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INTRODUCTION 

 

During my doctoral research, I have dealt with the synthesis and reactivity 

of hypervalent iodine reagents. These reagenst can be effectively used in catalytic 

or non-catalytic C-H functionalization reactions under mild reaction conditions. 

The most widely utilizable compounds are the diaryliodonium salts, but iodonium 

salts bearing an alkyl chain can also be prepared. The stability of the latter ones 

can be enhanced by the presence of strong electron withdrawing groups. 

Considering this  during the first part of my research I have examined the 

preparation and reactivity of iodonium salts containing trifluoroethyl moiety.  

The presence of fluorine atom in aromatic and heteroaromatic molecules 

changes the lipophilicity, electronic nature and metabolic stability of the 

compound. Due to this beneficial feature several biologically active compounds 

can be found, which contain fluor atom, trifluoromethyl-, trifluoromethoxy- or 

trifluoromethylthio groups. Analogous to this, trifluoroethyl moiety can also be 

incorporated into molecules, although there are only sporadic examples for 

reactions in which trifluoroethylation happens through the formation of C-C bond.  

In the second part of my doctoral reseach, I have dealt with a structurally 

different hypervalent iodonium reagent. Triisopropylsilylethynyl-1,2-

benziodoxol-3(1H)-one (TIPS-EBX) is a widely-used reagent for the alkynylation 

of different nucleophiles, e.g. indole, pyrole and thio compounds. The 

alkynylation reactions can be achieved generally with palladium- or gold-catalysts 

under mild reaction conditions. We aimed to develop a method for the 

alkynylation of nucleophilic azulene core with this reagent, although 

functionalization of azulene with hypervalent iodine reagents is unknown in the 

literature. 

 

 

 



3 

 

RESULTS 

1. Utilization of diaryliodonium salts in meta-arylation reaction 

In order to examine the meta-arylation reaction of pivalanilides with 

heterogeneous copper catalyst, I have synthesized several iodonium salts bearing 

different aryl groups based on literature.1 During my work I have prepared various 

dirylaiodonium slats equipped with mesityl and para substituted aryl groups 

contusing mainly halide and ethyl-ester functional group. Earlier the copper 

catalyzed reaction of anilides in the presence of heterogeneous catalyst was 

examined in the case of CuO/Al2O3 and nanosized Cu(I)-oxide catalyst.2 

 I have tested the copper on iron catalyst (Cu/Fe, 5 w/w%) developed in our 

research group in the meta-arylation reaction of pivalanilides. It can be 

stated, that the meta-arylation reaction took place successfully and 

selectively utilizing the Cu/Fe catalyst using the reaction conditions of the 

homogeneous reaction. 

 Under the optimized conditions with Cu/Fe catalyst I have synthesized 14 

different biaryl derivatives.3 

 

2. Development of selective trifluoroethylation reaction of indoles 

The significance of indole core is great in organic chemistry, because there 

are several examples for biologically active derivatives and its utilization in 

medicinal chemistry. Indole alkaloid represent the main part of the naturally 

available alkaloids, which bear wide range of biological effects.  

 

 

                                                 
1 M. Bielawski, M. Zhu, B. Olofsson Adv. Synth. Catal. 2007, 349, 2610. 
2 E.Y. Lee, J. Park, ChemCatChem, 2011, 3, 1127. 
3 A. Székely, Á. Sinai, E.B. Tóth, Z. Novák Synthesis 2014, 46, 1871. 
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a. Preparation of trifluoroethyl(aryl)iodonium trifluoromethanesulfonates 

 In the first part of my doctoral research I have synthesized a 

trifluoroethyl(mesity)iodonium trifluoromethanesulfonate reagent, one to 

which similar was prepared by the research group of Umemoto.4 

Optimizing the reaction conditions developed in their publication I have 

successfully synthesized a family of trifluoroethyl-containing iodonium 

salts bearing different aryl moieties. 

 Examining the stability of the prepared salts with NMR measurements, we 

have observed the decomposition of trifluoroethyl(aryl)iodonium salts 

under a short interval of time in solution. With the aid of thermoanalytical 

measurements we have determined the decomposition temperature of the 

salts, which occurred between 80 and 90 °C. 

 The comparison of the effectivity of syntheses and reactivity of iodonium 

salts led us to the conclusion that the mesityl-containing 

trifluoroethyliodonium salt is the most suitable reagent for further 

transformations. This reagent could be successfully synthesized even in larger 

quantity (~40 g) with almost quantitative yield.  

b. Tests considering the reactivity of the prepared iodonium salts 

 After the preparation of hypervalent iodine reagent I have tested its 

reactivity on indole.  During the tests, I have observed that the prepared 

regent is able to trifluoroethylate the indole core selectively in C3 position. 

c. Optimizing the trifluoroethylation reaction 

 During the optimization reactions, it turned out that without base in the 

reaction mixture a side product forms besides the trifluoroethylated indole 

                                                 
4 T. Umemoto, Y. Gotoh J. Fluorine Chem. 1985, 28, 235. 
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in a significant 2:1 ratio (product: side product). (Figure Hiba! A 

hivatkozási forrás nem található.).  

 

Figure 1: Reaction mixture without base 

 We have observed, that the dimerization of indole can be suppressed with 

the addition of base. We have thoroughly surveyed the utilizable bases and 

noticed that out of the amine-type organic bases only 2,6-di-tert-

butylpyridine is suitable for the efficient reaction. The role of the base was 

explained with its special sterical properties, which was proved by the 

quantum chemical calculations performed in cooperation. 

d. Examination of the reaction mechanism 

 We have examined the reaction mechanism in cooperation with the 

research group of András Stirling. The formation of the side product turned 

out the be the result of the acid-catalyzed indole dimerization reaction. 

 Almost all N-containing organic base (triethylamine, Hünig-base, pyridine, 

etc.) can be trifluoroethylated in the reaction, even with lower activation 

energy, than the indole derivatives. 

 The calculated trifluoroethylation activation energies were confirmed by 

experimental details as well. The only outstanding activation energy 

belongs to the 2,6-di-tert-butylpyridine, in which the crowded tert-butyl 

groups prevent the trifluoroethylation of the nitrogen of the pyridine. 

e. Examination of the applicability of the trifluoroethylation reaction 

 We have showed the utilization of the reaction through several examples 

(Figure Figure 2). 



6 

 

 

Figure 2: Applicability of the trifluoroethylation reaction 

 The reaction tolerates several functional groups and taking the further 

transformation of the molecules into consideration, we have prepared 34 

new compounds, which were unknown in the literature. Our results were 

published in Chemical Communications.5 

f. Examination of C2-trifluoroethylation of indole 

I have tried to trifluoroethylate the indole core in C2 position in 

palladiumcatalyzed reaction with the trifluoroethyl(mesityl)iodonium 

triflate. In order to try this, I have prepared N-pyridylindole derivative of 

indole, because usually it is applied in palladium6 and rutheniumcatalyzed7 

reactions for the functionalization of C2 position.  

 These transition metal catalyzed C-H activation reactions usually take place 

at elevated temperatures, which limits the applicability of the iodonium salt. 

I have noticed that during the test reactions with the utilization of the proper 

base and solvent, the trifluoroethyl group could be directed to the C2 

position of the indole core. In the case of N-pyridylindole I could prepare 

the 2-trifluoroethyl derivate with moderate yield, but it turned out, that 10% 

bis-trifluoroethylated indole was formed in the reaction as well.  To 

summarize, I have noticed that the C2-selective palladiumcatalyzed 

trifluoroethylation of indole in this C-H activation reaction is possible, but 

                                                 
5 G.L. Tolnai, A. Székely, Z. Makó, T. Gáti, J. Daru, T. Bihari, A. Stirling, Z. Novák. Chem. Commun. 2015, 

51, 4488. 
6 C. Li, W. Zhu, S. Shu, X. Wu, H. Liu Eur. J. Org. Chem. 2015, 17, 3743. 
7 L. Ackermann and A.V. Lygin Org. Letters, 2011, 13, 3332. 
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the reaction requires further improvements regarding the selectivity and 

effeciency to result an effective transformation.  

3. Gold-catalyzed alkynylation of azulenes 

Azulene ring has a dipolar nature because of its condensed 7+5 membered 

carbacyles (Figure Figure 3) and though its dipole moment is high (1,08 Debye). 

The stability of azulene is due to the fact that the seven-membered ring is more 

stable as tropylium cation and the five-membered ring is more stable as a 

cyclopentadiene anion. This way both rings bears aromaticity, which on the whole 

stabilizes the 7+5 ring construction. 

 

Figure 3: Construction of azulene 

Due to the electronic nature of azulene, it has wide range of applicability. 

It was shown, that several azulene derivatives have biological effects8, so they can 

be utilized in pharmaceutical industry, but thanks to its special photoelectronic 

properties it also gained applicability in the materials science.9 

In order to test the azulenes’ direct alkynylation I have prepared several 

substrates according to known procedures. I have formed numerous azulene core 

with Ziegler-Hafner synthesis in microwave reactor.10 I have formylated, acylated 

and formed the ketoesther derivative of the prepared azulenes in C1 position. 

Formylation was executed with Vilsmeier-reaction,11 while 2-chloroacylation12 

and ketoestherification13 according to a known procedure. 

 

                                                 
8 T. Yanagisawa, S. Wakabayashi, T. Tomiyama, M. Yasunami, K. Takase Chem. Pharm. Bull., 1988, 36, 641. 
9 X-H. Zhang, C. Li, W-B. Wang, X-X. Cheng, X-S. Wang, B-W. Zhang J. Mater. Chem., 2007, 17, 642. 
10 T.O. Leino, M. Baumann, J. Yli-Kauhaluoma, I.R. Baxendale, E.A.A. Wallén J. Org. Chem., 2015, 80, 11513. 
11 K. Rudolf, D. Robinette, T. Koenig J. Org. Chem. 1987, 52, 641. 
12 E.A. Dragu, S. Nica, M. Raicopol, A. Baran, D.F. Anghel, B. Cojocaru, L. Tarko, A.C. Razus Tetrahedron Lett. 

2012, 53, 2611. 
13 M.S.M. Timmer, B.L. Stocker, P.T. Northcote, B.A. Burkett Tetrahedron Lett. 2009, 50, 7199. 
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 In the beginning of the research we have shown that the naturally occurrent 

guaiazulene can be alknylated in gold-catalyzed reaction directly by the 

functionalization of the C-H bond utilizing TIPS-EBX reagent.  

 We have noticed during the optimization of the reaction that AuCl catalyst 

is the most effective for the alkynylation reaction. 

 We have shown that the dosage of the reagents plays an important role in 

the transformation. We have experienced gold deposit in the reaction, if all 

of the reactions were added to the vial preliminary and the solvent was 

added at last; this sets back the catalytic process.  In order to reach an 

effective reaction, AuCl catalyst must have added at last to the reaction 

mixture. This way TIPS-alkynylated guaiazulene could be obtained with 

73% yield after work-up of the reaction mixture (Figure Figure 4). 

 

Figure 4: Gold-catalyzed alkynylation of guaiazulene 

 Testing the TIPS-alkynylation reaction on 6-methylazulene I have noticed, 

that the alkynylated product could be obtained only in low yield, unlike 

from the guaiazulene. In case of 6-methylazuelene the desired product 

could be prepared only in 23% yield. The reaction proved to be unselective, 

because besides the product 10% of the dialkynylated product was present 

as well. In case of 6-phenylazulene dialkynylated derivative appeared too, 

from which I could not separate the desired product using column 

chromatography, since the alkynylated compounds in the reaction mixture 

have very similar polar properties. In the case of 6-phenylazulene the two 

products were obtained in 1:1 ratio altogether with 47% yield. These 
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experiments indicated, that if the azulene core does not have substituents 

on the five-membered ring, double substitution can take place. 

 The formyl, 2-chloroacyl and ketoesther derivatives of the azulenes were 

TIPS-alkynylated under the optimized reaction conditions. (Figure Figure 

5). Several products could be obtained in the reaction with an average good 

yield, which is unusual in the case of azulenes. Examination of the spectral 

properties of the compounds showed us that most of the alkynylazulenes 

bear fluorescent property. The products prepared in the TIPS-alkynylating 

reactions are all new compounds, which are not yet published in the 

literature.14 

 

Figure 5: Summarizing figure for the gold-catalyzed alkynylation of azulenes  

                                                 
14 A. Székely, Á. Péter, K. Aradi, G.L. Tolnai, Z. Novák Org. Lett. 2017, Accepted Manuscript, DOI: 
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