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Keywords: Abstract. Previously, we synthesised a series of 3,4-dihydro-1H-oxazino[4,3-
condensed aJbenzimidazole derivatives by functionalising a benzimidazole derivative with an
benzimidazole annulated morpholine ring in an SgAr reaction. Some compounds were not previously
derivatives, morpholine  described in the literature. To assess their potential as pharmaceutical substances, the
ring, prediction of authors conducted an in silico analysis of the cytotoxic profile and pharmacokinetic
cytotoxic profile, parameters. Predicted cytotoxicity revealed a high probability of toxic effects on the
pharmaceutical activity, nervous and respiratory systems for compounds with toxicity classes II to IV and LDs,
assessment of in the range of 10-1500 mg/kg. The data obtained suggest a potential antitumour effect
pharmacokinetic of the compounds against gliomas and lung cancer. Analysis of the ADME profile of the
parameters compounds showed that all molecules comply with Lipinski's rule. Therefore, further

investigation of their antitumour potential in in vitro studies is prospective.
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Introduction

The benzimidazole ring in the molecule structure is a bioisosteric analogue of indole and
purine nuclei. It contributes to the substance's broad spectrum of biological activity [1-5].
Modification of the 1,2,5,6-positions of benzimidazole with various substituents, ranging from
simple atoms or small groups to complex or cyclic fragments, significantly affects their
biological activity [6]. The presence of an imidazole-annulated terminal heterocycle has a
greater effect. Such condensed benzimidazole derivatives with a nodal nitrogen atom possess
high antimicrobial [7, 8], antifungal [9], antiviral [10], antitumour [11-13], and
anti-inflammatory activity [14, 15]. Therefore, the study of the structural diversity of
substituted benzimidazoles is a topical issue of medicinal chemistry.

Previously [16, 17], we synthesised a benzimidazole derivative containing a morpholine
ring fused at positions 1 and 2 and functionalised it in an SzAr reaction. As a result, a number
of 3,4-dihydro-1H-[1,4]oxazino[4,3-a]benzimidazole derivatives were obtained, including do
not described in the literature (Fig. 1).
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Fig. 1. Structure of 3,4-dihydro-1H-[1,4]oxazino[4,3-a]benzimidazole derivatives: 8-chloro-3,4-dihydro-1H-
[1,4]oxazino[4,3-a]benzimidazole (1), 7-nitro-8-chloro-3,4-dihydro-1H-[1,4]oxazino[4,3-a]benzimidazole (2a),
9-nitro-8-chloro-3,4-dihydro-1H-[1,4]oxazino[4,3-a]benzimidazole (2b), 7,9-dinitro-8-chloro-3,4-dihydro-1H-
[1,4]oxazino[4,3-a]benzimidazole (3), 7-bromo-8-chloro-3,4-dihydro-1H-[1,4]oxazino[4,3-a]benzimidazole (4)
and 7-bromo-9-nitro-8-chloro-3,4-dihydro-1H-[1,4]oxazino[4,3-a]benzimidazole (5)

To assess the potential use of these compounds for the development of active
pharmaceutical substances by in silico methods, we assessed the cytotoxic profile and
pharmacokinetic parameters — absorption, distribution, metabolism, and excretion (ADME) —
of the synthesised compounds.

Main body

To predict the cytotoxic activity of the synthesised molecules and assess the effects of
structurally similar compounds described in the literature, an in silico cytotoxicity prediction
procedure was performed using the ProTox 3.0 web server.
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According to the ProTox 3.0 database, all compounds are highly likely to have a
significant effect on the nervous and respiratory systems, but with varying degrees of toxicity.
The probability of a toxic effect on the nervous system for compounds 1, 2a, 2b, 4, and 5 was
0.87, 0.57, 0.55, and 0.87, respectively. The probability value for substance 3 was below the
acceptable range. The probability of a toxic effect on the respiratory system for compounds 1,
2a, 2b, 3, 4, and 5 was 0.94, 0.79, 0.79, 0.77, 0.92, and 0.78, respectively.

Compounds 1, 2a and 4 were characterised by a toxicity level of 4; compounds 2b and 3
were characterised by a toxicity level of 3. Compound 5 proved to be the most toxic, possessing
a 2nd degree of oral toxicity.

The predicted median lethal doses (LDs) for 1, 2a, 2b, 3, 4, and 5 were 1000 mg/kg,
1500 mg/kg, 91 mg/kg, 91 mg/kg, 1000 mg/kg, and 10 mg/kg, respectively. Nevertheless, the
position of the nitro group is altered in compounds 2a and 2b; the LDs, is significantly lower
for compound 2b.

Thus, based on the data obtained using the ProTox 3.0 web server, compounds 1, 2a, 2b,
3, 4 and 5 may potentially have an antitumour effect against brain and lung tumours.

Indeed, for a drug to be effective, the active molecule should reach the target site in the
body in sufficient concentration and remain in a bioactive form for the duration required to
produce the desired biological effects. The drug development process involves the early
assessment of pharmacokinetic parameters during the candidate screening phase. However, the
number of compounds under study is high and access to physical samples is limited [18].

To assess the potential of the synthesised molecules as drug candidates, an analysis of
their pharmacokinetic properties was conducted using software available on the SwissADME
online portal [19].

To visualise the results of the study into the pharmacokinetic properties of the
compounds, Figure 2 shows the ‘Boiled egg’ predictive models. This model enables the
assessment of passive absorption in the gastrointestinal tract and the penetration of potential
drugs into the brain by calculating their lipophilicity and polarity.

Based on the calculated data, the value of the topological polar surface area (TPSA) - a
descriptor used to characterise the ability of drugs to penetrate cells and cross biological barriers
- ranged from 27.05 A? to 118.69 A2 which falls within the acceptable range. As a result, all
compounds can be formulated for oral use due to their high rate of absorption in the human
gastrointestinal tract. Furthermore, all compounds except for compound 3 were predicted to be
capable of crossing the blood-brain barrier, as indicated by the presence of points in the yellow
region. This clearly suggests they could be used for therapeutic intervention in cases of
malignant tumours of the central nervous system. The data obtained correlate with the results
from the previous experiment, in which the probability of toxic effects on the nervous system

was below acceptable levels, specifically for compound 3.
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Fig. 2. The ‘Boiled egg’ model for predicting the passive absorption of compounds in the gastrointestinal tract
(white area) and their penetration into the brain (yellow area). The blue dots indicate molecules that are predicted
to be substrates of P-glycoprotein and are therefore actively transported out of the brain or into the lumen of the
gastrointestinal tract. If a molecule is not a substrate for P-glycoprotein, the corresponding point is coloured red.

Furthermore, the results of the calculations for the key pharmacokinetic parameters,
presented in Table 1, show the molecule fully complies with Lipinski’s rule, falling within the
range of parameters expected for a pharmaceutical product, and also has a good predicted
bioavailability index (0.55).
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Table 1. ADME parameters and bioavailability of the test compounds 1-5

VOL. 7, ISSUE 1, 2026

Compound MW (g/M) Donors Acceptors TPSA, A2 Log Po/v BA
1 208.64 0 2 27.05 1.92 0.55

2a 253.64 0 4 72.87 1.29 0.55

2b 253.64 0 4 72.87 1.27 0.55

3 298.64 0 6 118.69 0.65 0.55

4 287.54 0 2 27.05 2.54 0.55

5 332.54 0 4 72.87 1.88 0.55

Abbreviations: MW - molecular weight (less than 500 daltons); donors — number of hydrogen bond donors (no
more than 5); acceptors — number of hydrogen bond acceptors (no more than 10); TPSA - total polar surface area
(no more than 150); Log Po/v - octanol-water partition coefficient (not more than 5); BA - bioavailability
assessment.

We also analysed the data obtained regarding the inhibitory potential of molecules against
cytochrome P450 (CYP) isoenzymes. It plays a key role in phase I metabolism, primarily in the
liver [20]. As shown in Table 2, all the compounds tested demonstrate predictable inhibitory
activity exclusively against the CYP1A2 isoform; inhibition of other clinically relevant isoforms
(CYP2C19, CYP2C9, CYP2D6, CYP3A4) is not predicted. This finding suggests a minimal risk
of significant adverse effects (in particular, cardiovascular and neuroleptic effects, and increased
myotoxicity) associated with these cytochrome P450 isoforms.

Table 2. Pharmacokinetic parameters of compounds 1-5

Compound Inhibition
CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4
1 N - - _ :
2a + _ i - :
2b + B - - :
3 N - - : :
4 N - - : :
5 N - - : :

Abbreviations: ‘+” acts as an inhibitor; ‘-” does not act as an inhibitor.

Figure 3 also clearly represents the results obtained. It shows the bioavailability radars for
the compounds under study. It illustrates the compounds’ compliance with drug-likeness
criteria across six key physicochemical properties, including lipophilicity (from -0.7 to +5.0),
size (molecular weight from 150 to 500 g/mol), polarity (from 20 to 130 A?), solubility (no more
than 6), saturation (proportion of carbon atoms in sp’ hybridisation of at least 0.25), and
conformational flexibility (no more than nine rotating bonds) [19]. The molecules agree with
all the necessary criteria, confirming their potential as bioavailable agents. Based on the data
presented in Table 1 and Figures 2 and 3, we assume the compounds possess good ADME
properties and high bioavailability.

Thus, an in silico analysis of the synthesised 3,4-dihydro-1H-oxazino[4,3-a]benzimidazole
derivatives revealed their cytotoxic potential against the nervous and respiratory systems.
It suggests these compounds may be effective against gliomas and lung cancer.
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Fig. 3. Radar chart of the bioavailability of compounds 1, 2a, 2b, 3, 4, and 5. The graphs show the parameters
LIPO (lipophilicity), SIZE (molecular weight), POLAR (polarity), INSOLO (insolubility), INSATU (unsaturation),
and FLEX (conformational flexibility). The pink area corresponds to the ideal bioavailability values for oral
administration; the red line indicates the actual value for the compound under study.

At the same time, full compliance with Lipinski’s rule, a favourable ADME profile, and
the ability of most compounds to cross the blood-brain barrier confirm the promise of their
further investigation as oral agents, primarily for the treatment of central nervous system

tumours. Those in silico molecular profiling plays a key role in the early stages of drug candidate
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development, enabling the elimination of unpromising structures and the optimisation of
ligands before resource-intensive in vitro experiments are conducted. The use of this approach
demonstrated the value of further biological studies on 3,4-dihydro-1H-oxazino[4,3-
a]benzimidazole and suggested that these compounds are the candidates for potential

anticancer agents.
Experimental part

In silico assessment of the toxicological and cytotoxic profile of condensed
benzimidazole derivatives 1-5.

The toxicological and cytotoxic profiles of the condensed benzimidazole derivatives 1-5
were assessed using the ProTox 3.0 web server (https://tox.charite.de). This program uses
molecular similarity models and machine learning to predict 61 toxicity indicators, such as
acute toxicity, organotoxicity, clinical toxicity, molecular initiating events (MIE), adverse effects
(Tox21), a number of other toxicological endpoints, and non-target toxicity parameters [21].

In silico assessment of the toxicological and cytotoxic profile of condensed
benzimidazole derivatives 1-5.

The pharmacokinetic properties of the condensed benzimidazole derivatives 1-5 were
analysed using software from the Swiss Institute of Bioinformatics, available on the SwissADME
online portal (http://www.swissadme.ch) [19].

The SwissADME program is based on a combination of empirical models, quantitative
structure-activity relationships (QSARs), and physicochemical descriptors for predicting the
pharmacokinetic properties of small molecules. It integrates algorithms such as BOLED (for
assessing lipophilicity based on logP), iLOGP (a physical model based on free energy), the
Lipinski, Ghose, Weber and Muegge rules for assessing drug-like properties, the models for
solubility, absorption (including Caco-2 and P-gp), hepatotoxicity and synthetic accessibility
(SAscore). These methods rely on extensive databases of experimental data and machine
learning.
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