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Introduction 

The main principles of today’s organic synthetic chemistry are efficiency, simplicity and 

low cost. In this spirit more and more organic chemical transformations are accomplished 

under aqueous conditions as water is a beneficial solvent. It is easy to obtain and handle, 

water is cheap, safe and environmentally friendly.1 However, organic chemists may encounter 

some difficulties during their research performed in aqueous media. These problems results 

that there is only a few examples of aqueous methods in the organic chemical industry yet.2 

However, researchers keep on developing aqueous processes due to the favorable properties 

of water as a solvent.  

In my PhD studies at the chemistry doctoral school of Eötvös University, I worked on the 

development of transition metal catalyzed coupling reactions which are conducted in aqueous 

media. In the course of my studies I investigated two different. Both of the examined iron 

catalyzed benzylic oxidation and the palladium catalyzed C-H acylation are oxidative C-H 

activation-based process, which provide aromatic carbonyl compounds. Our main goal was to 

develop methods for the preparation of varied carbonyl compounds under the mildest 

conditions possible.  

 

1. Examination of palladium catalyzed direct orto C-H 

acylation  

In the last few decades, direct C-H activation processes have gained great attention in 

transition metal catalysis, though the first of these reactions are as nearly old as cross coupling 

reactions.3 With the use of C-H activation methods, the amount of organometallic and 

halogenated waste can be reduced, and the preliminary functionalization of the carbon is not 

necessary for the coupling reaction. That makes these transformations desirable. 

There are several examples for the palladium catalyzed orto-acylation of anilin 

derivatives.4 These directed dehydrogenative acylation reactions usually run in harmful 

                                                 
1 Lipshutz, B. H.; Ghorai, S. Aldrichimica Acta 2012, 45, 3 
2 Blackmond, D. G.; Armstrong, A.; Coombe, V.; Wells, A. Angew. Chem. Int. Ed. 2007, 46, 3798 
3 Wu, Y.; Wang, J.; Mao, F.; Kwong, F. Y. Chem. Asian J. 2014, 9, 26 
4 a) Jia, X.; Zhang, S.; Wang, W.; Luo, F.; Cheng, J. Org. Lett. 2009, 11, 3120; b) Li, C.; Wang, L.; Li, P.; Zhou, 

W. Chem. Eur. J. 2011, 17, 10208; c) Wu, Y.; Li, B.; Mao, F.; Li, X.; Kwong, F. Y. Org. Lett. 2011, 13, 3258; 



organic solvent at high temperature. Our goal was to develop mild, aqueous conditions for the 

reaction, which can be used for the synthesis of varied diaryl keton typed molecules. 

We planned to explore the reaction mechanism with the investigation of the C-H 

acitvation step and the structure of the formed palladium complexes. 

1.1 Optimization of the reaction conditions 
 

We optimized the conditions of the acylation reaction in the coupling of acetanilide with 

benzaldehyde and 4-chlorobenzaldehyde. We established that Pd(OAc)2 source is an efficient 

catalyst in the presence of trifluoroacetic acid (TFA). Tert-butyl hydroperoxide was found as 

suitable oxidant for the coupling. We demonstrated that water is an aplicable solvent in the 

presence of sodium dodecyl sulfate (SDS). 

We determined the optimal amount of reagents as 5 mol% Pd(OAc)2, 26 mol% TFA 2 

equivalents of TBHP and 5 mol% SDS. Among the optimization of the amount and quality of 

reagents we observed a prominent rate accelerating effect of the SDS/water media and TFA. 

 

 

1.2 Investigations for exploring the reaction mechanism  
During our mechanistic investigations we aimed to gain information about the C-H 

activation step of the catalytic cycle and the structure of the formed palladium complexes.  

1.2.1 The effect of the substituents of the substrates on the reaction  

 

Presumably the C-H activation is the rate determining step of the catalytic cycle, thus in 

the coupling of the different substituted acetanilides with benzaldehyde, the conversions 

provide information on the rate of C-H activation. Towards this we executed the acylation 

with benzaldehyde on several acetanilide derivatives. 

                                                                                                                                                         
d) Baslé, O.; Bidange, J.; Shuai, Q.; Li, C.-J. Adv. Synth. Catal. 2010, 352, 1145 e) Lu, J.; Zhang, H.; Chen, X.; 
Liu, H.; Jiang, Y.; Fu, H. Adv. Synth. Catal. 2013, 355, 529 



The effect of the functional groups on the acetanilide substrate implied an aromatic 

electrophilic substitution mechanism.  

We examined the substituent effect on the aromatic ring of the aldehyde substrate. It was 

shown that the coupling reaction is less susceptible to the changes of the electronic properties 

of the aldehyde. The choice of the functional groups on the benzaldehyde had low effect on 

the reaction rate. Aldehydes bearing electron withdrawing halogen groups reacted similarly as 

the alkyl and alkoxi substituted derivatives. Only the presence of nitro functional group 

reduced strongly the reactivity of the benzaldehyde. 

1.2.2 Isolation of the palladium complex formed in the C-H activation step  

 

We isolated a dimer palladium complex with acetanilide ligand and its structure was 

determined with X-ray diffraction. The complex reacted instantaneously with benzaldehyde 

without the addition of any acid or catalyst, and proved to be active as a catalyst. 

 

1.2.3 Quantumchemical calculations  

Mechanistic investigations with theoretical calculations were carried out in cooperation 

(MTA TTK Theoretical Chemistry Research Group). The catalytic cycles and reaction 

pathways through monomer and dimer palladium complexes were examined and their 

energetics were compared.  

The results of the calculations confirmed the assumption that the oxidative coupling takes 

place through the formation of dimer palladium complex.  



1.3 Synthesis of aminobenzophenone derivatives with the application of the 

optimized reaction conditions  

We applied the optimized conditions in the palladium catalyzed C-H activation for the 

synthesis of several acetanilide derivatives. The efficiency of the developed methodology was 

demonstrated with the coupling of acetanilide with benzaldehydes bearing various functional 

groups as well as aliphatic and heteroaromatic aldehydes. The scope and limitations of the 

method were explored in the synthesis of 31 substituted benzoylphenyl acetamides under 

aqueous conditions. 

As an improvement of the synthetic strategy we developed a three-step one-pot process 

for the synthesis of aminobenzophenones from anilines. We demonstrated that the protection 

of amino group of the aniline can be achieved under aqueous condition with acetic anhydride 

in the presence of SDS. It was found that the palladium catalyzed coupling and the removal of 

the directing amide group can be achieved in sequential manner without the isolation of any 

inermediate. The applicability of the one-pot synthesis was proved with synthesis of 20 

substituted benzoylphenyl acetamides and 8 aminobenzophenon derivatives starting from 

anline derivatives.  

We demonstrated that all the three reactions – N-acylation, Pd catalyzed C-acylation, 

hydrolysis of amide group – can be implemented one-pot under aqueous conditions.  

We concluded that, the one-pot process showed similar efficiency to the three step 

synthesis regarding the overall yields.  

 



2. Iron catalyzed benzylic oxidation  

The oxidation of benzylic methylene group also suitable for the formation of aromatic 

carbonyl compounds. Using iron as the catalyst allows mild and more environmentally 

friendly reaction compared to the classic methods witch apply stoichiometric heavy metals 

(CrO3, Jones reagent, PCC, Re, Co, Rh, Bi, Au, Mn).5 Hence a lot of improvement has been 

made in the iron catalyzed oxidation of hydrocarbons (so called GIF chemistry, born in 

1980).6 The benzylic oxidation has carried out in pyridine at high temperature,7 and at room 

temperature in the presence of ligand8 or a Fe2O(DS)4 catalyst.9 Our goal was to accomplish 

the iron catalyzed oxidation under aqueous conditions as mild and simple as possible. We 

intended to investigate the reaction mechanism by the examination of iron sources and 

ligands.  

2.1. Optimization of reaction conditions  
The reaction conditions were optimized for the catalyst, oxidant and surfactant in the 

oxidation of fluorene.  

In the course of our experiment we observed the significant rate accelerating effect of the 

SDS/water media in this transformation.  

 

The oxidation of fluorene and ethylbenzene was chosen as model reaction and the 

screening of the applicable iron catalysts was achieved. We found that FeCl3 and Fe2(SO4)3 

salts are the most efficient and accessible catalysts. It was shown that their catalytic activity 

was highly enhanced by the SDS.  

                                                 
5 a) Harms, W. M.; Eisenbraun, E. J. Org. Prep. Proced. Int. 1972, 4, 67; Yamazaki, S. Org. Lett. 1999, 1, 2129; 

b) Das, T. K.; Chaudhari, K.; Nandanan, E.; Chandwadkar, A. J.; Sudalai, A.; Ravindranathan, T.; Sivasanker, 
S. Tetrahedron Lett. 1997, 38, 3631; c) Dapurkar, S. E.; Kawanami, H.; Yokoyama, T.; Ikushima, Y. Catal. 
Commun. 2009, 10, 1025; d) Rangarajan, R.; Eisenbraun, E. J. J. Org. Chem. 1985, 50, 2435; e) Rathore, R.; 
Saxena, N.; Chandrasekaran, S. Synth. Commun. 1986, 16, 1493; f) Parish, E. J.; Chitrakorn, Wei, T.-Y. Synth. 
Commun. 1986, 16, 1371. 

6 Stavropoulos, P.; Cetin, R.; Tapper, A.; Acc. Chem. Res. 2001, 34, 745. 
7 Nakanishi, M. Bolm, C. Adv. Synth. Catal 2007, 349, 861 
8 Kim,S. S.; Sar, S. K.; Tamrakar, P. Bull. Korean Chem. Soc. 2002, 7, 937 
9 Nagano, T.; Kobayashi, S.; Chem. Lett. 2008, 37, 1042 



It was demonstrated that the interaction between the catalyst and surfactant proved to be 

specific, and decisive for the reaction rate in water.  

2.2. Examination of the interaction between the iron catalysts and SDS  

We demonstrated that the Fe-SDS system has enhanced oxygen evolving ability 

compared to simple iron salts. 

In the presence of substrates bearing benzyl CH2 group, degree of oxygen evolution is 

reduced proportionately to the reactivity. This suggests that the oxygen evolution is due to the 

recombination of the oxygen-transfering agent formed from the peroxide in the presence of 

TBHP. 
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We proposed a mechanism for the benzylic oxidation on the basis of our results and the 

literature data. 

2.3. Substrate scope of the iron catalyzed benzylic oxidation  

After the optimization studies we examined the applicability of the evolved reaction 

conditions. 

We demonstrated the applicability in the synthesis of several aliphatic chain and ring, 

heteroatom and heterocycle containing aromatic carbonyl compounds.  

 



The reaction proved to be completely selective to the benzylic oxidation in the presence 

of unsaturated bonds.  

Substrates containing methylene group connected with two aromatic rings gave the 

carbonyl compounds in good yield. In the case of substrates bearing two benzylic methylene 

groups, the product distribution was controlled with the optimal choice of reaction conditions. 

It was found that the less electron rich benzylic methylene groups reacted with lower rate, 

longer reaction time was needed for moderate yields. 
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