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INTRODUCTION

Catalytic transformations performed by heterogeneous catalysts are often carried out at high temperatures and/or high pressures because of their endergonic nature or high barrier of activation. Heat management is an issue in many of such gas solid reactions. In contrast, in solution, heat is easily transferred, but access to harsh conditions of temperature and pressure becomes an issue. An original approach that has not been explored in the literature for reactions taking place in solution is catalysis using magnetic heating. Magnetic heating has been applied in the field of cancer therapy (also known as magnetic hyperthermia) [START_REF] Ortgies | Optomagnetic Nanoplatforms for In Situ Controlled Hyperthermia[END_REF][START_REF] Yu | Iron carbide nanoparticles: an innovative nanoplatform for biomedical applications[END_REF][START_REF] Perigo | Fundamentals and advances in magnetic hyperthermia[END_REF][START_REF] Abenojar | Structural effects on the magnetic hyperthermia properties of iron oxide nanoparticles[END_REF] and more recently in heterogeneous catalysis. [START_REF] Chaudret | Chemical process catalysed by ferromagnetic nanoparticles[END_REF][6][START_REF] Bordet | Magnetically Induced Continuous CO2 Hydrogenation Using Composite Iron Carbide Nanoparticles of Exceptionally High Heating Power[END_REF][START_REF] Mortensen | Direct Hysteresis Heating of Catalytically Active Ni-Co Nanoparticles as Steam Reforming Catalyst[END_REF][START_REF] Varsano | Dry reforming of methane powered by magnetic induction[END_REF][10] It is based on the fact that ferromagnetic materials release heat through hysteresis losses when subjected to a high-frequency alternating magnetic field. In this context, the use of magnetic nanoparticles (NPs) as heating agents may be a good strategy to improve the energy efficiency of reactions performed at high temperatures, as the heat is directly and homogeneously transferred to the medium without the need of heating the reactor walls. This methodology should also permit to reach very high local temperatures at the catalyst surface, creating "hot spots" in a "cold environment". This could allow local heating above the boiling point of the solvent, because the heat transfer by the solvent is slowed down by the formation of a vapor shell around the particle. [START_REF] Riedinger | Subnanometer local temperature probing and remotely controlled drug release based on azo-functionalized iron oxide nanoparticles[END_REF] (see Figure 1) The heating power of magnetic NPs is quantified by the specific absorption rate (SAR), which describes the amount of energy absorbed per unit of mass in the presence of an alternating magnetic field and is expressed in watts per gram (W•g -1 ). Magnetically induced catalysis requires the design of catalytic systems that combine good heating power with high catalytic activity. For this purpose, in our group we have previously developed a method to coat Fe NPs with Ru through decomposition of an organometallic complex with hydrogen. 6 More recently, we have reported the synthesis of Fe2.2C NPs displaying much higher heating properties than any previously described material. 7 Attempts to use magnetic heating for catalysis in solution have been reported so far by the group of Kirschning, [START_REF] Ceylan | Inductive heating for organic synthesis by using functionalized magnetic nanoparticles inside microreactors[END_REF][START_REF] Ceylan | Inductive Heating with Magnetic Materials inside Flow Reactors[END_REF][START_REF] Hartwig | Heating under High-Frequency Inductive Conditions: Application to the Continuous Synthesis of the Neurolepticum Olanzapine (Zyprexa)[END_REF] who used steal beads or iron oxide NPs as heating agents encapsulated into silica. More recently, Rebrov and co-workers prepared modified NiFe2O4 materials that were used in amide synthesis, [START_REF] Houlding | Mechanochemical synthesis of TiO2/NiFe2O4 magnetic catalysts for operation under RF field[END_REF][START_REF] Liu | The enhancement of direct amide synthesis reaction rate over TiO2@SiO2@NiFe2O4 magnetic catalysts in the continuous flow under radiofrequency heating[END_REF] and Berenguer-Murcia and co-workers prepared magnetic nanoparticles encapsulated in zeolites which were used for isomerization of citronellal. [START_REF] García-Aguilar | Magnetic zeolites: novel nanoreactors through radiofrequency heating[END_REF] To the best of our knowledge however, there are no reports in the literature of hybrid functional materials displaying high heating powers, in which a close contact between the heating agent and the catalyst may allow one to perform high-temperature catalysis in solution. One reaction of interest for biomass valorization that has been gaining a lot of attention during the past years for accessing to platform molecules and tailor-made fuels, is the catalytic hydrodeoxygenation of carbonyl groups, [START_REF] Corma | Chemical Routes for the Transformation of Biomass into Chemicals[END_REF][START_REF] Bu | A review of catalytic hydrodeoxygenation of lignin-derived phenols from biomass pyrolysis[END_REF][START_REF] Leitner | Advanced Biofuels and Beyond: Chemistry Solutions for Propulsion and Production[END_REF][START_REF] Luska | Ionic liquid-stabilized nanoparticles as catalysts for the conversion of biomass[END_REF][START_REF] Khromova | Anisole hydrodeoxygenation over Ni-Cu bimetallic catalysts: The effect of Ni/Cu ratio on selectivity[END_REF][START_REF] Julis | Synthesis of 1-Octanol and 1,1-Dioctyl Ether from Biomass-Derived Platform Chemicals[END_REF] which yields the corresponding alkyl derivatives in a single step. [START_REF] Furimsky | Catalytic hydrodeoxygenation[END_REF][START_REF] Singh | One-Pot Defunctionalization of Lignin-Derived Compounds by Dual-Functional Pd50Ag50/Fe3O4/N-rGO Catalyst[END_REF][START_REF] Cao | Selective hydrodeoxygenation of lignin β-O-4 model compounds and aromatic ketones promoted by palladium chloride with acidic CO2/MeOH system[END_REF] This reaction is carried out under heterogeneous conditions at high pressures of H2.

Advances in hydrodeoxygenation have been reported that focused on the development of new heterogeneous catalysts based on Ru, Pd or Pt [START_REF] Nimmanwudipong | Catalytic Conversion of Guaiacol Catalyzed by Platinum Supported on Alumina: Reaction Network Including Hydrodeoxygenation Reactions[END_REF][START_REF] Yan | Hydrodeoxygenation of Lignin-Derived Phenols into Alkanes by Using Nanoparticle Catalysts Combined with Bronsted Acidic Ionic Liquids[END_REF][START_REF] Luska | Synergistic Interaction within Bifunctional Ruthenium Nanoparticle/SILP Catalysts for the Selective Hydrodeoxygenation of Phenols[END_REF][START_REF] Gonzalez | Gas-Phase Hydrodeoxygenation of Benzaldehyde, Benzyl Alcohol, Phenyl Acetate, and Anisole over Precious Metal Catalysts[END_REF][START_REF] Offner-Marko | Bimetallic Nanoparticles in Supported Ionic Liquid Phases as Multifunctional Catalysts for the Selective Hydrodeoxygenation of Aromatic Substrates[END_REF] 

Catalyst

hydrodeoxygenate aromatic substrates without reducing the aromatic rings, even at a pressure of H2 of 50 bar. [START_REF] Offner-Marko | Bimetallic Nanoparticles in Supported Ionic Liquid Phases as Multifunctional Catalysts for the Selective Hydrodeoxygenation of Aromatic Substrates[END_REF] In this context, a first model reaction would be the hydrodeoxygenation of acetophenone catalyzed by Ru nanoparticles (Ru NPs) even if Ru NPs are good catalysts for the hydrogenation of aromatic rings at room temperature, [START_REF] Breso-Femenia | Selective catalytic hydrogenation of polycyclic aromatic hydrocarbons promoted by ruthenium nanoparticles[END_REF] an undesired side-reaction in the hydrodeoxygenation of aromatic ketones. [START_REF] Luska | Synergistic Interaction within Bifunctional Ruthenium Nanoparticle/SILP Catalysts for the Selective Hydrodeoxygenation of Phenols[END_REF][START_REF] Gonzalez | Hydrodeoxygenation of Acetophenone over Supported Precious Metal Catalysts at Mild Conditions: Process Optimization and Reaction Kinetics[END_REF] In this paper, we explore the viability of magnetic heating in solution for the hydrodeoxygenation of aromatic and aliphatic ketones. The strategy followed is the synthesis of FeC@Ru NPs which combine the high heating power of Fe2.2C NPs with the high catalytic activity of Ru NPs. Then, after optimization of the reaction conditions for the hydrodeoxygenation of acetophenone and its derivatives, the reaction was extended to furfural and hydroxymethylfurfural under low H2 pressures (3 bar).

RESULTS AND DISCUSSION

Fe2.2C NPs with a mean size of ca. 14-15 nm were prepared following a recently described procedure (see Experimental Section). [START_REF] Bordet | Magnetically Induced Continuous CO2 Hydrogenation Using Composite Iron Carbide Nanoparticles of Exceptionally High Heating Power[END_REF][START_REF] Asensio | To Heat or not to Heat: a Study of the Performances of Iron Carbide Nanoparticles in Hyperthermia[END_REF] The particles display SAR values of ~2100 W•g -1 measured at a µ0Hrms of 47 mT with a fixed frequency of 93 kHz (see Fig S1 -7). The FeC@Ru NPs 1 were prepared through two-step decomposition of 0.033 equivalents of Ru3(CO)12 under 1 bar H2 in the presence of Fe2.2C NPs (see Scheme 1 and experimental section for details).

After the first decomposition, some small Ru seeds were observed at the surface of the Fe2.2C NPs were not active in the reaction at a µ0Hrms of 80 mT (entry 1, Table S1). In contrast, NPs 1 showed high activities under the same reaction conditions. Interestingly, ethylbenzene was observed as the only reaction product (100% selectivity in all cases) and neither intermediates nor hydrogenation of the aromatic ring was observed. In a different experiment, Ru NPs with a mean size of 3 nm stabilized by heptanol were prepared using a described procedure. [START_REF] Pelzer | Synthesis of monodisperse heptanol stabilized ruthenium nanoparticles. Evidence for the presence of surface hydrogens[END_REF] The Ru NPs were used as catalyst in combination with Fe2.2C NPs as heating agent.

After performing the reaction at a µ0Hrms of 63 mT, a conversion of only 9% of acetophenone

Ru (a) (c) (b)
was obtained, while we observed a 3% yield of cyclohexylethan-1-one resulting from the hydrogenation of the aromatic ring, a reactivity typical of Ru NPs. The poor conversion emphasizes the importance of a close contact between the catalyst and the heating agent (Ru and Fe2.2C respectively). Finally, a control experiment using 1 and classical heating with an oil bath at 200 ºC led only to 9% conversion with a H2 pressure increase of 2.2 bar. It should be noted that when the reaction is heated by magnetic induction the pressure increase is only 0.4 bar. The formation of chains seems to be highly important for the performance of the catalyst since (i) they enhance the heating power of the NPs [START_REF] Ceylan | Inductive heating for organic synthesis by using functionalized magnetic nanoparticles inside microreactors[END_REF] and (ii) they reduce the surface area of the catalyst, slowing down the heat transfer rate to the solution and facilitating the formation of a local heterogenous medium (see comment S1). Finally, NPs 1 were separated by decantation after 4 h of reaction at a µ0Hrms of 58 mT, and a second catalytic run was performed. A drop of conversion from 61% to 36% was observed, that we attribute to the agglomeration of the NPs.

Using reaction conditions leading to moderate acetophenone conversion (61%; 4 h, 3 bar H2, 58 mT, 300 kHz), we studied the influence of substituents in the 4-position of the aromatic ring (2a-8a). The presence of electron-donating groups led to high conversions whereas electronwithdrawing groups induced lower conversions than those for unsubstituted acetophenone (Table 1). This may be explained by the fact that increasing the electronic density favors the coordination of the substrate to the hot metallic center, which we tentatively propose as the ratelimiting step. The Hammett plot for the reaction assuming a first reaction order for the parasubstituted derivates would agree with this hypothesis, as the negative ρ value of -2. For benzylideneacetone, hydrogenation of the alkene group is first observed (9a, entry 8) and after 24 hours, the ketone group is hydrogenated to give the alcohol as the major product (56% yield, entry 10), with very low yields of the dehydration products (7% yield for the mixture of the Z and E alkenes and 8% yield for the alkane). The observation of the alcohol as the main reaction product agrees with a multi-step reaction mechanism (hydrogenation-dehydrationhydrogenation). Upon increasing the catalyst loading to 1 mol% of Ru, we found after 24 hours a 100% conversion with n-butylbenzene as the main reaction product (85% yield, entry 11). This reactivity is encouraging, as benzylideneacetone can serve as a model substrate of furfural acetone, a relevant platform molecule in the synthesis of biofuels. 20 Finally, we explored the viability of this reaction for biomass derivate model substrates. Thus, we performed the hydrodeoxygenation of furaldehyde (furfural) and 5-hydroxymethyl-2furaldehyde (HMF). These compounds are platform molecules derived from biomass that can be obtained from the respective dehydration of C5 and C6 sugars in the presence of an acidic catalyst. [START_REF] Mamman | Furfural: hemicellulose/xylose-derived biochemical[END_REF][START_REF] Lecomte | A new selective route to 5-(hydroxymethyl)furfural from furfural and furfural derivatives over microporous solid acidic catalysts[END_REF] Their hydrodeoxygenation products, 2-methylfurane (2-MF) and 2,5dimethylfurane (2,5-DMF) are considered as good biofuel candidates. [START_REF] Leitner | Advanced Biofuels and Beyond: Chemistry Solutions for Propulsion and Production[END_REF] Such transformations are carried out industrially using high catalyst loadings, temperatures up to 280 ºC and high pressures of H2 (from 10 to 50 bar). [START_REF] Hu | Chemoselective hydrogenation of biomass-derived 5hydroxymethylfurfural into the liquid biofuel 2,5-dimethylfuran[END_REF][START_REF] Huang | Nickel-Tungsten Carbide Catalysts for the Production of 2,5-Dimethylfuran from Biomass-Derived Molecules[END_REF][START_REF] Jae | Production of Dimethylfuran from Hydroxymethylfurfural through Catalytic Transfer Hydrogenation with Ruthenium Supported on Carbon[END_REF] We first performed the hydrodeoxygenation of furfural 

CONCLUSIONS

In this paper, we demonstrate that magnetic heating allows the performance of catalytic reactions in solution that are otherwise carried out at a gas-solid interphase involving high temperatures and high H2 pressures. As a proof of concept, selective hydrodeoxygenation of acetophenone has been performed using FeC@Ru NPs which combine the high heating power of the Fe2.2C NPs with the high activities of Ru. Remarkably, the close contact between the heating agent and the catalyst promotes the reaction and considerably increases the activity of the catalyst. The reaction is highly selective and occurs without the hydrogenation of the aromatic ring, which may be explained by the high temperatures and/or the formation of the Fe-Ru alloy during the catalysis. Magnetic heating has allowed us to perform hydrodeoxygenation reactions using low catalyst loadings and very low pressures of H2 (3 bar in all the cases studied), which can be of interest in terms of scalability of the process. Finally, furfural and HMF, two platform molecules derived from biomass, were successfully and very selectively transformed into the corresponding alkylfurans 2-MF and 2,5-DMF respectively.

This may be of further interest to perform selective oxygen removal avoiding ring-opening of heterocyclic molecules. In conclusion, these results prove the high potential of magnetic heating of magnetic NPs for catalysis in solution and, in the context of biomass valorization, demonstrate that using this new approach, the reactions can be performed very selectively under much milder conditions, and remarkably, very low pressures of H2.
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 1 Figure 1. Comparison between conventional and magnetic heating.
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 1 Scheme 1. Synthesis of FeC@Ru NPs 1.

Figure 2 .

 2 Figure 2. (a) STEM-HAADF (High angle annular dark field) image of NPs 1 and (b-c) EDX
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 3 indicates the generation of positive charge in the substrate (see Fig S15).

Scheme 2 . 1 .

 21 Scheme 2. Hydrodeoxygenation of biomass platform molecules catalyzed by NPs 1.
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  and recently, Offner-Marko et al. designed a heterogeneous catalyst composed of bimetallic Fe-Ru NPs that

Table 1 .

 1 Scope of substrates in the hydrodeoxygenation of ketones catalyzed by FeC@Ru NPs (1) in the presence of an alternating magnetic field.

	Entry	Substrate	Product	Time (h)	Conv (%)	Yield (%)
	1			4	100	2b:100
		2a	2b			
	2			4	89	3b: 89
		3a				
			3b			
	3			4	88	4b: 88
		4a				
			4b			
	4			4	61	5b: 61
		5a				
			5b			
	5			4	54	6b: 54
		6a				
			6b