
UNIVERSITY OF PANNONIA 

SYNTHESIS, COORDINATION CHEMISTRY AND CATALYTIC APPLICATION 

OF NOVEL CHIRAL AMINOALKYL-PHOSPHINE LIGANDS 

THESIS OF THE DOCTORAL (PhD) DISSERTATION 

Written by: 

Zsófia Császár 

Chemist 

Supervisor: 

József Bakos, DSc 

Professor Emeritus 

Doctoral School of Chemistry and Environmental Sciences 

Center for Natural Sciences 

Research Group of Organic Chemistry – Synthesis and Catalysis 

Veszprém 

2024 



2 

 

I. Introduction and objectives 

 

A large number of naturally occurring organic compounds is composed of chiral 

molecules. A chiral molecule is not identical with its mirror image as they cannot be 

superimposed onto each other. The two structures related as non-superimposable mirror 

images form a pair of enantiomers. Although scalar physical properties of the enantiomers are 

identical, but their behavior is different towards chiral reagents. Consequently, the selective 

synthesis of the enantiomers of biologically active chiral compounds (e.g. active 

pharmaceutical ingredients, pesticides) has high significance. 

There are several methods for the preparation of enantiomerically pure compounds. 

Amongst these possibilities, transition metal catalyzed asymmetric synthesis can be 

mentioned as one of the most powerful methodologies. In this case, the catalyst is a transition 

metal complex containing an optically pure chiral ligand, so the chiral information can be 

transferred from the catalyst to the substrate. Chiral bidentate ligands with C1 symmetry 

represent a unique type of stereoselectors due to their ability to desymmetrize the transition 

metal complex both sterically and electronically. Chiral phosphine-amine (P,N) type 

compounds belong to a more specific class of C1 symmetry heterodonor ligands. These 

compounds contain two donoratoms of remarkably distinct electronic properties: while 

phosphorus has both σ-donor and π-acceptor ability, nitrogen exhibits good σ-donor 

properties. Additionally, the introduction of a stereogenic nitrogen in a phosphine-amine 

ligand may further increase the catalytic efficiency of the transition metal catalyst. In this 

case, the configuration of the nitrogen is fixed upon coordination and the stereogenic 

donoratom directly attached to the metal is expected to ensure more efficient transfer of 

chirality. 

The main objectives of my PhD studies were the synthesis of chiral alkane-diyl based 

phosphine-amine ligands having stereogenic nitrogen donor and their application in 

palladium-catalyzed asymmetric allylic substitution reactions. The catalytic reactions enabled 

the stereoselective formation of carbon-carbon and carbon-nitrogen bonds and therefore the 

preparation of synthetically useful chiral building blocks. The additional aim of the work was 

the synthesis of the palladium complexes of the novel ligands and their analysis by NMR 

spectroscopy, X-ray diffraction method and theoretical calculations. The purpose of these 

studies was the identification of structure-reactivity relationships of the newly developed 

catalysts. 
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II. Experimental methods 

 

The synthetic and catalytic work was performed under an inert atmosphere using 

Schlenk-techniques. The solvents used were purified by standard literature methods. 

The synthetic reactions were monitored by thin layer chromatography (TLC). The 

conversion and enantioselectivity of the catalytic reactions were determined by high pressure 

liquid chromatography (HPLC) using chiral columns, the regioselectivity of the reactions was 

established by 1H NMR spectroscopy. Several products were purified by column 

chromatography. 

The products of synthetic and catalytic reactions were analyzed by mass spectroscopy 

(ESI-MS), infrared (IR) and 1H, 13C{1H}, 31P{1H}, 1H-1H COSY, 1H-1H NOESY NMR 

techniques and in some cases by X-ray crystallography. 

 

 

III. New scientific results 

 

1. Ten novel (L2, L5-L8, L10-L14) aminoalkyl-phosphine (P,N) type ligands with 

stereogenic nitrogen was prepared. The synthesis of these compounds was carried out by a 

simple two-step method enables the preparation of versatile P,N type compounds, that differ 

in the nitrogen substituent (L1-L12) and the length of P,N backbone (L13 and L14). The 

structure of the new compounds was investigated by nuclear magnetic resonance and mass 

spectroscopic methods. [1-4] 
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2. It was established that the [Pd(L)Cl2] complexes of pentane-2,4-diyl based ligands 

L1, L2, L3, L9 and L10 form six-member chelate rings with chair conformation. It has been 

recognized that the coordination of ligands L1 and L2 having sterically less demanding N-

methyl and N-ethyl group, respectively, results in the formation of an isomeric mixture. In 

contrast to these, the coordination of ligands L3, L9 and L10 with bulkier iPr-, Bn- and (S)-

phenyl-ethyl substituents, respectively, occurs stereoselectively with respect to the 

configuration of the nitrogen and the conformation of the chelate ring. [1,2] It has been 

proven that changing the length of alkane-diyl backbone also leads to the formation of 

isomerically related palladium species. In the case of ligand L13 with butane-2,3-diyl 

backbone the two five-membered chelates have opposite nitrogen configuration, the 

coordination of hexane-2,4-diyl based ligand L14 results in the formation of multiple 

complex species. 

 

3. It has been shown that the coordination of ligands with sterically congested (R)-

phenyl-ethyl (L11) and (R)-naphthyl-ethyl (L11) substituents led to the formation of 

dinuclear palladium-complexes with a 12-membered ring instead of the expected six-

membered chelates. Both nitrogen donors coordinate stereoselectively in these C2 symmetry 
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compounds. It has been observed that both the 12-membered dinuclear complex and the six-

membered chelate form in the case of the coordination of ligand L4 with N-tBu 

substituent. [4] 

 

4. A straightforward correlation has been observed between the steric demand of the 

nitrogen substituent and the geometry of the chelate ring in [Pd(L)Cl2] complexes of ligands 

L2, L3, L9 and L10 based on X-ray diffraction and NMR studies as well as on theoretical 

calculations. It has been recognized that increasing the steric bulk of the axially positioned 

nitrogen substituent results in the more pronounced distortion of the six-membered chelate 

ring. [2] 

 

5. The [Pd(η3-PhCHCHCHPh)(L)]BF4 type complexes of ligands L1, L2, L3, L9 and 

L10 were prepared. It has been shown that the steric bulk of the nitrogen substituent affects 

the stereoselectivity of coordination, the geometry of the chelate ring, the ratio of the exo and 

endo isomers and the spatial orientation of diphenylallyl group. [1,2] 

 

6. The phosphine-amine ligands were successfully applied in palladium-catalyzed 

asymmetric allylic substitution reactions of C-nucleophiles and substrates containing allylic 

leaving group. It has been proven that the nitrogen substituent of the ligand strongly affects 

the selectivity of the catalytic reaction. Sterically more demanding nitrogen substituents 

provided higher optical yield (96% ee) that can mainly be attributed to the stereoselective 

coordination. [1-3] 

 

7. It has been recognized that the bidentate ligands can also be applied effectively in 

palladium-catalyzed allylic amination reactions. It has been proven that the structure of the 

amine and the amount of the solvent have a significant effect on the activity and selectivity. 

Reactions with cyclic amines under solvent-free conditions took place with outstanding 

activity (TOF > 12.000 1/h). [3] 

 

 

IV. Significance of the scientific results 

 

The primary aim of my PhD research is the synthesis of simple, chiral phosphine-amine-

type ligands with alkane-diyl-based skeleton and their catalytic application in palladium-
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catalyzed asymmetric substitution reactions. As a unique feature, the ligands contain a 

stereolabile nitrogen atom that enables the N-coordination to the transition metal in a 

stereoselective manner. It is noteworthy, that in the case of certain nitrogen substituents the 

coordination occurred stereoselectively resulting in the formation of a single isomer. This 

phenomenon explains the high enantioselectivities achieved in the catalytic reactions and 

underlines the significance of the stereoselective coordination as a useful strategy in 

successful chiral ligand design. Our ligands can be used in the asymmetric allylic substitution 

reactions of various 1,3-diaryl-allyl- and cycloalkenyl-acetate-type substrates with C-

nucleophiles (e.g. malonates, β-diketones). The products of the catalytic reactions can be 

optically pure chiral building blocks of potentially biologically active compounds (e.g. 

pharmaceuticals, herbicides and perfume components). In addition, the scientific knowledge 

gained during the research can provide an excellent basis for the development of further high-

performance chiral catalytic systems. 
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