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CONTRIBUTIONS 

of Assistant Professor, PhD, Stanislava Plamenova Vladimirova, presented 

for participation in a contest for "Associate Professor" in scientific 

specialty 5.10 - Chemical Technologies (Technology of Fine Organic and 

Biochemical Synthesis) announced by UCTM in OJ, issue 67/13.08.2021 

 

The scientific reference is based on 25 publications submitted for the competition for 

academic position “Associate Professor”: 18 publications are in journals refereed in the 

World database “Web of Science” and “Scopus” with impact factor or SJR; 7 articles are in 

non-referеed journals with scientific peer review or in edited collective conference volumes. 

In addition, I participate in the competition with 20 citations noted, beyond those for the PhD. 

Research papers are presented at 27 conferences in the form of 23 poster presentations and 4 

oral reports. 

All the publications submitted for participation in the contest are in the field of 

chemical technologies of organic synthesis and in particular, in pyrrolic chemistry, 

characterization, isolation, study of biological activity, analysis and derivation of structure-

activity relationships of biologically active molecules. 

The main scientific contributions can be summarised in the following three directions: 

1. Synthesis, structural characterization and biological activity of new N-

pyrrolylcarboxylic acids. 

2. Synthesis, structural characterization and biological activity of new N-

pyrrolylcarboxylic hydrazides and hydrazones. 

3. Synthesis, structural characterisation and biological activity of new molecules 

containing pyrrole heterocycle. 

The most common strategy in the search for safer and more effective biomolecules 

involves the bio-isosteric substitution of the main molecule part of known drugs or the 

modification of some functional groups, as well as the introduction of new ones in their 



structure. Globally speaking, the use of pyrrole heterocycle for these purposes appears to be 

relatively neglected compared to other heterocycles, despite the diverse pharmacological 

properties exhibited by pyrrole derivatives - antioxidant, antimicrobial, anti-inflammatory, 

antitumor, antidepressant, antiviral, antituberculosis, etc. In addition, the focus towards them 

is increased due to the increased abundance in natural products (biomolecular structures such 

as chlorophyll, hemoglobin, myoglobin, cytochromes, vitamin B12 and bile pigments such as 

bilirubin and biliverdin) and a number of pharmaceuticals (atorvastatin, tolmetin, 

elopiprazole, pyrvinium, chlorfenapyr, aloracetam, etc.).  

In the context of the search for new molecules with biological activity, the following 

scientific contributions have been achieved: 

Strand 1. Synthesis, structural characterization and biological activity of new N-

pyrrolylcarboxylic acids (papers I-2, I-3, I-5, I-7, II-2, II-3, II-6, III-3, III-4, III-6 and III-7). 

Most of the publications in this field are a continuation of the topic of my PhD thesis. 

 A series of twenty novel N-pyrrolylcarboxylic acids were designed and synthesized 

as potential anti-inflammatory and analgesic agents, following the architecture of selective 

COX-2 inhibitors. The target products were synthesized in high yields by Paal-Knorr 

cyclization via a set of eight amino acids acting as primary amines and four 1,4-dicarbonyl 

compounds. The latter substrates were obtained by C-alkylation of three commercially 

available β-dicarbonyl compounds with two ω-bromoacetophenones. The identity of all 

newly synthesized compounds was confirmed by 1H NMR and IR spectra, and their purity 

and homogeneity was confirmed by thin-layer chromatography and elemental analysis. The 

anti-inflammatory and analgesic activity of some of the compounds was evaluated on 

„Wistar“ rats (180-220 g) at doses of 10, 20 and 40 mg/kg intraperitoneally. Tests showed 

that the compound containing a valine residue had the highest anti-inflammatory activity 

(83% at 40 mg/kg) in inhibiting carrageenin-induced rat paw oedema, versus 60% (at 10 

mg/kg) for indomethacin. The highest analgesic activity (measured as 'hot plate' escape time) 

was recorded for a compound containing a leucine residue in its molecule (64.7 s at 40 

mg/kg), compared with 50.0 s for metamizole. The compound containing 1-indolyl residue 

stood out with the weakest anti-inflammatory and analgesic effect, and the reduced activity 

could be related precisely to the presence of the bulky substituent preventing binding to the 

biological target (paper II-2).  



 N-pyrrolylcarboxylic acids were subjected to pharmacological screening to 

evaluate their analgesic properties in single and multiple (14 days) administration by hot plate 

test and formalin test. The results of the study showed that the compounds exhibited 

antinociceptive properties after single administration in rats, and the compound containing 

phenylalanine residue in its molecule exhibited antinociceptive properties also on repeated 

(14 days) administration, and their effect was dose-dependent. Most likely, supraspinal and 

peripheral mechanisms play a role in the analgesia exhibited by the compounds (papers I-2, 

III-7). 

 

 Experimental studies with newly synthesized N-pyrrolylcarboxylic acids 

containing a methionine or phenylalanine residue were conducted to determine their anti-

inflammatory effect after single and repeated (14 day) administration using an animal model 

of inflammation. The results of the tests showed that at single administrated doses of 10 and 

20 mg/kg, the acid containing methionine residue did not inhibit paw oedema, whereas a dose 

of 40 mg/kg body weight significantly inhibited carrageenin-induced oedema. After 

prolonged administration, the compounds studied showed anti-inflammatory properties 

similar to those of diclofenac used as a reference compound (papers I-5, III-6). 

 

 N-pyrrolylcarboxylic acids obtained by Paal-Knorr condensation of 3-acetyl-1-(4-

chloro-phenyl)-pentane-1,4-dione with tryptophan and isoleucine amino acids were evaluated 

for their anti-inflammatory (by inhibition of carrageenin-induced rat paw edema) and 

analgesic activity (by hot-plate and formalin tests). Study results showed that the compound 

containing tryptophan residue significantly inhibited carrageenin-induced paw edema after 

single and repeated administration. In contrast, the isoleucine derivative, after a single 

application does not inhibit paw edema. Significant inhibition of edema by the latter 

compound was observed at all doses after repeated administration. Studies have shown that 

tryptophan derivative has analgesic activity against chemical stimulus after single and 

multiple administration and against thermal stimulus after single administration. Analgesic 

activity against thermal and chemical stimuli was also reported for isoleucine derivative after 

single and multiple administration of the compound. As a result of the studies performed, it 

can be suggested that antinociception is most likely mediated by supraspinal, spinal and 

peripheral mechanisms. A possible tolerance to analgesic action at the spinal level develops 

after prolonged administration. 



In order to evaluate the possible toxicity of the synthesized compounds on organs, 

hematological tests were performed. The latter showed that the tryptophan derivative, after 

repeated administration, decreased leukocyte and platelet levels (antiplatelet activity) and 

increased the serum creatinine level (potential nephrotoxicity). The isoleucine derivative has 

been found to have no effect on leukocyte and creatinine levels but decreases blood glucose 

and liver transaminase levels (papers I-7, III-4). 

 

 A series of amino acid derivatives of pyrrole were synthesized, and their 

antibacterial activity was investigated against model Gram positive (Bacillus cerreus 1085), 

Gram negative (Pseudomonas fluorescens) microorganisms and fungi (Candida lipolytica) 

using a standard disk diffusion method. The compounds Pyr-Ile and Pyr-β-Phe showed the 

highest activity against the model Gram-positive microorganism strain (Vasillus cereus 

1085). The best activity against the model Gram negative microorganisms (Pseudomonas 

fluorescens 1442) was found for the compounds Pyr-Met and Pyr-β-Phe. All tested 

compounds showed no activity against the model fungal strain Yarrowia lipolytica 3344. The 

compound Pyr-β-Phe showed a strong bacteriostatic effect against the model strain Vasillus 

cereus 1085 (paper I-3). 

 

 A series of new N-pyrrolylcarboxylic acids were synthesized by condensation of γ-

aminobutyric acid and 1,4-dicarbonyl compounds. The resulting structures were confirmed 

by IR and 
1
H-NMR spectral data, and their purity was demonstrated by thin-layer 

chromatography and melting temperatures. The phytochemical activity of the compounds 

was studied against wheat and cucumber cultivars. All molecules were tested at 4 

concentrations for herbicidal activity. The compounds were found to exhibit herbicidal 

activity comparable to that of the glyphosate standard used and no concentration dependence 

was found. Growth inhibition of aerial parts and roots at the lowest (0.001 mM) and highest 

(1 mM) concentration of the compounds was commensurate. Probably the replacement of the 

chlorine atom in the aromatic nucleus by a methyl or methoxyl moiety enhances the 

herbicidal activity of the compounds. In addition, a number of structural parameters were 

calculated for the target compounds. The dependence of the herbicidal effects on the 

corresponding miLogP is described by a second-degree polynomial, with R
2
 ranging from 

0.796 to 0.894 (papers II-3, II-6). 

 



 A UHPLC method was developed to determine the chemical stability and stability 

under near-physiological conditions of pyrrole compounds containing ester groups. The 

stability test was carried out under acidic (pH 1.2 and pH 4.5), normal (pH 6.8) and alkaline 

(pH 13) conditions at a temperature of 37 °C. The results show that the test compound is 

stable at moderate and low alkaline pH and 37 °C, but susceptible to hydrolysis in strong 

acidic (pH 1.2) and strong alkaline (pH 13) media. The corresponding dicarboxylic acid is 

produced as a degradation product. The developed method was found to be validated in terms 

of suitability, linearity, precision, accuracy and selectivity and could be applied for stability 

testing of pyrrole derivatives containing ester groups (paper III-3). 

 

Strand 2: Synthesis, structural characterization and biological activity of new N-

pyrrolylcarboxylic hydrazides and hydrazones (papers I-8, I-9, I-10, II-1, III-1 and III-5). 

 Two series of novel hydrazides and hydrazones were synthesized under micro 

synthesis conditions in 59-93 % yields. The applied synthetic methodology ensures low 

emissions and economy of reagents. IR, 
1
H, 

13
C NMR and MAC spectral analyses were 

performed to prove the structures. The purity of the substances was confirmed by elemental 

analysis, thin-layer chromatography and corresponding melting temperatures. The first series 

of compounds contained a leucine residue in their molecule and the second - a phenylalanine 

residue. All new compounds were subjected to evaluation of their antioxidant activity in 

terms of radical-scavenging ability (DPPH assay) and reducing power (ABTS). Among the 

structures analyzed, DPPH radical-scavenging activity was exhibited by the hydrazide of the 

first series (ethyl 5-(4-bromophenyl)-1-(1-hydrazinyl-4-methyl-1-oxopentan-2-yl)-2-methyl-

1H-pyrrole 3-carboxylate with IC50 0.971 mmol/L) and one of its hydrazones (ethyl 5-(4-

bromophenyl)-1-(1-(2-(4-hydroxy-3-methoxybenzylidene)hydrazinyl)-4-methyl-1-oxopentan 

-2-yl)-2-methyl-1H-pyrrole-3-carboxylate with IC50 0.184 mmol/L). The same two 

compounds together with hydrazone ethyl 5-(4-bromophenyl)-1-(1-(2-(4-(dimethyl-

amino)benzylidene)hydrazinyl)-4-methyl-1-oxopentan-2-yl)-2-methyl-1H pyrrole-3-carboxy-

late showed good ABTS activity compared to the butylated hydroxytoluene (BHT) used as 

standard. The antioxidant protective potential of the compounds of the second series was 

determined in various in vitro cell-based models revealing hydrazide and one of its 

hydrazones as the most promising compounds. The pharmacokinetic properties of the 

compounds of the second series were also evaluated by the "Lipinski's Rule of 5". 



In addition, compounds from the second series were subjected to initial in vitro 

screening for cytotoxicity (on HepG2 cells) and hemocompatibility (hemolysis assay). The 

results showed a good safety profile of the new compounds, such as ethyl 5-(4-

bromophenyl)-1-(1-(2-(4-hydroxy-3-methoxybenzylidene)-hydrazinyl)-1-oxo-3-phenylpro-

pan-2-yl)-2-methyl-1H-pyrrole-3-carboxylate and ethyl 5-(4-bromophenyl)-1-(1-(2-(2-hydro-

xybenzylidene)-hydrazyl)-1-oxo-3-phenylpropan-2-yl)-2-methyl-1H-pyrrole-3-carboxylate 

are the least toxic (papers I-8, I-10). 

 

 A series of new hydrazones were synthesized as derivatives of 1H-1-

pyrrolylcarbohydrazides. The identity of all newly synthesized compounds was confirmed by 

1
H-NMR and IR spectra, and their purity and homogeneity was confirmed by thin-layer 

chromatography and elemental analysis. All hydrazones were screened against 

Mycobacterium tuberculosis strain H37Rv (ATCC 27294) at a single concentration of 6.25 

μg/mL using MABA assay. Five of the compounds showed 68-97% inhibition of 

Mycobacterium tuberculosis H37Rv. Structure-activity relationship analysis was performed, 

and it was found that the introduction of alkyl or other bulky side groups into the acyl chain 

was not cost-effective. The activities of all the compounds studied were related to the 

corresponding LogP values and a parabolic relationship (described by a second-degree 

polynomial) favoring hydrazones with hydrophobicity in the range of LogP ~ 4.4÷5.2 was 

derived (papers II-1, III-1). 

 

 An RP-HPLC method with UV detection was developed to determine the 

chemical stability and stability under near-physiological conditions of a model pyrrole 

hydrazone (ethyl 5-(4-bromophenyl)-1-(1-(2-(4-hydroxy-3-methoxybenzylidene))hydrazinyl) 

-4-methyl-1-oxopentan-2-yl)-2-methyl-1H-pyrrole-3-carboxylate) containing a hydrolysis-

sensitive group. The test substance was exposed to the respective pH values in the stomach 

(pH 2.0), blood (pH 7.4) and small intestine (pH 9.0) and at a temperature of 37 °C. Chemical 

stability was also assessed in a highly alkaline medium with pH 13.0. The tested hydrazone 

was found to be stable at pH 7.4 and pH 9.0 and a temperature of 37 °C and hydrolysed in 

highly acidic (pH 2.0) and highly alkaline medium (pH 13.0) at the same temperature. The 

hydrolysis products were identified as the starting hydrazide and aldehyde, indicating the 

hydrazone group as the most sensitive (paper I-9). 

 

 



 Four new pyrrole hydrazones and the corresponding starting hydrazide were 

synthesized and characterized. In the preliminary evaluation by the "Lipinski's Rule of 5", it 

was found that all target molecules did not violate the rule, which is a prerequisite for good 

pharmacokinetics. In an attempt to predict the possible pharmacological effects of the newly 

synthesized compounds, we applied the virtual screening (in silico screening approach) with 

models for four important classes of drugs, namely GPCR ligands, ion channel blockers, 

kinase inhibitors and nuclear receptor ligands. All compounds were found to exhibit good 

activity against GPCR ligands and as enzyme inhibitors (paper III-5). 

Strand 3: Synthesis, structural characterization and biological activity of new 

derivatives containing pyrrole heterocycle (papers I-1, I-4, I-6, II-4, II-5, II-7, II-8 and III-2). 

 In the form of a review, the information available so far in the scientific literature 

on synthetic methods for the preparation of nitrogen-containing heterocycles such as pyrrole, 

substituted pyrroles and other similar compounds is systematized. The presented methods are 

characterized by high to excellent yields, mild reaction conditions and/or the presence of 

different catalysts (paper I-6). 

 

 Two new compounds were synthesized that are hybrid molecules between a 

specifically substituted pyrrole (Pyr) and Tyr-MIF-1 peptide analogues. Their analgesic 

activity was investigated on mice. All analgesic activity studies showed better activity at the 

same dose than the native Tyr-MIF-1 peptide for the Pyr-Tyr-Phe-Leu-Ala-OH analogue. The 

compound Pyr-Ala-Leu-Phe-Tyr-OH had no better effect comparable to the parent peptide. 

The results clearly indicate that it is important that the Tyr residue occupies the N-terminal 

position of the MIF-1 analogue. The lack of better activity of the Pyr-Ala-Leu-Phe-Tyr-OH 

analogue indicates that the Pyr residue does not affect the analgesic action. In addition, we 

found that the amide function of the C-terminus normally represented in native MIF-1 is not 

absolutely necessary for activity (papers I-1, I-4, III-2). 

 

 A series of pyrrole-containing compounds was designed, following the architecture 

of established tuberculostatics. The new products were synthesized by condensation of 1,4-

dicarbonyl compounds with a set of substituted anilines acting as primary amines. The 

identity of all newly synthesized compounds was confirmed by 
1
H-NMR and IR spectra, and 

their purity and homogeneity was confirmed by thin-layer chromatography and melting 

temperatures. The in vitro evaluation against Mycobacterium tuberculosis strain H37Rv 



(performed according to the SRI International Screening Program) showed encouraging 

antituberculosis activity of the newly synthesized products (papers II-4, II-5). 

 

 By "one-pot" ternary synthesis using citric or trichloroacetic acid as catalyst and in 

the absence of solvent, novel 2-hydroxynaphthylpyrroles with expected biological activity 

were obtained. The condensation took place between benzaldehyde, β-naphthol and 

pyrrolylbenzamide. The structures of the synthesized 2-hydroxynaphthylpyrroles were 

confirmed by 
1
H-NMR and IR spectra, and their purity and homogeneity by thin-layer 

chromatography and melting temperatures. The high yields, short reaction times, and 

simplified technological procedure are among the advantages of this efficient "green" 

synthesis (paper II-7). 

 

 Four novel pyrrole compounds have been designed to adopt the architecture of the 

modern antihyperlipidemic atorvastatin. The target products were synthesized by 

cyclocondensation of N
1
,N

1
-dimethylpropane-1,3-diamine and variously substituted 1,4-

dicarbonyl compounds. The structures of the target compounds were established by spectral 

analyses, and their purity and homogeneity by thin-layer chromatography and melting 

temperatures. The introduced structural variations in the molecules are a useful basis for 

further optimizations and conclusions on the structure-activity relationship (paper II-8). 

 

FUTURE JOB PROSPECTS 

 

1. Synthesis and investigation of new hybrid molecules containing a peptide fragment 

and a pyrrole heterocycle in their structure, with potential anticancer activity.  

2. Synthesis and investigation of new molecules containing a benzimidazole and a 

pyrrole cycle in their structure, with potential anticancer and anthelmintic activity.  

3. Synthesis and investigation of new biomolecules by structure modification of 

established drugs. 

 

 


