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1 Introduction 

Synthesis and functionalization of aromatic and heteroaromatic systems through oxidative 

couplings are one of the most important areas of current organic chemistry. Heterocyclic 

compounds possess special importance in medicinal chemistry, because major part of the active 

agents bear at least one heterocyclic ring.1 The development of new, efficient methodologies is 

of great relevance. Besides the classical organic syntheses, transition metal catalyzed 

procedures are used more frequently for the building of heterocycles. Nowadays the (diaryl)-

λ3-iodanes are widely used in organic syntheses. They are easy to prepare,2 and their utilization 

enables the introduction of aryl moieties into aromatic and heteroaromatic substrates.3, 4, 5 With 

the aid of in situ formed highly electrophilic Cu(III) species, the C-C bond formation can be 

extended with an additional cyclization step.6     

The aim of my PhD research was the development of new copper-catalyzed cyclization 

reactions in the presence of diaryliodonium triflates, which enables the construction of 

variously functionalized heterocyclic compounds. To achieve my goals, the copper catalyzed 

reaction of ortho-ethynylanilides and N-(3-arylpropynyl)amides with  diaryliodonium salts 

were investigated.  

 

2 Results 

2.1 Copper-catalyzed reaction of 2-alkynylanilides with diaryliodonium salts 

In 2009 Gaunt and co-workers developed the copper(II)-triflate catalyzed meta-selective 

arylation of anilides with diaryl iodonium salts.5 They discovered that an electron-donating 

group in the ortho-position to the amide function greatly enhances the transformation. Ortho-

alkynylanilides can be effective substrates in the reaction, however transition metal catalyzed 

cyclizations of 2-alkynylanilides are well-known in the literature.7, 8, 9 Gaunt also demonstrated 

that the reaction of allyl amides with diaryl iodonium salts in the presence of copper provides 

oxazine compounds.6  

                                                 

1 Vitaku, E., Smith, D. T., Njardarson, J. T., J. Med. Chem., 2014, 57, 10257 – 10274. 
2 Bielawski, M., Zhu, M., Olofsson, B., Adv. Synth. Catal., 2007, 349, 2610 – 2618. 
3 Ciana, C.-L.; Phipps, R. J.; Brandt, J. R.; Meyer, F.-M.; Gaunt, M. J. Angew. Chem. Int. Ed. 2011, 50, 458-462. 
4 Daugulis, O.; Zaitsev, V. G. Angew. Chem. Int. Ed. 2005, 44, 4046-4048. 
5 Phipps. R. J.; Gaunt, M. J. Science 2009, 323, 1593-1597. 
6 Cahard, E.; Bremeyer, N.; Gaunt, M. J. Angew. Chem. Int. Ed. 2013, 52, 9284-9288. 
7 Saito, T., Ogawa, S., Takei, N., Kutsumura, N., Otani, T., Org. Lett., 2011, 13, 1098 – 1101. 
8 Lee, W.-C., Shen, H.-C., Hu, W.-P., Lo, W.-S., Murali, C., Vandavasi, J. K., Wang, J.-J., Adv. Synth. Catal., 

2012, 354, 2218 – 2228. 
9 Costa, M., Cà, N. D., Gabriele, D., Massera, C., Salerno, G., Soliani, M., J. Org. Chem., 2004, 69, 2469 – 2477. 
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To achieve my goals, the copper-catalyzed reaction of ortho-ethynylanilides with 

aryl(mesityl)iodonium triflates was examined. In the reaction the formation of five products 

was expected according to literature. Meta-selective arylation would provide biaryl systems. If 

ring closure occurs, depending on which nucleofilic atom and which carbon atom of the triple 

bond is involved, benzooxazepine-, benzooxazine-, indole- or benzoazetidine derivatives may 

form (Figure 1). 

 

Figure 1. Possible products of the copper-catalyzed reaction of 2-ethynylanilides and diaryliodonium salts 

The starting materials are not commercially available, all of them were synthesized. 

Aryl(mesityl)iodonium triflates were synthesized with moderate to good yields (17 examples, 

30 – 93% yields) in a one-pot procedure from the appropriate iodoarene and mesitylene 

according to the general method of Bielawski and Olofsson (Figure 2).2 

 

Figure 2. Synthesis of aryl(mesityl)iodonium triflates 

For the synthesis of ortho-(phenylethynyl)pivalanilides 2-iodoaniline derivatives were 

treated with pivaloyl chloride, then the products were coupled with phenylacetylene in 

Sonogashira-reaction (Figure 3). 

 

Figure 3. Synthesis of 2-(phenylethynyl)pivalanilides 
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The 2-(arylethynyl)pivalanilides were synthesized in a sequential Sonogashira-coupling 

developed by Kotschy and Novák.10 Total 18 compounds were prepared with 17 – 82% isolated 

yields (Figure 4). 

 

Figure 4. Synthesis of 2-(arylethynyl)pivalanilides 

 The esther functionality decomposes under the conditions previously used. To obtain the 

esther-substituted product, the first coupling was performed with (trimethylsilyl)acetylene. The 

protecting group was removed with tetrabutylammonium fluoride for the second coupling with 

ethyl 2-iodobenzoate (Figure 5). 

 

Figure 5. Synthesis of ethyl 4-((2-pivalamidophenyl)ethynyl)benzoate 

    Several 2-(phenylethynyl)anilides were prepared from 2-iodoaniline. In the first reaction 

2-iodoaniline was coupled with phenylacetylene, then the product was treated with different 

acyl chlorides (Figure 6). 

 

Figure 6. Synthesis of 2-(phenylethynyl)anilides 

 N-(2-hex-1-yn-1-yl)pivalanilide was synthesized from 2-iodopivalanilide and hex-1-yne 

in Sonogashira-coupling (Figure 7). 

                                                 

10 Novák, Z., Nemes, P., Kotschy, A., Org. Lett., 2004, 6, 4917 – 4920. 
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Figure 7. Synthesis of N-(2-hex-1-yn-1-yl)pivalanilide 

As model substrate ortho-(phenylethynyl)pivalanilide was treated with 

mesityl(phenyl)iodonium triflate in the presence of 10 mol% Cu-catalyst in various solvents 

and temperatures. We found that the alkyne was completely transformed in the presence of 10 

mol% Cu(OTf)2 in 1,2-dichloroethane at 50 °C after 12 hours. The main product of the reaction 

was isolated in 59% yield, and determined to be 2-(tert-butyl)-4-(diphenylmethylene)-4H-

benzo[d][1,3]oxazine through 1H and 13C NMR and NOESY analysis (Figure 8). The discovered 

transformation includes 6-exo-dig cyclization and arylation with the formation of a new C-C 

and C-O bonds, providing benzooxazine derivatives with fully substituted exo-double bond.  

 

Figure 8. Synthesis of 2-(tert-butyl)-4-(diphenylmethylene)-4H-benzo[d][1,3]oxazine 

To examine the scope and limitations of the developed methodology different ortho-

alkynylanilides were reacted with aryl(mesityl)iodonium triflates using the optimized reaction 

conditions. Total 37 new benzooxazine derivatives were synthesized with 34 – 88% isolated 

yields. The transformation well-tolerates electron donating methyl- and methoxy groups, 

electron withdrawing groups and halogens in all positions on the arylethynyl moiety. The 

reaction was also performed with substituents on the anilide ring and the tert-butyl group of the 

amide function was also changed to methyl-, phenyl-, p-methoxyphenyl, and p-nitrophenyl 

groups, the reactions provided the appropriate benzooxazine products in moderate to good 

yields. The applicability of the iodonium triflates were also examined. Meta- and para-

substituted aryl(mesityl)iodonium triflates with alkynylpivalanilides gave the appropriate 

benzooxazines however, ortho-substituted iodonium salts did not provide products (Figure 9).  

 

Figure 9. Synthesis of benzooxazine derivatives 

In the case of the nonsymmetrically substituted diaryl derivatives on the exo-double bond, 

the NMR measurements showed the presence of mixture of geometric isomers. Careful analysis 
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revealed that the products undergo light-induced isomerization in solution and the proposed 

mechanism of the reaction also allows the formation of both isomers. The absolute 

configuration of a few selected products were determined through a single-crystal X-ray 

diffraction study (Figure 10).  

 

Figure 10. Molecular structure of 2-tert-butyl-4-((4-nitrophenyl)(phenyl)methylene)-4H-benzo[d][1,3]oxazine 

The analysis revealed that the aryl group from the iodonium salt inserts to the trans-position 

to the oxygen of a benzoxazine in larger ratio. Isomer ratios were determined by the integrals 

of the tert-butyl groups in the 1H NMR spectra, where the signal at lower chemical shifts 

resembles the E-isomer. 

 

2.2 Synthesis of 4-(arylmethylene)-4H-benzo[d][1,3]oxazines with Copper on iron 

catalyst  

However copper(0) powder was inactive in our 6-exo-dig cyclization and arylation reaction 

of 2-alkynylanilides with diaryliodonium salts, we decided to test the copper on iron (Cu/Fe) 

catalyst developed by Kovács Szabolcs, because of its favorable properties. The Cu/Fe catalyst 

was utilized in the efficient thiolation of aromatic halides.11 The catalyst was successfully 

applied in the copper-catalyzed azide-alkyne cycloaddition12 (CuAAC), in the synthesis of β-

aminoenones from alkynes and hydroxymoyl chlorides and in the one-pot preparation of 3,5-

disubstituted pyrazoles.13 The catalyst is composed of 5 w/w% copper(0) nanoparticles on the 

surface of micro-sized iron powder.12 The catalyst is easy to prepare, stable on air and can be 

separated from the reaction mixture with the aid of external magnetic field.  

We aimed to study the applicability of the Cu/Fe catalyst in the synthesis of benzooxazine 

derivatives via 6-exo-dig cyclization and arylation of 2-ethynylanlides. The optimization 

reactions were carried out with 2-(phenylethynyl)pivalanilide and 1.2 equivalents of 

                                                 

11 Kovács, Sz., Novák, Z., Org. Biomol. Chem., 2011, 9, 711 – 716. 
12 Kovács, Sz., Zih-Perényi, K., Révész, Á., Novák, Z., Synthesis, 2012, 44, 3722 – 3730. 
13 Kovács, Sz., Novák, Z., Tetrahedron, 2013, 69, 8987 – 8993. 
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mesityl(phenyl)iodonium triflate in the presence of different amounts of Cu/Fe catalyst in 

various solvents and temperatures. The highest conversion was achieved in 1,2-dichloroethane 

at 50 °C with 5 mol% catalyst. 

The substrate scope of the procedure was also studied. Different 2-(arylethynyl)anilides 

were treated with aryl(mesityl)iodonium triflates utilizing the optimized reaction conditions. 

The procedure well-tolerated electron donating- and electron withdrawing groups and halogen 

substituents on the reagents, however ortho-substituted iodonium salts proved to be ineffective. 

 

Figure 11. Synthesis of benzooxazine derivatives with Cu/Fe catalyst 

Total 14 bezooxazines were prepared with moderate to good yields. When the reactions 

were carried out with different aryl substituents on the reagents the products were isolated as 

isomer mixtures. In general the reaction proceeded similar to the homogenous Cu(OTf)2-

catalyzed version, but with lower catalyst loading. Similar isolated yields and isomer ratios 

were achieved. In conclusion we demonstrated that the copper on iron catalyst serves as an 

efficient catalyst for the 6-exo-dig cyclization and arylation reaction of 2-ethynylanilides with 

aryl(mesityl)iodonium triflates. 

 

2.3 Synthesis of 5-(diarylmethylene)-4,5-dihydrooxazoles in oxidative cyclization/ 

arylation reaction 

In continuation of our research devoted to the study of copper-catalyzed 

cyclization−arylations with diaryliodonium salts, we aimed to extend our synthetic strategy to 

the construction of five-membered heterocycles such as oxazolines equipped with fully 

substituted exo double bonds. To achieve this goal, we aimed to use propargylic amides as 

substrates. Oxazolines and oxazoles are important synthetic tools for the access of a 

heterocyclic core with significant pharmaceutical and catalytic interest.14, 15, 16, 17 

                                                 

14 Appenzeller, J., Tilvi, S., Martin, M.-T., Gallard, J.-F., El-bitar, H., Dau, E. T. H., Debitus, C., Laurent, D., 

Moriou, C., Al-Mourabit, A., Org. Lett., 2009, 11, 4874 – 4877. 
15 Einsiedel, J., Schoerner, C., Gmeiner, P., Tetrahedron, 2003, 59, 3403 – 3407. 
16 Liu, Y.-x., Wei, X.-c., Li, Y.-q., Yang, N., Wang, Q.-m., New. J. Chem., 2013, 37, 1803 – 1810. 
17 Huang, P., Wang, Y.-X., Yu, H.-F., Lu, J.-M., Organometallics, 2014, 33, 1587 – 1593. 
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Arylpropargylic amides were synthesized from propargylamine with acyl chlorides, then 

the products were coupled with aryl iodides in Sonogashira-reaction (Figure 12). 

 

Figure 12. Synthesis of N-(3-arylprop-2-ynyl)amides 

N-(pent-2-yn-1-yl)pivalamide was prepared in the reaction of 1-bromo-2-pentyne and 

pivalamide (Figure 13). 

 

Figure 13. Synthesis of N-(pent-2-yn-1-yl)pivalamide 

The optimization studies of the transformation were performed with N-(3-phenylprop-2-

ynyl)pivalamide. The model substrate was treated with 1.2 equivalents of 

mesityl(phenyl)iodonium triflate in the presence of different copper catalysts in various 

solvents and temperatures under argon. The screening showed that the reaction works the best 

in dry ethyl acetate with 2.5 mol% CuCl at 50 °C. The isolated product proved to be 2-(tert-

butyl)-5-(diphenylmethylene)-4,5-dihydrooxazole through 1H NMR, 13C NMR and NOESY 

studies (Figure 14). 

To examine the scope and limitation of this novel transformation, different N-(3-arylprop-

2-ynyl)pivalamides were treated with aryl(mesityl)iodonium triflate under the optimized 

reaction conditions. It was found that the reaction works well with electron donating, electron 

withdrawing groups and halogen substituents on both substrates, however ortho-substituted 

aryl(mesityl)iodonium triflate did not provide products. Replacing the tert-butyl group of the 

amide moiety with ethyl-, phenyl-, p-methoxyphenyl, and p-nitrophenyl groups, the reactions 

yielded the appropriate oxazoline derivatives in moderate to good yields (Figure 14).   

 

Figure 14. Synthesis 5-(diphenylmethylene)-4,5-dihydrooxazole derivatives 

The geometries of some nonsymmetrically substituted 5-methylene-oxazolines were 

determined by NOESY studies, and it was found in each case that the incoming aryl group 
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derived from the iodonium salt was in a position cis to the oxygen of the oxazoline ring. The 

geometry of the exo double bound on the oxazoline ring was also established by X-ray 

crystallography. 

 

Figure 15. Molecular structure of (E)-2-tert-butyl-5-((4-tolyl)(phenyl)methylene)-4,5-dihydrooxazole 

In summary, we demonstrated that the copper-catalyzed ring closure−carboarylation 

strategy can be extended to substrates bearing alkyne and amide groups. We successfully 

achieved the synthesis of novel oxazoline derivatives equipped with fully substituted exo double 

bonds in the copper-catalyzed reaction of arylpropargylic amides and diaryliodonium salts. 
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