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1. Introduction

The reactions, which based on the application of organometallic compounds, are
important in synthetic organic chemistry. Organometallic reagents in homogeneous
catalytic reactions open the possibility for synthetic applications which had not been
feasible in the classical ways. One prominent example for homogeneous catalytic
transformations is the activation of small molecules by insertion into metal-carbon
bond.

The most important field of application of the carbonyl complexes is the
carbonyl group insertion into organic molecules leading to the formation of new
carbon-carbon or carbon-heteroatom bonds. Carbonyl compounds and carboxylic
acid derivatives can be produced with carbon monoxide insertion in laboratory or in
industrial processes. In this way, important intermediates or products of the
pharmaceutical, paint and pesticide industries can be synthesised.

The molecules, which contain the amidine functional group, are remarkable in
several fields in the synthetic organic chemistry and are of special importance in the
production of biologically active products. Regarding the biological importance of
nucleobases, it is not surprising, that amidine-based compounds can be considered as
basic elements of pharmaceutical chemistry and the above mentioned structure
occurs in numerous agents.

Recently, transition metal complexes of heterocumulene molecules were
investigated widely in recent decades and it was determined that carbon dioxide,
sulfur dioxide and carbonyl sulfide can be activated by transition metals. These
molecules can react in insertion, dimerisation and disproportionation reactions.

Unraveling the coordination features of small molecules can lead us to
invaluable knowledge paving the way for the development of effective catalytic
systems with high activity and selectivity. Theoretical methods are especially
suitable to describe the donor-acceptor interactions as well as steric and electronic

properties of various ligands in transition metal complexes.



2. Aims

e The synthesis, isolation and characterization of novel compounds via
palladium catalysed alkyl-isonitrile insertion reaction.

e Investigation of the effect of the reaction conditions (nature and quantity
of alkyl-isonitrile, bases, substrates, monodentate and bidentate phosphine
ligands) on reactivity and chemoselectivity.

e Imidoylative reaction of 4-substituted iodobenzenes in order to investigate
the effect of the substituent on reactivity and selectivity.

¢  Studying the coordination behaviour of sulfur-containing small molecules
and the electronic structure of their transition metal complexes of catalytic
importance.

e  Determination of the mechanism and elementary steps of the
aminocarbonylation reaction by means of quantum chemical
computations.

e  Exploring the relationship between the rate of oxidative addition and the

Hammett substituent constant.

3. Methods
3.1. Synthetic methods

Parallel reactors were applied for the synthetic work. The mixture of the substrate,
catalyst and additional reactants were dissolved under argon, then the reaction was
conducted at 105 °C for 72 hours. The products were purified by column
chromatography, then were characterized by advanced instrumental methods (GC-

MS, IR, 'H NMR, *C NMR.)

3.1. Theoretical methods

The energy and geometry calculations of the mechanism of aminocarbonylation
reaction were carried out with the ORCA 4.0.1 software package with solvation
correction and M06//B97-D3 model chemistry was employed with the def2-TZVP
basis set for iodine and palladium, and with the def2-SVP basis set for the other

atoms. The Bader analysis was implemented with AIMAIl software, while the NBO



analysis was done with GENNBO 5.0 program. The ETS-NOCV calculations were
done with ADF 2012, the NCI calculations were done with NCIPLOT program.

The structure of the M(PH;),(CE'E?)-type complexes were calculated with the
PBEPBE functional in combination with the def2-TZVP basis set.

4. Theses

1

. Amidines and ketimin-amidines were obtained in insertion reactions of tert-

butyl isonitrile with aryl halogenide in the presence of various palladium-
phosphine complexes. The double insertion products (ketimin-amidines) were

formed in higher proportion by using both monodentate and bidentate ligands.

. New compounds were synthesized by using para-substituted iodobenzenes

under similar conditions as above (Figure 1). Higher conversion was achieved
by applying electron withdrawing groups in 4-position. It can be stated, that no
linear correlation between chemoselectivity and Hammett para constant can be

observed.
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Figure 1: Reactions of para-substituted iodobenzenes with tert-butyl isonitrile and

piperidine in the presence of ‘in situ’ formed Pd(0) complex
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3. The computational investigation on the catalyst systems containing bidentate

phosphine ligands revealed that the conversion increases with the increase of

the bite angle and decreases with the partial charge of palladium.

. According to theoretical chemical calculations, the M(PH3),(CE'E?) (E', E* =

0, S; M= Ni, Pd, Pt) complexes possess n’-(E',C) coordination and planar
structure (Figure 2). The metal-carbon bond lengths are the shortest in case of
nickel complexes, and the longest in the palladium-containing complexes.
Moreover, the E'CE? bond angles are the least in palladium-complexes and the

biggest in case of .nickel-containing complexes.
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Figure 2: Structure of M(PH;),(n*-L) complexes

The computational calculations unraveling the donation and back donation in
complexes shown in Figure 2, reveal that beside the 7g —c orbital the C-E' o
bond is also involved in the donating interaction, albeit to a lesser extent. The
dominant back donation interactions takes place between the d orbital of the
metal and the n° antibonding orbital of the ligand. Furthermore, a minor back

donating interaction originates from the donor electron pair of phosphorous.

The M06//B97-D3; SMD (DMF) combination of functionals was chosen for
computing the mechanism of the aminocarbonylation reaction. The theoretical
results were in agreement with the experimental data. The complexes, which
may play a role in the mechanism, were determined considering all possible
ligand dissociation and ligand exchange steps, starting from the Pd(PPhs),
complex. The Gibbs activation and reaction free energies were investigated in

case of oxidation addition of iodobenzene with all complexes. It could be



concluded that the Pd(PPh;), and the Pd(PPh;)(CO) are the most probable

species as active catalysts.

7. The oxidative addition of para-substituted iodobenzenes was investigated

(Figure 3), and it was established that the Gibbs free energy of activation, and
the electrostatic potential at the nucleus of palladium show linear correlation

with the para Hammett constants of the substituents in 4-position.
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Figure 3: Oxidative addition of para-substituted iodobenzenes

8. The oxidative addition is followed by carbon monoxide insertion, which was

found to take place with a small energy barrier. The most plausible pathways
leading to amide derivatives were investigated: mechanisms with formation of
hydride-complex, furthermore with nucleophilic attack. The formation of 2-
ketocarboxamide occurs through the carbamoyl complex. The expected
product is formed by the coupling of the acyl and carbamoyl ligands during

reductive elimination.
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