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Summary 

Metal-catalyzed direct C–H amination of hydrocarbons has emerged as a powerful 

strategy for the selective introduction of amino groups into organic molecules. 

Among these systems, iron catalysts have attracted increasing attention as a 

sustainable approach for incorporating nitrogen functionalities. In particular, 

intramolecular C(sp³)–H amination of alkyl azides (N₃R, R = alkyl) proceeds via 

iron–nitrene or imido intermediates, enabling the efficient synthesis of diverse 

N-heterocycles. This methodology is atom-economical, generates nitrogen gas as 

the sole by-product, and benefits from the use of iron, an inexpensive, 

biocompatible, and earth-abundant metal. Despite these advantages, reported 

iron-based systems remain limited by relatively low reactivity and challenges in 

controlling chemo- and enantioselectivity. Chapter 1 gives an introduction into 

this field, by reviewing the fundamental principles governing iron-catalyzed 

intramolecular C–H amination with alkyl azides and highlighting how the 

electronic structure of iron-nitrene intermediates dictates reactivity and how 

recent catalyst developments have expanded synthetic utility. This analysis also 

clearly shows that critical gaps persist, including limited substrate scope with 

primary azides, the absence of enantioselective methods, and insufficient 

mechanistic understanding for rational catalyst design. This thesis addresses these 

challenges through systematic investigation of reaction mechanisms and 

development of new catalytic systems. 

Chapter 2 describes the design, synthesis, and modification of chiral iron(II) 

complexes supported by novel tetradentate N4 ligands for enantioselective 

intramolecular C–H amination.  

Scheme 1. Evolution of iron catalysts in C-H amination with primary azides 
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(Chapter 2). 

Progressing from a configurationally labile biphenyl-based scaffold to rigid BINAM 

frameworks established a defined chiral environment around the Fe center, but 

stoichiometric studies revealed a critical decomposition pathway after azide 

activation: intramolecular ligand dehydrogenation from the oxazoline 5-position 

by the Fe-bound nitrene nitrogen, generating the corresponding free aniline and a 

derivative of the Fe species that effectively has lost 2 hydrogen atoms (“H2”), as 

confirmed by LIFDI-MS and NMR spectroscopy. To mitigate this undesirable 

deactivation pathway (which also destroys the oxazoline stereocenter), 

gem-dimethyl substituents were introduced at the vulnerable oxazoline sites. The 

modified diastereomers exhibited divergent behavior toward 4-phenylbutylazide 

as a substrate for C-H amination: (S,S,S)-2 proved catalytically inactive, while 

(R,S,S)-2 produced the desired 2-phenylpyrrolidine product in 85% yield at room 

temperature without the need for the Boc₂O reagent (typically used to protect the 

product with a Boc-group). Preliminary data further indicate that introducing 

dimethyl substituents on oxazoline increases the enantioselectivity from 33% to 

61%. 

Chapter 3 describes our progress toward a more sophisticated catalyst system. 

Incorporating long-chain gem-dialkyl substituents into the chiral 

diamine-bisoxazoline ligand framework dramatically enhanced stereocontrol 

under the same conditions, increasing enantioselectivity for 2-phenylpyrrolidine 

from 33% to 81% ee. This improvement is attributed to enhanced dispersion 

interactions between substrate and the elongated alkyl chains. The optimized 

catalyst (R,S,S)-6 operates efficiently under mild, additive-free conditions with 

pentane as the optimal solvent, and stereochemical control is governed primarily 

by the chiral configuration of the oxazolines. The tetradentate ligand framework 

Scheme 2. Asymmetric intramolecular C-H amination catalyzed by iron complexes 

with different gem-substituents at the oxazoline moiety (Chapter 3). 
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ensures stable enantioselectivity at each stage of the catalysis, i.e. up to high 

substrate conversions. Synthetic utility was demonstrated through concise 

preparation of key pyrrolidine intermediates for several bioactive molecules, 

including larotrectinib, crispine A, and a CDK8 inhibitor, delivering products in 

33–91% yield with 52–66% ee. 

Chapter 4 presents a comprehensive mechanistic investigation of iron-catalyzed 

intramolecular C–H amination, combining experimental and computational 

approaches. Kinetic analysis revealed first-order dependence in both [substrate] 

and [catalyst] with no induction period or product inhibition, while the 

gem-dimethyl-substituted (R,S,S)-2 exhibited a >30-fold rate enhancement over its 

unsubstituted analogue. Integrated kinetic, spectroscopic, and isotopic labeling 

studies revealed that azide activation by the Fe(II) complex to form a high-spin 

Fe(III) nitrene intermediate is the turnover-limiting step. This step is followed by 

rapid radical-type hydrogen atom transfer. Multiple analytical techniques 

(paramagnetic NMR, LIFDI-MS, Mössbauer, EPR, and freeze-quench experiments) 

converged to confirm this antiferromagnetically coupled iron(III)-nitrene radical 

species being the key reactive intermediate. The imine side product formed during 

catalysis is proposed to arise from interception of an Fe(III)-amido intermediate by 

the pyrrolidine product rather than from a direct 1,2-HAT pathway. 

Complementary DFT studies revealed that the reaction proceeds at the quintet 

spin surface, involving a stereodetermining 1,5-HAT step via a chair-like transition 

state, establishing that enantioselectivity (81% ee) is enforced by the chiral ligand 

framework during the hydrogen atom transfer step. 

Scheme 3. Mechanistic studies of iron(II) catalyzed intramolecular C-H amination 

(Chapter 4). 

 

Chapter 5 investigates how ligand electronics influence catalyst stability and 

reactivity during iron(II)-catalyzed intramolecular C–H amination. A series of 

chiral iron(II) complexes with electronically modified oxazoline ligands bearing 

fluoro (2F), methoxy (1OMe), and unsubstituted phenyl (2H) substituents were 

synthesized. UV-vis spectroscopy confirmed that electron-donating groups enrich 
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the iron center and subtly alter coordination geometry, respectively. Reactivity 

studies revealed a striking trade-off: While the more electron-rich catalysts (1OMe 

and 2OMe) exhibited enhanced initial activity, they underwent rapid 

decomposition. Mechanistic investigations using LIFDI-MS, Mössbauer 

spectroscopy, and isotopic labeling identified the decomposition pathway as 

intramolecular C–H amination at the benzylic position of the oxazoline ligand itself, 

directly competing with the desired 1,5-hydrogen atom transfer to the substrate. 

This competition explains both the rapid deactivation of electron-rich catalysts and 

the substrate scope limitation to benzylic C–H bonds. Attempts to block 

decomposition by introducing methyl substituents at the vulnerable benzylic site 

unexpectedly negated all catalytic activity, revealing the extreme steric sensitivity 

of the iron–azide interaction.  

Scheme 4. Ligand electronic effects on catalyst reactivity and stability. (Chapter 5) 

Collectively, this thesis advances the understanding of iron(II)-catalyzed C–H 

amination from empirical observations to a mechanistically grounded platform. 

The work establishes that high-spin iron(III)-nitrene radicals are the key reactive 

intermediates, that enantioselectivity is enforced during hydrogen atom transfer, 

and that catalyst stability requires steric protection of vulnerable ligand sites. 

These insights provide a rational foundation for future catalyst development in 

sustainable C–H functionalization. 




