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1. Introduction and aims 
 

The main ambition of each medicinal chemist is the successful access towards a drug 

candidate by incorporating the use of suitable organic chemistry techniques and conscious 

construction of a diverse and high-membered chemical library supported by relevant 

Structure–Activity Relationship (SAR). 

In regard to diseases possessing multifactorial pathophysiological background (existing on 

some types of tumor and neurodegenerative disease), the phenotypical approach is an optimal 

solution for the research instead of high-throughput screening (HTS) or other mechanistic 

attempts. The priority of this execution includes the verification of effectiveness of the hit 

compounds based on the preliminary in vitro study followed by in vivo investigation. After 

sufficient information in hand, the background/mechanism of their efficacy is revealed by the 

identification of possible target docking sites. Through a hit-to-lead drug discovery, the 

morphological/structural modification of selected hit compounds affords the lead compound, 

which could turn into a drug candidate. However, a suitable aspirant should have metabolic 

stability, less non-desired side effects as well as feasible bioavailability. 

Our aims can be outlined as the design and synthesis of small-membered heterocyclic 

libraries with antitumor features exploiting linear (SN, SNAr) and multicomponent reaction 

routes (Gewald-3CR and Betti-3CR). 

The research conception is based on the following three pillars: 

1. Synthesis of piperidine-based heterocycles involving 1,2,3,4-tetrahydro(iso)quinoline, 

2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole, and 4,5,6,7-tetrahydrothieno[2,3-c]pyridine ring 

systems modified with sulfonamide moieties, as well as morphological optimalization 

followed by SAR utilizing linear and multicomponent reactions (SN reactions and Gewald-

3CR). 

2. Improvement of conventional SNAr and purification protocol to observe the less-favored 

but more bioefficient phthalimide regioisomers in the assemblies of perfluorinated isoindolin-

1,3-diones and primary/secondary amines. 

3. Utilization of Betti-3CR to construct a feasible C–7 (ortho)-substituted 8-hydroxiquinoline 

(8-HQ) library. 

 

2. Materials and methods 
 

In the course of the synthetic work, the majority of the reactions were performed in the 

millimolar scale. Transformations were monitored by either thin-layer chromatography or 
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HPLC analyses. Products were purified by column chromatography (silica gel 40–63 or 60–

200 µm), flash chromatography (Teledyne Isco CombiFlash® Rf, RediseptTM silica column) or 

utilizing simple filtration and/or recrystallization. The molecular structures of products were 

determined by one- and two-dimensional techniques combined with mass spectrometric 

measurements. Commercially available reagents used in my study were purchased from 

Sigma-Aldrich, Alfa Aesar, AK Scientific, Fluorochem, Combi-Blocks, Apollo Scientific, and 

Molar and they were used without any further purification. The biological assays were 

performed by Avidin’s co-workers. The establishment of IC50 values and SAR were carried 

out in collaboration using the GraphPad Prism 4 software. 

 

3. Results* 
 

3.1. At the first attempt, a cytotoxic sulfonamide library involving piperidine fused 

heterocycles was created. Following a nucleophilic substitution pathway, sulfonamides 78–

107 were prepared including 1,2,3,4-tetrahydroquinoline, 1,2,3,4-tetrahydroisoquinoline as 

well as 2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole frameworks. All 30 derivatives were 

synthesized under the same reaction conditions involving the use of TEA in DCM at room 

temperature for 2 hours and isolation after column chromatography giving the pure products 

in yields of 11–72%. The in vitro MTS assay against K562 tumor cell line showed moderate 

cytotoxic activities (Scheme 1). 

 

Scheme 1. 

* The numbering of compounds in the thesis are identical to those in the dissertation. 
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To enhance the potency, a further, modified treatment of selected compound 81 was 

carried out (Scheme 2). By the acylation of its free amino function at the C–5 position 

(reaction conditions: TEA, CHCl3, 70 °C, 2 h), 8 analogues have been prepared in yields of 

40–61% after simple filtration. Unfortunately, the formed 116–123 amides showed 

diminished efficiency in comparison with that of parent compound 81 (IC50=4.58–(>30) µM). 

 

Scheme 2. 

 

A full characterization of sulfonamide 81 (as hit compound) was accomplished including 

complete in vitro and in vivo investigations. Unfortunately, owing to its insufficient solubility 

and absorption feature as well as its powerful toxicity against human cells and fibroblast, 

further development was terminated. 

3.2. In the second effort of sulfonamide research, the molecular library was extended for 

4,5,6,7-tetrahydrothieno[2,3-c]pyridine based analogues. First, the synthesis of N-

protected 4-piperidone precursors 134–142 was performed in isolated yields of 10–69%. 

Afterwards, they were exploited through Gewald-3CR to obtain 4,5,6,7-tetrahydrothieno[2,3-

c]pyridine-based carbonitriles 145–153 in 10–84% yields. For other representative examples, 

five carboxamides were furnished by simple hydrolysis of the corresponding aminonitriles 

(Scheme 3). 

Of 14 compounds, only carbonitriles 151 and 152 exhibited moderate cytotoxic activities 

(151, IC50(A549)=14.22 µM, IC50(K562)=2.71 µM; 152, IC50(A549)=9.35 µM, 

IC50(K562)=14.75 µM). 
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Scheme 3. 

 

To increase their antitumor capabilities, compounds 151 and 152 were functionalized at the 

C–2 position by utilizing iso(thio)cyanates in the presence of Cu(OAc)2 as Lewis acid catalyst 

in dry DMF. Upon completion of the reactions, the corresponding 160–172 

iso(thio)carbamates were isolated in yields of 17–69% after column chromatography and 

recrystallization. In addition, tetracycles 173 and 174 were prepared via either sequential one-

pot or two-step domino strategy by exploiting halogenated alkyl (2-chloroethyl and 3-

chloropropyl) isocyanate reactants followed by an intramolecular sequence induced by 

NaOMe. The corresponding representative products were isolated in yields of 54% (173) and 

61% (174) (Scheme 4). 

 

Scheme 4. 
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The structural modification on C–2 did not lead to significant improvement of efficiency 

for the tested 160–174 analogues in comparison with parent architectures 151 and 152 (A549: 

168 proved to be the most potent with IC50=3.52 µM; for K562: compound 169, IC50=5.26 

µM, Scheme 5). Moreover, further research was aborted owing to their general toxic feature 

and low potential as well as side-effect profile. 

 

Scheme 5. 

 

3.3. Next, the improvement of a preliminary phthalimide research was accomplished by 

means of the development of an efficient SNAr method for the regioselective synthesis of 

C-4 substituted isoindolone-1,3-dione. Initially, a diverse and high-membered chemical 

library containing a series of C–4 and C–5 NHAr-substituted phthalimides was created for 

cytotoxic evaluation by assembling 2-(2,6-diisopropylphenyl)-4,5,6,7-tetrafluoroisoindolin-

1,3-dione as precursor and primary/secondary amines via SNAr. Because of the formation of 

various regioisomeric mixtures in all assemblies, an individual rapid separation technique had 

to be developed by means of the Teledyne Isco CombiFlash® Rf flash chromatography 

system. 

For the construction of the initial molecular library, the conventional reaction route 

involving two equivalents of the corresponding amines was followed (DCM solvent, ambient 

temperature, 24 h) affording the formation of inactive b compounds (C–5 NHAr-substituted 

phthalimides) as the major isomer. Taking into consideration the difficult isolation of 

bioactive C–4 NHAr-substituted a isomer compounds, the less-favored regioisomeric 

outcome, and the biological results, development of the a regioselective method was 

mandatory. For the access to the desired condition, seven amines were selected from the 



6 

 

original group and the solvents, additives, concentrations as well as temperature were altered. 

Conversions were monitored after calibration with HPLC. 

After setting the optimal conditions, a sequential, one-pot ortho-selective (C–4) SNAr 

methodology was successfully developed through the involvement of intermediates triggered 

by 1,3-aminoalcohol. Application of one equivalent of 1-methyl-4-hydroxypiperidine additive 

and the corresponding amine (toluene/water 1:1, ambient temperature, 48 h) afforded good to 

excellent regioselective outcomes concerning the formation of the a regioisomers (HPLC 

conversion data: 79–91%, HPLC yields: 86–100%, isolated yields: 38–63%). On the other 

hand, the b regioselective method was also introduced by means of two equivalents of amine, 

DMSO solvent at room temperature affording full conversions and HPLC yields up to 97% 

(Scheme 6). 

Scheme 6. 

The prepared derivatives 205a–211a have shown significant cytotoxic effect in several tumor 

cell cultures. In addition, they exhibited much higher efficiency than the other regioisomers as 

shown by the corresponding IC50 values: C–4 (a isomers) IC50(K562) 1.09–(>100), 

IC50(HepG2) 2.56–(>100), IC50(HT168) 2.14–(>100); C–5 (b isomers) IC50(K562) 39.99–

(>100), IC50(HepG2) 6.06–(>100), IC50(HT168) 28.47–(>100). 

3.4. Following our antitumor research strategy, first a 15-membered 8-HQ-based 

heterocyclic library was created by exploiting Betti-3CR. The preliminary biological 

assessment (investigation of cytoxic activities against HL-60 and K-562) revealed no 

antitumor activities. However, cytoprotective investigation of 248–262 on U251 MG glioblast 

assay showed significant protection in the submicromolar range (IC50=0.106–0.687 µM). 

In further research and development, the extension of the 8HQ-based heterocyclic library 

was achieved. The application of a slightly modified Betti-3CR involving 1 mmol of 

aldehyde, 1 equivalent of amine, 0.6 equivalent of 8-HQ, 1 v/v % HCOOH in MeCN solvent 

at 75 °C furnished a 48-membered library in isolated yields of 12–90% (Scheme 7). 
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Scheme 7. 

 

During the end-point assay, 9 of the 48 analogues have shown considerable IC50 values 

(251, 264, 265, 267, 268, 281, 282, 287, 290; 0.70–0.12 µM). For this reason, an orthogonal 

assay was effectuated selecting the most suitable lead compound. The prominent architecture 

proved to be compound 281 possessing an IC50 value of 0.119 µM (Scheme 8). 

 

Scheme 8. 

 

Finally, a GMP-compatible enantioselective synthetic procedure was developed by 

preparing the corresponding R or S enantiomers. The Human Phase Study for the eutomer (R 

enantiomer) of compound 281 is in progress after a successful Phase I/A. 
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4. Summary 
 

As a summary of my laboratory work, 129 piperidine-based condensed heterocyclic 

sulfonamides, N-aryl-substituted 1,3-isoindoline-1,3-diones as well as 8-HQ-based Betti 

products were synthesized via SN and SNAr reactions as well as applying Gewald-3CR and 

Betti-3CR (Scheme 9). 

 
Scheme 9. 

 

The most active compounds from the tested four heterocyclic groups are depicted in 

Scheme 10. 

 

Scheme 10. 
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