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Title of doctoral research project. 

Homogeneous and Supported Iron Catalysts for Furfural Valorization in Batch and Flow (FURICAT). 

Summary of the project. 

The decline of fossil fuel reserves highlights the importance of using renewable resources, such as lignocellulosic 
biomass, which stands out as a promising sustainable source. Among the compounds derived from this biomass, furfural 
and 5-(hydroxymethyl)furfural serve as key intermediates for producing biofuels and high-value chemicals. However, 
converting these molecules into products such as furfurylamines, furoic acid, and FDCA typically requires noble metal 
catalysts and severe reaction conditions, which constrain both environmental sustainability and large-scale application. 
This project aims to create environmentally benign catalytic systems based on iron to achieve efficient and sustainable 
furfural transformation. Shifting from homogeneous toward heterogeneous catalysis, together with the implementation 
of continuous-flow processing, is expected to improve scalability, lower production costs, and support greener industrial 
routes of furfurylamines and furoic acids. The work will be carried out through a collaborative effort between research 
teams in Paris and Milan, combining respectively expertise in homogeneous iron catalysis with the design of supported 
catalytic materials to accelerate the development of practical and sustainable processes. 

State of the art and research hypothesis. 

1. Furfural valorization.  

The depletion of fossil resources underscores the urgent need to transition toward renewable and carbon-neutral 
feedstocks.1 Lignocellulosic biomass, derived from non-food agricultural residues such as straw, corn stover, or forestry 
byproducts, represents an abundant, inexpensive, and sustainable source of carbon that avoids competition with food 
crops.2 Its conversion through acid-catalyzed hydrolysis produces platform molecules like furfural (F) and 5-
(hydroxymethyl)furfural (HMF), recognized as key building blocks for biofuels, fine chemicals, and functional materials.3 
These molecules can be further transformed into high-value products such as furfurylamines, widely used in resins,4 
pharmaceuticals, and agrochemicals, and oxidation products like furoic acid and 2,5-furandicarboxylic acid (FDCA), which 
are emerging as biobased alternatives for polymers and plastics.5 

Currently, the valorization of F and HMF relies heavily on noble metal catalysts and harsh reaction conditions, including 
high temperatures, elevated hydrogen pressures, or strong oxidants.6 Such conditions increase costs, limit scalability, 
and raise environmental concerns, while homogeneous oxidation remains particularly challenging due to the instability 
of the furan ring under alkaline or oxidative conditions. Only a few well-defined manganese or ruthenium complexes 
have shown limited success, often with low efficiency or selectivity. These limitations highlight the pressing need for 
more sustainable catalytic strategies, using earth-abundant metals under milder, greener conditions, to enable scalable, 
energy-efficient, and environmentally responsible production of furan-derived chemicals. 

2. Iron-catalyzed transformation.  

Green chemistry seeks to combine environmental sustainability with economic feasibility by using renewable 
feedstocks and catalysts based on abundant metals. The CASCH@IPCM team at Sorbonne University has demonstrated 
that well-defined iron catalysts can efficiently perform reductive amination of aldehydes at room temperature and low 
hydrogen pressure. Cationic iron(II) triaminocyclopentadienyl complexes operate under mild conditions, including with 
formic acid as a hydrogen donor, offering energy-efficient and selective amine synthesis.7 Related iron(0) tricarbonyl 
complexes with diaminocyclopentadienone ligands have shown high activity in reducing CO2, bicarbonates, and 
carbonates in basic aqueous media.8 These results indicate that iron(II) and iron(0) complexes provide a versatile, low-
cost, and environmentally friendly platform suitable for extending to the valorization of furfural derivatives, enabling 
both reductive amination and oxidation under mild conditions. 

Project’s objectives. 

Task 1. Homogeneous catalysis. Building on prior work of the Parisian team with well-defined iron(II) and iron(0) 
complexes, the project will explore their application to the valorization of F and HMF derivatives. Key transformations 
include reductive amination to furfurylamines and reduction to furfuryl alcohol, both achievable under mild conditions 
with high efficiency. The tolerance of these catalysts to basic media opens opportunities for mild oxidation reactions to 
produce furoic acids, inspired by existing methods using ruthenium complexes. Applying iron-based systems under 
similar conditions could provide a sustainable and cost-effective alternative for these valuable transformations. 

Task 2. Heterogeneous catalysis. To leverage the expertise of the Milan team, and to improve catalyst recyclability and 
simplify product separation, the iron complexes will be immobilized on solid supports. Initial strategies will involve 
physical adsorption onto inert matrices such as silica, while more robust approaches may include covalent anchoring 



via modified ligands with functional groups (e.g., alkyne or aminosilane) enabling fixation through click chemistry or 
surface functionalization.9 

Task 3. Continuous-flow catalysis. To enhance scalability, safety, and reaction control, the project will implement 
continuous-flow systems. Homogeneous iron complexes in flow can improve reaction efficiency, reduce reaction times, 
and allow fine-tuning of conditions for optimal selectivity, including hydrogen-free protocols using transfer 
hydrogenation agents like formic acid.10 Meanwhile, immobilized heterogeneous catalysts can offer long-term stability 
and recyclability under flow, using packed-bed or monolithic reactor designs. 

By integrating homogeneous and heterogeneous iron catalysis in both batch and continuous-flow formats, the 
project aims to establish a versatile platform for sustainable biomass valorization. This approach combines earth-
abundant metals with process intensification, providing environmentally responsible, scalable, and industrially 
relevant routes for the production of furfural- and HMF-derived chemicals such as furfurylamines, and FDCA. 
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Proposed collaboration and research program. 

This project establishes a strategic collaboration between the Prof. Julie Oble and Prof Jean-Luc Renaud at Sorbonne 
University, and Prof. Alessandra Puglisi and Prof. Maurizio Benaglia at the Università degli Studi di Milano, combining 
complementary expertise to advance sustainable biomass valorization. The Paris team, specializes in valorization of 
biomass derivatives and homogeneous catalysis, focusing on the development and optimization of reductive 
amination and oxidation of furfural and HMF using homogeneous iron(II) and iron(0) complexes in batch and flow 
process. To extend these transformations toward practical, scalable processes, the collaboration leverages Milan’s 
strength in heterogeneous catalysis, catalyst immobilization, and flow chemistry, allowing the iron complexes to be 
anchored on solid supports and implemented in continuous-flow systems. Both teams are equipped with commercial 
and in-house flow reactors, enabling efficient testing and optimization of reactions under controlled conditions.  

A PhD student with a strong background in organic synthesis and catalysis will rotate annually between Paris and 
Milan (3-6 months per year) to synthesize and test homogeneous iron catalysts, develop solid-supported systems, 
and implement these reactions in flow. Combining the expertise of both teams, the student will optimize activity, 
stability, recyclability, and industrial feasibility. Regular video conferences will ensure alignment and knowledge 
exchange. Prof. J. Oble, project coordinator and expert in bio-based compound valorization, leads from Paris, 
supported by Milan’s expertise in heterogeneous catalysis, creating a complementary platform for scalable, cost-
effective, and environmentally friendly iron-catalyzed routes to furfurylamines, furoic acid, and FDCA. 
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