaque) 

- Solvent effect calculations (4 hr, training by Dr. Gregori Ujaque)

- Literature survey on catalytic hydrogenation of unsaturated aldehydes, (self, 1 week)

Nicole Reddig (YoK)  already  trained in:

-Schlenk-Techniques; Operation of UV/Vis and cyclic voltammetry instrumentation; -Synthesis of transition metal complexes; Single Crystal structure determination (solution and refinement)

Received training in York as follows:

-Luminescence spectroscopy including work on Fluorimeter (8 h training by Dr. L. Abbott and H. Batey).

-Operation of IR instrumentation (4 h training by Prof. Perutz and Dr. N Jasim)

-Acquisition and processing of 1H-, 13C-NMR spectra with Bruker 300 DX spectrometer (6 h training by H. Fish)

-Acquisition and processing of single crystal X-ray determination on a Bruker AXS Smart 6000 diffratometer (6 h training by Dr. A. C Whitwood)
Raquel Urpi-Bertran (uen):

Graduate students in Erlangen:

- Series of advanced lectures in Inorganic and Bioinorganic Reaction Mechanisms (12 lectures of 2 h each)

- Operation of stopped-flow and rapid scan equipment (1 week)

- Use of flash-photolysis equipment (2 weeks)

- Experiments on high pressure NMR system (2 weeks)

- Data collection and calculation of rate and activation parameters (3 weeks)

- Synthesis and characterization of metal complexes (3 weeks)

Silvia M. Sbovata (IST)
- Inert atmosphere synthesis and handling techniques (1 week)

-Literature survey on water soluble phosphines and complexes (2 weeks)

- Synthesis of water soluble phosphines (4 weeks)

-Acquisition and processing of 1H-, 13C-NMR spectra with Varian 300 spectrometer (1 week)

- Practice of electrochemical techniques (cyclic voltammetry and controlled potential electrolysis) (2 weeks)

Inocenta Mery Mallqui Ayala (UAL): 

- Inert atmosphere synthesis and handling techniques (40 h training by M. Serrano Ruiz)

- Synthesis of ruthenium water soluble complexes (25 h training by A. Romerosa)

- Operation of IR and UV instrumentation (2 h by Miss T. Campos)

- Acquisition and processing of 1H, 13C and 31P NMR spectra by a Bruker DRX300 spectrometers (30 h by M. Serrano Ruiz).

- Acquisition and processing of multidimensional NMR spectra by a Bruker DRX300 spectrometers (20 h by A. Romerosa and T. Campos).

- Literature survey on water soluble ligand syntheses, (self, 1 week) 
B.5.4.2 Secondment research training

The AQUACHEM Network foresees that each ESR or ER researcher will spend at least 1/12 of their appointment period (e.g. 1 months for a 1-year appointment) in at least one laboratory in addition to their principal place of work. The secondment activity has not yet been started, which reflects the slow start off of the project. A programme to accomplish this deliverable avoiding an imbalanced distribution of secondments between the partners will be part of the discussion agenda of the first year meeting. 

At present the secondment plan has been as follows:
Vanessa Landaeta (CNR):  

Dr Landaeta’s appointment has just been renewed for 6 more months (total 12 months). She is scheduled to spend a period (spring 2005) in the YoK laboratory (hosting scientist Prof. Robin N. PERUTZ) to carry out photochemical studies with photogenerated intermediates obtained from products she has prepared in Florence.  Another secondment is being planned with partner UAL to carry out combined photoactivation and catalysis tests at the PSA facilities in Almeria.

Inocenta Mery Mallqui Ayala (UAL):  

PhD student Mallqui-Ayala will be appointed for 6 more months (total 12 months) which will be prolonged using other funding for her to finish her PhD course. For this 12 months period she is scheduled to spend a 1 month in CNR laboratories (June 2005) (hosting scientist Dr. M. Peruzzini) to carry out the study of the catalytic properties of the complexes synthesized at UAL during the first year of ESR fellowship.
B.5.4.3 Complementary training 

Vanessa Landaeta (CNR): 

· Attended the Conference Green Solvents For Synthesis, Bruchsal, Germany, 3/6-10-2004
(http://events.dechema.de/gsfs2004.html) The participation of Dr Landaeta to this conference was encouraged as the aim of the meeting was quite in line with the AQUACHEM training activity of the ER. The aim of the Bruchsal meeting was indeed to highlight innovative concepts for the substitution of volatile organic solvents in solution phase synthesis in academia and industry. Emphasis were given to the development and application of alternative reaction media and phase-separable reagents (aqueous phase, ionic liquids, supercritical media, fluorinated phases, thermoregulated systems, soluble polymers etc.) in all areas of chemical synthesis.
· Attending/attended several CNR and University seminars given by Senior and Junior scientists.

· Preparation and revision of a scientific manuscript (discussion and training by Dr. M. Peruzzini)

· Dr Landaeta is fluent in Italian. Therefore, it was no necessary for her to attend any Italian course

Paul Servin (CNRSLCC/a):

-
Regular attendance of research seminars given by visiting scientists (ca. 1/week)

-
Active participation to group meetings (ca. 1/15 days)

-
will participate to French language courses which will start at the University in February

Chiara Dinoi (CNRSLCC/b): 

· Regular attendance of research seminars given by visiting scientists (ca. 1/week)

· Active participation to group meetings

· French language course: 56 h
Inocenta Mery Mallqui Ayala (UAL): 

· Attending/attended several seminars and PhD lectures into the “Advanced Chemistry” PhD program of the University of Almería.

· The mother language of the PhD student Mallqui-Ayala is the Spanish, thus it was no necessary for her to attend any Spanish course.

B.5.4.4 Mentoring

Vanessa Landaeta (CNR): tutoring on literature search and GC analysis to a newly hired postdoctoral researcher at CNR-ICCOM.  
B.5.4.5 Presentations 

Internal group meetings: each YR has been requested to give periodical presentations.  

N. Reddig (YoK) has given presentations in two group meetings

Paul Servin (CNRSLCC/a) has given a presentation in one group meeting

First Annual Meeting: each ER and ESR researcher will be requested to give an oral presentation.  

International conferences: 

UEN: 
Invited lecture, oral contributions and poster contributions at the Inorganic Reaction Mechanisms 
Meeting in Liverpool (UK), 5 to 7 January, 2005

 
Plenary lecture at INORGANIC 2005, Pietermaritzburg (South Africa), April 2005

Seminars: 

· V. Landaeta (CNR) (internal departmental seminar). September 2004
· N Reddig (YoK) has attended 4 departmental seminars and a 1-day symposium entitles “Photons, electrons and inorganic chemistry” 
· R. Urpi Bertran (UEN): Participation in weekly group seminars, departmental colloquia, SFB 583 “Redox-active metal complexes” colloquia and workshops 

B.5.5.  Equal opportunity policy: all advertisements clearly stated the Network’s equal opportunity policy and encouraged applications from women.  The outcome of the hires so far reflects the effort made by the Network to attract female candidates which has gone beyond the expectations.  In the case at hand, six out of eight recruited researchers are females which contribute to more than 80% of the total person-months. This imbalance, which seems apparently unusual for RTN projects, will likely be corrected in the second year of the project.
B.5.6.  Multidisciplinarity.  The AQUACHEM network contains a very high level of multidisciplinarity  joining together synthetic chemists, catalysis experts, supramolecular chemists, experts in photochemistry and electrochemistry, spectroscopy, and theoreticians.  The secondment plan is conceived to expose each young researcher to these interdisciplinary aspects of research, as well as to train them on different experimental techniques.  

B.5.7.  Connections to Industry.  

No industrial partner participates directly to the network. Contacts have been however established on bilateral basis. For example, CNR has signed a bilateral agreement with a Dutch company (THERMPHOS International BV, Vlissingen, NL; web page: http://www.thermphos.com/ ) to study new protocols for functionalising white phosphorus including the possible functionalization of elemental phosphorus in water. UEN signed a contract with Henkel GmbH to study the catalytic activation of peroxides

· B.6 Difficulties

Late recruitment was due to the need to stay within the quota for non-EU and associate state citizens.
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