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1. Introduction 

Pyrroloindolones and their derivatives are important building blocks of biologically 

active substances.1 Conventional synthetic methods to produce these targets usually afford 

low yield,2 therefore close attention is still paid to the development of new strategies. 

In the Chirotechnology and Organometallic Research Group at the Department of 

Organic Chemistry and Technology (head of the group: Ferenc Faigl, DSc), a wide array of 

organometallic reactions of various aromatic and heteroaromatic compounds have been 

explored. In the study of selective substitution of 1-arylpyrrole derivatives through metalation, 

significant successes have been achieved in recent years.3 

Based on these results the aim of this research work was to investigate the synthesis of 

pyrrolo-indolones with considerable biological activity. Moreover, utilization of these 

compounds prepared in different fields was our further goal. Thus, we have designed organic 

dyes that can be used in dye-sensitized solar cell (DSSC) and we have planned to synthesize a 

precursor of fluvastatin (a cholesterol and triglyceride level reducer drug) trough a novel way. 

In comparison to the previously described ruthenium-based complexes, our dyes, based on a 

pyrroloindolone (fluorazone) backbone, do not contain metal atom, so the environment is less 

burdened by their production and the synthesis can often be achieved at lower costs.4 

Due to their versatile biological activity, the synthesis of substituted fluorazones is still a 

widely researched field. A new synthetic route was developed from readily available 

anthranilic acids via a “one-pot” amide and pyrrole formation followed by an intramolecular 

ring closure to obtaine 9H-pyrrolo[1,2-a]indol-9-ones. For the synthesis of fluorazones the 

strategy of amide-activation through trifluoromethanesulfonic anhydride (Tf2O) was chosen. 

Another problem to be solved was the efficient carbon-carbon coupling of electron-rich, 

condensed heterocycles. Instead of the unstable boronic acids used in Suzuki couplings and 

the hardly hydrolysable boronic esters, we have designed an effective consecutive borylation 

and coupling reaction. With the new synthesis path, the structure can be simply modified, thus 

its photochemical properties can be fine-tuned to achieve better efficiency. 

 

 

1 Ni, Q.; Zhang, H.; Grossmann, A.; Loh Charles, C. J.; Merkens, C.; Enders, D. Angew. Chem. Int. Ed. 2013, 52 (51), 13562. 
2 Artis, D. R.; Cho, I.-S.; Jaime-Figueroa, S.; Muchowski, J. M. J. Org. Chem. 1994, 59 (9), 2456. 
3 Faigl, F.; Deák, S.; Mucsi, Z.; Hergert, T.; Balázs, L.; Sándor, B.; Balázs, B.; Holczbauer, T.; Nyerges, M.; Mátravölgyi, B., 

Tetrahedron 2016, 72 (35), 5444. 
4 Wang, P.; Klein, C.; Humphry-Baker, R.; Zakeeruddin, S. M.; Grätzel, M. J. Am. Chem. Soc. 2005, 127 (3), 808. 
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Another area of my research work was to design a new, innovative synthetic pathway 

leading to indole unit, which has an outstanding role in the field of drug research, as the most 

versatile structure.5 According to our previous findings,3 a ring transformation was designed 

to investigate the conversion of 9H-pyrrolo[1,2-a]indol-9-ones synthesized to 3H-pyrrolo[1,2-

a]indol-3-ones. These tricyclic units are potential precursors of 2-acrylic ester substituted 

indoles. The proposed method allows the efficient synthesis of highly functionalized indole 

derivatives containing halides, alkyl, aryl or alkoxy groups. The acrylester function provides 

several pathways for the further transformation leading to valuable heterocycles or fused ring 

systems. 

2. Literature background 

Compounds bearing a 1-arylpyrrole backbone play an important role in the synthesis of 

various complex molecules: their derivatives serve as chiral ligands in enantioselective 

catalytic reactions6 or precursors of several well-known biologically active drugs.7  

The substitution of existing heterocycles and the formation of polyfunctional ring 

systems is often a very complicated task. Ring transformations can be an innovative solution 

to these problems.8 Recently, our research group disclosed a new ring transformation of the 

pyrroles based on the reactions of dibromopyrrole compounds (19) and polar organometallic 

reagents.3 It was observed that the unstable intermediate (20) formed through halogen/metal 

exchange converts into a 5-ylidenepyrrole-2-(5H)-one structure (21) initiated by a formal 

water elimination process (Figure 1). 

 

Figure 1: Synthesis of 5-(diphenylmethylene)-1H-pyrrole-2(5H)-one derivatives (21)9 

 

5 Horton, D. A.; Bourne, G. T.; Smythe, M. L. Chem. Rev. 2003, 103 (3), 893. 
6 Deák, S.; Mátravölgyi, B.; Feczku, G.; Erdélyi, Z.; Nyerges, M.; Faigl, F. Tetrahedron: Asymmetry 2015, 26 (10), 593. 
7 a) Bellina, F.; Rossi, R. Tetrahedron 2006, 62 (31), 7213. b) Tatsuta, K.; Itoh, M. ChemInform 1994, 25 (45), 8443. 

8 Nishiwaki, N.; Nakanishi, M.; Hida, T.; Miwa, Y.; Tamura, M.; Hori, K.; Tohda, Y.; Ariga, M. J. Org. Chem. 2001, 66 (22), 

7535. 

9 Compounds numbers refer to the compound numbers used in the PhD Thesis.  
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After investigating the exact mechanism of the double bond rearrangement by 

computational analysis, it was found that the driving force of the ring transformation is the 

formation of a fully conjugated but non-aromatic system from the aromatic pyrrole motif.3 

The compounds containing activated double bonds are effective substrates of addition 

reactions, thus new structures can be built.10,11 

Continuing the examination of ring transformations, fluorazones could be interesting 

substrates (Figure 2). In recent years, many efforts have been directed towards the synthesis 

of fluorazones with significant biological activity12,13 as well as to their derivatives with 

optical and electronical properties.14,15 

 

Figure 2: Ring transformation possibility for conversion of fluorazones 

The commonly used classical method for the synthesis of fluorazones is the 

intramolecular ring closure which can be divided into direct cyclization reactions16 and 

intramolecular acylations.17 However, these are not generally applicable methodes, only 

fluorazones having specified substituent can be synthesized due to the determining influence 

on cyclization by directing groups.18 Furthermore, the highly acidic reaction conditions 

employed in the acylations can often lead to the polymerization and degradation of the 

sensitive pyrrole derivatives. 

As a widely used building block, the application of fluorazones came to the fore in the 

field of dye-sensitized solar cells; due to a conjugated π-system could serve as an efficient 

backbone of an organic dye. On the other hand, ring transformation of these tricyclic motif 

can lead to a valuable keyintermedier of the active substance of a commercially available 

drug. 

10 Gilow, H. M.; Burton, D. E. J. Org. Chem. 1981, 46 (11), 2221. 
11 Bürckstümmer, H.; Kronenberg, N. M.; Meerholz, K.; Würthner, F. Org. Lett. 2010, 12 (16), 3666. 
12 Li, V.-S.; Choi, D.; Wang, Z.; Jimenez, L. S.; Tang, M.-s.; Kohn, H. J. Am. Chem. Soc. 1996, 118 (10), 2326. 
13 Diana, P.; Stagno, A.; Barraja, P.; Montalbano, A.; Carbone, A.; Parrino, B.; Cirrincione, G., Tetrahedron 2011, 67 (19), 

3374. 
14 Yoshihara, T.; Druzhinin, S. I.; Zachariasse, K. A. J. Am. Chem. Soc. 2004, 126 (27), 8535. 
15 Bauer, R.; Heisler, G.; Königstein, C. Spectrochim. Acta A Mol. Biomol. Spectrosc. 1994, 50 (1), 57. 
16 Kashulin, I. A.; Nifant'ev, I. E. J. Org. Chem. 2004, 69 (16), 5476. 
17 Aiello, F.; Garofalo, A.; Grande, F. Tetrahedron 2010, 66 (1), 274. 
18 Faigl, F.; Mátravölgyi, B.; Deák, S.; Holczbauer, T.; Czugler, M.; Balázs, L.; Hermecz, I. Tetrahedron 2012, 68 (22), 4259. 
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3. Experimental methods 

Schlenk technique (continous dry nitrogen flow, Schlenk flasks) was applied in case of 

organometallic reactions. 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 high performance liquid chromatography–mass 

spectrometry and measurement of the melting points. Structure of the isolated intermediates 

and products were indentified by spectroscopic methods (IR, 1H, 13C and 19F NMR, HRMS) 

and, in some cases, by single crystal diffractometric measurements. 

The optical and electrochemical characterization of the dyes synthetized and their testing 

in solar cells were performed by Alessandro Mordini's group and its partners. The exact 

description of the methods used is enclosed in the relevant publication in the appendix of the 

thesis.K187 

4. New scientific results 

4.1 Fluorazone synthesis through intramolecular cyclodehydration 

Due to their versatile biological activity, several methods are known for the synthesis of 

substituted fluorazones,16-17 however, both the examination of their ring transformation as 

well as the extension of their conjugated electron system and thus the utilization of their 

photochemical properties have been remained less investigated so far. 

Substituted fluorazones were intended to be obtained from readily available and highly 

variable anthranilic acids. An amide formation through activation by CDI, then an efficient 

and quick process for the formation of pyrrole ring were realized. The tertiary amides (34, 

96a-b, 97a-o) based on 1-arylpyrrole backbone were converted to fluorazones through 

intramolecular ring closure. Instead of using the less environmentally friendly POCl3 which 

eventuates also a difficult workup, the cyclodehydration process was mediated by the 

activation of aromatic tertiary amides through triflic anhydride (Tf2O). Ring closure was 

optimized for unsubstituted fluorazone (27) and successfully used to synthesize derivatives 

containing additional functional groups (98a-b, 102a-o) (Figure 3).  

The exact mechanism of the amide activation by Tf2O and the accurate role of 

2-fluoropyridine base required for ring closure was also investigated. Based on NMR studies, 

it was found that the base is solely used to neutralize the TfOH generated as a by-product of 

activation, and thus, unlike previous suggestions, it does not participate in the activation. 
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Figure 3: The synthesis of fluorazones through intramolecular ring closure 

An effective method for the selective halogenation of the pyrrole ring of fluorazones has 

been developed so that the resulting derivatives (109, 110) can be further modified arbitrarily. 

The extensibility of the strategy developed for fluorazones was also studied for the synthesis 

of thienopyrrolizinones having biological activity (112-114). The derivative 112 was prepared 

successfully, however, the preparation of the precursors of the other two isomers was not 

feasible, their synthesis requires further investigation. 

4.2 Synthesis of organic dyes for dye-sensitized solar cells  

In an international cooperation, we synthesized two D--A-type dyes (126, 145, 

Figure 4) based on fluorazone backbone. Formerly, fluorazone unit has not been used as a 

linker in dye-sensitized solar cells (DSSC), therefore a new synthetic route was designed to 

produce 2,7-disubstituted fluorazone-based dyes (110). First, the donor unit (137) was 

synthesized using literary methods. During the synthesis of the thiophene boronic acid (52), 

usually needed to form the acceptor part, it was determined that without acid-free hydrolysis 

purer product (138) can be obtained, but also in this case degradation was observed. For 

carbon-carbon couplings, model reactions were performed that were not or only slightly 

proved to be applicable to the coupling of the acceptor and the donor to the linker unit. 

Finally, the protected thiophene-2-carbaldehyde was coupled with moderate yield, followed 

by the introduction of the triaryl amine moiety using copper-cocatalysis. As a last step, the 

formation of the cyanoacrylic acid function was accomplished by Knoevenagel condensation. 

The new dyes (126, 145) were tested by our Italian partners in solar cells, their photochemical 
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properties and efficiencies were determined. The results obtained provide a promising basis 

for the research of further modified dyes with a fluorazone backbone. 

 

Figure 4: Organic dyes based on a fluorazone backbone (126: n=1, 145: n=2) 

During the synthesis of dyes (126, 145) we encountered many difficulties, especially in 

the formation and coupling of boron derivatives. First, we studied the Suzuki coupling of the 

thiophene-based acceptor (52) frequently used in dyes. Extraction of the decomposable 

thiophene unit was avoided by one-pot method, without any work-up the ester form (147) was 

used in the model reaction with bromobenzene (Figure 5). Thus, it could be used in a more 

stable form in the subsequent coupling step since the oxidation-sensitive aldehyde function 

was protected. 

 

Figure 5: One-pot borylation/copper-cocatalyzed Suzuki coupling reaction 

After detailed optimization the reactions were carried out using copper-cocatalysis 

modelled on the copper salt assisted Stille coupling. Using copper(I) chloride, a more active 

intermediate can be formed from the boron ester (147), which facilitates transmetalation, so 

that we could significantly increase the production of the reaction. The consecutive 

borylation/copper-cocatalyzed Suzuki coupling was also performed for the synthesis of the 

previously produced dye (126) along with a significantly increased yield, so the elaborated 
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process may be useful to produce efficiently compounds containing various conjugate 

systems.  

4.3 Formal redox-neutral synthesis of pyrroloindolones and their stereospecific 

alcoholysis 

According to our previous findings in the ring transformation of 2-brominated 

5-hydroxymethylpyrrole species, as the other main field of our research, fluorazones were 

converted to 3H-pyrrolo[1,2-a]-indol-3-ones (152a, Figure 6) applying a two-step protocol 

with formal redox-neutral transformation. Fluoroazone (27) was first reacted with 

phenylmagnesium chloride at 0 °C in THF solvent and after the addition, bromine at the α'-

position of the pyrrole ring was added under selective monohalogenation conditions.  

 

Figure 6: Synthesis of substituted pyrroloindolones (152a-s) 

We investigated the possibility of the ring transformation both in the case of fluorazones 

substituted with electron-donating or withdrawing groups (27, 98a-b, 102a-o) and except for 

the electron-rich dimethoxy derivative (152j, 52%), the target compounds (152a-s) were 

obtained with high yields (68-94 %) in all cases. The 5-substituted fluorazones were not 

appropriate substrates presumably for steric reasons. In these cases, we were able to isolate 

only the methoxysubstituted compound; in other cases, our attempt to prepare methyl-, 

phenyl-, or bromosubstituted pirroloindolones have failed.  

Subsequently, the benzene ring at the 9-position of the indole ring was subjected to 

substitution. The bromine of the bromobenzene containing the corresponding function was 

exchanged through organometallic reaction, and the lithiumorganic species obtained was 

added to the carbonyl compound (27). The tricyclic alcohols (156a-f) obtained were 

brominated with N-bromosuccinimide similarly to the previous developed phenylmagnesium 

chloride reaction. In this way, six substituted pyrroloindolones (158a-f) were synthetized in 

excellent yields.  

Formerly, in the study of pyrroloindolones, the aim was to produce target products rather 

than to find the optimal conditions and to achieve a simple hydrolysis. Thus, we investigated 
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the increase of the selectivity of the hydrolytic step and the synthesis of indole-2-acrylates 

(159a-m) after stereospecific alcoholysis (Figure 7). 

 

Figure 7: Stereospecific alcoholysis of substituted indole-2-acrylates (159a-m)  

The developed strategy allows the synthesis of a wide range of substituted indoles, 

therefore the resulting indole-2-acrylates can be valuable building blocks for biologically 

active compounds. Starting from anthranilic acid (31), an important precursor (90) of 

fluvastatin used to treat hypercholesterolemia and to prevent cardiovascular diseases was 

induced by innovative indole synthesis (Figure 8). 

 

Figure 8: Synthesis of the fluvastatin precursor 90 

 

 

 

 

 

 

 

 

 

19Zacharia, J. T.; Tanaka, T.; Hayashi, M. J. Org. Chem. 2010, 75, 7514.  
20Ae-Jin, K.; K, I.-S. Bull. Korean Chem. Soc. 2011, 32, 3748.  
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5. Thesis 

I. First in the literature, the synthesis of fluorazones was accomplished through 

intramolecular ring closure using trifluoromethanesulfonic anhydride triggered 

amide activation. The efficiency of the method was demonstrated by the 

synthesis a wide range of substituted derivatives. Our experiments have shown 

that tertiary amides, which had thought to be not reactive, are also suitable 

substrates for the reactions catalyzed by Tf2O leading to the formation of a new 

carbon-carbon bond.K188 

 

II. Based on NMR studies we have proved that the trifluoromethanesulfonic acid is 

able to protonate the amide substrate, thus preventing their activation through 

trifluoromethanesulfonic anhydride. Recognizing the side reaction associated 

with protonation, we proved that the equivalent base required for the complete 

conversion of activation serves only to neutralize the resulting acid, thus first 

clarifying its controversial role. Based on our findings, we have proposed the 

exact mechanism of the trifluoromethanesulfonic anhydride amide 

activation.K188 

 

III. Donor-π-acceptor-type dyes were synthetized based on a unique, fluorazone 

backbone, which were used as sensitizing agents for solar cell. Their actual 

energy conversion capacity was determined experimentally. Moreover, we have 

verified that the increasesing number of thiophene rings in the dye leads to 

higher efficiency.K187 

 

IV. A new method has been developed for the coupling of a thiophene-based 

acceptor unit to conjugated system, which is an essential synthetic step of the 

preparation of a wide range of metal-free organic dyes. Moreover, based on our 

experimental results we proved that the key intermediate thiophene boronic ester 

derivative is an appropriate substrate for Suzuki cross-couplings cocatalyzed by 

copper salt. As a result of the recognition, the widespread applicability of the 

one-pot borylation and cross-coupling process developed has been demonstrated 

in addition to the model compounds over the donor-π-acceptor-type dye based 

on a fluorazone backbone. K197 
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V. A new method has been developed for the synthesis of substituted 3H-pirrolo-

[1,2-a]indol-3-ons through the ring transformations of flurazones. This process 

is a previously unknown strategy for the synthesis of indoles.MS 

 

VI. First in the literature, a stereoflexible synthesis of indole-2-acrylates was 

accomplished. It has been proved that both the cis- and the trans-indole-2-

acrylate stereoisomers can be efficiently and selectively prepared by a base-

dependent alcoholysis of 3H-pyrrolo-[1,2-a]indol-3-ones.MS 

 

VII. The significance of our new synthetic method was demonstrated through an 

example of drug development: a novel process starting from anthranilic acid was 

elaborated for the preparation of the key intermediate of fluvastatin used to treat 

elevated cholesterol and triglyceride levels.MS 

6. Application possibilities 

The one-pot strategy using mild conditions for the synthesis of fluorazones can be useful 

to produce further valuable pyrrole ring tricycles, thus opening up a number of new, or only 

difficult-to-produce, arbitrary functionalizable heteroaromatic compounds. Determining the 

exact role of the base for the neutralization of TfOH generated as a by-product of the 

activation can play an important role in the design of Tf2O-catalyzed amide activations in the 

future, providing new opportunities for unusual transformations.K188 

The synthesis of dyes usable in solar cells and their characterization can promote the 

synthesis of further compounds based on fluorazones whose interesting optical and 

electronical properties can be well tuned based on the results obtained and can be extended to 

different applications. However, the results obtained with our structures are not outstanding, 

they provide a reassuring basis for further fluorazone-based dyes.K187, K192 

The results achieved in the synthesis and use of thiophene-based boronic acid, common 

building unit for organic dyes used to sensitize solar cells, can greatly contribute to the 

production of conjugated -system containing compounds. By one-pot borylation and copper-

cocatalyzed Suzuki coupling, the acceptor precursor degradation can be exemplified, and in 

addition to the appropriate efficiency, the aldehyde with the protecting group can be further 

extended to carbon-carbon coupling reactions as a more stable coupling partner. The 

elaborated copper-cocatalyzed process can be an alternative solution to the difficult 

implementation of Suzuki couplings.K197 
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In a formal redox-neutral reaction, previously prepared fluorazones were converted to 

pyrrolo-indolones and then, using a stereoselective base-dependent ring opening, were 

obtained indole-2-acrylates. The transition metal-free, environmentally friendly strategy 

allows the indole ring to be arbitrarily positioned and functionalized, so that the produced 

indole-2-acrylates are valuable building blocks for biologically active compounds. Acrylic 

ester function offers many possibilities for further conversion of these compounds, producing 

interesting intermediates, forming new fused rings, and the halogen atoms on the indole ring 

may optionally be replaced in a Suzuki coupling. The significance of our new synthetic 

methods was demonstrated through an example of drug development.MS 
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