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INTRODUCTION

Performing organometallic asymmetric catalysis is one of the most efficient routes to produce valuable scalemic compounds in an atom economic manner, as demonstrated by its tremendous development, not only in the academic but also in the industrial sphere, since its discovery there are about now fifty years. [START_REF] Nozaki | Asymmetric induction in carbenoid reaction by means of a dissymmetric copper chelate[END_REF] Chiral ligands of salen types played a major role in this domain since, associated to numerous different metals, they were able to catalyze a large variety of asymmetric reactions, allowing formation of C-C, C-heteroatom or heteroatom-heteroatom bonds. [2] In order to go further in respecting the concepts of green chemistry, immobilization of these efficient enantiopure salen complexes was also the subject of in-depth studies aimed both at an easy recovery of the still precious catalysts and at the same time elimination of potentially toxic metal traces in the targeted products. [3] Furthermore, and in a number of reactions, the excellent performances obtained by salen complexes were due to bimetallic cooperativity of two metallic centers, activating respectively the electrophile and the nucleophile. [START_REF] Nielsen | Mechanistic investigation leads to a synthetic improvement in the hydrolytic kinetic resolution of terminal epoxides[END_REF] In such a context, many efforts have been turned towards heterogeneization methods for which salen complexes were placed in close proximity to favor an ideal location of the active sites for efficient dual activation. Modifications of the ligand structure were thus performed at some distance from the metallic coordinating sites, leading to monomers suitable for polymerization within the main chain. Some examples have been described affording linear coordination polymers or, more recently, metal-organic frameworks including enantiopure salen complexes for asymmetric tandem catalysis. [5] Moreover, and due to the inherent structure of the salen ligand, the most developed procedure for polymerization involves polycondensation reactions, via multiple imine bonds synthesis, between enantiopure diamine and suitably modified disalicylaldehyde derivatives. This field was particularly explored by the group of Kureshy et al. [6] who prepared linear salen containing polymers but also macrocycles, following the seminal work of Jacobsen's group, [7] and studied diverse catalytic reactions for the preparation of chiral drugs. We reported another type of polymerization leading to linear structures that involved either electrochemical or chemical oxidation of suitable salen complexes modified by thiophene groups, as chiral heterogeneous catalysts efficient for diverse reactions. [8] We propose in this account to present our best results concerning the synthesis of enantiopure salen complexes in polymeric main-chains and their activity in various asymmetric catalytic reactions, with a specific emphasis on their reusability and their cooperativity.

Salen-containing polymers by oxidative polymerization

Preparation of heterogenized chiral organometallic catalysts by electropolymerization has been rarely described; some metal containing chiral organic conducting polymers can be cited as electrocatalysts for asymmetric hydrogenation, epoxidation reactions [START_REF] Moutet | Heterogeneous and homogeneous asymmetric electrocatalytic hydrogenation with rhodium(III) complexes containing chiral polypyridyl ligands[END_REF] or even formation of C-C bonds by cyclopropanation of olefins. [START_REF] Ferrand | Asymmetric heterogeneous carbene transfer catalyzed by optically active ruthenium spirobifluorenylporphyrin polymers[END_REF] Towards our goal, we prepared new salen derivatives bearing electropolymerizable functionalities on the fifth position of the phenol rings, leading thus to catalysts with the metallic center directly incorporated into the conjugated polymer backbone. We chose introduction of thiophene moieties as a readily oxidizable monomer [START_REF] Shioya | A reversible resistivity-based nitric oxide sensor[END_REF] and the synthesis occurred straightforwardly via a palladium-catalyzed Suzuki coupling followed by condensation with a chiral diamine affording the desired ligands in good yield (see Scheme 1). [8a,12] Scheme 1. Synthesis of new thiophene-salen complexes and their electropolymerization. Metallic insertion could be performed from various precursors including chromium, nickel, copper, aluminum and cobalt salts, leading to isolation of corresponding complexes in high yields and purity. [8] Their oxidative electropolymerization was successfully performed in an undivided electrochemical cell at a platinum anode and a constant current with nBu 4 NBF 4 or nBu 4 NPF 6 as electrolyte. This resulted in each case in the formation of polymers exhibiting high electrochemical stability as quasi-reversible redox processes when submitted to voltammetric repeated scans, whatever the nature of the metal or the structure of the ligand. Electropolymerization on a platinum grid allowed the recovery of the polymeric species as powders from the electrode surface, which proved insoluble in common organic solvents. They were thus washed with various solvents and dried under vacuum before their use in asymmetric catalysis.

Chromium-containing thiophene-salen polymers have been specifically investigated because of the great versatility of these complexes as demonstrated by the group of Jacobsen. We thus initially investigated the asymmetric hetero Diels-Alder (HDA) [START_REF] Schaus | Asymmetric hetero-Diels-Alder reactions catalyzed by chiral (salen)chromium(III) complexes[END_REF] reaction, leading interestingly to the formation of both a C-C and a C-O bond. We explored the reaction between various aldehydes and 1methoxy-3-[(trimethylsilyl)oxy]-1,3-butadiene (Danishefsky's diene) implying first the thiophenesalen monomers under homogeneous conditions to optimize their efficiency. These catalysts promoted the reaction with high efficiency and enantioselectivity, albeit with lower ee values compared to the best ones previously reported in the literature. [START_REF] Zulauf | Chromium-thiophene-salen-based polymers for heterogeneous asymmetric hetero-Diels-Alder reactions[END_REF] The thiophene withdrawing substituent in the fifth position of the salen replacing the donating tert-butyl group is probably slightly detrimental to the enantiofacial discrimination. Reactions were then successfully conducted under heterogeneous conditions with the polymers, and for instance successive HDA reactions were performed by using cyclohexanecarbaldehyde, affording the targeted product in high yield and enantioselectivity, showing no loss of efficiency for up to 15 cycles (see Scheme 2). At the end of a first transformation, the product solution was indeed easily separated from the catalyst powder by simple filtration; this latter was washed several times with the reaction solvent, dried under vacuum and finally recycled by adding new substrates and solvent to the same reaction vessel. Scheme 2. Heterogeneous HDA reaction between cyclohexanecarbaldehyde and Danishefsky's diene promoted by a chromium-containing thiophene-salen polymer.

Furthermore, the same catalyst was engaged in an original multi-substrate procedure, hardly described in the literature, and used 20 times by adding a structurally different aldehyde in each recycling. Indeed at each catalysts reuse, different targeted pyranones were obtained, in their pure form, without being contaminated by the presence of products traces synthesized during the previous catalytic cycle, with activities and enantioselectivities remaining very stable. [START_REF] Zulauf | Chromium-thiophene-salen-based polymers for heterogeneous asymmetric hetero-Diels-Alder reactions[END_REF] This study was continued to examine the extent of the chromium-containing thiophene-salen polymers application, and we were delighted to show their efficiency to promote the Henry reaction, even if the number of effective recycling remained lower than in the previous example. [START_REF] Zulauf | New chiral thiophene-salen chromium complexes for the asymmetric Henry reaction[END_REF] The reaction occurred for instance between various alkyl or aryl aldehydes and nitromethane in the presence of substoichiometric amount of Hünig's base, and it produced the desired nitroaldols with enantiomeric excesses reaching up to 77% (see Scheme 3). Due to the great versatility of salen-chromium complexes, we were able to study other reactions with this heterogeneous catalytic system. Indeed, we also tested the reaction of epoxides opening by trimethylsilyl azides [START_REF] Martínez | Highly enantioselective ring opening of epoxides catalyzed by (salen)Cr(III) complexes[END_REF] and the addition reaction of dimethylzinc on aldehydes. [START_REF] Cozzi | Highly enantioselective addition of Me 2 Zn to aldehydes catalyzed by ClCr(salen)[END_REF] For both transformations, however, appearance of the expected products occurred but the results obtained in terms of both activity and selectivity values were greatly damaged compared to the ones obtained in the homogeneous cases. The mechanistic pathway, now wellestablished to account for the ring-opening of epoxides, may explain these results; as already mentioned, indeed, a bimolecular mechanism is evidenced involving two catalytic species in a cooperative way to activate both the epoxide ring and the nucleophile. [START_REF] Nielsen | Mechanistic investigation leads to a synthetic improvement in the hydrolytic kinetic resolution of terminal epoxides[END_REF][START_REF] Hansen | On the mechanism of asymmetric nucleophilic ring-opening of epoxides catalyzed by (salen)CrIII complexes[END_REF] The arrangement of the catalytic sites in the electrogenerated (poly)salen-thiophene chromium complex, in a pearl necklace manner showing restricted flexibility, is not favorable for this specified optimized position of the catalytic sites.

Nevertheless, and since the chromium-containing thiophene-salen polymers were able to promote diverse reactions as insoluble catalysts, we reported the first example of a recycling procedure for which the same catalyst batch was involved to promote different asymmetric catalytic reactions in an original successive manner. This multi-reaction procedure was tested by sequentially catalyzing the addition of Me 2 Zn, the HDA reaction, the Henry reaction, and finally the epoxides opening. This series was repeated to deliver exactly the same values than those obtained in the first initial runs, thus demonstrating the high stability and versatility of the new polymeric chromium catalyst (see Scheme 3). Scheme 3. Multi-reactions procedure promoted by a chromium-containing thiophene-salen polymer.

As synthesis of stable cobalt-containing polymers by electropolymerization was also successful, these new catalysts were likewise engaged in the well-known powerful hydrolytic kinetic resolution (HKR) of epoxides. [START_REF] Tokunaga | Asymmetric catalysis with water: efficient kinetic resolution of terminal epoxides by means of catalytic hydrolysis[END_REF] This reaction has been largely explored, also with active species allowing for easy catalysts recycling. Nevertheless and most frequently, reengaged catalyst batches had to undergo a reactivation step to keep their efficiency; the bimetallic activation indeed required triggering the epoxide by a Lewis acidic cobalt site (for instance a Co III -OAc), whereas a Co III -OH species, generated consequently to the nucleophilicity of the acetate counteranion, activates the water. By catalyst reuse, more and more essential Co III -OAc sites are transformed into Co III -OH ones, leading to deactivation with thus a mandatory catalyst treatment with acetic acid for an efficient further recycling. [START_REF] Nielsen | Mechanistic investigation leads to a synthetic improvement in the hydrolytic kinetic resolution of terminal epoxides[END_REF][START_REF] Jain | Importance of counterion reactivity on the deactivation of Co-salen catalysts in the hydrolytic kinetic resolution of epichlorohydrin[END_REF] The electropolymerization method solved this problem; the formation of the polymer was indeed performed from the direct oxidation of a Co II -thiophene-salen complex in a CH 2 Cl 2 /AcOH/nBu 4 NBF 4 electrolytic mixture. Under these conditions, the cobalt center was oxidized along with an increase in the peak currents in both the anodic and cathodic waves, consistent with an electroactive polymer growth at the electrode surface (see Scheme 4). [START_REF] Hong | Electrogenerated polymers as efficient and robust heterogeneous catalysts for the hydrolytic kinetic resolution of terminal epoxides[END_REF] EDS and elemental analysis of the obtained polymer were performed indicating representative signals for fluorine in the sample, proving that BF 4 -was introduced, to some extent, together with AcO -as axial ligands to the Co III center. As a consequence, the obtained polymer was less dependent on reactivation because of the presence of non-hydrolyzable Co III -BF 4 units. The benchmark reaction implied the dynamic HKR of epibromohydrin; [START_REF] Furrow | Practical access to highly enantioenriched C-3 building blocks via hydrolytic kinetic resolution[END_REF] as it readily underwent rapid racemization under mild conditions, it revealed to be an ideal substrate for studying the HKR reaction under heterogeneous conditions because a complete conversion could be achieved and the ee of the resulting diol did not vary during the resolution process. The electropolymerized catalyst afforded the expected diol (up to > 99 % yield and 87 % ee) and was easily recovered by filtration. It was effectively reused without the need for a reactivation step and was highly stable, even after eleven consecutive catalytic runs (See Scheme 4). In this case also, a multisubstrate recovery procedure was realized with various terminal epoxides, thereby demonstrating its usefulness for the transformation of diverse substrates.

Scheme 4.

Electrochemical polymerization of a cobalt-containing thiophene-salen polymer and use in the dynamic HKR of epibromohydrin.

Suitable chemical oxidative polymerization could also be performed for easily reaching larger quantities of these heterogeneous thiophene-salen polymers. For instance, FeCl 3 or NOBF 4 delivered insoluble polymeric species in nearly quantitative yield, from Co II -containing monomers, under an air atmosphere, or directly from Co III -precursors. [START_REF] Hong | Chemical-promoted oxidative polymerization of modified-cobalt salen complexes, efficient catalysts for the dynamic HKR[END_REF] Accordingly, the polymers proved efficient catalysts for the dynamic HKR of epibromohydrin, leading to the expected scalemic diol with high yield and enantioselectivity. The polymerized catalyst could be recovered and reused leading to stable values of ee but large variations in the conversion went along with the recycling, as a proof for its chemical alteration during the HKR. Thus a polymer containing both nucleophilic and non-nucleophilic counter anions was prepared by chemical co-polymerization in the presence of FeCl 3 , of a thiophene salen Co III -OAc complex and an analogous Co III -BF 4 complex (see Scheme 5). The resulting polymer was also recovered as an insoluble powder after methanol washings in 90% yield. Elemental analyses were performed for the determination of the Co, B and F contents, and the percentage of Co III -BF 4 in the copolymer was determined to be 49 %. Delightfully, excellent results were obtained in the benchmark reaction and the stability of this insoluble catalyst was demonstrated in a flow procedure. Immobilization occurred in the presence of octadecyl carbon chain-bonded silica in a reversed phase mode to facilitate release of the diol resulting from the HKR, thus preventing fast reactor saturation. The solid support-catalyst mixture was confined in a short HPLC-type pre-column that was used as a flow reactor. The reaction was realized under diluted conditions in THF to adopt the flow conditions. Under these conditions, the repetitive preparation of the scalemic diol with stable high enantiomeric excesses could be performed, with no more noticeable yield fluctuation. In this case, since the polymer catalyst possesses both nucleophilic and non-nucleophilic active sites, a deactivation is presumably prevented to allow its repeated efficient use. Chemical oxidative polymerization has been thus demonstrated as a powerful and practical procedure for the preparation of chiral insoluble cobalt salen complexes in high yield.

Scheme 5. Chemical oxidative procedure for the preparation of a cobalt-containing thiophenesalen polymer engaged in a flow procedure.

Salen-containing polymers by polycondensation

already mentioned, insertion of salen complexes directly in the polymer main-chains targeted not only the preparation of catalysts with easily controlled solubility but also the close location of the active sites. This strategy on the other hand was to make it possible to obtain catalytic solids with high density of active sites, avoiding the use of large masses, usually necessary for catalysts supported on organic or inorganic solids. Following our results obtained by oxidative polymerization leading to linear polymers, we envisaged synthesizing oligomeric salen complexes through multiple imine bonds formation between structurally diverse salicylaldehyde derivatives and chiral diamines. Towards this aim, and for matching at best the polymers structures that were prepared through oxidation, a thiophenedisalicylaldehyde was prepared in two steps (see Scheme 6). Subsequent condensation with an enantiopure diamine yielded a polymeric compound which was demonstrated to possess a cyclic structure with two to five repetitive units. [START_REF] Zulauf | New chiral calixsalen chromium complexes: recyclable asymmetric catalysts[END_REF] This polymer was analyzed by [START_REF] Nozaki | Asymmetric induction in carbenoid reaction by means of a dissymmetric copper chelate[END_REF] H NMR but also MALDI-TOF spectroscopy, proving undoubtedly the presence of different macrocycles with the loss of a water molecule. The mixture reacted with chromium salts to deliver calixsalen catalysts that were tested for their ability to promote asymmetric catalysis. Scheme 6. Synthesis of thiophene-salen chromium calix-catalysts.

With this insoluble powder, the nucleophilic ring opening of epoxides with trimethylsilylazide [START_REF] Martínez | Highly enantioselective ring opening of epoxides catalyzed by (salen)Cr(III) complexes[END_REF] was studied under heterogeneous conditions; this reaction was chosen as benchmark test for studying the influence of the position of the catalytic sites to each other, as a critical feature for an efficient cooperative bimetallic pathway. In such a context, the thiophene-salen chromium complex was engaged in the transformation as homogeneous catalyst, but also the polymer generated by electrochemical oxidation and the calixsalen derivative as a mixture, for comparison (see Scheme 7). Scheme 7. Homogeneous and heterogeneous epoxide ring opening by thiophene-salen chromium complexes.

For instance, ring-opening of 3,6-dioxa-bicyclo[3.1.0]hexane occurred in homogeneous conditions in the presence of the thiophene-salen chromium monomer, with a satisfying activity and a high enantioselectivity value that nevertheless does not reach the values described by Jacobsen, as already noticed. By testing the electrogenerated catalytic species, a dramatic drop in enantioselectivity to 24 % occurred, probably due to the linear structure of the polymer. This value pleasingly reached again 62 % thanks to the use of the macrocyclic catalyst. We assume that this improvement is due to the ability of the cyclic calixsalen structure to dispose the position of the catalytic sites in a favorable manner. As an insoluble species in the solvent of the reaction, the catalyst was easily separated from the products by simple filtration and reused in 5 consecutive runs. Such a behavior was confirmed by evaluating the three catalysts in other transformations (i.e. the hetero Diels-Alder reaction, the Henry reaction and the addition of dimethylzinc to aldehydes), leading to the same conclusion for those reactions involving a bimolecular activation mechanism.

The scope of application of these new calixsalen complexes was easily demonstrated since the introduction of the metal, leading to catalytically active sites, occurred at the last synthesis step. Thus, the chromium-complexes but also the corresponding Co II -species were shown to promote the Henry reaction. [START_REF] Ibrahim | Recoverable salen-based macrocyclic chiral complexes; catalysts for enantioselective Henry reactions[END_REF] These insoluble catalysts were recovered and reused in this transformation; they nevertheless did not lead to constant results in terms both of yield and selectivity, demonstrating a poor stability under the basic conditions necessary to the reaction. We therefore considered testing the ability of the corresponding reduced salen derivatives to act likewise as potential ligands to promote this reaction, with the aim of preparing more stable complexes possessing increased nitrogen basicity and framework flexibility (see Scheme 8). [26] Scheme 8. Copper-calix-tetrahydrosalen complex and use as heterogeneous catalyst in Henry reaction.

The tetrahydro-calixsalen derivative was synthesized from the corresponding calixsalen by reducing the imine functionalities in the presence of the borane-tetrahydrofuran complex. Cleavage of the B-N bond in the presence of palladium on charcoal in methanol was performed and subsequent copper addition delivered a new cyclic catalyst. The Henry reaction was conducted in the absence of a base, since the ligand played the role, as expected, in this case. Excellent results were obtained terms of both activity and enantioselectivity, the reduced form of derivative being much more efficient than its precursor. The classical recovery procedure (with a prior pentane addition, in order to ensure their complete precipitation) followed by filtration made it possible to reuse the catalyst numerous times (see Scheme 8) leading to the target product with a steady high yield and selectivity. The absence of catalyst leaching was verified by a control experiment, implying addition of new substrates to the supernatant solution recovered from the catalyst by filtration, with no further conversion. The usefulness of this new copper complex was also confirmed in an original multisubstrate procedure in which it was engaged after a simple filtration, in a new reaction with a different substrate at each reuse. As all catalysts were prepared from a mixture of macrocyclic species which contains a different number of monomer units, we then evaluated the influence of the cavity size on the catalytic results. More detailed analyses such as SEC and DOSY experiments were performed on calixsalen mixtures issued from numerous disalicylaldehyde derivatives spaced by different aryl groups and various steric bulk. Precise quantitative analyses allowed assignment of each macrocycle according to their size, a mixture mainly composed from dimers to tetramers. [START_REF] Ibrahim | Synthesis and characterization of original calix-salen type ligands[END_REF] Furthermore, the reaction conditions towards their synthesis were optimized and different dilutions favored either the isolation of the pure dimeric species (diluted media) or of the tetrameric one (concentrated media). Therefore, we investigated and compared the efficiency of pure trimer or tetramer of calixsalen Co III complexes to promote the dynamic HKR of epibromohydrin. This benchmark reaction is particularly sensible towards cooperative bimetallic interactions and thus suitable to evaluate the effect of the cyclic structure size of the macrocyclic catalysts . [START_REF] Dandachi | Chiral calix-salen cobalt complexes, catalysts for the enantioselective dynamic hydrolytic kinetic resolution of epibromohydrin[END_REF] Disalicylaldehyde with a benzene ring as spacer was used for the synthesis of the corresponding macrocycles with the preparation of either the dimer or the tetramer as major product according to the reaction concentration. Each calixsalen derivatives was isolated in its pure form, after chromatographic separation on silicagel. Corresponding Co III complexes were prepared, and the mixture, the pure trimer and the pure tetramer led all to the epoxide hydrolysis with activities and selectivities far better than those previously reported for the corresponding oligomeric linear analogues. The isolated Co III -tetramer delivered the best values, together with the higher initial rate, but not far enough from those obtained by the macrocycles mixture to justify the supplementary purification step towards its isolation (see Scheme 9). Scheme 9. Dynamic HKR of epibromohydrin with Co III -calixsalen oligomers.

Since the obtained catalysts were easily recovered from the reaction mixture by simple filtration, they were reused in another run to produce the targeted diol with steady enantioselectivity but decreasing yield. As already reported for cobalt acetate complexes delivering gradually nonnucleophilic Co III -OH species, a reactivation step with acetic acid was needed to recover a high activity. Another strategy was then developed to avoid this reactivation step; we indeed reported, under homogeneous conditions, that a heterobimetalic dual-catalyst system proved very efficient to catalyze this transformation. Thus, a combination of cobalt-salen and manganese-salen complexes, generated from ligands with the same configuration and introduced in a equimolar quantity, hydrolyzed not only epibromohydrin but also other terminal epoxides and the more challenging cyclohexene oxide in a more efficient way than cobalt complexes used alone. [START_REF] Hong | Heterobimetallic dual-catalyst systems for the hydrolytic kinetic resolution of terminal epoxides[END_REF] Kinetic studies showed that only one salen Co III complex was involved in the rate-determining step of the HKR in this case, which supported a heterobimetallic highly enantioselective pathway based on the crucial existence of in situ generated Co III -OH species, as previously postulated in the literature. The role of additional Mn-complexes was ascribed to epoxide activation as a beneficial effect, inhibiting the alternative less enantioselective monometallic reaction pathway.

In this context, we also prepared manganese-containing calixsalen complexes; whereas they showed no activity in the hydrolysis of meso epoxides, the use of a 1/1 mixture of Mn-and Comacrocycles delivered the targeted diol with a higher enantioselectivity than that obtained in the presence of the unique cobalt complex (see Scheme 10). [START_REF] Dandachi | Mixing and matching chiral cobalt-and manganese-based calix-salen catalysts for the asymmetric hydrolytic ring opening of epoxides[END_REF] Scheme 10. Hydrolysis of cyclohexene oxide by Co-and Mn-calixsalen complexes.

Indeed cooperativity between the Co-and Mn-containing catalysts was obvious, at least when the introduced species possessed the same configuration at the stereogenic centers. As can be seen in Scheme 10 for instance, opening of cyclopentenoxide occurred with both a large activity and selectivity enhancement with the dual activation, as a match combination. If the Mn salen used arose from the ligand enantiomer with the opposite configuration however, poorer results were obtained as a proof of the involvement of the manganese complex in the selectivity-determining transition state. Moreover, the mixture of catalysts could be recovered by simple filtration and used in new runs with fresh substrates with improved results, compared to the use of cobalt complexes only. Several recycling have been made in the case of the dynamic HKR of epibromohydrin, with no need for reactivation step. We assume this proves a heterobimetallic activation with the Mn-complex substituting the through time disappearing cobalt-acetate complex, for activating the epoxide.

CONCLUSION

Immobilization of structurally slightly modified salen derivatives through polymerization led thus to linear or cyclic insoluble oligomers, with the active catalytic sites as part of the main chain. Heterogeneous catalysis was therefore performed with these new catalysts and excellent results in terms of activity and enantioselectivity were obtained in different transformations, especially those involving C-C or C-O bonds formation, with Cr-or Co-complexes. Robustness of the catalysts was evaluated in multi-substrates or even multi-reactions procedures, hardly described in the literature. The catalysts maintained their efficiency at each recycling and targeted products were recovered free from any traces of the compound prepared in the preceding cycle. Specifically, synthesis of cyclic oligomers led to highly efficient catalysts for those reactions needing a bimetallic activation, with the active sites placed in an optimal spatial shape, necessary for obtaining high enantioselectivities. We managed also the synthesis of new catalysts dedicated to avoid reactivation steps needed, for example, for epoxides ring opening reactions; this implied heterogeneization of two salen catalysts bearing different active sites. We are currently pursuing our efforts towards this direction, with the preparation of insoluble heteropolymetallic salen catalysts obtained by polymerization methodologies, for their use in asymmetric multicatalytic tandem reactions.
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