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INTRODUCTION 

C-H activation, as a tool for carbon-carbon bond formation, is a hot 

topic of synthetic chemistry in the 21st century. Catalytic amount of transition 

metal compounds enable selective functionalization of hydrocarbon moieties 

bearing a directing group (DG). The directing group can also be removed 

after the desired transformation, if needed.  

 

Figure 1. Directed ortho C-H activation by palladium compounds 

More recently, the need for mild conditions, which enable the 

transformation of substrates that are sensitive to high temperature or 

overload of strong acidic/basic additives has emerged.1 Understanding the 

mechanism of the reactions leads to fine tuning of the catalytic system and 

makes forcing conditions unnecessary.  

Brønsted acids, in sub-stoichiometric amount, are common additives 

in palladium catalyzed transformations. The reason thereof is the weaker 

coordination of the conjugate bases towards the transition metal center in 

Pd(OAc)2, which is a common palladium(II) source. 

 

Figure 2. Generation of a more electrophilic palladium center by strong acid 

                                                           
1 J. Wencel-Delord, T. Droge, F. Liu, F. Glorius, Chem. Soc. Rev. 2011, 40, 4740-

4761. 
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The resulting transition metal catalyst is more suitable for 

electrophilic metalation that leads to C-H activation. Due to this phenomenon 

there is no need for high reaction temperature or overload of reagents. 

 Our research group has already reported the palladium catalyzed 

coupling of acetanilides and aldehydes at room temperature in aqueous 

media in the presence of trifluoroacetic acid.2 

 

Figure 3. Ortho acylation of acetanilides in aqueous conditions 

Brønsted acids may facilitate the dissociation of the carboxylate 

anions from the palladium center by protonating them.  

The principle of my PhD work was to elucidate if the same effect 

can be induced in C-H activations reactions without proton transfer and 

actual dissociation: by Lewis acidic additives. 

RESEARCH GOALS  

 substitution of Brønsted acids for Lewis acids  

 kinetic and mechanistic studies with special regard to the role of the 

Lewis acid in the catalytic cycle 

 extension of the Lewis acid effect on different substrates (directing 

groups), catalysts and other C-H activation reactions  

 

                                                           
2 F. Szabó, J. Daru, D. Simkó, T. Z. Nagy, A. Stirling, Z. Novák, Adv. Synth. Catal. 

2013, 355, 685-691. 
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Figure 4. The selected model reaction  

 

RESULTS 

 7.2 mol% Lewis acid together with 5 mol% Pd(OAc)2 was found to 

be the most effective combination for the model reaction. In the case of 

silver-tetrafluoroborate, the acetanilide was consumed quantitatively in 24 

hours. However, without Lewis acid the product is formed only in 14%. 31 

Lewis acidic additives were tested including metal salts, trihaloboranes and 

triaril boranes. Nearly full conversion was reached in the presence of triflate, 

perchlorate and tetrafluoroborate salts of silver and zinc, boron trifluoride 

etherate, B(C6F5)3 and B(C6F5)2Mes.  

 The coupling efficiency of different Pd2+ sources was enhanced by 

Lewis acids.  

 Dimeric palladacycles were isolated in the stoichiometric reaction 

between acetanilide derivatives and palladium acetate. These are supposed 

to be the intermediates of the C-H functionalization.  

 The evolution of the aforementioned palladacycle was followed by 

1H NMR and ESI-MS measurements. The structure of the complex in 

solution was confirmed. Two substrate molecules are held close in a head-

to-tail position one above the other by  the coordinated two palladium atoms 

which are carboxylate bridged. Bond dissociation energies were also gained 

from the decomposition of the dimers. Competitive experiments showed a 
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tendency in the palladacycle formation correlating with the electron density 

of the acetanilide.  

 If the palladium complexes were used as starting material for the 

formation of acetamido benzophenone derivatives, the Lewis acidic 

additives did not influence the yields. This made us consider that the Lewis 

acids play a role in or before the C-H activation step.  

 Based on experimental results the Lewis acid was supposed to 

coordinate to the acetate ligand of the transition metal catalyst, facilitating 

the C-H activation step. 

 The Pd(OAc)2-Lewis acid interaction was illustrated by the splitting 

of the 19F NMR signs of the natively symmetric B(C6F5)3 upon coordination 

to the Lewis basic partner. The pattern was reproducible with different OAc- 

sources.  

 DFT based calculations were run, in collaboration, to predict the 

energetically most favorable transition state, leading to C-H activation. 

Lewis acids seem to be incorporated in the transition state. The boron center 

is coordinating to one of the acetate ligands of the palladium catalyst. This 

way the transition state is neutral.  

 Acetanilide and D5-acetanilide were acylated to compare the 

reactivity. After the first 3 hours the product mixture and the remaining 

starting materials were retrieved. 1H NMR and GC - FID measurements were 

used to calculate conversion and the isotope ratio of the remaining starting 

materials. Primary kinetic isotope effect (kH/kD>1) was identified both in 

trifluoroacetic acid and BF3 Et2O co-catalyzed reactions. This suggests that 
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the disconnection at the reactive ortho C-H bond is involved in the rate 

determining step.  

 The combination of B(C6F5)3 and Pd(OAc)2 led to a 5 hour initiation 

period at the beginning of the reaction. Afterwards almost full conversion 

takes place in faster reaction rate.  

 During the initiation period, a transient species is supposed to be 

formed and decomposed. The transient component could not be isolated but 

its presence is visible on the IR spectra.   

 

 

Figure 5. Cumulation of the acetamido benzophenone product followed by GC-

FID (left) and in situ IR (right) measurements (the characteristic peak at 925 cm-1 

is distinctive to the product) 

 Supposing that the Lewis acids coordinate to the ligands of the 

palladium catalyst, the following catalytic cycle was presumed: 
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Figure 6. Proposed catalytic cycle for the palladium and Lewis acid (LA) catalyzed 

coupling of acetanilide and aldehyde  

 Aldehyde scope: Aromatic and condensed aromatic aldehydes were 

coupled with acetanilide with moderate and good yields (44-84%). Aliphatic 

aldehydes afforded less product (17-50%). 

 Amide scope: According to the needs of electrophilic metalation, the 

more electron rich acetanilides reacted more effectively with 4-fluoro-

acetanilide. Regardless of the electron density on the aromatic ring, occupied 

ortho positions impede the reaction by statistically diminishing the chance 

for C-H activation. Meta substituted acetanilides were selectively 

functionalized at the less hindered side of the aryl ring. If the directing group 

is not directly connected to an aromatic core, the C-H activation does not 

take place. Neither are functionalized the heteroaromatic substrates.  

 Scope of other directing groups and acyl sources: Not only 

aldehydes but also phenyl glycolic acid can be used as acyl source in Lewis 

acid co-catalyzed ortho acylation reactions. Amido and urea directing groups 
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were suitable. Neither of the aforementioned compositions afford more than 

14% of the product without Lewis acid.  

 

Figure 7. Yields of the palladium and B(C6F5)3  catalyzed  coupling of acetanilides 

and aldehydes  

 Palladium catalyzed ortho alkenylation of acetanilides and N-aryl-

N,N-dimethyl ureas could also be achieved in the presence of Lewis acids. 

 Catalytic amount of Lewis acids enabled the alkenylation of aryl 

urea derivatives but only moderate conversions were obtained after 

optimization of the reaction conditions. Acrylic esters and styrene served as 

terminal olefinic partners, butyl acrylate was the most effective. 

Stoichiometric amount of Lewis acids however ensured 45-100% yields 

depending on the reactants. More electron rich substrates were more 

successfully functionalized than the halogenated ones, as expected.  

 

Figure 8. Reaction of N-aryl-N,N-dimethyl ureas and acrylic esters in the presence 

of stoichiometric amount of Lewis acids 
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