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1. Introduction 

Syntheses and application of the 1-arylpyrrole derivatives have been investigated in our 

group for many years. Selective esterification of an atropisomeric dicarboxylic acid
1
 which 

contains a trifluoromethyl substituent in C2 position of the benzene ring was also 

accomplished,
2
 so bifunctional derivatives might be prepared which contain different 

substituents on the pyrrole- and the benzene rings. The bifunctional atropisomer compounds 

may be used in enantioselective reactions as organocatalysts or catalyst ligands. Importance of 

this research field has been indicated by the dynamically increasing number of publications on 

novel enantioselective catalytic reactions.
3
 

Recently several 1-phenylpyrrole derived chiral amino alcohols were prepared by our 

group.
2,4

 Application of these amino alcohol type catalyst ligands was studied in 

enantioselective model reactions. Promising results were achieved with a tertiary amino 

group and tertiary alcohol function containing new ligand in the enantioselective addition of 

diethylzinc to benzaldehyde.
4
  

Based on these results aims of this thesis work are the followings: 

 development of a new stereoconservative method to prepare enantiopure atropisomer 

diamines from 1-arylpyrrole derived dicarboxylic acid; 

 development of new methods to synthesize new 1-arylpyrrole derived organocatalysts, 

which contain Lewis-basic tertiary amino group on the pyrrole ring, and a hydrogen 

donor thiourea moiety on the benzene ring connected directly or through a methylene 

group; 

 investigation of the new 1-arylpyrrole derived thiurea organocatalysts in 

enantioselective Michael additions; 

 development of a new efficient method to prepare atropisomer amino alcohol ligands, 

and determination of the structures and enantiopurities of the products; 

 investigation of the efficiencies of the new and previously prepared chiral amino alcohol 

ligands in enantioselective catalytic organometallic reactions, and determination of the 

optimum reaction conditions. 

 

 

 

1 Fogassy, K.; Harmat, V.; Böcskei, Z.; Tárkányi, G.; Tőke, L.; Faigl, F. Tetrahedron: Asymmetry 2000, 11, 4771. 
2 Faigl, F.; Mátravölgyi, B.; Szöllősy, Á.; Czugler, M.; Tárkányi, G.; Vékey, K.; Kubinyi, M. Chirality 2012, 24, 532. 
3 Kumarasamy, E.; Raghunathan, R.; Sibi, M. P.; Sivaguru, J. Chemical Reviews 2015, 115, 11239. 
4 Mátravölgyi, B. Új, atropizomériát mutató vegyületek előállítása és szintetikus alkalmazása; PhD értekezés, 2012. 
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2. Literature background 

Asymmetric catalysis is a type of stereoselective syntheses, which denotes a synthesis in 

the presence of catalytic amounts of a chiral auxiliary. Chiral organometallic complexes, 

metal free organocatalysts and enzymes can be used as catalysts. In the recent years a lot of 

catalyst have been developed, that shows the importance of asymmetric syntheses, and K. 

Barry Sharpless, William S. Knowles and Ryoji Noyori got the Nobel Prize for their results in 

this area in 2001.
5
 

The organocatalysis has evolved spectacularly in the last years. „Orgonocatalysis” means 

a chemical reaction in the presence of substoichiometric amounts of an organic compound 

without metal atom.
6
 Most of organocatalysts are bifunctional, so the catalyst have two 

different functional groups, which attend in the activation of the reactants.
7 
 

The application of chiral bifunctional urea and thiourea derivatives as enantioselective 

organocatalysts to the synthesis of optically active compounds has recently appeared as a new 

and exciting area of contemporary synthetic organic chemistry. Takemoto published the first 

bifunctional thiourea organocatalyst (28). It can be used in Michael-addition of 

diethylmalonate (26) to β-nitrostyrene (25), and excellent enantioselectivity was achieved 

(Scheme 1).
8
 In the last years dozens of new catalysts have been developed and applied 

succesfully (cinchona alkaloid,
9
 sugar-based,

10 
atropisomer,

11
 and catalyst with central and 

axially chirality
12

). 

 

 
 

25          26  27 28 

Scheme 1. The first bifunctional thiourea catalyst and its application
13

 

 

 

 

5 Walsh, P. J.; Kozlowski, M. C. Fundamentals of Asymmetric Catalysis; University Science Books, 2009. 
6 Dalko, P. I.; Moisan, L. Angewandte Chemie International Edition 2001, 40, 3726. 
7 Dalko, P. I.; Moisan, L. Angewandte Chemie International Edition 2004, 43, 5138. 
8 Okino, T.; Hoashi, Y.; Takemoto, Y. Journal of the American Chemical Society 2003, 125, 12672. 
9 Vakulya, B.; Varga, S.; Csámpai, A.; Soós, T. Organic Letters 2005, 7, 1967. 
10 Gao, P.; Wang, C.; Wu, Y.; Zhou, Z.; Tang, C. European Journal of Organic Chemistry 2008, 2008, 4563. 
11 Wang, J.; Li, H.; Duan, W.; Zu, L.; Wang, W. Organic Letters 2005, 7, 4713. 
12 Peng, F.-Z.; Shao, Z.-H.; Fan, B.-M.; Song, H.; Li, G.-P.; Zhang, H.-B. The Journal of Organic Chemistry 2008, 73, 5202. 
13 Compounds numbers refer to the compound numbers used in the PhD Thesis.. 
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Enantioselective catalytic addition of organometallic compounds to carbonyl compounds 

is a well-known chemical reaction. Since Omi and Oguni pulication on the asymmetric 

addition of benzaldehyde to diethyl zinc,
13

 many research focuses on development more 

efficient and more selective ligands. Chiral amino alcohol type compounds may be used in 

similar reactions. The first efficient β-amino alcohol was publicated by Noyori and co-

workers.
14

 The (−)-3-exo-dimethylamino-isobornenol ((−)-DAIB) was applied in the addition 

of diethylzinc (60) to benzaldehyde (59) and its substituated derivatives, and 2 mol% ligand 

was sufficient to obtain high enantiomeric excess (Scheme 2). This reaction became a general 

model reaction to test the new ligands. There are chiral ligands with ephedrine-
15 

and proline
16 

backbone and atropisomer
17

 skeleton. 

 

+  

  
 

59  60  61      62 

Scheme 2. Asymmetric addition of diethylzinc to benzaldehyde 

The (Sa)-82 N-isopropyl group containing amino alcohol was tested as catalyst ligand in 

addition of diethylzinc to benzaldehyde (Scheme 3). The result was promising (80% yield, 

86% ee).
2 

Excellent yield (95%) and enantioselectivity (96% ee) was achieved with the N,N-

diethylamino group containing ligand (Sa)-85a which contains a tertiary alcohol function 

connected to the benzene ring.
4
 However, application of the same ligand in the reactions of 

substituted benzaldehydes resulted in much smaller enantioselectivities in several cases, so 

(Sa)-85a did not look as a generally applicable ligand. 

 

+  

 
 

 

59  60  61  (Sa)-82 

Scheme 3. Application of (Sa)-82 as ligand 

 

13 Oguni, N.; Omi, T. Tetrahedron Letters 1984, 25, 2823. 
14 Kitamura, M.; Suga, S.; Kawai, K.; Noyori, R. Journal of the American Chemical Society 1986, 108, 6071.  

15 Soai, K.; Yokoyama, S.; Ebihara, K.; Hayasaka, T. Journal of the Chemical Society, Chemical Communications 1987, 1690. 
16 Watanabe, M.; Soai, K. Journal of the Chemical Society, Perkin Transactions 1 1994, 3125. 
17 Bringmann, G.; Breuning, M. Tetrahedron: Asymmetry 1998, 9, 667. 
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3. Experimental methods 

Schlenk technique (continous dry nitrogen or argon flow, Schlenk flasks) was applied in 

case of organometallic reactions, reductions and asymmetric addition of diethyl zinc. The 

reactions were monitored by thin layer chromatography (TLC). Purification of the crude 

products were carried out by column- or flash- (Teledyne Isco, CombiFlash
®

) 

chromatography, fractionated distillations or recrystallizations. Purity of the products and 

intermediates were controlled by 
19

F NMR, gas chromatography, TLC, determination of 

specific optical rotatory power and measurement of the melting points. Enantiomeric excess 

of the optically active compounds was determined by high performance liquid 

chromatography or gas chromatography using chiral stationary phase containing columns. 

Structures of the isolated intermediates and products were indentified by spectroscopic 

methods (IR, 
1
H, 

13
C and 

19
F NMR, HRMS) and, in some cases, by single crystal 

diffractometric measurements. The quantum chemical calculations were performed by Péter 

Ábrányi-Balogh. The calculations were carried out by B3LYP-631g(d,p) (for H, C, N, O and 

F) and B3LYP-SDD-MDF10 (for Zn) method using the Gaussian 09 programme package. 

4. New scientific results 

4.1 Synthesis of new atropisomeric diamines and amino and thiourea groups 

cointaining organocatalysts 

An efficient method was developed for the transformation of atropisomeric 1-

arylpyrrole based benzoic acid derivatives into enantiomerically pure aniline derivatives using 

diphenylphosphoryl azide. Esters (Sa)-120a-e were hydrolysed first into the (Sa)-121a-e 

carboxylic acids (Scheme 4), then transformation of the carboxylic acid function into an 

amino group via Curtius rearrangement was investigated. Racemization was observed when 

(Sa)-121a was converted into 120a ester via acid chloride formation and methanolic reaction. 

The supposed mechanism of the racemization is depicted in Scheme 5. The formed 

highly active acylating agent (Sa)-124 react with the pyrrole connected amide group 

(supported by the steric proximity) to give a cyclic isoimidium salt 125. The cyclic 

intermediate should have a low rotatory barrier (comparable to the literature data of similar 

compounds), and racemization easily occurs. The seven membered ring opens selectively in 

the reaction with methanol into racemic 120a as the sole product. 
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(Sa)-120a-e  (Sa)-121a-e 

       

 a b c d e 

     
 

Scheme 4. Hydrolysis of (Sa)-120a-e esters 

 

 

 

 

 

 

(Sa)-124  125  120a 

     

Scheme 5. Supposed mechanism of the racemization  

In order to avoid any racemization, novel process was developed for the preparation of 

enantiomerrically pure (Ra)-128a-e amines using DPPA (diphenylphosphoryl azide). 

Optimum conditions were determined experimentally. 

 
 

 
(Sa)-121a  (Ra)-128a 

 

Scheme 6. Synthesis of anilines (Ra)-128a in two steps („A”) or in one-pot („B”). 

Two methods were compared (Scheme 6). In case of route „A” (two step) the reaction 

was performed in tert-butyl alcohol, and the formed isocyanate was transformed into the 

corresponding tert-butylcarbamate instantaneously. In the second step, the tert-butyl 

carbamate was converted under mild acidic conditions into the amine (Ra)-128a. In case of 

route „B” (one-pot) the reaction was performed in toluene. We found that aqueous hydrolysis 

after completion of the Curtius rearrangement provided better results than those obtained from 

the two separate reactions. 
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The (Ra)-132a-e diamines were prepared by reduction of the amido amines (Ra)-128a-e 

using a borane complex to avoid defluorination of the trifluoromethyl group (Scheme 7). This 

method is suitable to prepare series of enantiopure (Ra)-132a-e diamines.  

   

(Ra)-128a-e   (Ra)-132a-e 

Scheme 7. Synthesis of diamines (Ra)-132a-e 

We investigated the racemization-free synthesis of (Sa)-140 primary amine in which a 

methylene group is inserted between the thiourea function and the atropisomeric aromatic 

skeleton. The primary hydroxyl group of (Sa)-136 was transformed into a primary amine 

function in three steps using the well-known Gabriel synthesis protocol (intermediate 

(Sa)-139). Then the amide group of compound (Sa)-139 was reduced with borane-dimethyl 

sulfide complex (Scheme 8). 

 

          (Sa)-136  (Sa)-139  (Sa)-140 

Scheme 8. Synthesis of diamine (Sa)-140 

Finally 8 new bifunctional thiourea derivatives, (Ra)-118a-e and (Sa)-119a,b were 

obtained by the addition of the corresponding aryl isothiocyanate to the amines (Ra)-132a-e 

and (Sa)-140. This procedure provided (Ra)-118a-e and (Sa)-119a,b in enantiomerically pure 

form (ee >99%, HPLC). Two examples are depicted in Scheme 9.  

 
 

(Ra)-118a-e (Sa)-119a,b 

Scheme 9. The most effective organocatalysts 

The catalytic activities of the new organocatalysts were tested in Michael additions of 

acetylacetone and dibenzoylmethane to β-nitrostyrene (Scheme 10). (Sa)-119a was the most 

active catalyst in the reaction of dibenzoylmethane and β-nitrostyrene (97% conversion) but 
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the highest enantioselectivity (49% ee) could be achieved with (Ra)-118a. Experimental data 

confirmed that (Sa)-119a gives the best results in the addition of acetylacetone to β-

nitrostyrene (25% ee, 95% conversion). 

 

+ 

 
 

 

25               
                  141     143 

      
          144     142 

Scheme 10. Addition of dibenzoylmethane and acetylacetone to β-nitrostyrene  

4.2 Synthesis of new, atropisomeric aminoalcohols 

In the framework of my PhD research project 7 new 1-arylpyrrole derived 

aminoalcohols were prepared (Scheme 11) and their efficiency was investigated in catalytic 

enantioselective reactions. Preliminary investigation of several 1-arylpyrrole derivatives has 

been accomplished in our group, but we wished to prepare new aminoalcohols and determine 

the optimum reaction conditions too, under which the most widely useful ligand could operate 

the best. Therefore aminoalcohols (Sa)-85b-f with different alkyl substituents containing 

tertiary amino groups were synthesized. In addition, a method was developed to prepare 

(Sa)-148a,b which contain further electron-withdrawing trifluormethyl groups influencing the 

acidity of the tertiary alcohol moiety.  

  b c d e f a b 

 

   
 

  

  

        

        

(Sa)-85b-f, (Sa)-148a,b         

Scheme 11. The new 1-arylpyrrole derived amino alcohols 

The pyrrolidine ring containing (Sa)-85d was tested in addition of benzaldehyde and its 

substituated derivatives to diethyl zinc, and we proved that this aminoalcohol can be used as a 

highly efficient ligand in case of many aldehydes (63–95% ee). 

The optimal conditions, determined by the experiments with (Sa)-85d were applied 

during reinvestigation of the efficiency of (Sa)-85a. Comparison of the experimental results let 

us to conclude that (Sa)-85a is the best among the investigated ligands. Experimental data 

confirmed that 1.1 equivalents of diethylzinc and even 1 mol% loading of (Sa)-85a are enough 
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for highly efficient enantioselective addition of diethylzinc to a range of aldehydes 92–96% 

yields, 72–97% ee, Scheme 12). The experimental results were explained on base of quantum 

chemical calculations. 

 
 

 

 

146a-w  147a-w                            (Sa)-85a 

Scheme 12. Addition of aldehydes to diethyl zinc in the presence of (Sa)-85a 

5. Thesis 

1. We developed a new method for preparation of unpublished enantiopure 1-arylpyrrole 

derived carboxylic acids, which contain amide function on pyrrole ring. The structures of 

these compounds were elucidated by single crystal X-ray diffraction measurement of 

(Sa)-2-[2-(diethylcarbamoyl)-1H-pyrrole]-3-(trifluormethyl)benzoic acid. We recognised 

that racemization occured during the activation of the carboxylic acid function via acid 

chloride formation, and we supposed a mechanism of racemization. [2] 

2. We reported a new method to sythesize new enantiopure 1-arylpyrrole derived anilines 

from the corresponding benzoic acid derivatives with diphenylphosphopryl azide. We 

proved that the „one-pot” method in inert solvent is more efficient than the reaction in 

two steps. We elaborated a new method for racemization-free reduction of the tertiary 

amide function with borane dimethyl sulfide complex, and provided experimental 

evidences that this method can be used to prepare a broad scope of 1-arylpyrrole derived 

anilines. [2] 

3. A new stereoconservative (racemization-free) method was developed to prepare optically 

active diamines from (Sa)-N,N-diethyl-1-[2-(hydroxymethyl)-6-(trifluoromethyl)phenyl]-

1H-pyrrole-2-carboxamide. We found that the primary hydroxyl group of (Sa)-136 can be 

transformed into a primary amine function in three steps using the Gabriel synthesis 

protocol, and the amide group can be reduced with borane-dimethyl sulfide complex 

without racemization. [3] 

4. We elaborated a new method to transform the diamines into new bifunctional thiourea 

derivatives, and the structures of these compounds were proved by spectroscopic 

measurements. Enantiomeric excess of the compounds was determined by HPLC. [3] 
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5. First in the literature, catalytic activity of 1-arylpyrrole derived organocatalysts were 

investigated. We found the highest enantioselectivity (49% ee) can be achieved with the (Ra)-

1-[3,5-bis(trifluoromethyl)phenyl]-3-[2-[2-[(diethylamino)methyl]-1H-pyrrole-1-il]-3-

trifluoromethyl)phenyl]thiourea in addition of dibenzoylmethane to β-nitrostyrene, but the 

(Sa)-1-[3,5-bis(trifluoromethyl)phenyl]-3-[2-[2-[(diethylamino)methyl]-1H-pyrrole-1-yl]3-

(trifluormethyl)benzyl]thiourea showed the highest catalytic activity (97% conversion). In 

case of additions of acetylacetone the highest enantioselevtivity (25% ee) and catalytic 

activity (95% conversion) cuold be achieved with the latter catalyst too. [3] 

6. We prepared 7 new 1-arylpyrrole derived aminoalcohols with different tertiary amino 

groups, and we developed a new method to synthesize derivatives which contain further 

electron-withdrawing trifluormethyl groups on the tertiary alcohol function. The new 

compounds were tested in enantioselective addition of diethyl zinc to benzaldahyde at 

first. [4] 

7. We elaborated a new method to implement reproducible addition of diethyl zinc to 

benzaldehyde with the new (Sa)-diphenyl[2-[2-(pyrrolidin-1-ylmethyl)-1H-pyrrole-1-il]-

3-(trifluormethyl)phenyl]methanol. We proved that this aminoalcohol can be used as a 

highly efficient ligand in case of many aldehydes (63–95% ee). [1, 5] 

8. We established on the basis of our experimental evidences that (Sa)-[2-[2-

[(diethylamino)methyl]-1H-pyrrole-1-yl]-3-(trifluoromethyl)phenyl]diphenylmethanol 

can be used as the most efficient ligand of the new ligand family under the optimal 

reaction conditions developed by us. We also established that this ligand can be used 

efficiently in 1mol% loading and 1,1 equivalent diethyl zinc is enough (96% ee, 96% 

yield). 

6. Application possibilities 

The developed methods can be used to synthesize of enantiopure 1-arylpyrrole derived 

diamines. Diphenylphosphoryl azide is a suitable reagent to sythesize aniline derived 

compounds, and other derivatives in which a methylene group is inserted between the 

thiourea function and the atropisomeric aromatic skeleton can be prepared via Gabriel-

synthesis. [2, 3] 

The 1-arylpyrrole derived bifunctional thiourea derivatives can be used in the Michael-

addition of acetylacetone and dibenzoylmethane to β-nitrostyrene as organocatalyst and, 
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according to the literature analogies, these compounds may be used in several other 

enantioselective reactions, too. [3] 

Several 1-arylpyrrole derived amino alcohols can be used in the asymmetric addition of 

diethyl zinc to benzaldehyde as catalyst ligand. The most effective member of that new ligand 

family, (Sa)-85a, can be suitable for preparation wide variety of optically active alcohols with 

practical importance for the fine chemical and pharmaceutical industries. [1, 4, 5] 
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