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INTRODUCTION

Carbohydrates are a class of vital compounds. In addition to their implication in numerous biological processes these molecules can also play an important role in environment because of their capacity to form very stable complexes with metal ions like humic and fulvic acids, which are decomposition products of cellulose. These compounds present a large number of possible linkage sites able to capture and transport metal cations in aqueous environment.

Understanding such complicated mechanisms requires a progressive approach that consists first in the study of the intrinsic complexation properties of several monosaccharides toward metal cations. In this context complexation studies achieved by mass spectrometry associated with electrospray ionization can provide some insights into structures and reactivity of organometallic species that result from such interactions. In addition these studies can be useful to grasp in what extend, electrospray ionization (ESI) mass spectra reflect the organometallic chemistry in aqueous solution.

The reactivity between carbohydrates and metal ions has been widely studied in solution 1,2 .

In the last few years, several contributions have also reported the gas-phase mass spectrometric study of the complexation of glycosides by alkali, alkaline earth, metal chloride and transition metal cations. All these studies showed that gas-phase metal ion chemistry is a powerful tool in the stereochemical differentiation [START_REF] Zhou | Linkage Position determination In Oligosaccharides: MS/MS Study of Lithium-Cationized Carbohydrates[END_REF][START_REF] Dongré | Linkage Position of Lithium-Cationized Disaccharides by Surface-Induced Dissociation Tandem Mass Spectrometry[END_REF][START_REF] Sible | Interaction of First Row Transition Metals with α1-3,α1-6 Mannotriose and Conserved Trimannosyl Core Oligosaccharides: A Comparative Electrospray Ionization Study of Doubly and Singly Charged Complexes[END_REF][START_REF] Asam | Tandem Mass Spectrometry of Alkali Cationized Polysaccharides in a Quadrupole Ion Trap[END_REF][START_REF] König | Evidence for Linkage Position Determination in Cobalt Coordinated Pentasaccharides Using Ion Trap Mass Spectrometry[END_REF][START_REF] Berjeaud | Stereochemically controlled decompostion of silver-cationized methyl glycosides Org[END_REF][START_REF] Salpin | Experimental an theoretical study of the gas-phase reactivity of Pb 2+ cations with monosaccharides[END_REF][START_REF] Salpin | Gas-Phase Reactivity of Glycosides and Methyl Glycosides with Cu + , Ag + and Pb 2+ ions by Fast-Atom Bombardment and Tandem Mass Spectrometry[END_REF][START_REF] Salpin | Structural Characterization of Hexoses and Pentoses Using Lead Cationization. An Electrospray Ionization and Tandem Mass Spectrometric Study[END_REF][START_REF] Carlesso | Stereochemical effects from doublycharged iron clusters for the structural elucidation of diastereomeric monosaccharides using ESI/IT-MS[END_REF] or linkage position determination 13-16 of saccharides.

Theoretical approaches combined with experimental studies have been also carried out in order to have more reliable information about structure-reactivity relationship [START_REF] Jebber | Ab initio and Experimental studies of protonation of Glucose in the Gas Phase[END_REF][START_REF] Wong | Interaction of Ca 2+ with Mannose: a Density Functional Study[END_REF][START_REF] Alcami | Experimental and Theoretical Investigation of The Reactions Between Glucose and Cu + in the Gas Phase[END_REF][START_REF] Salpin | Gas-phase reactivity of Lead(II) ions with D-glucose. A combined electrospray ionization mass spectrometry and theoretical study[END_REF] .

Here we report an ESI-MS/MS study dealing with the gas-phase reactivity of two metal ions, namely Ag + and Cu + , with the three most common monosaccharides: D-glucose (1), Dgalactose (2), D-fructose (3), and the two anomers O-methyl-α-D-glucose (4) and O-methylβ-D-glucose (5) presented in their pyranose form in scheme 1.

<Scheme 1>

One of the objectives of this work is to explore the analytical potential of metal ion cationization combined with electrospray ionization and MS/MS experiments, to differentiate monosaccharide stereoisomers and to distinguish anomers.

EXPERIMENTAL SECTION

The electrospray ionization (ESI) mass spectra were acquired on a Quattro II (Micromass, Manchester, UK.) triple quadrupole mass spectrometer. The solutions were infused, through a syringe pump at a flow rate of 10 µl.min -1 , into the electrospray source. Direct MS experiments were carried out at several cone voltages (5-300V). Nitrogen was used as nebulizing and drying gas, at a pressure of approximately of 3.0×10 [START_REF] Sible | Interaction of First Row Transition Metals with α1-3,α1-6 Mannotriose and Conserved Trimannosyl Core Oligosaccharides: A Comparative Electrospray Ionization Study of Doubly and Singly Charged Complexes[END_REF] Pa. As usual for electrospray sources, the voltage applied on the extracting cone at the end of the transfer capillary may be varied to achieve some fragmentations (so called nozzle-skimmer collisioninduced decompositions). Our spectral data were averaged over a 60 seconds acquisition time.

Direct ESI-MS/MS experiments were carried out by using argon as collision gas at several collision energy values (0-30 eV), with an analyzer pressure of ~2.0×10 -3 Pa and a gas cell pressure of ~1.1×10 -1 Pa.

The sample solutions were prepared by dissolving monosaccharides and metallic salts (AgNO 3 or CuCl 2 , 2H 2 O) in water. Because of Cu(I) salts are instable in ESI solution, Cu(II)

salts have been used to generate Cu + complexes. The concentrations in each component are 10 -5 mol.l -1 (for monosaccharides) and 5×10 -6 mol.l -1 (for metallic salts).

Monosaccharides (D-glucose, D-galactose, D-fructose, O-methyl-α-D-glucose and Omethyl-β-D-glucose) and metallic salts (AgNO3 and CuCl2, 2H2O) were purchased from Aldrich Chemical Company and used without any further purification.

COMPUTATIONAL DETAILS

Given the size of this system, an extensive study consisting of PM3 semiempirical calculations, 21a starting from lowest energy structures of neutral D-Glucose (proposed by The basis set superposition error (BSSE) has not been considered in the present study because for DFT methods this error is usually small using a flexible basis set expansion (e.g.

5-10 kJ mol -1 ), as has been previously reported. [START_REF] Hertwig | A Comparative Computational Study of Cationic Coinage Metal-Ethylene Complexes (C2H4)M + (M = Cu, Ag, and Au)[END_REF] . Moreover, because the corrections are likely to be comparable, BSSE can be neglected in the current study when relative energies are considered.

All calculations have been carried out by using Hyperchem 29a and Gaussian 98 series of programs. 29b

RESULTS

Reactivity of D-glucose, D-galactose and D-fructose with Ag + .

In electrospray conditions, it is well known that the relative intensities of organometallic species in the ESI spectra are dependent on the cone voltage (increasing the voltage may cause CID in its vicinity where the pressure is close to atmospheric one In the case of [Ag(galactose)] + ion, aside the reverse reaction leading to Ag + , the principal fragmentation pathway corresponds to the loss of 90u (C3H6O3) leading to ion at m/z 197. The loss of water at m/z 269 is also accompanied by the elimination of 60u (C2H4O2).

Finally, the major reaction of the [Ag(fructose)] + , corresponds to a dehydration process. In this complex, the loss of 90u (C3H6O3 ) at m/z 197 is also important. On the basis of the fragmentation pathways of [Ag(glucose)] + , [Ag(galactose)] + , and [Ag(fructose)] + complexes, we can see that the activation induced by silver cationization allow the three isomers to be differentiated. Such a differentiation has been also previously reported for [Ag(glucose)] + , [Ag(galactose)] + , and [Ag(fructose)] + generated by FAB. [START_REF] Salpin | Gas-Phase Reactivity of Glycosides and Methyl Glycosides with Cu + , Ag + and Pb 2+ ions by Fast-Atom Bombardment and Tandem Mass Spectrometry[END_REF] These differences of reactivity will be discussed later.

Reactivity of O-methyl-α-D-glucoside and O-methyl-β-D-glucoside with Ag + .

In the same way, ESI spectra of silvered O-methyl-α-D-glucose and O-methyl-β-Dglucose complexes (α-4 and β-5) are similar and display the same trends, i.e., formation of Ag + -double adducts that lead to [Ag(α-O-methyl glucose)] + and [Ag(β-O-methyl glucose)] + complexes when the cone voltage increases. The ESI/MS/MS spectra displayed in Figure 3 show that both species can be clearly differentiated.

<Figure 3>

Apart from the formation of Ag + , the principal fragmentations of [Ag(α-O-methylglucose)] + are the loss of methanol (m/z 269) followed by elimination of 110 mass units (m/z 191). In contrast, for the [Ag(β-O-methyl-glucose)] + complex, the main loss is silver hydride (m/z 193). The same behavior has been previously reported by Berjeaud et al 8 in their study devoted to stereochemically controlled decomposition of silver-cationized methyl glycosides generated by FAB. This suggests that similar structures would be formed in both techniques.

A mechanistic approach will be discussed in the later discussion section. [Cu(II)(O-methyl-β-D-glucose) -H] + complexes the corresponding spectra (see Figure 7) are also similar. This indicates that both copper anomers give rise to a common structure. These features will be analyzed in the next discussion part.

Reactivity of D-glucose

<Figure 7>

DISCUSSION

Low-energy CID spectra of metal-monosaccharides ions

Understanding the reactivity of metal-monosaccharides complexes implies in a first step, the identification among the numerous species that can result from cationization, of the most probable structures (related with the most favoured coordination site of the cation) responsible for the observed reactivity. Metal cations may, in principle, bind to any of the electron-rich centers of monosaccharides, including the hemiacetal oxygen atom. The reactivity of these complexes can result in fact from a mixture of different structures in which the cation Ag + or Cu + can interact not only with different sites but also with different types of coordination and even with open structures as already reported. [START_REF] Alcami | Experimental and Theoretical Investigation of The Reactions Between Glucose and Cu + in the Gas Phase[END_REF] On the basis of several theoretical approach, several authors 17-20 have shown that the cationization of such neutral species by a metal cation is governed by two criteria: the first one concerns the mode of coordination of the metal cation, which must be as great as possible (three and even four) and the second one is related with the preservation of a maximum of intramolecular hydrogen bonds. Thus, some peculiar structures can be retained as starting point, in order to rationalize the reactivity experimentally observed. Some trends can be deduced from several theoretical investigations about the gas-phase interaction between metallic cations and monosaccharides. Cerda et al.

have carried out experiments and calculations concerning the complexation of Na + ions with a series of hexoses [START_REF] Cerda | Thermochemistry and Structures of Na + Coordinated Mono-and Disaccharide stereoisomers[END_REF] , in their pyranose conformation. These authors have shown that for Na + monodentate structures are higher in energy than multidentate conformers. The most stable geometries correspond to tri-or tetradentate [Na-D-glucose] + complexes, in which the sodium ion is bound to the hydroxymethyl group, the hemiacetal oxygen, and at least one additional hydroxyl group, which in the case of glucose is the anomeric one. Similar results have been reported about the interaction of Ca 2+ with β-D-glucose 17 or β-D-mannose. [START_REF] Wong | Interaction of Ca 2+ with Mannose: a Density Functional Study[END_REF] Experimental and theoretical investigations of the reaction between glucose and Cu + and Pb 2+ in the gas phase have been recently reported. [START_REF] Alcami | Experimental and Theoretical Investigation of The Reactions Between Glucose and Cu + in the Gas Phase[END_REF][START_REF] Salpin | Gas-phase reactivity of Lead(II) ions with D-glucose. A combined electrospray ionization mass spectrometry and theoretical study[END_REF] From these studies it seams clear that all metal cations follow similar coordination schemes.

So, in the following discussion we will take as our starting structures the tri-coordinated ones, knowing that, very likely, other structures can also contribute to the observed reactivity.

[X + D-monosaccharide] + (X=Ag, Cu) complexes dissociate principally according to four channels, dehydration and losses of C2H4O2, C3H6O3 and C4H8O4 molecules. In the case of copper-complexes, this latter elimination, giving rise to [CuC2H4O2] + (m/z 123) ion, is the major process (Figure 5). Loss of water may involve any of the hydroxyl groups.

Nevertheless, comparison with results obtained for O-methyl-D-glucose (4), indicates that the anomeric hydroxyl could be principally concerned. As a matter of fact, when a methoxy group replaces the anomeric hydroxyl, loss of water is no longer observed for both cations and is replaced by methanol elimination. 

Low-energy CID spectra of metal-methyl glucosides ions

Loss of metal hydride, yielding the ion at m/z 193, is a specific fragmentation pathway for [Ag-O-methyl-β-D-glucoside] + complex (see figure 3), whereas, the loss of methanol (ion at m/z 269) followed by successive eliminations of hydrogen atom is pulled away followed by Ag + leaving. In the same previous study, experiments involving labeled O-methyl-α-D-glucose compounds demonstrated that the hydrogen atom eliminated together with the methoxy group is that of the C(2) hydroxyl group. This means that this specific reactivity could imply preferential structures that can be predicted by a theoretical survey. The aim of such approach is not to explore the total and quite wide energy surfaces of these systems but to propose some structures that can play a significant role in the observed reactivity, keeping in mind that other structures could be also involved. Given the facts that the metallic cations may in principle attach to any basic center, a considerable number of possible geometries should be considered. So, we have restricted our survey only to structures that could account for methanol and AgH losses from both Omethyl-D-glucose anomers. Among all of the possible structures for the α and β glucosides, we have taken as the most stable the pyranose conformations presented in Figure 8. Similarly to what has been described for glucose, [START_REF] Alcami | Experimental and Theoretical Investigation of The Reactions Between Glucose and Cu + in the Gas Phase[END_REF] our calculations predict the most stable α and β anomers (α-4 and β-5) to be nearly degenerated (the former being 5.4 kJ/mol more stable).

Nevertheless, for methyl-glucoside the α anomer is the most stable, contrary to the glucose.

The total and relative energies are given in Table 2.

<Figure 8>; <Table 2>.

The geometries of the structures arising by Cu + and Ag + attachment (above and below the plane) that we have considered of interest, are displayed in Figure 9 and 10 and the corresponding energies are gathered in Table 2.

<Figure 9>;<Figure 10>;

First of all, we have assumed that the structures of both anomers retain their pyranose chair form upon complexation. Among the numerous structures explored, five of them, bidendate and tridendate, have been selected. For both silver and copper complexes, the global minima are the dicoordinated α-4ACu + and α-4AAg + structures in which the metal cation is attached to oxygen atoms 3 and 4. The corresponding β-5ACu + and β-5AAg + structures are estimated to be less stable by 45.6 and 44.6 kJ mol -1 respectively. Tricoordinated structures β-5BCu + and β-5BAg + also correspond to very stable conformers, which lie 18.1 and 25.0 kJ mol -1 above the corresponding minimum global. The distortion in the sugar ring, induced by the metal ion association could explain this stability difference. Nevertheless from Table 2 we can see that the other selected structures are competitive in energy and can compete when discussing their possible participation in the observed reactivity.

Let us consider now the reactivity. For the methanol loss from the α anomer, structures α-4BCu + and α-4BAg + in which the metal cations, (Cu + or Ag + ) interact with O(2) and O(3) hydroxyl groups, might be good candidates even if structures involving hydroxymethyl oxygen atom O( 6) and the hemiacetal oxygen atom cannot be discarded. Figure 9 structures, that this hydrogen atom interacts with the methoxy oxygen atom through a strong hydrogen bond (2.017Å and 2. 043Å respectively). Moreover, when the transfer of this hydrogen atom is initiated (by a computational scan of the O(2)-H bond) the C(1)-OCH3 anomeric bond is greatly activated. These findings are in agreement with experimental results

and allow to propose a fragmentation pathway for methanol elimination, displayed in Scheme 3 .

<Scheme 3>

Concerning the AgH elimination, three β-structures (see Figure 10) have been selected, β-5BAg + , β-5CAg + and β-5DAg + . The tri-coordinated complex β-5BAg + contains Ag + bound to hemiacetal oxygen atom, the hydroxymethyl group and the methoxy one. One can assume that this structure is not involved in AgH loss in so far as the hydrogen atom implicated is the anomeric hydrogen, which is in the lower plane and at a distance of 3.577 Å.

In β-5CAg + complex, the cation is bi-ligated, it interacts with O(2) and the oxygen atom of the methoxy group, in this structure the Ag-H distance is about 3.357Å. Finally, the structure, β-5DAg + , presents the most favorable configuration for hydrogen abstraction. In this tricoordinated structure, Ag + is bound in the bottom face, to the hemiacetal oxygen atom and to the two hydroxyl groups at O(2) and O(4) with an average Ag-O bond of 2.45Å. The anomeric hydrogen atom is in the lower part at a distance of 3.170Å. Thus, these two less stable structures β-5CAg + and β-5DAg + could be the most favorable candidates for AgH elimination (see Scheme 3).

In our experimental source conditions and in spite of several attempts, the ion corresponding to [β-5Cu] + is absent. That means that either the CuH elimination is very efficient in the source or the highly coordinated precursors ions do not lead to [β-5Cu] + formation. The calculations have been nevertheless performed in order to compare the stabilities of corresponding copper complexes. The structures displayed in Figure 9 show the same energetic and structural features, i.e.: three-coordinated species are favored (see Table 2) glucoses generated by electrospray present the same decomposition pathways that those observed under FAB/MIKES conditions, that is a loss of methanol for the α-anomer and a loss of silver hydride for the β-anomer. These differences of behavior have been analyzed by means of a theoretical approach. The calculations allowed to propose starting structures and fragmentation schemes, which can account for these specific fragmentations, and to evaluate Cu + and Ag + binding energies. 

and

FIGURE CAPTIONS

(3) 

60
(2) d) Values evaluated with Basis2 including ZPE corrections. e) ΒX + α-4ACu+ = (ECu + + Eα-4) -Eα-4ACu + . f) E Cu + = -1640.1020147 hartree and EAg + = -145.4737977 hartree at Basis2 level

  , D-galactose and D-fructose with Cu + . ESI mass spectra show the presence of abundant protonated and coppered species. As in the case of silver, Cu + -containing ions are discernible by the presence of two ions separated by two mass units (corresponding to 63 Cu and 65 Cu isotopes). A cone voltage value of 50V (that gives the most intense ion of interest) was chosen. The electrospray mass spectra of monosaccharides (1, 2, and 3) in copper(II) chloride solutions, displayed in Figure 4, are characterized by three types of singly charged metallic complexes involving either intact or deprotonated monosaccharides. <Figure 4> -(i) complexes in which the formal oxidation state of copper remained Cu(II) such as [Cu(II)(monosaccharide) -H] + (at m/z 242/244), [Cu(II)(monosaccharide) -H +2H 2 O] + (at m/z 278/280), [Cu(II)(monosaccharide)2 -H] + (at m/z 422/424) and [Cu(II)(monosaccharide)2 -H + 2H 2 O] + (at m/z 458/460). -(ii) metallic complexes of reduced Cu(I)-adduct ions like [Cu(I)(monosaccharide)] + (at m/z 243/245) and [Cu(I)(monosaccharide)2] + (at m/z 423/425

  That said, the most conspicuous fact of Figure4is that the ESI-MS spectrum for each hexose (1, 2 and 3) leads to rather similar ions but with different intensities. Although in the case of D-fructose (3), an additional ion at m/z 332/334 appears. Hence, as in the case of silver cationization, the positive ion ESI spectra of coppered-complexes do not really allow the aldoses (1 and 2) and the ketose (3) to be differentiated. The low-energy CID spectra of [ 63 Cu(I)(monosaccharide)] + adduct ions recorded at a collision energy of 20 eV show an amazing reactivity. The copper cation is able to induce activation of practically all C-C and C-O bonds resulting in many fragmentation pathways. As illustrated in Figure 5, the CID spectra for the three isomers [Cu(glucose)] + , [Cu(galactose)] + and [Cu(fructose)] + (m/z 243) are rather similar. <Figure 5> Three fragmentation pathways leading to intense ions at m/z 123, m/z 153 and m/z 225, corresponding to [Cu(I)(monosaccharide) -C4H8O4] + , [Cu(I)(monosaccharide) -C3H6O3] + , and [Cu(I)(monosaccharide) -H2O] + respectively, dominate. Three other fragment ions at m/z 183, m/z 147 and m/z 135, resulting from C2H4O2, C2H4O2+2H2O and C3H6O3+H2O eliminations are smaller. From these results we can conclude that the use of copper salt does not allow a clear-cut distinction between D-glucose, D-galactose and D-fructose, neither from the positive ion ESI spectra nor from the ESI-MS/MS spectra. Reactivity of O-methyl-α-D-glucoside and O-methyl-β-D-glucoside with Cu + . The ESI-MS/MS spectrum of [ 63 Cu(O-methyl-α-D-glucose)] + (m/z 257) is given in Figure 6. We can see that the decomposition processes of methyl glycoside are somewhat identical to those of [ 63 Cu(D-glucose)] + . The principal fragment ions observed in the ESI/MS/MS spectrum correspond to [ 63 Cu(O-methyl-α-D-glucose) -C5H10O4] + (m/z 123) and [ 63 Cu(Omethyl-α-D-glucose) -C4H8O3] + (m/z 153) (similar to C4H8O4 and C3H6O3 losses observed with D-glucose). Dehydration is replaced by methanol elimination giving rise to the m/z 225 ion. In turn this latter species fragments according to two successive eliminations of C2H4O2 and H2O giving rise to the ion 147. <Figure 6> The ESI/MS spectra of a solution of O-methyl-β-D-glucose and copper salts recorded at different cone voltage do not present signals for [Cu(O-methyl-β-D-glucose)] + adducts and only the deprotonated Cu(II) species was observed. So, the possible differentiation cannot be explored. Now, if we compare the reactivity of both [Cu(II)(O-methyl-α-D-glucose) -H] + and

  C2H4O2 and H2O, leading to ion at m/z 191, characterizes the [Ag-O-methyl-α-D-glucoside] + isomer. Previous studies with β-O-methyl-D-glucose-1-d1, indicate that the C(1) hydrogen atom is exclusively eliminated 8 . These findings suggest that this fragmentation clearly depends on the C(1) stereochemistry, and is particularly important for the β anomer. Elimination of AgH certainly implies structures in which the metal cation interacts differently with the glycoside. Attachment of the metal below the plane of the pyranose ring might be favored because of possible hydrogen bonds hindering the upper face of the ring. The metallic cation then might interact with different basic sites of the lower face (C(2) hydroxyl and others) leading to a multidentate structure, from which C(1)

  Scheme 4). Such a radical elimination has been already described by Lavanant et al[START_REF] Frisch | Hyperchem release 6.01 for Windows; Hypercube,Inc[END_REF] and by

Figure 1 :

 1 Figure 1 : Positive ion electrospray mass spectra of an aqueous AgNO3/D-Glucose (a), AgNO3/D-Galactose (b) and AgNO3/D-Fructose (c)recorded at a cone voltage of 35 V.

Figure 2 :

 2 Figure 2 : Low-energy CID mass spectra of (a) [Ag(glucose)] + , (b) [Ag(galactose)] + and (c) [Ag(fructose)] + recorded at a cone voltage of 35 V and a collision energy of 15 eV.

Figure 3 :

 3 Figure 3 : Low-energy CID mass spectra of (a) [Ag(α-O-methyl-glucose)] + (α-4Ag + ) and (b) [Ag(β-O-methyl glucose)] + (β-5Ag + ) recorded at a cone voltage of 35V and a collision energy of 20eV.

Figure 4 :

 4 Figure 4 : Positive ion electrospray mass spectra of an aqueous CuCl2/D-Glucose (a), CuCl2/D-Galactose (b) and CuCl2/D-Fructose (c) recorded at a cone voltage of 50 V.

Figure 5 :

 5 Figure 5 : Low-energy CID mass spectra of (a) [Cu(glucose)] + , (b) [Cu(galactose)] + and (c) [Cu(fructose)] + recorded at a cone voltage of 50 V and a collision energy of 20 eV.

Figure 6 :

 6 Figure 6 : Low-energy CID mass spectra of [ 63 Cu(O-methyl-α-D-glucose)] + (α-4Cu + ) recorded at a cone voltage of 35V and a collision energy of 15eV.

Figure 7 :

 7 Figure 7 : Low-energy CID mass spectra of (a) [Cu(II)(O-methyl-α-D-glucose) -H] + [α-4-Hcu] + and (b) [Cu(II)(O-methyl-β-D-glucose) -H] + [β-5-Hcu] + recorded at a cone voltage of 35V and a collision energy of 20eV.

Figure 8 :

 8 Figure 8 : Geometries of neutral pyranosic forms of α-D-O-Methyl Glucoside (α-4) and β-D-O-Methyl Glucoside (β-5).

Figure 9 :

 9 Figure 9 : Geometries of selected [Cu-D-O-Methyl Glucoside] + anomers (α-4Cu) + and (β-5Cu) + complexes.

Figure 10 :

 10 Figure 10 : Geometries of selected [Ag-D-O-Methyl Glucoside] + anomers, (α-4Ag) + and (β-5Ag) + complexes.
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  Jebber et al 17a and Ma et al 17c ) and replacing the anomeric OH group by O-CH3, was carried out in a preliminary step. Further, from this survey, the two most stable structures for α and β-D-O-methyl glucopyranoside were reoptimized at the DFT level. Harmonic vibrational frequencies of the different stationary points of the potential energy surface (PES) have been calculated at the same level of theory in order to identify the local minima as well as to estimate the corresponding zero point energies (ZPE).

	Final energies have been obtained at the B3LYP level using the following basis. For C, O,
	H and Cu we use the 6-311G(2df,2p) basis set. For Ag we have used the (5s6p4d)/ [3s3p4d]
	basis set (by decontracting the d functions) supplemented with two sets of f functions
	(αf=0.946, 0.237). Hereafter, this basis set will be referred to as Basis2.

The number of conformational possibilities becomes very important when the interaction with Ag + and Cu + is considered. So, in this study we have restricted our survey on the possible structures which could account for the main experimental findings, especially for methanol and silver hydride eliminations from metal α and β-D-O-methyl glucopyranoside adduct ions. Like neutral species, for metal α and β-D-O-methyl glucopyranoside complexes, the most stable structures obtained at PM3 level were reoptimized at the DFT level.

Full geometry optimizations and harmonic vibrational frequency calculations of neutral and cationized species have been performed using the Becke's three-parameter non-local hybrid exchange potential. 21b with the non-local correlation functional of Lee, Yang, Parr (B3LYP). 21c This approach is known to yield reliable geometries for a wide variety of systems, including many transition metal containing systems.

[START_REF] Holthausen | The performance of density-functional/Hartree-Fock hybrid methods: Cationic transition-metal methyl complexes MCH3 + (M=Sc-Cu,La,Hf-Au)[END_REF][START_REF] Adamo | A hybrid density functional study of the first-row transition-metal monocarbonyls[END_REF][START_REF] Blomberg | Comparisons of results from parametrized configuration interaction (PCI-80) and from hybrid density functional theory with experiments for first row transition metal compounds[END_REF][START_REF] Rodríguez-Santiago | Comparison of density functional and coupled cluster methods in the study of metal-ligand systems: Sc-CO2 and Cu-NO2[END_REF][START_REF] Bauschlicher | Recent Advances in Density Functional Theory[END_REF] 

Geometry optimization has been carried out with the 6-311G(d,p) basis set for C, O, H and Cu. For Ag we used the relativistic effective core potentials (RECP) developed by Hay and Wadt 27 (LANL2DZ). These RECP include the outermost core orbitals 4s and 4p in the valence shell. The valence basis set is a [3s3p2d] contraction of a (5s6p4d) primitive set of Hay and Wadt 27 supplemented with one set of f functions (αf=0.467). This basis set will hereby be denoted as Basis1.

  Consequently, loss of water would imply almost exclusively the anomeric hydroxyl. Nevertheless it has to be considered that the experiments are based in methyl derivatives of glucopyranose and the presence of the extra methyl can modified the stability of the precursors and of the products ions.Eliminations of organic molecules of general formula CnH2nOn, involve the cleavage of the pyranose ring and are observed either with silver and copper complexes. Analysis of the spectra shows that both cations induce different decomposition pathways. Formation of the

	[CuC2H4O2] + ion (m/z 123) is the predominant process for all copper-complexes, whereas
	[AgC3H6O3] + ion (m/z 197) is favored for silver. A careful comparison with results obtained
	for O-methyl-D-glucose (see Figure 6) provides useful information for copper complexes.
	When the anomeric hydroxyl is replaced by a methoxy group, [CuC2H4O2] + ion (m/z 123)
	remains the base peak, showing that the anomeric center is involved in the fragmentation. One
	may reasonably assume that C2H4O2 molecule bounded to copper species involves C(5) and
	latter conditions one can observe not only C-C and C-O cleavages but also successive
	fragmentations, which can arise from cyclic or even opened structures. The abundances of the
	ESI/MS/MS principal ions are summarized in Table 1 and a fragmentation pattern for
	[Cu(glucose)] + is presented in Scheme 2.
	<Table 1>, <Scheme 2>

C(6) carbon atoms and consequently hydroxymethyl and hemiacetal groups for D-glucose and D-galactose. To demonstrate the mechanisms of decomposition for each monosaccharide, an extensive labeling study is required. Further experimental and theoretical studies are planed for this purpose. Nevertheless we can note that the behavior of the three silver-and coppermonosaccharides generated by FAB 10 or ESI ionization is different. While metastable decompositions of Ag adducts, which involve H2 and water eliminations, does not allow a clear-cut distinction, the three selected copper cationized monosaccharides exhibit specific dissociation patterns and are easily distinguished. Thus, conclusions are inverted. Moreover, it is clear that cationized species dissociating under FAB/MIKES conditions have lower energy content than those generated by ESI and subject to low-energy CID experiments. In these

  bonding distances, which range from 2.045Å and 2. 033 Å for Cu + to 2.350 Å and 2.339 Å for Ag + differ. These trends have been already reported[START_REF] Boutreau | Gas-Phase Reactivity of Cu + and Ag + with Glycerol: an Experimental and Theoretical Study[END_REF] and explained in terms of orbital overlapping and electrostatic interactions. Actually, if O-Ag + bonding has a pure electrostatic character, O-Cu + bonding presents a "covalent part". Knowing that the Ag + radius of is bigger than that of Cu + (RAg+= 1,26 Å, RCu+= 0.96 Å), the interaction distances O-Ag + are thus increased by 0.3 Å. The hydrogen atom involved in methanol elimination has been identified previously as being the O(2)-H 8 , we can see in fact in α-4BCu + and α-4BAg +

and 10 

reveal that the two structures α-4BCu + and α-4BAg + display similar geometries, only the metal-O

Table 2 :

 2 Total (E), relative energies (∆E) and binding energies (ΒX + ) for neutral and cationized copper and silver -α-and β-O-methyl D-glucoside anomers (α-4 and β-5) structures. a) Calculated with Basis1. b) Values evaluated with Basis1 including ZPE corrections. c) Calculated with Basis2.

	Structure	E a (hartree)	ZPE a ( hartree) ∆E a,b (kJ/mol)	E c (hartree)	∆E c,d (kJ/mol)	ΒX + (kJ/mol) e,f
	α-4	-726.537549	0.225915	0.0	-726.731813	0.0	-
	β-5	-726.535768	0.224924	2.1	-726.728754	5.4	-
	α-4ACu +	-2366.917429	0.227462	0.0	-2366.962425	0.0	334
	β-5ACu +	-2366.896541	0.225866	50.6	-2366.943476	45.6	288
	α-4BCu +	-2366.902567	0.227377	38.9	-2366.94875	35.7	298
	β-5BCu +	-2366.906281	0.225248	23.5	-2366.953303	18.1	321
	β-5CCu +	-2366.893875	0.226641	59.7	-2366.940911	54.3	285
	β-5DCu +	-2366.898164	0.227136	49.7	-2366.946653	40.6	293
	α-4AAg	-872.058613	0.228090	0.0	-872.298837	0.0	239
	β-5AAg	-872.036777	0.226258	52.5	-872.280001	44.6	194
	α-4BAg +	-872.0429264	0.227515	39.7	-872.284642	35.8	203
	β-5BAg +	-872.045690	0.22649	29.7	-872.287696	25.0	219
	β-5CAg +	-872.032124	0.227476	67.9	-872.273997	63.6	181
	β-5DAg +	-872.034135	0.227086	61.6	-872.274664	60.8	184