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1. Introduction 
The β-carboline skeleton can be found in numerous natural and synthetic 

pharmacologically active compounds. Among these the vinpocetine, the tadalafil and 

the abecarnil (Figure 1.) are current medicines against cerebrovascular disorder, erectile 

dysfunction and anxiety, respectively.1 

 
Figure 1. Medicines containing the β-carboline skeleton 

Tetracycles containing a fourth ring condensed to the β-carboline skeleton are 

also remarkable. The harmicine, the akagerine, the arborescidine-type alkaloids, the 

canthin derivatives and part of the eudistomins (Figure 2.) show inter alia antibacterial, 

antiviral or anti-cancer effect.2 

 
Figure 2. Tetracyclic alkaloids containing β-carboline skeleton 

                                                 
1 (a) Lőrincz, Cs.; Szász, K.; Kisfaludy, L. Arzneimittelforschung, 1972, 26 (10a), 1907. (b) Ozawa, M.; 

Nakada, Y.; Sugimachi, K.; Yabuuchi, F.; Akai, T.; Mizuta, E.; Kuno, S.; Yamaguchi, M. Jpn. J. 

Pharmacol. 1994, 64 (3), 179–187. (c) Daugan, A.; Grondin, P.; Ruault, C.; de Gouville, A. C. M.; 

Coste, H.; Kirilovsky, J.; Hyafil, F.; Labaudiniere, R. J. Med. Chem. 2003, 46, 4525–4532. 
2 (a) Kam, T. S.; Sim, K. M. Phytochem. 1998, 47, 145–147. (b) Marini-Bettolo, G. B.; Messana, I.; 

Nicoletti, M.; Patamia, M.; Galeffi, C. J. Nat. Prod. 1980, 43, 717–720. (c) Chbani, M.; Paїs, M.; 

Delauneux, J. M.; Debitus, C. J. Nat. Prod. 1993, 56, 99–104. (d) Singh, V.; Hutait, S.; Batra, S. Eur. J. 

Org. Chem. 2009, 6211–6216. (e) Kobayashi, J.; Harbour, G. C.; Gilmore, J.; Reinhart, K. L. Jr. J. Am. 

Chem. Soc. 1984, 106, 1526–1528. 
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Although thienopyridines have not been found in nature, a few representative 

compound of this type possess significant biological activities. For instance, 

ticlopidine, (S)-clopidogrel and prasugrel (Figure 3.) inhibit platelet activation and 

aggregation. These compounds are used for the treatment of ischemic strokes, heart 

attacks and atherosclerosis, and also for the prevention of thrombosis.3 (S)-Clopidogrel 

(Plavix®) was the world’s second-highest-selling pharmaceutical in the mid-2000s. 

 
Figure 3. Pharmaceuticals containing thienopyridine skeleton 

During my PhD research our aim was the synthesis of different tetracyclic β-

carbolines applying 1,3-dipolar cycloaddition and Staudinger-synthesis. We also aimed at 

extending these reactions to the analogue thienopyridine skeleton (Figure 4.). In course of 

this work we also wanted to evaluate the mechanism of the reactions leading to the new 

derivatives by high-level quantum chemical calculations. We focused especially on the 

Staudinger-reaction, as its mechanism is still not revealed completely. 

 

Figure 4. Our first objective 

Our further objective was the synthesis of 1-aryl-β-carboline-3-carbaldehydes 

from racemic tryptophan. These aldehydes were to apply in Biginelli-reaction for the 

synthesis of new compounds containing an important dihydropyrimidinone ring at C-3 

position (Figure 5.). The dihydropyrimidinone scaffold is also known from its 

pharmaceutical efficiency.4 

                                                 
3 (a) Sabatine, M. S. Eur. Heart J. Suppl. 2006, 8, G31–G34.(b) Aradi, D.; Rideg, O.; Vorobcsuk, A.; 

Magyarlaki, T.; Kónyi, A.; Pintér, T.; Horváth, I. G.; Komócsi, A. Eur. J. Clinic. Invest. 2012, 42, 384–

392. (c) Meves, S. H.; Overbeck, U.; Endres, H. G.; Krogias, C.; Neubauer, H. Thrombosis and 

Haemostasis 2012, 107, 69–79. (d) Kalinski, C.; Lemonie, H.; Schmidt, J.; Burdack, C.; Kolb, J.; 

Umkehrer, M.; Ross, G. Synthesis 2008, 24, 4007–4011. 
4 Rovnyak, G. C.; Atwal, K. S.; Hedberg, A.; Kimball, S. D.; Moreland, S.; Gougoutas, J. Z.; O'Reilly, B. 

C.; Schwartz, J.; Malley, M. F. J. Med. Chem. 1992, 35, 3254–3263. 
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Figure 5. Our second objective 

Moreover we also aimed at the more-step synthesis of new dihydrothieno-

triazolopyridine and dihidrothieno-pyridoquinazolone derivatives from 

tetrahydrothienopyridine (Figure 6.). These tri- and tetracyclic thienopyridine 

derivatives may also show pharmacological activity due to the triazole and the 

quinazolone ring or the thienopyridine scaffold. 

 

Figure 6. Our third objective 

2. Experimental and computational methods 
 

The reaction mixtures were analysed by thin layer chromatography (TLC) and 

HPLC-MS. Purification of the crude products was carried out by flash chromatography 

(Isco CombiFlash Rf) and recrystallization. The products were identified and characterized 

by melting point, 1H and 13C NMR, correlational methods (COSY, HSQC, HMQC, 

HMBC), IR and HRMS. The structure of the new compounds were confirmed by single 

crystal diffractometric measurements. 

The reactions under microwave conditions were carried out in a CEM Discover MW-

reactor equipped with a pressure controller. The applied irradiation was 25-150 W. 

The computations were carried out with the Gaussian 03 (G03) and Gaussian 09 

(G09) program packages. B3LYP/6-31D(d,p) level of theory was applied, the transition 

states were computed with QST3 method and PCM implicit solvent effect was taken 

into consideration. The vibrational frequencies were computed at the same levels of 

theory as used for geometry optimization, in order to properly confirm all structures as 

residing at minima on their potential energy hypersurfaces (PESs). 
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3. New scientific results 

3.1. The cycloaddition reactions of 3,4-dihydro-β-carbolines and 6,7-

dihydrothienopyridines 

3.1.1. The reactions of 3,4-dihydro-β-carbolines and 6,7-

dihydrothienopyridines with 1,3-dipoles 

Novel β-carboline- and thienopyridine-fused oxadiazoline and triazoline derivatives 

were prepared by the 1,3-dipolar cycloadditions of nitrile imines and nitrile oxides in 

excellent yields (Scheme 1.) [1-3, 10, 11]. 

 

Scheme 1. The 1,3-dipolar cycloadditions of 3,4-dihydro-β-carbolines and 6,7-dihydrothieno[3,2-

c]pyridines 

In the case of the β-carbolines a novel isomerization and a further degradation of 

the isomer so formed was also observed. Using two eqivalents of the nitrile oxide in the 

reaction of 1-substituted-β-carbolines, a triazole-N-oxide side product was obtained in a 

second addition reaction  of the reagent to the primarily formed oxadiazoline molecule 

(Scheme 2.). 

 

Scheme 2. The observed side reaction, the isomerization and the degradation process 

We have computed the mechanism of all the reaction steps. From the modelling we 

found, that the reaction mechanism was not a concerted 1,3-dipolar cycloaddition that 

is usual for the 1,3-dipoles, but a stepwise or quasi-stepwise ionic addition reaction. Up 

to the modelling, this theory is supported by the computed inflection points on the 

energy diagram or the local minima found on the potential energy surfaces. 
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3.1.2. The Staudinger-reaction of 3,4-dihydro-β-carbolines and 6,7-

dihydrothienopyridines 

Applying the Staudinger-reaction novel β-lactam-fused carboline and thienopyridine 

derivatives were synthesized resulting in compounds containing two condensed biologically 

significant skeleton (Scheme 3.). In all cases the products formed showed exclusively cis 

configuration. The yields of the reactions were between 10 % and 95 %. We managed to 

identify side reactions responsible for the isolated side products reducing the yields of the 

lactams. [3, 5]. 

 

Scheme 3. The Staudinger-reaction of 3,4-dihydro-β-carbolines and 6,7-dihydrothieno[3,2-

c]pyridines 

In the reaction of 2-(phenylsulfanyl)acetyl chloride, the starting materials reacted 

with two equivalents of the reagent (Scheme 4.). The so obtained side products are new 

compounds, the formation of this scaffold in Staudinger-synthesis was not observed earlier. 

 

Scheme 4. The observed side product in the case of the phenylsulfanyl substituent 

According to high level quantum chemical calculations, in the case of these 

compounds the acylation by the acyl chlorides was more favourable energetically (~20 

kJ mol-1) than the in situ generation of a ketene (Figure 7.). Moreover it was found that 

the formation of the bis-acylated side product supports this theory, as the oxazinone 

derivative could not be formed from the intermediate generated by the ketene acylation. 
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Figure 7. The energetical difference between the acyl chloride acylation and the ketene formation 
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We observed and also confirmed by computations that in the reactions with 

better yields and in the case of rather electron withdrawing groups the rate-limiting step 

was the acylation and all the three steps of the reaction proved to be exothermic (Figure 

8). On the contrary by the electron donating substituents the rate-limitation appeared in 

the cyclization and the deprotonating step was endothermic. These results may explain 

the lower yields and the necessity of the heating in some cases. 

 

Figure 8. The influence of the heteroatoms on the reaction profile 

 

We studied the correlation between the earlier supposed effects influencing the 

stereoselectivity, but the determining effect in these reactions was not unambiguous. 

Up to our computations a novel heteroatom effect was found in the cyclization step, 

which explains the cis-selectivity. This new mechanistic pathway is based on the 

coordination of the non-bonding lone electron pair of the heteroatom in the β-position 

of the acyl chloride with the positively charged carbon atom of the imine. This 

coordination hinders the forming of the trans lactam through an unfavourable “dead-

end” structure (Figure 9.). 
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Figure 9. The effect of the heteroatoms on the stereoselectivity of the reaction 

 

3.2. The synthesis of 1-aryl-β-carboline-3-carbaldehydes, and its application in 

Biginelli-reaction 

The five-step synthesis of new β-carboline-carbaldehydes was accomplished in 

good yields. These aldehydes were applied in Biginelli-reaction to form new 

dihydropyrimidinone-substituted β-carbolines in yields of 36-90 % (Scheme 5.) 

 
Scheme 5. The synthesis of new β-carbolinyl-dihydropyrimidinone derivatives 
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3.3. Synthesis of thioamides with elemental sulfur 

We found a more effective method for the synthesis of thioamides from benzyl-

amine- and piperidine derivatives with elemental sulfur under MW conditions (Scheme 

6.) [4]. The conditions we developed are far superior to previous methods reported in 

the literature since the reaction times dropped from hours to 15 min and the use of 

solvents and dangerous or expensive reagents is avoided. In the reaction of primary 

amines, the coupling of two molecules was also observed in addition to the expected 

thionation. Moreover, under these conditions, these N-benzyl-thioamide derivatives 

became the main products of the reactions. This coupling reaction was only observed in 

the case of benzyl-methylamine from among the secondary amines. The reaction of 

other secondary amines and fused piperidine derivatives with sulfur led to the 

appropriate thioamides in good yields.  

 

Scheme 6. The novel synthesis of thioamides with elemental sulfur 

 

3.4. The reaction of 4-(methylsulfanyl)-6,7-dihydrothieno[3,2-c]pyridine with acid 

hydrazides and amino acids 

We managed the alkylation of the above synthesized thienopyridine-thione. 

This new methylsulfanyl derivative was applied as starting compound for new triazole- 

and quinazolone-fused thienopyridine ring systems in good and excellent yields 

(Scheme 7.) [6, 7]. Among the thieno-triazolopyridines two biphenyl-substituted 

derivative was prepared by an additional Suzuki-coupling reaction and an acetylene 

group was also built in by Sonogashira-reaction. In more cases the reaction 

intermediate was observed by HPLC-MS. The reaction with α-amino acids afforded 

products containing two thienopyridine units. 
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Scheme 7. New thieno-triazolopyridines and thienopyrido-quinazolones and the bis-products 

observed in the reaction of α-amino acids 

In summary, during our research work more than a hundred new molecules 

were synthesized and all of our three objectives were realized. By computing the 

mechanism of the reactions, novel mechanistic pathways were suggested for 1,3-dipolar 

cycloadditions and for the Staudinger-reaction. 
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4. Thesis 

I. New triazoline and oxadiazoline derivatives were synthesized in the cycloaddition 

reactions of 3,4-dihydro-β-carbolines and 6,7-dihydrothienopyridines with nitrile 

imines and nitrile oxides. An acid catalysed isomerization and a degradation was 

observed by the unsubstituted β-carboline derivative. The synthesis of triazole-N-

oxides was accomplished from the carboline-fused oxadiazolines in the reaction 

with more equivalents of nitrile oxide. [1-3, 10, 11] 

II. We demonstrated that in spite of the literature precedents the mechanism of the 

1,3-dipolar cycloaddition in these cases is a novel quasi-stepwise addition 

instead of a concerted reaction. This is based on the fact, that up to our 

computations prior to the ring closure an inflection point can be found on the 

energy profile or local minima on the potential energy surface. [2] 

III. In the Staudinger-reaction of 3,4-dihydro-β-carbolines and 6,7-

dihydrothienopyridines with acetyl chloride-derivatives new β-lactam-fused 

carboline and thienopyridine derivatives were synthesized exclusively with cis 

configuration. [3, 5] 

IV. We demonstrated that in the analysed Staudinger-reaction the first step is the 

acylation of the acyl chloride on the imine nitrogen instead of the presumed 

formation of a ketene. [5] 

V. We proved that the energy profile of the analysed Staudinger-reaction is 

significantly influenced by the heteroatom in the β-position of the acyl chloride. 

In the case of the electron withdrawing groups the rate-limiting step proved to 

be the acylation and all of the reaction steps are exothermic. On the contrary, in 

the case of the electron donating substituents the rate-limiting step is the 

cyclization and there is an endothermic step to be found. 

VI. We demonstrated, that the heteroatom in the β-position of the acyl chloride plays a 

significant role in the stereoselectivity of the analysed Staudinger-reaction. Up to 

our computations the cis-selectivity is also caused by this novel heteroatom-effect. 

VII. We implemented the new five-step synthesis of novel 1-aryl-β-carboline-3-

carbaldehydes. The aldehydes were transformed by Biginelli-reaction to new β-

carbolinyl-dihydropyrimidinones. 
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VIII. A new, efficient MW-assisted process was elaborated for the synthesis of 

thioamides under solvent-free conditions. The reaction of benzyl-amine 

derivatives with elemental sulfur resulted in dibenzyl-amines. In the same 

reaction of secondary amines and fused piperidine derivatives the appropriate 

thioamides were formed. [4]  

IX. The reaction of 4-(methylsulfanyl)-6,7-dihydrothieno[3,2-c]pyridine with acid 

hydrazides and β-amino acids was accomplished. In the reactions new fused 

triazole- and quinazolone derivatives were synthesized. The same reaction with α-

amino acids afforded bis-thienopyridine derivatives. [6, 7] 

5. Application possibilities 

During my PhD research more than a hundred new molecules were synthesized. 

In these compounds the condensation of the frequently biologically active rings may 

result in pharmacologically significant molecules, if it possess one or both constituent’s 

appropriate properties. In the future we aim at the pharmaceutical analysis of the new 

compounds. The new mechanistic pathways contribute to the better understanding of 

the reactions and the more efficient planning applying them. 
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