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The article presents in silico research of physicochemical, pharmacokinetic and 
druglikeness parameters of a series of 5-arylidene derivatives of 3-(benzo[d]thiazol-2-

ylamino)-2-thioxothiazolidin-4-one. The web tool SwissADME was used for prediction 
of absorption, distribution, methabolism and excretion (ADME) of compounds. Based 
on the prediction results, it was determined that the introduction of an arylidene moiety 
into position 5 of the base compound with potentially high peroral availability negatively 
affects the passive absorption in the gastrointestinal tract. To further characterize the 
effect of substituents in the arylidene moiety on the manifestation of properties of this 
type of compounds, a structure of a new derivative of with an unsubstituted benzylidene 
nucleus was simulated. With the use of another in silico tool, SuperPred 3.0, it was 
established that the introduction of an substituent into the benzylidene moiety promotes 
the potential affinity of the derivatives to many therapeutic targets to a wide variety of 
therapeutic targets, as evidenced by their structural similarity to existing broad-spectrum 
drugs. A common characteristic of all the derivatives is their structural resemblance to 
the active components of antitumor drugs. Based on the acceptable ADME profile of the 
studied compounds and their high pharmacological potential, it is advisable to continue 
thorough studies of parenteral routes of administration or optimize the structure of the 
molecules to increase oral bioavailability. The obtained predictive information on the 
possible behavior of the derivatives in the human body can become a theoretical platform 
for the synthesis of de novo compounds with a polypharmacological profile.
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Introduction
Drug discovery was always associated with

significant financial costs, involvement of multiple
specialists from various scientific fields and the length
of the process. Computer technologies, used to simulate
the structures of chemical substances and virtually
screen them for bio- (BS) and synthetic availability
(SA), drug-like properties, toxicity, affinity for
therapeutic targets, spectrum of biological activity, etc.,
have become a potent tool for synthetic chemists,
chemoinformaticians, biologists, pharmacologists at

the initial stages of drug development. With the
emergence of chemoinformatics, a major breakthrough
in the development of chemistry from empirical to
predictive was made [1]. Computer-aided drug design
(CADD) assists chemists in designing bioactive systems,
selection of the most promising molecules for synthesis
and in-depth biological studies. The quick development
of chemoinformatics has led to the emergence of
high-accuracy software packages aimed at calculating
molecular descriptors, predicting biological action and
toxicity of compounds. At the stage of virtual screening,
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compounds that are unperspective for medicinal
chemistry are weeded out. In silico methods allow for
the identification of hit compounds and lead
compounds with a high probability, which are often
proven to be effective in experimental studies [2].

One of the appealing structural fragments for
the development of new drugs in modern medicinal
and pharmaceutical chemistry is the thiazolidine
skeleton. Its derivatives exhibit various types of
biological activity, such as anticancer, anti-
inflammatory, anti-tuberculosis, antidiabetic, etc. [3].
The significant pharmacological potential of its
derivatives is caused by their affinity for various
biotargets. In the context of the pharmacophore
hybridisation approach, the scaffold hybridisation
strategy, it is justified to combine the thiazolidine
nucleus with other heterocycles, which often leads to
the appearance of a new pharmacological profile,
increased therapeutic efficacy, and minimization of
side effects [4]. The possibility of introducing
substituents at the positions 3 and 5 of 2-
thioxothiazolidin-4-one (rhodanine) contributes to the
appearance of new hybrid molecules. In our previous
studies [5,6], we proved the prospects of combining
the «thiazolidine matrix» with a benzothiazole scaffold
and 5-arylidene moiety by introducing them at the
positions 3 and 5 of the basic heterocycle, respectively.
It was proved that the synthesized 5-arylidene derivatives
of 3-(benzo[d]thiazol-2-ylamino)-2-thioxothiazolidin-
4-one exhibit moderate in vitro antitumour
(compounds 10 and 11) and antiviral (compounds 7,
13, 15 and 16) activity.

We have put forward the hypothesis that the
nature of the 5-arylidene moiety has a significant
influence on the expression of these activities. Hence,
it was reasonable to predict the behaviour of biologically
active molecules in the human body in an in silico
experiment.

Experimental
Chemistry
The compounds were synthesized and described

earlier in our previous studies [5,6]. Their chemical
composition was validated by elemental analysis, and
their structure was determined by means of PMR and
IR spectroscopy. It became known that for the
synthesized derivatives, prototropic hydrazine-
hydrazone tautomerism was characteristic, existing in
the form of Z- and E-configurations, which are likely
to be partially stabilized by the formation of
intramolecular hydrogen bonds.

Additionally, to specify the effect of substituents
in the benzylidene moiety on the potential oral
bioavailability of molecules, we obtained compound
17 by virtual modification. According to its chemical

structure, it is a 5-arylidene derivative with an
unsubstituted benzylidene moiety. For this molecule,
we performed in silico predictions of physicochemical,
pharmacokinetic, and drug-like parameters using the
SwissADME method, and predicted the spectrum of
biological activity using the SuperPred 3.0 method.

In silico experiment
For the implementation of the planned

experiment, we used the SwissADME
chemoinformatics tool, with the help of which we
performed the calculation of important molecular
descriptors and made a virtual ADME (A, D, M and
E stands for absorption, distribution, metabolism and
elimination, respectively) prediction of the properties
of the researched molecules. This in silico method is
convenient for interpreting the prediction results for
both drug development professionals and non-
specialists in the field of CADD. The accuracy of
predictions is between 72 and 94% [7].

For compounds 1–16, we have previously
predicted and described the potential affinity to
therapeutic targets and determined their possible
affiliation to certain ATC classes (Anatomical
Therapeutic Chemical Ñlassification System of the
World Health Organization (WHO)) [8]. An analogues
prediction was made for the new virtually simulated
derivative (compound 17). Prediction of the biological
activity of molecules was realized with the help of the
German web server SuperPred 3.0. The accuracy for
the ATC prediction increased by almost 5% to 80.5%
compared to the previous version, and additionally
the scoring function now offers values which are easily
assessable at first glance. Additionally, both ATC and
target prediction have been reworked and are now
based on machine learning models instead of overall
structural similarity, stressing the importance of
functional groups for the mechanism of action of
small molecule substances [9].

The mentioned in silico tools are available in
open access on the respective Internet platforms [10,11].

Figure 1 shows the general formula of the
investigated series of compounds.

The meaning of the physicochemical parameters
of a molecule determines its pharmacokinetic
properties, on which ADME parameters depend. To
determine the value of molecules for medicinal
chemistry, it is necessary to predict their drug-like
properties, bio- and synthetic availability, assess their
similarity to lead compounds, and check for potentially
problematic fragments in their structure. For the
assessment of the ADME profile of small molecules,
the molecular modelling group of the Swiss Institute
of Bioinformatics (SIB) has selected a number of fast
and reliable methods, a number of which were
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developed in-house (e.g. iLOGP or BOILED-Egg).
For some physicochemical parameters, several
predictions of the same parameter are provided to
ensure a consensus assessment of a particular property
of a molecule.

Physicochemical parameters provide a global 
description of the structure of a molecule. Crucially 
important is the accuracy of the calculation of such 
physicochemical parameters as molecular weight 
(MW), number of heavy atoms (N-HA) and aromatic 
heavy atoms (N-AHA), number of bonds around which 
a molecule can rotate (N-RB), the number of acceptors 
(N-HBA) and hydrogen bond donors (N-HBD), the 
fraction of carbon in sp3 hybridisation (F-Csp3), molar 
refractivity (MR), and the topological area of the polar 
surface of the molecule (TPSA). For understanding 
the permeability of molecules through cell membranes 
and their distribution in the body, the coefficients of 
lipophilicity (Log Po/w) and water solubility (Log S) 
have an important meaning. An increase in Log Po/w 

correlates with an increase of biological activity of 
compounds and the rate of skin penetration, but at 
the same time, it leads to a decrease in their water 
solubility [12]. For a complex assessment of a 
molecule’s lipophilicity, the software offers five 
computational methods and the calculation of the 
consensus value (Consensus Log Po/w) based on them. 
It is important to calculate Log S, especially if the 
development is aimed at developing a perorally available 
drug. Water solubility of a compound is also important 
for parenteral medicines. For this type of prediction, 
SwissADME offers three methods (ESOL, Ali and 
SILICOS-IT). All of them show a strong correlation 
between predicted and experimental data.

For a quick assessment of the potential peroral
availability of a compound, a bioavailability radar is

used. We take into account six physicochemical
properties of the molecule: lipophilicity, size, polarity,
solubility, saturation and flexibility. The
physicochemical range on each axis is determined
with the use of descriptors and outlined by a pink
area, which the radar graph of the molecule must
completely fall into for it to be considered available
for peroral use.

Similarity of the molecule to existing medicines
is established based on studies of structural or
physicochemical descriptors. SwissADME provides
access to five drug similarity filters. They are based
on rules with different ranges of properties for perorally
active drugs and are derived from the analyses done
by major pharmaceutical companies: Lipinski (Pfazer),
Ghose (Amgen), Veber (GSK), Egan (Pharmacia),
Muegge (Bayer).

The calculation of BS is carried out based on
the Abbot scale. This offers an opportunity to predict
the probability that a compound will have at least
10% peroral bioavailability in rats or measurable
Caco-2 permeability. This semi-quantitative indicator
is based on rules and takes into account the total
charge, TPSA and the violation of the Lipinski rules.
Four classes of compounds with probabilities of 11%,
17%, 56% and 85% are distinguished.

While studying the routes of administration of
biologically active compounds (BAC), it is important
to predict the potential absorption in the gastrointestinal
tract (GI absorption), permeability through the blood-
brain barrier (BBB permeant), and skin (Log Kp).
For prediction of the distribution and active elimination
of molecules from the body, knowledge of their ability
to be a P-glycoprotein (P-gp) substrate is required.
Possible metabolism of compounds can be predicted
based on the results of prediction of their effect on
the five cytochrome P-450 (CYP) isoforms (CYP1A2,
CYP2C19, CYP2C9, CYP2D6 and CYP3A4).

In the initial stages of drug development, it is
useful to predict the value of small molecules for
medicinal chemistry. SwissADME provides free access
to the PAINS and Brenk structural filters for
recognizing fragments that interfere with carrying out
the analysis or may be chemically reactive,
metabolically unstable or toxic, etc. On this online
platform, there is a possibility to determine the
similarity of molecules to lead compounds
(Leadlikeness) and their synthetic accessibility (SA)
[7]. The knowledge of these aspects helps chemists to
determine the applicability of molecules for structural
optimization.

Results and discussion
Operating a Swiss chemoinformatics tool, we

have calculated the values of physicochemical

Fig. 1. Differentially substituted 5-arylidene derivatives of

3-(benzo[d]thiazol-2-ylamino)-2-thioxothiazolidin-4-one
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parameters of the molecules, on which such important
criteria as size, lipophilicity, polarity, solubility,
saturation and flexibility depend. The obtained results
indicate that 5-arylidene derivatives of 3-
(benzo[d]thiazol-2-ylamino)-2-thioxothiazolidin-
4-one possess acceptable ADME properties. All the
compounds in the series have MW≤500 g/mol, which
proportionally increases with the elongation of radicals
at the 2, 3, and 4 positions of the benzylidene moiety.
Each molecule can be an acceptor and a donor of
hydrogen bonds, the number of which follows the
specified criteria. A common positive trait of the
compounds is the optimal flexibility of the molecules
(N-RB≤9). An acceptable value of molar refractivity
(MR≤130 cm3/mol) is characteristic to the majority
of the derivatives. This has a positive effect on the
ease and speed of molecular penetration through the
biological membranes.

Physicochemical properties determine the drug-
like properties of the molecules and the possibility of
their peroral administration. The lowest number of
violations of the optimal range of physicochemical
parameters that are characteristic of peroral medicines
is predicted for derivatives whose radar plots are shown
in Fig. 2.

Accounting for the introduction of substituents
into the arylidene moiety leads to a potential
degradation of the ADME qualities of the compound,
we have simulated the structure of (E)-3-
(benzo[d]thiazol-2-ylamino)-5-benzylidene-2-
thioxothiazolidin-4-one (compound 17) with an

unsubstituted benzylidene nucleus for a comparison.
It led to the optimization of all physicochemical
properties, except for saturation. The value of
F-Csp3<0.25 is outside the acceptable range of values
for perorally available compounds (Fig. 3).

The calculated values of the compounds that are
most similar to perorally available drugs by molecular
criteria are shown in Table.

According to the in silico predictions, all
molecules (17 compounds) are characterized by their
sufficient biological availability, as shown by the
calculated BS value of 0.55. The researched compounds
may be considered similar to the existing drugs due
to their compliance to the druglikeness rules, among
which the most important is Lipinski Rule of Five.
All of our molecules pass through Lipinski filter
unhindered, and the majority of them also lass through
Goshe (compounds 1–9, 11, 12, 14, 16, 16, and 17),
Veber and Egan (3–8, 14, 16, and 17) filters. The
non-passage of compounds 10 and 13 through the
Goshe filter was caused by MR>130 cm3/mol. The
non-compliance with the Veber and Egan rules is
caused by the high polarity of the molecules. The
upper limit of the TPSA value is different for the
filters (140 Å 2 and 131.6 Å 2, respectively). The
predicted obstacle for passing the Muegge filter for
all compounds of the series is the value of Log Po/w,
which according to the XLOGP3 method exceeds 5,
and for compounds 11, 15, 16 in addition
TPSA>150 Å 2. As evidenced by the results of in silico
prediction of druglikeness, among all the compounds,

Serial number of the compound 
Parameter 

11 15 16 17 

Physical and chemical characteristics 

MW (g/mol) 415.51 414.48 385.48 369.48 

N-HA 27 27 25 24 

N-АHA 15 15 15 15 

F-Csp
3
 0.06 0.00 0.00 0.10 

N-RB 4 5 3 3 

N-HBA 4 5 3 2 

N-HBD 2 1 2 1 

MR 

(cm
3
/mol) 

116.95 114.85 110.45 108.43 

TPSA (Å2) 160.32 169.52 151.09 130.86 
Lipophilicity and water solubility of molecules 

Log Po/w 
(Consensus) 

3.71 3.24 3.67 4.08 

Log S 
(ESOL) 

–5.88 –5.84 5.81 –5.95

Indicators of bio- and synthetic availability 
BS 0.55 0.55 0.55 0.55 
SA 3.62 3.57 3.49 3.50 

Predicted values of compounds 11, 15, 16 and 17
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a b 

Compound 11, (E)-3-(benzo[d]thiazol-2-ylamino)-5-(4-hydroxy-3-methoxybenzylidene)-2-

thioxothiazolidin-4-one 

c d 

Compound 15, (E)-4-((3-benzo[d]thiazol-2-ylamino)-4-oxo-2-thioxothiazolidin-5-

ylidene)methyl)phenyl nitrate 

e f 

Compound 16, (E)-3-(benzo[d]thiazol-2-ylamino)-5-(4-hydroxybenzylidene)-2-

thioxothiazolidin-4-one 

Fig. 2. Structural formulae (a, c and e), chemical names and bioavailable radars (b, d and f) of compounds 11 (a and b),

15 (c and d) and 16 (e and f)
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only the derivative with an unsubstituted benzylidene 
moiety (compound 17) passes the four druglikeness 
filters (Lipinski, Ghose, Veber, Egan) unhindered. 
This once again confirms the similarity of compound 
17 to perorally available drugs. An important 
characteristic for all the derivatives is an acceptable 
consensus value of lipophilicity. The exception is 
compound 14, its Consensus Log Po/w=5.29. The 
mentioned indicators correlate with the permeability 
of molecules through the biological membranes: the 
higher the values of TPSA, MR and MW, the more 
difficult it is for the compound to pass through cell 
membranes, and their passive absorption in the 
gastrointestinal tract is worsened. An increase in 
Log Po/w entails a decrease in the water solubility of 
compounds (an increase in the negative value of 
Log S), which also provokes a decrease in peroral 
bioavailability. According to the SwissADME 
predictions, the researched derivatives are poorly soluble 
in water, except for compounds 11 and 15–17, for 
which moderate water solubility is predicted. Other 
physicochemical parameters (MW, N-HA, N-AHA, 
N-RB, N-HBA and N-HBD) of our compounds have 
acceptable values.

As for the pharmacokinetics of the compounds,
the derivatives of the series, as well as the core molecule,
are not predicted to pass through the BBB or high
skin permeability (Log Kp values range from –3.71
to –5.10 cm/s). Unlike the core compound, our
molecules are predicted to have low passive absorption

in the gastrointestinal (GI) tract. The peroral availability
of the compounds may be limited due to insufficient
saturation of the molecules, since the ability of BAC
to interact with enzymes and proteins in the digestive
tract is dependent on the F-Csp3 value. The F-Csp3

value of all compounds in the series does not exceed
0.25. The predicted low oral bioavailability of the
molecules encourages us to investigate potential
parenteral routes of administration that bypass the GI
tract.

An assessment of the distribution and excretion
of molecules in the body is made possible by a
predictive assessment of their ability to be a substrate
or an inhibitor of P-glycoprotein. On this depends
the possibility of active excretion of the compound or
its metabolites through biological membranes.
Presumably, our compounds are not a substrate of
P-gp, and therefore should not be actively excreted
from the body.

The results of metabolic prediction are derived
from the ability of the molecules to inhibit one of the
five isoforms of CYP450. Inhibitory activity of the
derivatives of the series towards most of the isoforms
presented, except CYP2D6, is probable. It is a positive
characteristic of the compounds, since CYP2D6 is
responsible for the metabolism and excretion of
approximately 25% of drugs [12,13]. Furthermore,
compounds 10, 13, and 14 are not expected to inhibit
the isoform of CYP1A2, and compound 15 is not
expected to inhibit the isoforms of CYP2C9 and

Fig. 3. Structural formula (a), chemical name and radar graph (b) of the compound 17

a b 

Compound 17, (E)-3-(benzo[d]thiazol-2-ylamino)-5-benzylidene-2-

thioxothiazolidin-4-one 
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CYP3A4.
Detection of unwanted fragments in the

molecules of the compounds under study is allowed
by the use of two structural filters PAINS and Brenk,
which generate alerts. The PAINS filter generated an
alert for the presence of a rhodanine cycle in the
structures, and the Brenk filter detected a thiocarbonyl
group and Michael acceptors. For compound 15, the
Brenk filter additionally alerted to the presence of
another unwanted N–O fragment in the nitro group
of the 5-arylidene substituent. In the recent years,
the view of these fragments being of no prospect for
molecular Drug Design has been refuted by the studies
of many scientists, since many leading compounds
contain these molecular fragments. Based on the
polypharmacological approach, Michael acceptors are
now being considered as perspective targets for drug
development, since their affinity for several therapeutic
targets is considered an advantage [14].

A common positive characteristic of all the
derivatives of the series is the predicted SA value,
which ranges from 3.47 to 4.01 and testifies to the
sufficient ease of synthesis.

With a sufficient structural similarity, biological
activity of the molecules is well predictable. With the
help of web service SuperPred 3.0, it is possible to
make completely accurate predictions about the medical
applications of new compounds, as well as to make
new conclusions about the already known targets [9].
On the basis of the potentially highest similarity of
(E)-3-(benzo[d]thiazol-2-ylamino)-5-benzylidene-2-
thioxothiazolidin-4-one (compound 17) by ADME
profile to perorally available drugs, we researched its
structural similarity with the known drugs, predicted
its possible affiliation with the ATC codes, which
maintained by the WHO, and the probability of
binding to biotargets. The results obtained for compound
17 were compared with the predictions regarding the
possibility of interaction of the other derivatives with
proteins, receptors, etc. The SuperPred 3. 0 program
found structural similarities of compound 17 with
various finished medicinal products (FMPs) intended
for the treatment of cardiovascular (angiotensin II
receptor blockers (C09CA), hydrazinophthalazine
derivatives acting on arteriolar smooth muscle
(C02DB)), antifungal for topical use (D01AE), antiviral
(for hepatitis C virus (J05AP)), antineoplastic and
immunomodulating agents (protein kinase inhibitors
(L01XE)) diseases, as well as diseases of the
musculoskeletal system (anti-inflammatory and anti-
rheumatic drugs (M01AC)), nervous system
(benzodiazepine derivatives hypnotics and sedatives
(N05CD), other sedative and hypnotic drugs (N05CM),
antivertigo drugs (N07CA)), alimentary tract and

metabolic disorders (synthetic antispasmodics, amides
with tertiary amines (A03AC)).

The correspondence to almost all of these ATC
codes is also inherent to compounds 1–16. It is
predicted that the compound 17 has the highest
structural similarity (5.09%) to drugs used to treat the
cardiovascular system (angiotensin receptor blockers,
which are assigned ATC code C09CA). A common
trait of all the derivatives is the structural similarity to
the drugs used in the treatment of oncological diseases.
Notably, the introduction of benzylidene moiety into
position 5 of the core heterocycle generally positively
influenced the increase of the structural similarity to
the already existing antitumour drugs that are inhibitors
of proteinkinase. The index of similarity to drugs for
compound 17 (containing an unsubstituted benzylidene
moiety) is much lower (1.67%) than predicted for
other derivatives of the series (for example, it is 21.18%
for compound 7 with R=4-F). According to the
predictions, compound 17, like its analogues, possesses
a wide spectrum of biological activity. The list of
targets with which it can potentially bind is very
similar the one that is predicted for the core heterocycle
and other compounds of the series. The interaction
of benzylidene-substituted derivatives of this series
with biological targets and their potential affiliation
with certain ATC codes was described earlier. The
highest level of binding for the new derivative
(compound 17) is predicted with three targets: Aldose
reductase (96.93%), Cathepsin D (94.91%) and
Transcription intermediary factor 1-alpha (92.68%).
The accuracy of the prediction models is rather high
and ranges from 92.38 to 98.95%. Inhibition of the
mentioned targets can play a decisive role in
antitumour therapy [15].

Conclusions

5-Arylidene derivatives of 3-(benzo[d]thiazol- 
2-ylamino)-2-thioxothiazolidin-4-one are 
characterised by the satisfactory physicochemical and 
pharmacokinetic parameters, are sufficiently ‘drug-
like’ and pose interest for the medicinal chemistry. 
In in silico studies, they did not show high absorption 
in the GI tract, in contrast to the potentially peroral 
core heterocycle. In terms of lipophilicity, solubility, 
flexibility and molecular size, the most similar to 
peroral drugs can be considered the virtually modelled 
compound 17, which contains an unsubstituted 
benzylidene moiety at the position 5 of the rhodanine 
cycle. Its oral availability is limited by the insufficient 
saturation of the molecule due to non-compliance 
with the F-Csp3 criterion. For other molecules, more 
violations (³2) of the optimal range of such 
physicochemical descriptors as F-Csp3, TPSA, MR, 
Log S, Log Po/w are expected. Despite some
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unsatisfactory indicators, all the studied derivatives
can be considered perspective objects for the rational
design of new drugs. Accounting for their sufficient
bio- (BS=0.55) and synthetic (SA=3.47–4.01)
availability, we consider structural optimisation of the
compounds and study of parenteral routes of
administration to be promising. The obtained results
are the basis for further studies to find new BAC
among the specified class of heterocycles.
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ÄÎÑË²ÄÆÅÍÍß Ô²ÇÈÊÎ-Õ²Ì²×ÍÈÕ,
ÔÀÐÌÀÊÎÊ²ÍÅÒÈ×ÍÈÕ ² «Ë²ÊÎÏÎÄ²ÁÍÈÕ»
ÏÀÐÀÌÅÒÐ²Â 5-ÀÐÈË²ÄÅÍÏÎÕ²ÄÍÈÕ
3-(ÁÅÍÇÎ[d]Ò²ÀÇÎË-2-²ËÀÌ²ÍÎ)-2-
Ò²ÎÊÑÎÒ²ÀÇÎË²ÄÈÍ-4-ÎÍÓ

Ë.Ì. Ìîñóëà, Ê.Ñ. ×óä³íîâè÷

Ó ñòàòò³ îïèñàí³ in silico äîñë³äæåííÿ ô³çèêî-õ³ì³÷íèõ,
ôàðìàêîê³íåòè÷íèõ ³ «ë³êîïîä³áíèõ» ïàðàìåòð³â 5-àðèë³-
äåíïîõ³äíèõ 3-(áåíçî[d]ò³àçîë-2-³ëàì³íî)-2-ò³îêñîò³àçîë³-
äèí-4-îíó. Äëÿ ïðîãíîçóâàííÿ àáñîðáö³¿, ðîçïîä³ëó, ìåòà-
áîë³çìó ³ âèâåäåííÿ (ADME) ñïîëóê áóâ âèêîðèñòàíèé
âåá-³íñòðóìåíò SwissADME. Çà ðåçóëüòàòàìè ïðîãíîçóâàííÿ
âñòàíîâëåíî, ùî ââåäåííÿ àðèë³äåíîâîãî ôðàãìåíòà ó
5 ïîëîæåííÿ áàçîâî¿ ñïîëóêè ³ç ïîòåíö³éíî âèñîêîþ ïåðî-
ðàëüíîþ äîñòóïí³ñòþ íåãàòèâíî âïëèâàº íà ïàñèâíó
àáñîðáö³þ ìîëåêóë ó øëóíêîâî-êèøêîâîìó òðàêò³. Äëÿ
êîíêðåòèçàö³¿ âïëèâó õàðàêòåðó çàì³ñíèê³â â àðèë³äåíîâî-
ìó ôðàãìåíò³ íà ïðîÿâ âëàñòèâîñòåé òàêîãî ðîäó ñïîëóê
áóëî çìîäåëüîâàíî ñòðóêòóðó íîâîãî ïîõ³äíîãî ç íåçàì³-
ùåíèì áåíçèë³äåíîâèì ÿäðîì. Çà äîïîìîãîþ ³íøîãî in
silico ³íñòðóìåíòà SuperPred 3.0 âñòàíîâëåíî, ùî ïîÿâà çà-
ì³ñíèê³â â áåíçèë³äåíîâîìó ôðàãìåíò³ ñïðèÿº ï³äâèùåí-
íþ ïîòåíö³éíî¿ àô³ííîñò³ ïîõ³äíèõ ðÿäó äî áàãàòüîõ òåðà-
ïåâòè÷íèõ ì³øåíåé, ïðî ùî ñâ³ä÷èòü ñòðóêòóðíà ïîä³áí³ñòü
¿õ ç ³ñíóþ÷èìè ïðåïàðàòàìè øèðîêîãî ñïåêòðó ä³¿. Ñï³ëüíîþ
õàðàêòåðèñòèêîþ óñ³õ ïîõ³äíèõ º ñõîæ³ñòü ñòðóêòóðè ³ç
ä³þ÷èìè ðå÷îâèíàìè ïðîòèïóõëèííèõ ë³êàðñüêèõ çàñîá³â.
Âèõîäÿ÷è ç ïðèéíÿòíîãî ADME ïðîô³ëþ äîñë³äæóâàíèõ
ñïîëóê òà ¿õ âèñîêîãî ôàðìàêîëîã³÷íîãî ïîòåíö³àëó, äî-
ö³ëüíèì º ïðîäîâæåííÿ ´ðóíòîâíèõ äîñë³äæåíü ïàðåíòå-
ðàëüíèõ øëÿõ³â ââåäåííÿ àáî îïòèì³çàö³ÿ ñòðóêòóðè ìîëå-
êóë äëÿ ï³äâèùåííÿ ïåðîðàëüíî¿ á³îäîñòóïíîñò³. Îäåðæàí³
ïðîãíîñòè÷í³ â³äîìîñò³ ïðî ìîæëèâó ïîâåä³íêó ïîõ³äíèõ
ðÿäó â îðãàí³çì³ ëþäèíè ìîæóòü áóòè òåîðåòè÷íîþ ïëàò-
ôîðìîþ äëÿ ñèíòåçó de novo ñïîëóê ³ç ïîë³ôàðìàêîëî-
ã³÷íèì ïðîô³ëåì.

Êëþ÷îâ³ ñëîâà: ðîäàí³í, áåíçîò³àçîë, in silico ñêðèí³íã,
ô³çèêî-õ³ì³÷íèé àíàë³ç, ñòâîðåííÿ ë³ê³â, SwissADME,
SuperPred 3.0, âçàºìîçâ’ÿçîê «ñòðóêòóðà–àêòèâí³ñòü».
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The article presents in silico research of physicochemical,
pharmacokinetic and druglikeness parameters of a series of
5-arylidene derivatives of 3-(benzo[d]thiazol-2-ylamino)-2-
thioxothiazolidin-4-one. The web tool SwissADME was used
for prediction of absorption, distribution, methabolism and
excretion (ADME) of compounds. Based on the prediction results,
it was determined that the introduction of an arylidene moiety
into position 5 of the base compound with potentially high peroral
availability negatively affects the passive absorption in the
gastrointestinal tract. To further characterize the effect of
substituents in the arylidene moiety on the manifestation of
properties of this type of compounds, a structure of a new derivative
of with an unsubstituted benzylidene nucleus was simulated. With
the use of another in silico tool, SuperPred 3.0, it was established
that the introduction of an substituent into the benzylidene moiety
promotes the potential affinity of the derivatives to many
therapeutic targets to a wide variety of therapeutic targets, as
evidenced by their structural similarity to existing broad-spectrum
drugs. A common characteristic of all the derivatives is their
structural resemblance to the active components of antitumor
drugs. Based on the acceptable ADME profile of the studied
compounds and their high pharmacological potential, it is advisable
to continue thorough studies of parenteral routes of administration
or optimize the structure of the molecules to increase oral
bioavailability. The obtained predictive information on the possible
behavior of the derivatives in the human body can become a
theoretical platform for the synthesis of de novo compounds
with a polypharmacological profile.

Keywords: rhodanine; benzothiazole; in silico screening;
physicochemical analysis; drug development; SwissADME;
SuperPred 3.0; structure vs. activity relationships.

REFERENCES

1.  Adelus i  TI,  Oyedele AQK, Boyenle ID,
Ogunlana AT, Adeyemi RO, Ukachi CD, et al. Molecular
modeling in drug discovery. Inform Med Unlocked. 2022; 29:
100880. doi: 10.1016/j.imu.2022.100880.

2. de Almeida Santos ES, Lemos JM, dos Santos Carvalho AM,
da Silva Mendonca de Melo F, de Sousa Pereira E,
Moreira-Filho JT, et al. Deep multitask learning-driven discovery
of new compounds targeting Leishmania infantum. ACS Omega.
2024; 9: 51271-51284. doi: 10.1021/acsomega.4c07994.

3. Sahiba N, Sethiya A, Soni J, Agarwal DK, Agarwal S.
Saturated five-membered thiazolidines and their derivatives: from
synthesis to biological applications. Top Curr Chem. 2020; 378:
34. doi: 10.1007/s41061-020-0298-4.

4. Szlachcikowska D, Tabecka-Lonczynska A, Holota S,
Roman O, Shepeta Y, Lesyk R, et al. Role of ciminalum-4-
thiazolidinone hybrids in molecular NF-kB dependent pathways.
Int J Mol Sci. 2024; 25: 7329. doi: 10.3390/ijms25137329.

5. Havrylyuk D, Mosula L, Zimenkovsky B, Vasylenko O,
Gzella A, Lesyk R. Synthesis and anticancer activity evaluation
of 4-thiazolidinones containing benzothiazole moiety. Eur J Med

Chem. 2010; 45: 5012-5021. doi: 10.1016/j.ejmech.2010.08.008.

6. Mosula LM. Protyvirusna aktyvnist
3-benzotiazolzamishchenykh pokhidnykh 4-tiazolidynonu
[Antiviral activity of 3-benzothiazole ubstituted 4-thiazolidinone
derivatives]. Pharm Rev. 2012; 3: 22-26. (in Ukrainian).
doi: 10.11603/2312-0967.2012.3.2627.

7. Daina A, Michielin O, Zoete V. Swiss ADME: à free
web tool to evaluate pharmacokinetics, drug-likeness and medicinal
chemistry friendliness of small molecules. Sci Rep. 2017; 7: 42717.
doi: 10.1038/srep42717.

8. Chudinovych KS, Mosula VS, Mosula LM. In silico
otsinka farmakolohichnoho potentsialu serii 5- arylidenpokhidnykh
3-(benzo[d]tiazol-2-ilamino)-2- tioksotiazolidyn-4-onu [In silico
evaluation of the pharmacological potential of a series of 5- arylidene
derivatives of 3-(benzo[d]thiazol-2-ylamino)-2-thioxothiazolidin-
4-one]. Ukr Sci Med Youth J. 2025; 152(1): 161-168. (in
Ukrainian). doi: 10.32345/USMYJ.1(152).2025.161-168.

9. Gallo K, Goede A, Preissner R, Gohlke BO. SuperPred
3.0: drug classification and target prediction – a machine learning
approach. Nucleic Acids Res. 2022; 50(W1): W726-W731.
doi: 10.1093/nar/gkac297.

10. SwissADME. Available from: http://www.swissadme.ch/.

11. SuperPred 3.0 . Available from: https://
prediction.charite.de/index.php.

12. Shaker B, Ahmad S, Lee J, Jung C, Na D. In silico
methods and tools for drug discovery. Comput Biol Med. 2021;
137: 104851. doi: 10.1016/j.compbiomed.2021.104851.

13. Hakkola J, Hukkanen J, Turpeinen M, Pelkonen O. Inhibition
and induction of CYP enzymes in humans: an update. Arch Toxicol.
2020; 94: 3671-3722. doi: 10.1007/s00204-020-02936-7.

14. Kryshchyshyn A, Kaminskyy D, Roman O, Kralovics R,
Karpenko O, Lesyk R. Synthesis and anti-leukemic activity of
pyrrolidinedione-thiazolidinone hybrids. Ukr Biochem J. 2020;
92(2): 108-119. doi: 10.15407/ubj92.02.108.

15. Kockar F, Tokay E, Hacioglu N. Chapter 11 – Prodrug-
based drug delivery approaches in cancer combination therapy. In:
Kesharwani P. Combination drug delivery approach as an effective

therapy for various diseases. London: Academic Press; 2022.
p. 239-271. doi: 10.1016/B978-0-323-85873-1.00001-0.


