
HAL Id: tel-02024554
https://theses.hal.science/tel-02024554v1

Submitted on 19 Feb 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Synthesis of Carboxylic Acids from Oxygenated
Substrates, CO2 and H2

Matilde Valeria Solmi

To cite this version:
Matilde Valeria Solmi. Synthesis of Carboxylic Acids from Oxygenated Substrates, CO2 and H2.
Catalysis. Université de Lyon; Rheinisch-westfälische technische Hochschule (Aix-la-Chapelle, Alle-
magne), 2018. English. �NNT : 2018LYSE1287�. �tel-02024554�

https://theses.hal.science/tel-02024554v1
https://hal.archives-ouvertes.fr


 
 
 
 
 
 
N°d’ordre NNT : 2018LYSE1287 
 
 

THESE de DOCTORAT DE L’UNIVERSITE DE LYON 
opérée au sein de 

l’Université Claude Bernard Lyon 1 
 

Ecole Doctorale de Lyon 
N° ED206  

 
Spécialité de doctorat : Chimie 

Discipline : Chimie Industrielle Durable 
 
 
 

Soutenue publiquement le 17/12/2018, par : 
Matilde Valeria Solmi 

 
 

Synthèse d'acides carboxyliques à 
partir de substrats oxygénés, de CO2 

et de H2 
 

 
 
 
 
Devant le jury composé de : 
 
Prof. Albonetti, Stefania Examinatrice Università di Bologna 
Prof. Andrioletti, Bruno Examinateur Université Claude Bernard Lyon 1 
Prof. Centi, Gabriele Rapporteur Università degli Studi di Messina 
Prof. Claver, Carmen Rapporteure Universitat Rovira i Virgili 
Dr. Di Renzo, Francesco Examinateur CNRS-ICG Montpellier 
Prof. Leitner, Walter Directeur de thèse RWTH Aachen University 
Prof. Palkovits, Regina Examinatrice RWTH Aachen University 
Dr. Quadrelli, Alessandra Directrice de thèse CNRS-C2P2 Lyon 



 
COMPOSANTES SANTE 

 

 
COMPOSANTES ET DEPARTEMENTS DE SCIENCES ET 

TECHNOLOGIE 
 



Synthesis of Carboxylic Acids from Oxygenated 
Substrates, CO2 and H2 

 

„Solmi, Matilde Valeria, M.Sc.“ 

„Modena, Italia“ 

 

 

: Prof. Dr. Walter Leitner 

  Prof. Carmen Claver 

 

: 17-12-2018 

 











r





in-situ





reverse r





“Introduction” (Chapter 1) and “Literature overview: production of 
carboxylic acids using CO2 as building block” (Chapter 2) 

et al.

in-situ

reverse r

in-situ

r



Optimization of the homogeneous catalytic system for the synthesis of 
carboxylic acids from oxygenated substrates (Chapter 3) 

p



tert

tert





Mechanistic investigation and reaction pathway (Chapter 4) 

r

p

p



r

reverse r

in-situ



r r r r

r

r

r r

 



Single atom catalysts (SACs) (Chapter 5) 

r



r



Horizons in Sustainable Industrial 
Chemistry and Catalysis

Science
Angew. Chem. 

Int. Ed.

Chem. Rev.
Energy Environ. Sci.

Angew. Chem. Int. Ed.
Angew. Chem. Int. Ed.

Dalton Trans.
Angew. Chem. Int. Ed.

Nat. Commun.
Energy Environ. Sci.

Catalysis Reviews

J. Am. Chem. Soc.

Journal of Materials Chemistry A

Acc. Chem. Res.

ChemCatChem

Angew. Chem. Int. Ed.

J. Am. Chem. Soc.

Nat. Commun.

Sci. Adv.

J. Am. Chem. Soc.



Theor. Chem. Acc.

Adv. Mater.

ACS Nano

Nature Communication

Angew. Chem. Int. Ed.

Angew. Chem. Int. Ed.

Angew. Chem. Int. Ed.
Chem Sci



 «Introduction» (Chapitre 1) et «Aperçu de la littérature: production 
d'acides carboxyliques en utilisant le CO2 comme élément constitutif» 
(Chapitre 2) 

et al.

in-situ

reverse r

in-situ via r



Optimisation du système catalytique homogène pour la synthèse d'acides 
carboxyliques à partir de substrats oxygénés (Chapitre 3) 

p



p

p

tert





p

p



Etude mécanistique et réaction (Chapitre 4) 

r

r

r



r

in situ



r



Single Atom Catalysts (SACs) (Chapitre 5) 



r



Horizons in Sustainable Industrial 
Chemistry and Catalysis

Science
Angew. Chem. 

Int. Ed.

Chem. Rev.
Energy Environ. Sci.

Angew. Chem. Int. Ed.
Angew. Chem. Int. Ed.

Dalton Trans.
Angew. Chem. Int. Ed.

Nat. Commun.
Energy Environ. Sci.

Catalysis Reviews

J. Am. Chem. Soc.

Journal of Materials Chemistry A

Acc. Chem. Res.

ChemCatChem

Angew. Chem. Int. Ed.

J. Am. Chem. Soc.



Nat. Commun.

Sci. Adv.

J. Am. Chem. Soc.
Theor. Chem. Acc.

Adv. Mater.

ACS Nano

Nature Communication

Angew. Chem. Int. Ed.

Angew. Chem. Int. Ed.

Angew. Chem. Int. Ed.
Chem Sci

























RS

via

p







1.4.1 General properties and reactivity 



Horizons in Sustainable Industrial Chemistry and Catalysis

2019”.





1.4.2 Carboxylic acids from CO2 

via

et al.

in-situ

r

in-situ r

r



1.4.3 rWGSR (reverse Water Gas Shift Reaction) 

reverse

r

r



r

in-situ

r

r

r -

r

r

r





Horizons in Sustainable Industrial Chemistry and Catalysis
2019





Horizons in Sustainable Industrial Chemistry 

and Catalysis 2019”.



Horizons in Sustainable Industrial Chemistry and Catalysis

2019”.



2.2.1 Grignard reagents 

et al. 



et al.

in situ

2.2.2 Organoalane reagents 



2.2.3 Organolithium reagents 

in-situ





2.3.1 Organozinc reagents 

et al.

et al.

via in-situ

n



2.3.2 Alkenylzirconocenes and organostannanes 

N

2.3.3 Boronic esters 

et al.

t

t



2.3.4 Organosilanes 

N  



2.4.1 C-Halide bonds (organohalides) 



r et al





2.4.2 C-O Bonds (oxygenated substrates) 

via





et al



2.4.3 C(sp)-H bonds (alkynes) 

,



2.4.4 C(sp2)-H bond (alkenes) 



et al. 

et al.

et al. 



2.4.5 C(sp2)-H bond (aromatics) 

Kolbe-Schmitt

p



t



et al t

et al.

et al.



ortho

2.4.6 C(sp3)-H bonds 



 

o

N

p













p



r



p



Design of Experiment





p

p

p

p

Design of Experiment

response surface method

p





p

 



 p

p

CHI3
p-TsOH

V

Temperature



3.3.1 2-butanol 



p

p

p

p

p

sec

p

p

p

p





p



sec-

sec

sec

sec



sec

sec





3.3.2 Cyclohexanone 





r



sec



p



p

Sec
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