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The development of orally bioavailable drug candidates is a key aspect of pharmaceutical 
research, emphasizing the need for robust physicochemical properties that support efficient 
absorption and therapeutic efficacy. This article examines two distinct molecules, C₁₃H₁₁NO and 

C₁₅H₁₆N₂O₂, which demonstrate favorable characteristics for oral bioavailability based on various 

pharmacokinetic parameters. 
By systematically analyzing the pharmacokinetic properties of these compounds, this article 

aims to provide insight into their suitability for further pharmacological optimization and therapeutic 
application, highlighting the importance of molecular design in advancing drug discovery efforts. 
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INTRODUCTION 

 

Pyrroles are an important class of organic compounds that play a key role in various biological 
processes and chemical reactions. They consist of a five-membered aromatic ring containing one 
nit-rogen atom. Due to their structure, pyrroles actively participate in the formation of complex 
molecules, such as hemoglobin, and are used as building blocks for the synthesis of various 
pharmaceutical and biologically active substances [1, 2]. 

Analyses using Swiss ADME (Swiss Absorption, Distribution, Metabolism, and Excretion) 
allow for the assessment of the pharmacokinetic properties of pyrroles and their derivatives. This 
tool provides predictions about solubility, permeability across cell membranes, metabolizability, 
and toxicity of compounds, which is crucial in the development of new drugs. Swiss ADME utilizes 
vari-ous algorithms and databases related to the chemical structure of the compound to evaluate 
its potential biological activity and safety [3,4,5]. 

Literature sources emphasize that pyrroles and their derivatives exhibit a wide range of 
biological activity, including antimicrobial, anti-inflammatory, and anti-cancer properties. The deve-
lopment of new compounds based on pyrrole remains a relevant topic in scientific research, and the 
application of Swiss ADME can significantly accelerate the process of discovering and optimizing 
new drugs [6,7,8,9,10]. 
 

EXPERIMENTAL 
 

Synthesis of (2E)-1-phenyl-3-(1H-pyrrol-2-yl)prop-2-en-1-one (1) 
Equimolar amounts of pyrrole-2-carboxaldehyde (1.0 g, известно as 0.012 mol*) and 
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acetophenone (1.4 g, 0.012 mol) were dissolved in ethanol (20 mL), following a literature-
reported procedure. The reaction mixture was placed in a refrigerator and maintained under 
cooling conditions. After 2 h, potassium hydroxide was added, and the mixture was kept in the 
refrigerator for an additional 24 h. Formation of white crystalline precipitates was observed. 
The resulting solid was collected by filtration and dried. 

¹H NMR (300 MHz, DMSO-d₆, δ, ppm): 6.23 (t, 1H, CHpyr), 6.73 (d, 1H, CHpyr), 6.75 (t, 1H, 
CHpyr), 7.15 (d, 1H, =CH), 7.52–7.62 (m, 5H, CHar), 8.03 (d, 1H, =CH), 11.76 (d, 1H, NH). 

¹³C NMR (75 MHz, DMSO-d₆, δ, ppm): 111.12 (CHpyr), 115.06 (CHpyr), 116.96 (CHpyr), 
124.63 (=CH), 128.41–133.00 (CHar), 134.80 (=CH), 138.77 (Cquart.), 188.96 (C=O). 

Synthesis of (2Z)-3-oxo-N-phenyl-2-[(1H-pyrrol-2-yl)methylidene]butanamide mono-
hydrate (2) 

Pyrrole-2-carboxaldehyde (1.0 g, 10 mmol) and acetoacetanilide (1.77 g, 10 mmol) were 
dissolved in 20 mL of an 80% ethanol solution. Methylpiperazine (3-4 drops) was added as a 
catalyst, and the reaction mixture was stirred at room temperature for 2 h. The mixture was 
then left to stand overnight. The precipitated crystals were separated by filtration and 
recrystallized from an ethanol/water mixture (1:1). The reaction afforded the product in 69% 
yield, with a melting point of 240-241 °C. 

¹H NMR (300 MHz, DMSO-d₆, δ, ppm): 2.34 (s, 3H, CH₃), 6.21 (d, 1H, CHpyr), 6.57 (d, 
1H, CHpyr), 7.10 (t, 1H, CHpyr), 7.14 (t, 1H, CHar), 7.35 (m, 2H, 2CHar), 7.57 (s, 1H, CH), 7.70 
(d, 2H, 2CHar), 10.41 (s, 1H, NH), 11.52 (s, 1H, NH). 

¹³C NMR (75 MHz, DMSO-d₆, δ, ppm): 26.45 (CH₃), 112.12 (CHpyr), 114.66 (CHpyr), 

119.74 (2CHar), 124.08 (CHpyr), 126.70 (CHar), 129.37 (2CHar), 130.66 (Cpyr), 136.83 (CH), 
139.58 (Cquart.), 139.70 (Cquart.), 166.74 (C=O), 195.29 (C=O). 

 
 

RESULTS AND DISCUSSION 
 

To synthesize a variety of novel heterocyclic compounds containing a pyrrole ring, different 
transformations of 2-acetoxypyrrole, pyrrole-2-carboxaldehyde, and 1-methylpyrrole-2-car-
boxaldehyde were carried out. 

As is well known, carbonyl and aldehyde functional groups are among the most reactive 
moieties in organic chemistry. The presence of a strong electron-accepting group (the C=O group) 
enables their wide application in diverse synthetic transformations. A survey of the scientific literature 
reveals that reactions involving such functional groups constitute a broad and actively investigated field 
within organic synthesis. From this perspective, we proposed that the application of various synthetic 
approaches to pyrrole aldehydes and ketones would allow the preparation of new pyrrole derivatives 
[11, 12]. 

For the synthesis of pyrrole-containing cyclic compounds, Knoevenagel condensation reactions 
of pyrrole aldehydes with malononitrile and acetoacetanilide were initially performed. The resulting 
inter-mediates were subsequently employed as starting materials for further investigations [13,14]. 

 

 
 

In the continuation of our studies, the same reaction was carried out using acetoacetanilide. 
As in the case of malononitrile, the reaction proceeds via an identical mechanism. Specifically, 
due to the acidity of the methylene hydrogen, it is abstracted under basic conditions, and the 
resulting anion attacks the carbonyl carbon, leading to the formation of (2Z)-3-oxo-N-phenyl-2-[(1H-
pyrrol-2-yl)methylidene]butanamide. Single-crystal X-ray diffraction analysis revealed that the 
obtained compound crystallizes in the monohydrate form. This reaction was performed for the first 
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time by our research group, resulting in the synthesis of a novel compound, whose structure was 
unambiguously confirmed by X-ray crystallographic and nuclear magnetic resonance (NMR) 
analyses [15]. 

 

 
 

Figure 1. Molecular structure of (2Z)-3-oxo-N-phenyl-2-[(1H-pyrrol-2-yl)methylidene]butanamide 
 

In further investigations, various chalcone derivatives were synthesized via the Claisen-
Schmidt condensation. N-heterocyclic chalcones, particularly those containing a pyrrole 
scaffold, are known to exhibit a wide range of biological and pharmacological activities, inclu-
ding antibacterial, antioxidant, antifungal, antileishmanial, anticancer, anti-tubercular, and anti-
malarial effects. Based on these findings, the synthesis of chalcones bearing a pyrrole ring 
and the preparation of new derivatives derived from them constituted the primary objective of 
this study. Accordingly, a series of synthetic transformations were performed, and further 
modi-fications of the obtained chalcone derivatives are currently on-going. Future publications 
will report the synthesis of new compounds derived from these chalcones [16, 17,18,19].  

 

 
 

The synthetic strategy was based on the reactions of pyrrole-2-carboxaldehydes with 
various ketones. One such reaction involved pyrrole-2-carboxaldehyde and acetophenone, 
resulting in the synthesis of (2E)-1-phenyl-3-(1H-pyrrol-2-yl)prop-2-en-1-one. The structural 
pa-rameters of the resulting crystals, along with Hirshfeld surface analysis, were thoroughly 
investigated [20]. 

 

 
 

Figure 2. Molecular structure of (2E)-1-phenyl-3-(1H-pyrrol-2-yl)prop-2-en-1-one. 
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The first investigated compound, C₁₃H₁₁NO (2E)-1-phenyl-3-(1H-pyrrol-2-yl)prop-2-en-1-

one (molecular weight 197.23 g/mol), fulfills all principal physicochemical requirements for oral 
bioavailability. Its moderate lipophilicity (consensus Log P=2.44) falls within the optimal range for 
passive diffusion across biological membranes, supporting efficient systemic absorption. The low 
topological polar surface area (TPSA=32.86 Å²), combined with limited structural flexibility (three 
rotatable bonds), suggests a strong propensity for gastrointestinal uptake and potential blood-
brain barrier permeability. The presence of one hydrogen-bond donor and one hydrogen-bond 
acceptor further contributes to favorable absorption and distribution characteristics. According to 
ESOL predictions, the compound is classified as soluble (LogS=−2.99), which is advantageous 
for oral formulation and bioavailability. Collectively, these properties indicate a well-balanced 
hydrophilic-lipophilic profile, consistent with high membrane permeability and adequate aqueous 
solubility. Importantly, the molecule fully complies with Lipinski’s rule of five, underscoring its drug-
like character and suitability for further optimization. 

 

 
 

Figure 3. Swiss ADME analysis of (2E)-1-phenyl-3-(1H-pyrrol-2-yl)prop-2-en-1-one 
 

According to the SwissADME BOILED-Egg analysis, the studied compound exhibits a 
highly favorable pharmacokinetic profile. Its position within the yellow “yolk” region of the 
BOILED-Egg diagram indicates a high probability of blood–brain barrier (BBB) penetration, 
while its simultaneous localization within the white region suggests efficient passive human 
intestinal absorption (HIA). The compound is predicted to be a non-substrate of P-glycoprotein 
(PGP−), implying a reduced risk of active efflux from both the intestinal epithelium and the 
central nervous system, which may enhance systemic exposure and brain availability. Overall, 
the balanced relationship between lipophilicity (WLOGP) and polarity (TPSA) supports good 
oral bioavailability and central nervous system permeability, underscoring the compound’s 
potential suitability for the development of orally administered CNS-targeted therapeutics. 

 

 
Figure 4. SwissADME BOILED-Egg analysis of (2E)-1-phenyl-3-(1H-pyrrol-2-yl)prop-2-en-1-

one 
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The second compound, C₁₅H₁₆N₂O₂ (2Z)-3-oxo-N-phenyl-2-[(1H-pyrrol-2-yl)methyli-
dene]-butanamide (molecular weight 256.30 g/mol), also exhibits physicochemical attributes 
favorable for oral drug development. It consists of 19 heavy atoms, including 11 aromatic 
carbons, and displays a TPSA of 61.96 Å² with a fraction Csp³ of 0.20, indicative of moderate 
polarity and a predominantly aromatic framework. The presence of six rotatable bonds reflects 
moderate conformational flexibility, while two hydrogen-bond donors and two acceptors 
support inter-molecular interactions relevant to absorption. Lipophilicity estimates yielded log 

Pₒ/ₚ values between 1.10 and 2.94, with a consensus Log P of 2.06, suggesting balanced 

hydrophobicity. Solubility assessments predicted the compound to be soluble (ESOL and Ali 
models) to moderately soluble (SILICOS-IT), in agreement with its polarity profile [20]. 

 
 

 
 

Figure 5. Swiss ADME analysis of 2Z)-3-oxo-N-phenyl-2-[(1H-pyrrol-2-yl)methyli-
dene]butanamide 

 

 

 
 

Figure 6. SwissADME BOILED-Egg analysis (2Z)-3-oxo-N-phenyl-2-[(1H-pyrrol-2-yl)methyli-
dene]butanamide 

 
Based on the SwissADME BOILED-Egg model, the compound demonstrates highly 

favo-rable pharmacokinetic properties. The molecule is positioned within the yellow region of 
the BOILED-Egg diagram, indicating a high probability of blood-brain barrier (BBB) 
permeation, while simultaneously falling within the white region, which is predictive of efficient 
passive human intestinal absorption (HIA). The compound is classified as a non-substrate of 
P-glycoprotein (PGP−), suggesting a low likelihood of active efflux from the intestinal 
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epithelium or central nervous system, thereby supporting sustained systemic and cerebral 
exposure. Overall, the balanced lipophilicity (WLOGP) and moderate polarity (TPSA) of the 
molecule are consistent with good oral bioavailability and effective central nervous system 
penetration, highlighting its potential suitability for the development of orally administered 
CNS-active therapeutic agents.In silico pharmacokinetic analysis predicted high 
gastrointestinal absorption and negligible blood-brain barrier permeability, indicating suitability 
for oral administration without central nervous system exposure. The compound was not 
identified as a substrate of P-glycoprotein, reducing the likelihood of efflux-related 
bioavailability limitations. Cytochrome P450 interaction profiling indicated potential inhibition 
of CYP1A2, while no inhibitory effects were predicted for CYP2C19, CYP2C9, CYP2D6, or 
CYP3A4. Furthermore, the predicted skin permeation coefficient (log Kp ≈ −5.7 cm/s) suggests 
minimal transdermal absorption. 

 
 
CONCLUSION 
 
Based on a comprehensive physicochemical evaluation of both compounds, it is evident 

that they possess favorable properties for the development of oral pharmaceutical agents. The 
first compound, C₁₃H₁₁NO, demonstrates an optimal balance between lipophilicity and 

hydrophilicity, as reflected by its consensus Log P value of 2.44 and a TPSA of 32.86 Å². These 
characteristics, together with compliance with Lipinski’s rule of five, indicate a strong potential for 
efficient oral bioavailability and permeability across biological membranes, including the blood-
brain barrier. 

Similarly, the second compound, C₁₅H₁₆N₂O₂, with a molecular weight of 256.30 g/mol and 

a TPSA of 61.96 Å², also exhibits promising features for drug development. Its moderate confor-
mational flexibility and favorable hydrogen-bonding capacity highlight its potential in absorption 
and distribution processes. The balanced lipophilicity, reflected by a consensus Log P of 2.06, 
together with predicted solubility profiles, further supports its viability as an orally administered 
therapeutic agent. 

In conclusion, both compounds represent well-defined scaffolds for further optimization 
in pharmaceutical development. Their physicochemical profiles are well aligned with the requ-
irements for systemic absorption and therapeutic efficacy, making them suitable candidates 
for advanced drug development initiatives. Future studies may focus on their biological activity 
and potential clinical applications to fully elucidate their therapeutic potential. 
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