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1. Introduction 

With the development of preparative methods in organic chemistry, there is a growing 

need for simple and fast coupling reactions. It has become an important parameter to reduce the 

number of synthetic steps and the opportunity of the direct coupling of the desired functional 

groups. Furthermore, increasing the atom-economy, decreasing the number of unwanted by-

products and reach the full selectivity are highly required tasks. The mild reaction conditions 

and the general good functional group tolerance are very advantageous for the extensibility of 

the reaction. 

During my PhD research I studied the transition-metal-catalyzed regioselective 

fluoroalkylation, fluoroalkenylation and arylation reactions. Highly reactive non-symmetric 

hypervalent iodine(III) compounds were used for direct coupling reactions. I started my 

experiments with the synthesis of highly electrophilic aryl (fluoroalkyl)- and aryl 

(fluoroalkenyl)iodonium salts which were literarily unknown before our work. 

In the first part of the research we examined the opportunity of the C-C bond formation 

reaction via C-H bond activation. The advantage of the palladium-catalyzed direct C-H bond 

activation reaction is that the aromatic systems which have only C-H bonds can be substituted 

in one step without the functionalities of the classic cross-coupling reactions. The 

regioselectivity is feasible by introducing a directing group into the aromatic core which allows 

C-H bond activation in the ortho positions. 

Reviewing the literature, we concluded that the aryl (fluoroalkyl)- and aryl 

(fluoroalkenyl)iodonium salts had not previously been utilized as a reagent in direct C-H bond 

activation reaction. Furthermore, 2,2,2-trifluoroethylation reaction of acetanilides, direct ortho-

(fluoro)alkylation of the aromatic urea derivatives and the introduction of the 2,3,3,3-

tetrafluoropropenyl functional group was unknown before our studies. 

There are numerous examples of C-H activation reactions in the literature where the 

authors showed that the directed palladation in the presence of an ortho substituent resulted the 

corresponding products in below-average yields. The observed decrease in reactivity was 

commonly explained by steric and electronic effects and referred as the “ortho-effect” without 

any deeper meaning. However, the steric effects in palladium-catalyzed C-H activation reaction 

have not been studied in detail before. Based on our experimental results and theoretical 

chemical calculations, we attempted to interpret this phenomenon. 
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2. Scientific Results 

Aryl (fluoroalkyl)iodonium and aryl (fluoroalkenyl)iodonium salts were synthetized 

starting from commercially available fluoroalkyl iodides and used in palladium-catalyzed direct 

C-H bond activation reactions. We have investigated the ortho-selective 2,2,2-

trifluoroethylation of anilides and expanded the transformation to aromatic ureas with some 

changes of general reaction conditions. The ortho-fluoroalkenylation of aromatic amides, ureas 

and benzamides also has been realized. The observed unexpected and dramatic decrease of 

reactivity in the regioselective fluoroalkylation and fluoroalkenylation reactions and in the 

literature commonly called “ortho-effect” has been explained by quantum chemical 

calculations. Copper-catalyzed N-arylation of aromatic nitroenamines was performed using 

non-symmetrical diaryliodonium triflate salts. 

2.1. Synthesis of Non-Symmetrical Fluoroalkyl and Fluoroalkenyliodonium Salts 

 

• I developed a highly efficient procedure for the preparation of aryl (2,2,2-

trifluoroethyl)iodonium salts, which were synthesized starting from different aromatic 

compounds and strong mineral acids. 

• By the experiments, we concluded that using 2,2,2-trifluoroethyliodonium salt as a stable 

reagent, the presence of mesitylene as aromatic compound and triflate as anion is hardly 

required. 

• The easy-to-handle mesityl (2,2,2-trifluoroethyl)iodonium triflate salt (5) was prepared in 

100 mmol scale with excellent yield. 

• Decreasing the number of the F atoms in fluoralkyl chain increase the instability of the 

forming hypervalent λ3-iodane. Although, 4-fluorphenyl (2,2-difluoroethyl)iodonium 

triflate (9) was synthetized under -10 °C from starting 1H,1H,2H-difluoroethyl iodide, but 

the compound proved to be unstable and decomposed in several days at -20 °C. 

1H,1H,2H,2H-perfluoroalkyl iodides did not give the corresponding iodonium salts. 
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• Increasing the number of the F atoms in 1H,1H-fluoralkyl chain increase the stability of 

the iodonium salt. I synthesized aryl 2,2,3,3,3-pentafluoropropyl)iodonium salts in 84-99% 

yield, by varying the aryl rings bearing electronic and steric effects. 

• The applicability of our synthetic process has also been demonstrated by performing a 

scaled-up preparation of mesityl (2,2,3,3,3-pentafluoropropyl)iodonium triflate (13) in 37 

mmol in 99% yield. 

• The aryl (2,2,3,3,3-pentafluoropropyl)iodonium triflate salts were reacted with sodium 

hydride and the hydrogen fluoride elimination reaction yielded new (Z)-aryl (2,3,3,3-

tetrafluoroprop-1-en-1-yl)iodonium triflate salts with 43-76% merged yield (calculated for 

pentafluoropropyl iodide). 

• The aryl (fluoroalkenyl)iodonium triflate salts showed increased thermal stability 

compared to the aryl (fluoroalkyl)iodonium triflate salts. 

2.2. Palladium-Catalyzed Direct 2,2,2-Trifluoroethylation of Anilides 

 

• We developed an effective palladium-catalyzed C-H activation reaction that allows ortho-

selective fluoroalkylation of aniline derivatives using fluoralkyliodonium salts under mild 

reaction conditions. 

• The trifluoroethylation reaction was carried out with the application of mesityl (2,2,2-

trifluoroethyl)iodonium triflate salt (5), which required dichloromethane or 1,2-

dichloroethane as inert, polar solvent. 

• Thanks to the highly reactive iodonium salt (5) the trifluoroethylation underwent even at 

0 °C, but regarding the simple reaction conditions and the high reaction rate we performed 

the catalytic transformation at room temperature. Elevating the temperature resulted the 

decomposition of iodonium salt (5) and decreased the conversion. 

• From the series of the tested catalyst only the palladium showed activity. Chloride anion 

totally blocked the transformation, but the application of 7.5 mol% of palladium(II) acetate 

resulted full conversion in short reaction time. 

• The optimization study revealed that the super-stochiometric external oxidants did not 

supported the transformation in contrast to the acids. Interestingly, for the full conversion 

the presence of trifluoroacetic acid was crucial. 
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• In the 2,2,2-trifluoroethylation reactions of anilides the amount of trifluoroacetic acid can 

be catalytic, although 1-3 equivalents added trifluoroacetic acid accelerated the C-H bond 

activation and helped to maintain the homogeneity of the reaction media. 

• Based on the optimization study we have concluded that 1.2 equivalents of mesityl (2,2,2-

trifluoroethyl)iodonium triflate salt (5) is enough to reach the full conversion. In those 

cases, when the bis-functionalization was possible (e.g. acetanilide (16) or para-substituted 

acetanilides) we used 1.05 equivalents of iodonium salt (5) to avoid the formation of bis-

trifluoroethylated by-product. 

• We had the opportunity to monitor the reactions between palladium complexes and mesityl 

(2,2,2-trifluoroethyl)iodonium triflate salt (5) via in situ IR spectroscopy. As it turned out, 

the C-H bond activation basically started when TFA was added. We also know that the 

bimetallic Pd complexes readily react with iodonium salt (5) even at low temperature. The 

reaction gave the desired ortho-trifluoroethylated product in 1-3 hours. 

• Our method has been expanded for 43 electron-rich, electron-poor acetanilides and further 

aromatic rings with different amide directing groups which underwent this transformation 

in 1-3 hours providing the trifluoroethylated molecules in 47-95% yield. 

2.3. Palladium-Catalyzed Direct 2,2,2-Trifluoroethylation of Aryl Ureas 

 

• Studying the scope and limitation of 2,2,2-trifluoroethylation reaction we noted that the 

aromatic ureas showed some reactivity in directed C-H bond activation reaction. 

• The process developed for trifluoroethylation of acetanilides had to be modified to suppress 

the unwanted N-trifluoroethylated side-product. Based on the optimization study, we 

increased the amount of trifluoroacetic acid and added it before the mesityl (2,2,2-

trifluoroethyl)iodonium triflate salt (5) and therefore we were able to prevent the formation 

of N-trifluoroethylated by-product. 

• The ortho-trifluoroethylation of aryl ureas required dichloromethane solvent, 7.5 mol% 

palladium(II) acetate catalyst and trifluoroacetic acid as additive. 

• The scope has been expanded to 34 aromatic ureas bearing electron-donating and electron-

withdrawing functional groups and the trifluoroethylation resulted very good 53-95% 

yields. 
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2.4. Application of Aryl (Fluoroalkenyl)iodonium Salts in C-H Activation 

 

• In the presence of 2 equivalents of trifluoroacetic acid and 7.5 mol% palladium(II) acetate 

catalyst we accomplished the application of mesityl (2,3,3,3-tetrafluoropropenyl)iodonium 

triflate salt (13) in C-H bond activation. We found that acetanilides underwent smoothly 

the transformation. 

• Compared to the aryl (fluoroalkenyl)iodonium triflate salts, the aryl (fluoroalkyl)iodonium 

triflate salts showed decreased reactivity in the palladium-catalyzed C-H activation 

reaction, therefore we needed to use elevated temperature (75 °C) in most of cases. 

• The scope of ortho-selective tetrafluoropropenylation method was expanded for aryl 

amides, aromatic ureas and benzamides. Additionally, the trifluoropropenylation and 

heptafluoropentenylation reaction was also carried out. 

2.5. Explanation of Steric effects in Palladium-Catalyzed C-H Activation 

The existence of ortho-hydrogen is a trivial prerequisite for directed C-H bond activation, 

therefore 2,6-disubstituted acetanilides do not participate in ortho-metalation reaction. 

Depending on the conditions, the ortho-substituted aromatic compounds allow single C-H 

activation and ortho-functionalization. Due to the decomposition of mesityl (2,2,2-

trifluoroethyl)iodonium triflate (5) the palladium-catalyzed trifluoroethylation reactions were 

carried out at 25 ° C, as long as using the mesityl (2,3,3,3-tetrafluoropropenyl) iodonium triflate 

(13) salt we had the opportunity to perform C-H activation reactions even at 75 °C reaction 

temperature. We made a numerous observation by performing the trifluoroethylation and 

tetrafluoroethylation reactions, which led to the following structure-reactivity relationships: 

• Single and twofold C-H activation and 2,2,2-trifluoroethylation was performed in case of 

non-substituted and para-substituted acetanilides. 

• In case of meta-substituted anilides and aromatic ureas the C-H bond breaking takes place 

only in the C6 position. 

• In the presence of methyl (17), benzyl, methoxy, isopropyl, chlorine and bromine in ortho 

position of acetanilide (16), pivalanilide or similar N-arylamides and aromatic ureas, the 

trifluoroethylation underwent without the significant decrease of yield, thus steric 

inhibition was not established. 
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• Despite the two free ortho-hydrogens in case of N-phenylpyrrolidione (18) and N-

methylacetanilide (17) only single trifluoroethylation and tetrafluoropropenylation was 

possible, while the C-H activation of N-methyl-N-(o-tolyl)acetamide (20) did not occur, 

due to steric hindrance. 

• It has been found that for the explanation of steric hindrance we need to examine only the 

structure of the starting material of C-H activation. To explain these phenomena, DFT 

geometry optimizations were performed and the structure of the compounds was modelled. 

• If the X and Y in the directing group has sp2 hybrid state and there is no rotational barrier 

between the directing group and the aryl ring then the C-H bond breaking and the 

functionalization is possible. 

• If there is rotational barrier between the directing group and the aryl ring then the palladium 

can coordinate to the Z atom of directing group, but cannot get close to the ortho-C-H, due 

to the highly twisted structure and therefore no C-H bond breaking takes place. 

• The C-H bond breaking and the metalation is a strict prerequisite for the C-H activation 

reaction, which only occur at the sufficiently planar geometry. This system can be 

described at defined temperature by the dihedral angle between the aromatic moiety and 

the directing group. 

• As the torsion angle increases, the geometry of the molecule increasingly shifts from a 

planarity which is not favorable for C-H activation, and therefore the energy barrier of the 

palladium-catalyzed reaction increases. 
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Currently we are working on a generalization of our method, and building a database from 

the results and reaction conditions of our laboratory and also from the literature. By comparing 

the experimental conditions with the calculated parameters, we will be able to predict the 

possibility or the inhibition of C-H activation in the future. Our results have not yet been 

published. 

2.6. Copper-Catalyzed N-Arylation Reaction of Aromatic Nitroenamines 

 

Based on the previous thoroughly studied experiments of our research group we started 

to investigate the copper-catalyzed arylation reaction of aromatic nitroenamines using non-

symmetrical diaryliodonium salt, which resulted in the following results: 

• Interestingly, instead of the expected C-C coupling reaction of nitroenamines, N-arylation 

was occurred in the catalytic transformation. 

• For successful regioselective arylation reaction N,N-dimethyl formamide solvent, and 

excess diisopropyl ethyl amine or triethyl amine organic base was necessary. 

• Although without catalyst no reaction occurred, copper(I) chloride, bromide and iodide 

proved to be suitable as catalyst. 

• With our procedure as the extension of the catalytic N-arylation reaction, different aromatic 

moieties were introduced into the variously substituted nitroenamines using aryl 

(mesityl)iodonium salts. 
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