


I. Introduction 
 

One of the biggest challenges in the 21st century is besides 
ensuring the sustainable development to protect our environment. 
The chemists can support this common task with the everyday 
application of the principles of green chemistry.  

 
In the chemical synthesis around 60-80% of the applied 

chemicals are used as solvents, so cutting the amount of used 
solvents, or replace them by less volatile or non-volatile alternatives 
can be a goal for green chemistry and for the reduction of the 
environmental pollution. Ionic liquids with no measurable vapour 
pressure, therefore they are non flammable, provide attractive and 
real alternatives to molecular solvents [2,5]. 

 
II. Objectives 

 
My research work was performed at Chinoin Ltd. Preclinical 

Chemical Development. During the PhD work my challenge was 
studying the possible application of ionic liquids in organic 
synthesis. The studies were focused mainly the transfer 
hydrogenation of different α,β-unsaturated compounds, aromatic 
nitro derivatives and the reductive dehalogenation of aryl 
halogenides in ionic liquids. Besides the catalytic transfer 
hydrogenation, the selective preparation of amidoximes from nitriles 
were investigated in ionic liquids.  



III. Results 

 

1. Catalytic transfer hydrogenations of α,β-unsaturated 
carboxylic acids were investigated in ionic liquids in the presence of 
commercially available palladium(II) catalysts. Different formate 
salts were used as hydrogen donors. Cinnamic acid was successfully 
transfer hydrogenated in some type of ionic liquids with Pd(OAc)2 
and PdCl2 catalysts.  Dependencies were observed on the applied 
ionic liquid and hydrogen donor. Excellent results were achieved 
under mild conditions in the transfer hydrogenation of cinnamic acid 
(1a) and its derivatives (1a-k) in [bmim][BF4] ionic liquid with 
ammonium-formate hydrogen donor (Scheme 1.) [1]. 
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Scheme 1. 

 
Compound R1 R2 R3 R4 

1a H H H H 
1b OMe H H H 
1c Cl H H H 
1d OH OH H H 
1e OMe OMe H H 
1f H H Me H 
1g H H Ph H 
1h H H NHCOCH3 H 
1i H H –NCH(CH3)– 
1j OH H CN H 
1k H H H Me 

 
2. The Pd/MgLa mixed oxide – which was developed at the 
Department of Organic Chemistry and Technology, BUTE – and the 
commercially available Pd/MgAl hydrotalcite heterogeneous 
palladium catalysts were successfully applied in the ionic liquid for 



catalytic transfer hydrogenation of cinnamic acid (1a) and its 
derivatives (1a-k) (Scheme 1.). The effect of different reaction 
parameters and the type of the ionic liquids were also investigated. 
The filtrated heterogeneous catalyst could be three-times recycled 
with minimal loss of activity [3]. 
 
3. The above method for the transfer hydrogenation of cinnamic 
acid derivatives were applied in the reduction of aromatic nitro 
compounds to anilines. Good results were achieved in the reduction 
of different aromatic nitro compounds (3a-j) in [bmim][BF4] ionic 
liquid, in the presence of Pd(OAc)2 catalyst and ammonium-formate 
(Scheme 2.). 
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Compound R1 R2 R3 R4 

3a OMe H COOH H
3b OMe H COOMe H 
3c H COOH H H 
3d H COOMe H H 
3e NH2 H H H 
3f NHAc H H H 
3g NH2 H H OMe 
3h NH2 H H CH3 
3i H H NH2 H 
3j H H CH3 H 

 
4. Similarly to the dehalogenation of 4-chloro-cinnamic acid the 
hydrogenolysis of some halogenated aromatic compound (5a-j) were 
carried out. (Scheme 3.). The hydrogenolysis were performed with 
Pd(OAc)2 and the heterogeneous Pd/MgAl catalysts in 
[emim][EtSO4] ionic liquid [3]. The method was used for the 



preparation of a dehalogenated impurity of a development stage 
pharmaceutical intermediate. 
 

X Pd(OAc)2 or Pd/MgAl
HCO2Et3NH, [emim][EtSO4]

4 h, 60 °C
R R

(5a-j) (6a-j)  
Scheme 3. 

 
Compound X R 

5b Cl CN
5c Cl COOH 
5d Cl CH3 
5a Cl OMe 
5e Cl OH 
5f Br Cl 
5g Br COOH 
5h Br CH3 
5i Br t-Bu 
5j Br OMe 

 
5. In the Wilkinson-catalyst’s mediated transfer hiydrogenation 
of α,β-unsaturated ketones, selective hydrogenation of the 
unsaturated double bond was discovered in imidazolium based ionic 
liquids (Scheme 4.). In molecular solvents the hydrogenation of the 
carbonyl group was also observed, resulting a product mixture (10 
and 11) or pure saturated alcohol (11) depending on the reaction 
period. It was found that [emim][BuSO4] ionic liquids accelerate the 
rate of the selective reaction. Under the optimal conditions chalcone 
(9a) and some other model compound (9b-g) were also hydrogenated 
selectively in this ionic liquid. For recycling the catalyst contained 
ionic liquid, high loss of catalytic activity was observed. 
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6. Applying an other ionic liquid soluble [Rh(cod)Cl]2 catalyst 
chalcone and some α,β-unsaturated ketones were also selectively 
transfer hydrogenated. With this type of catalyst the azeotropic 
mixture of formic acid and triethylamine (5:2) was found to be 
effective instead of the previously used ammonium-formate. The 
ionic liquid, containing the catalyst were recycled four-times after 
extraction of the product with toluene. 
 
7. Preparation of amidoxime from nitriles in molecular solvent 
(usually in an alcohol) are accompanied by the amide side products. 
Surprisingly a selective formation of the desired amidoxime was 
observed in [bmim][OAc] ionic liquid. No reaction occurred in 
imidazolium-based ionic liquids, containing other anions. The 
selectivity of the reaction was investigated for the preparation of a 
drug candidate’s intermediate with similar result. Selective 
amidoxime formation in [bmim][OAc] ionic liquid was proven for 
other model compounds, too. (Scheme 5.). 
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IV. Theses 
 

1. Ionic liquids were successfully applied in the transfer 
hydrogenation of cinnamic acid and its derivatives. The 
hydrogenations resulted the corresponding saturated 
products under mild conditions in the presence of Pd(II) 
catalysts [1]. 

2. At the Department of Organic Chemistry and 
Technology/BUTE developed, new Pd/MgLa mixed oxide 
and the commercially available Pd/MgAl hydrotalcit 
heterogeneous catalysts were successfully applied in ionic 
liquids for the transfer  hydrogenation of α,β-unsaturated 
carboxylic acids. The heterogeneous catalysts was reused 
three-times with minimal loss of activity [3]. 

3. The above method was applied in the reduction of aromatic 
nitro compounds to anilines in [bmim][BF4] ionic liquid in 
the presence of Pd(OAc)2 catalyst. 

4. Similarly to the dehalogenation of 4-chloro-cinnamic acid 
the hydrogenolysis of some halogenated aromatic compound 
were performed in ionic liquids with Pd(OAc)2 and the 
heterogeneous Pd/MgAl catalysts [3]. The procedure was 
applied for the synthesis of an impurity of a drug candidate’s 
intermediate. 

5. The double bond of chalcone and other α,β-unsaturated 
ketones were selectively transfer hydrogenated in 
imidazolium based ionic liquids in the presence of 
Wiklinson’s catalyst.  



6. Applying an other ionic liquid soluble [Rh(cod)Cl]2 catalyst 
chalcone and some α,β-unsaturated ketones were also 
selectively transfer hydrogenated. In this case the ionic 
liquid, containing the catalyst were recycled four-times after 
extraction of the product with toluene. 

7. Selective preparation of amidoximes were developed in 
ionic liquids. From the imidazolium based ionic liquids the 
reaction took place selectively only in [bmim][OAc]. The 
selectivity of the reaction was investigated for the 
preparation of a drug candidate’s intermediate with similar 
result. 

 
V. Possible utilization of the presented results 
 
The presented results of my research are mainly contributing the 
available information about the possible application of ionic liquids 
in organic synthesis. Dehalogenation procedure in ionic liquid was 
applied for the synthesis of an impurity of a drug candidate’s 
intermediate. A selective formation of amidoximes in [bmim][OAc] 
ionic liquid gives an alternative option for the preparation of 
amidoxime-group containing pharmaceutical intermediates where the 
high amount of the amide impurity is critical. 
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