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Title of doctoral research project.

Chromophoric Iron Complexes in Catalysis

Research teams involved in

Sorbonne Université (SU) — CASCH@IPCM (https://ipcm.fr/recherche/presentation-equipe-casch/)
Universitat de Girona (UdG) — (http://iqcc.udg.edu/portfolio/albert-poater/)

Direct Supervisors: Prof. Jean-Luc Renaud (SU, IPCM) and Dr. Albert Poater (UdG)

Summary of the project.

The use of transition metal complexes, for which the coordination sphere around the metal center can be
modulated, has enabled decisive advances in catalysis across many types of reactions. While the first reports
relied on Earth-abundant metals, the development and growing importance of homogeneous catalysis in fine
chemistry coincided with the introduction of platinum-based complexes. Due to economic constraints and
environmental concerns, replacing these metals with more abundant first-row transition metals has become an
attractive solution. Within this proposal, we aim not only to improve cyclopentadienone iron complexes but to
establish a new platform for visible light mediated driven borrowing hydrogen chemistry at room temperature.
Beyond simple catalyst optimization, the project will target the discovery of unprecedented photochemical
borrowing-hydrogen transformations, including tandem and cascade processes, remote y/d functionalizations,
and enantioselective variants. The iron complex will be designed to operate as a dual organometallic and
photocatalyst, enabling reactivity inaccessible under thermal conditions.

State of the art.

Hydrogen auto-transfer methodology or borrowing hydrogen reaction is a thrilling research area. This process
provides a greener and safer way to form new C-C or C-N bonds from environmentally benign alcohols. To
reduce dependence on petrochemicals and non-renewable resources, biomass and lignocellulose represent
promising alternatives because (i) they do not compete with the food chain, (ii) they are abundant (knowing that
the demand of carbon products is increasing) and (iii) they are cheap. Therefore, lignocellulose, which is a source
of alcohols, could be a suitable solution for hydrogen auto-transfer methodology.

Within the CASCH@IPCM SU team, we have demonstrated the efficiency of a well-defined
diaminocyclopentadienone iron tricarbonyl complex for the formation of both C-C and C-N bonds via hydrogen
autotransfer. This complex catalyzed not only the alkylation of ketones, indoles, oxindoles and alcohols, but also
the N-alkylation of amines and amides. Despite its success in fine chemistry, hydrogen auto-transfer still presents
drawbacks, including Aigh reaction temperatures (90-150 °C), limited functional group tolerance and scarce
stereoselective methodologies. We have recently disclosed a simple and robust visible light-induced iron-
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Scientific objectives.

In our work on iron-catalyzed reductions, we have brought to light that not only variation of the nature of the
substituent on cyclopentadienone iron tricarbonyl complex (Knélker’s type complex) improved the reactivity,
the chemoselectivity but also that cyclopentadienone iron tricarbonyl complexes could behave as "transition
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metal frustrated Lewis pairs". Indeed, considering the 16-electron intermediate with its cyclopentadienone ligand,
the vacant site of the iron metal center can be seen as a Lewis acid and one lone pair of the carbonyl moiety of
the ligand as a Lewis Base. This hypothesis led to the introduction of the diaminocyclopentadienone iron
tricarbonyl complex in reduction, dehydrogenation and alkylation reactions. In the search for more efficient
cyclopentadienone iron complexes, predictive DFT calculations in conjunction with analysis of the chemical
structure in terms of geometry, fragment partial charges, Effective Oxidation States (EOS) and aromaticity,
allowed to conclude that the presence of electron-withdrawing substituents on the cyclopentadienone ring induces
a decrease of the activation barriers of most relevant steps, leading to a more efficient catalysis. Additional
computational studies showed that CFs substituted phenyl groups enhance performance. Experimental validation
confirmed the predictive power of the calculations.

Within this proposal, we aim to develop new iron complexes using a predictive computational framework. DFT
will guide catalyst design and elucidate the underlying reaction mechanisms, while descriptor extraction and
machine-learning-assisted ligand screening will reveal the structural parameters governing activity,
selectivity, and excited-state reactivity. In parallel, automated reaction-path exploration and microkinetic
modelling will be employed to forecast catalytic performance prior to experimental validation.

Since several years, one of our research programs is devoted to the synthesis and application of
cyclopentadienone/cyclopentadienyl iron carbonyl complexes. This interest was directed by their easy
functionalization and the possibility to modulate their reactivity. These structures allow a fine tuning of both the
steric hindrance around the metal, by choosing more or less bulky substituents, and the electronic effects, by
choosing substituents with electron-donating or - withdrawing properties. As electron density on the
cyclopentadienone of the initial complex and on the cyclopentadienyl motive in the intermediate complex are
crucial parameters for both the activation of molecules and the overall reactivity, our first objectives will be to
tune the nature of the substituent on the cyclopentadienone based on predictive DFT calculations. The second
objective is to create a complex with enhanced absorption in the visible region. The third objective will be to
apply these new complexes to light-activated alkylation or allylation of ketones to validate the DFT calculations
and, for the most active, in new light-activated alkylation reactions (such as alkylation of hydrazides).

To strengthen the impact and industrial relevance of the project, the developed reactions should be quantitatively
benchmarked against state-of-the-art Ru and Pd catalytic systems using clear sustainability metrics such as the
E-factor and life-cycle assessment (LCA), complemented by demonstrative biomass-to-pharmaceutical case
studies. Beyond methodological development, the project should also target translation toward practical
applications by applying the new catalytic platform to late-stage functionalization of drug intermediates and the
synthesis of pharmaceutically relevant scaffolds. Finally, implementation under continuous-flow photochemical
conditions will evaluate scalability, safety, and process efficiency, bridging fundamental catalyst design with
realistic industrial deployment.

Proposed Collaboration

This project will be done in collaboration with Dr. Albert Poater of the University of Girona. Our two groups
have been collaborating since 2013 on the chemistry of iron complexes and their application in hydrogenation.
This joint work has already been the subject of 19 publications and two co-supervised PhDs (see Appendix). The
consortium’s expertise is based on an approach combining theoretical chemistry, in-silico study (based on the
skills of Dr. Albert Poater’s group, necessary to design an efficient iron complex and to unveil the catalytic
processes) and an experimental approach (based on the skills of the group at IPCM including organic and
organometallic synthesis for the development of new organometallic complexes and their applications in
chemistry). The co-supervised thesis will allow the future doctoral student to lead the project from the theoretical
study to the synthesis of the complexes (organic and organometallic chemistry) and applications. The project
schedule foresees a period in Girona during the first year for training on DFT calculations and in-silico study and
application to the complexes envisaged in this study.

Overall, this co-supervised thesis project will allow the future doctoral student to acquire strong experience in
organometallic chemistry and catalysis, while working in a stimulating transnational environment exposed to
international research/training projects. She/He will have the chance to enjoy the dynamic atmosphere of the
doctoral network in which both groups participate, with opportunities for scientific exchange with several
European research groups from academia and industry.
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Appendix
Joint International Supervisions of two Doctoral Thesis

Publications in collaboration with Dr. Albert Poater (University of Girona):

1) Piano Stool Iron Complexes Bearing Non Innocent Substituted Cyclopentadienone Ligand: Synthesis,
Characterization and Application in Reductive Amination.

S. Moulin, H. Dentel, A. Pagnoux-Ozherelyeva, S. Gaillard, A. Poater, L. Cavallo, J.-F. Lohier, J.-L. Renaud,
Chem. Eur. J. 2013, 19, 17881-17890. (doi: 10.1002/chem.201302432)

2) Highly Active Phosphine Free Bifunctional Iron Complex for Hydrogenation of Bicarbonate and Reductive
Amination.

T-T. Thai, D. S. Mérel, A. Poater, S. Gaillard, J.-L. Renaud, Chem. Eur. J. 2015, 21, 7066-7070. (doi:
10.1002/chem.201500720)

3) Alkylation of Ketones Catalyzed by Bifunctional Iron Complexes: From Mechanistic Understanding to
Application.

C. Seck, M. D. Mbaye, S. Coufourier, A. Lator, J.-F. Lohier, A. Poater, T. R. Ward, S. Gaillard, J.-L. Renaud,
ChemCatChem 2017, 9, 4410-4416. (doi: 10.1002/chem.201500720)

4) Iron-Catalyzed Chemoselective Reduction of a, -Unsaturated Ketones.
A. Lator, S. Gaillard, A. Poater, J.-L. Renaud, Chem. FEur. J. 2018, 24, 5770-5774. (doi:
10.1002/chem.201800995)

5) Well Defined Phosphine-Free Iron Catalyzed N-Ethylation and N-Methylation of Amines with Ethanol and
Methanol.
A. Lator, S. Gaillard, A. Poater, J.-L. Renaud, Org. Lett. 2018, 20, 5985-5990. (doi: 10.1002/chem.201800995)

6) Room Temperature Chemoselective Reductive Alkylation of Amines Catalyzed by a Well-Defined Iron(Il)
Complex using Hydrogen.

A. Lator, Q. Gaignard Gaillard, D. S. Mérel, J.-F. Lohier, S. Gaillard, A. Poater, J.-L. Renaud, J. Org. Chem.
2019, 84, 6813-6829. (doi: 10.1002/chem.201800995) (Selected article for the virtual issue “Celebrating

Organic Chemistry in France”.)

7) Hydrogenation of CO.,, Hydrogenocarbonate and Carbonate to Formate in Water Using Phosphine Free
Bifunctional Iron Complexes.

S. Coufourier, Q. Gaignard Gaillard, J.-F. Lohier, A. Poater, S. Gaillard, J.-L. Renaud, ACS Catal. 2020, 10,
2108-2116. (doi: 10.1021/acscatal.9b04340)

8) A Phosphine-Free Ruthenium Complex-Catalyzed Synthesis of Mono- or Dialkylated Acyl Hydrazides via the
Borrowing Hydrogen Strategy.

N. Joly, L. Bettoni, S. Gaillard, A. Poater, J.-L. Renaud, J. Org. Chem. 2021, 86, 6813-6825. (doi:
10.1021/acs.joc.9b00581)

9) Ruthenium-Catalyzed Three-Component Alkylation: A Tandem Approach to the Synthesis of Nonsymmetric
N,N-Dialkyl Acyl Hydrazides with Alcohols.

L. Bettoni, N. Joly, J.-F. Lohier, S. Gaillard, A. Poater, J.-L. Renaud, Adv. Synth. Catal. 2021, 363, 4009-4017.
(doi: 10.1002/adsc.202100554)

10) Iron-Catalyzed Chemoselective Hydride Transfer Reaction.
S. Coufourier, D. Ndiaye, Q. Gaignard Gaillard, L. Bettoni, N. Joly, M. D. Mbaye, A. Poater, S. Gaillard, J.-L.
Renaud, Tetrahedron 2021, 90, 132187. (doi: 10.1016/j.tet.2021.132187)

11) Knélker Iron Catalysts for Hydrogenation revisited: Non Spectator Solvent and fine-tuning.
M. Gimferrer, N. Joly, S. Escayola, E. Vinas, S. Gaillard, M. Sola, J.-L. Renaud, P. Salvador, A. Poater,
Organometallics 2022, 41, 1204-1215. (doi: 10.1021/acs.organomet.2c00099)
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12) Blue-light Induced Iron-Catalyzed a-Alkylation of Ketones.
M.-S. Abdallah, N. Joly, S. Gaillard, A. Poater, J.-L. Renaud, Org. Lett. 2022, 24, 5584-5589. (doi:
10.1021/acs.orglett.2c02233)

13) Enhancement of Knélker Iron Catalysts for Imine Hydrogenation by Predictive Catalysis: From Calculations
to Selective Experiments.

N. Joly, M. Gimferrer, S. Escayola, M. Cendra, S. Coufourier, J.-F. Lohier, Q. Gaignard Gaillard, S. Gaillard, M.
Sola, J.-L. Renaud, A. Poater, Organometallics 2023, 42, 1784-1792. (doi: 10.1021/ic2020786)

14) Blue-light Induced Iron-Catalyzed Synthesis of y,0-Unsaturated Ketones.
N. Joly, A. Colella, M.-E. Mendy, M. D. Mbaye, S. Gaillard, A. Poater, J.-L. Renaud, ChemSusChem 2024, 17,
€202301472. (doi: 10.1002/cssc.202301472)

15) Iron-Catalyzed Synthesis of Substituted 3-Arylquinolin-2(1H)-ones via an Intramolecular Dehydrogenative
Coupling of Amido-Alcohols.

L. Bettoni, N. Joly, I. Mendas, M. M. Moscogiuri, J.-F. Lohier, S. Gaillard, A. Poater, J.-L.. Renaud, Org. Biomol.
Chem. 2024, 22, 6933-6940. (doi: 10.1039/D40B00649F)

16) Hydrogen Autotransfer with Alcohols and Aldehydes for Alkylations.
N. Joly, S. Gaillard, A. Poater, J.-L. Renaud, Org. Chem. Front. 2024, 11, 7278-7317. (doi:
10.1039/D4Q0O01626B).

17) Mechanism and Optimization of Ruthenium-Catalyzed Oxalamide Synthesis Using DF'T.
R. Monreal-Corona, N. Joly, S. Gaillard, J.-L. Renaud, M. Valero, E. Mayolas, A. Pla-Quintana, A. Poater,
Dalton Trans. 2025, 54, 1655-1664. (doi: 10.1039/D4DT03182B)

18) Dehydrogenative Coupling Reaction for the Synthesis of 5- and 6-Heterocyclic Derivatives including
Arylquinolin-2(1H)-ones.
N. Joly, C. Mauclaire, S. Gaillard, A. Poater, J.-L.. Renaud, 4sian J. Org. Chem. 2025, 14, €202400728. (doi:
10.1002/ajoc.202400728)

19) First Row Transition Metals in Olefin Metathesis: The Role of Iron and Manganese
A. Brotons Rufes, J. P. Martinez, N. Joly, S. Gaillard, J.-L. Renaud, S. Posada Pérez, A. Poater, ChemCatChem
2025, €00570. (doi: 10.1002/cctc.202500570)



