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COMPUTATIONAL PREDICTION OF BIOLOGICAL 
ACTIVITY OF 5-(2-OXOINDOLIN-3-YLIDENE)-SUBSTITUTED 
DERIVATIVES OF 3-(BENZO[D]THIAZOL-2-YLAMINO)-
2-THIOXOTHIAZOLIDIN-4-ONES

Aim. To carry out in silico research of potential affinity of 5-isatinylidene derivatives of 3-(benzo[d]thiazol-2-ylamino)-
2-thioxothiazolidin-4-one to biotargets and determine their possible belonging to ATC classes. Methods. Web tool Su-
perPred 3.0. Results. The predominant antitumour activity of the compounds was determined. The potential biological 
activity of derivatives 5—19 was compared with the in vitro efficacy of the core heterocycle, previously synthesized 
compounds 1—4 and the known effect of the antineoplastic drug Sutent (Pfizer Inc., USA). The compounds exhibited 
the hignest group efficiency against two targets: Cathepsin D and Casein kinase II alpha/beta (Model accuracy are 98.95 
and 99.23%, respectively). The important role of the isatinylidene moiety on the biological activity of the derivatives was 
determined. Conclusions. The highest probability of structural similarity to drugs with ATC code L01XE is predicted 
for compound 2 (38.18%). Compounds 15 and 19 are considered potential multi-hitters. The hi ghest affinity is predicted 
for compounds: 19 (99.80% to Cath-D) and 1 (93.56% to CK2). These values exceed those predicted for Sutent. The re-
sults obtained herein provide a platform for structure-based optimization of these derivatives.
Keywords: rhodanine, benzothiazole, 2-oxoindolin-3-ylidene, biological activity, Drug Development, SAR analysis.

Introduction

The search for new effective and low toxic drugs 
to overcome the dangerous diseases, such as can-
cer, cardiovascular diseases, HIV/AIDS, has been 

a pressing issue in the last decades. According to 
the World Health Organisation (WHO) cancer is 
the second cause of death worldwide. However, 
the modern antineoplastic drugs have major side 
effects and the development of resistance remains 
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a p roblem. It encourages scientists to search for 
new multi-target drugs that could solve this prob-
lem [1].

Researchers have always been interested in 
rhodanine derivatives because of their multiface-
ted biological activity: antitumour, antidiabetic, 
anti-inflammatory, antituberculosis etc [2, 3]. 
As shown by SAR analysis, the biological activi-
ty of the derivatives of the series depends on the 
substituents in positions C-5 and N-3 of the 
rhodanine сycle [4]. The combination of the 
rhodanine scaffold with other pharmacophore 
fragments is a promising direction of research 
with the purpose of obtaining pharmacologi-
cally active compounds (PACs). In our previous 
studies, we have proven the prospects of com-
bining rhodanine scaffold with a benzothiazole 
fragment in one molecule  [5]. Anti-tuberculo-
sis, antiviral, antioxidant, antitumour and other 
biological effects of benzothiazole derivatives 
are known [6, 7]. In our opinion, the introduc-
tion of an isatinylidene fragment at the posi-
tion 5 of the rhodanine cycle may facilitate the 
discovery of new PACs with a pronounced the-
rapeutic effect. The anticonvulsant, antitumour, 
antimicrobial and antioxidant effects of isatin 
derivatives have been known for a long time, 
which contributes to the widespread use of such 
fragments in Drug Development [8, 9]. We com-
bined these fragments in the molecules of our 
derivatives for the discovery of PACs.

Aim. To carry out in silico research of poten-
tial affinity of 5-isatinylidene derivatives 
of  3-(benzo[d]thiazol-2-ylamino)-2-thioxothi-
azolidin-4-one to biotargets and determine 
their possible belonging to ATC (Anatomical 
Therapeutic Chemical Classification System) 
classes.

Materials and Methods
For the in silico research we used some earlier syn-
thesized (compounds 1—4) with previously con-
firmed antitumour [5], antiviral [10] activity and 
virtually modelled (compounds 5—19) molecules 

on the basis of 3-(benzo[d]thiazol-2-ylamino)-
2-thioxothiazolidin-4-one. General structural for-
mula of the compounds of the studied series is 
shown on Fig. 1.

The previous in silico studies on physicochemi-
cal and pharmacokinetic properties of the mole-
cules confirmed the viability of search for biologi-
cally active compounds among the rhodanine de-
rivatives with a benzothiazole moiety in mole-
cules [11].

Chemistry
Chemical composition and structure of the base 
compound and some of its 5- isatinylidene deriva-
tives (compounds 1—4) were determined with the 
elemental analysis and 1H NMR spectroscopy [5]. 
In this work we discuss the potential of the new 
modelled hybrid structures (compounds 5—19) 
and predict possible biological activities of a whole 
series of derivatives.

Fig. 1. 5-Isatinylidene derivatives of 3-(benzo[d]thiazol-
2-ylamino)-2-thioxothiazolidin-4-one: 1 — R1 = H, R2 = H; 
2 — R1 = H, R2 = CH3; 3 — R1 = H, R2 = Br; 4 — R1 = CH3, R2 = 
= H; 5 — R1 = C2H5, R2 = H; 6 — R1 = n-C3H7, R2 = H; 7 — R1 = 
= n-C4H9, R2 = H; 8 — R1 = i-C4H9, R2 = H; 9 — R1 = n-C5H11, 
R2 = H; 10 — R1 =i-C5H11, R2 = H; 11 — R1 = CH3, R2 = CH3; 
12 — R1 = C2H5, R2 = CH3; 13 — R1 = C2H5, R2 = C2H5; 14 — 
R1 = C2H5, R2 = i-C3H7; 15 — R1 = i-C3H7, R2 = i-C3H7; 16 — 
R1 = i-C3H7, R2 = F; 17 — R1 = i-C3H7, R2 = CH2-F; 18 — R1 = 
= i-C3H7, R2 = C2H4-F; 19 — R1 = n-C4H9, R2 = C2H4-F
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In silico experiment
Prediction of ATC codes according to the WHO 
classification and targets for small molecules fa-
cilitates the process of Drug Development during 
the initial stages. One of such instruments is the 
upgraded version of SuperPred 3.0 [12, 13]. All the 
predictions are based on the structural similarity 
of new molecules to finished medicinal products 
(FMPs). A compound is considered a potential 
milti-hitter, if it is predicted to have a high proba-
bility (>1%) of belonging to certain ATC classes 
combined with a very high probability of binding 
to biological targets (>80%). The accuracy of the 
prediction is sufficiently high at 80.5% [14]. On 
this platform you can calculate quantitative indi-
cators of the probable binding of ligands to targets 
(Probability in %) and determine the general ac-
curacy of the prediction model (Model accuracy 
in %) [13]. Thus, the web server allows you to pre-
dict medical indications for new compounds and 
find binding targets for them.

Results and Discussions
We have studied the structural similarity of 5-isa-
ti ny lidene derivatives with the FMPs and their 
abi li ty to bind to biological targets. According to 
SuperPred 3.0 all the derivatives of the series have 
more than one indication, so they belong to se ve-
ral ATC classes. A group structural similarity of 
the derivatives of the series, with the exception of 
compound 8, to antineoplastic and immunomo-
du lating agents, that are assigned code L01XE 
(protein kinase inhibitors), is observed. Additio-
nal ly, simi la ri ty to drugs assigned code L02BB 
(anti-androgen hormone antagonists and related 
agents) is predic ted for compound 16. A compa-
ra tive analysis of the potential biological activity 
of 5-isatinylidene derivatives to the base hetero-
cycle was carried out. The highest probability of 
structural similarity to antitumour drugs (L01XE) 
is predicted for compound 2 and is 38,18%, unlike 
the base compounds which is 2.59%. Other de-
rivatives of the series are characterized by diffe-

rent values of the predicted similarity which ran-
ges from 32.94% (compound 16) to 1.39% (com-
pound 10).

SuperPred 3.0 discovered structural similarity of 
the studied compounds with not just antitumour 
MPs, but also other drugs, however, group struc-
tural similarity to FMPs with a different pharmaco-
logical activity isn’t predicted. We found structural 
similarities between the input compounds and an-
tineoplastic drugs (Sutent, Nintedanib, Afatinib, 
Dacomitinib, Cediranib, Masitinib (L01XE — Pro-
tein kinase inhibitors). Most of the derivatives 
(compounds 1—4, 6—19) are similar hypnotics 
and sedatives, assigned ATC code N05CD (benzo-
diazepine derivatives), and some of them (com-
pounds 2—4, 6—19), as well as the base heterocyc-
le, are structurally similar to other hypnotics and 
sedatives that are assigned ATC code N05CM. The 
studied derivatives are selectively similar to MPs, 
that intended for the treatment of the nervous sys-
tem diseases: compounds 1—4, 11—13 to anxio ly-
tics (benzodiazepine derivatives N05BA), com-
pounds 4, 5, 7, 9, 13 to antiepileptics (carboxamide 
derivatives (N03AF), or succinimide derivatives 
(N03AD), or hydantoin derivatives (N03AB)), 
compounds 6—10 to antidepressants (non-selec-
tive monoamine reuptake inhibitors N06AA), 
compound 11 to antipsychotic drugs (diazepines, 
exazepines, thiazepines and oxepines N05AH), and 
compounds 12, 13, 16—18 to analgesics and anti-
pyretics in ATC (N02BG). In silico analysis con-
firmed structural similarity of compounds 1 and 3 
to FMPs with antiviral activity (J05AP — аntivirals 
for treatment of HCV infections), and for com-
pounds 7, 8 and 9, antiviral activity is expected for 
topical use (antivirals, topical) due to their similar-
ity to drugs assigned ATC code D06BB. Structural 
similarities were found between some of the deri-
va tives of this series and drugs intended for the 
treatment of cardiovascular diseases: аngiotensin 
II  receptor blockers (ARBs), plain C09CA), аnti-
arrhy th mics, class III C01BD), dermatologicals 
(antifungals for topical use D01AE), respiratory 
system drugs (рhenothiazine derivatives, systemic 
antihistamines R06AD). Some of the derivatives 
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have individual similarities with drugs for the treat-
ment of the alimentary tract and metabolism, 
which are assigned ATC codes A06AB — contact 
laxatives, A03AC  — synthetic antispasmodics, 
amides with tertiary amines for functional gastro-
intestinal disorders, A03AA — synthetic anticho-
linergics, esters with tertiary amino group for func-
tional gastrointestinal disorders. Other derivatives 
are similar to musculo-skeletal system drugs 
(M01AC — oxicams, anti-inflammatory and anti-
rheumatic drugs, M04AB  — drugs preparations 
increasing uric acid excretion, M01AE  — propi-
onic acid derivatives, anti-inflammatory and anti-
rheumatic products, M01AH  — coxibs. Some 
compounds have structural similarities to thioura-
cil antithyroid preparations with ATC code H03BA.

Compound 1 with an unsubstituted isati nyli de-
ne fragment, unlike other derivatives of the series 
and the core heterocycle, is structurally similar to 
antiparasitic products, insecticides and repellents 
that are assigned ATC code P01AR (arsenic com-
pounds, for amoebiasis and other protozoal di sea-
ses). Compound 6 with a propyl radical in posi-

tion 1 of the isatinylidene fragment, unlike other 
compounds, is predicted to have similarity to MPs 
used in erectile dysfunction (G04BE). Upon the 
introduction of branched alkyl substituents into 
the isatinylidene fragment, structural similarity of 
the compounds to ophthalmological drugs, which 
are assigned ATC code S01XA, appears.

Compounds 15 and 19 are potential multi-hit-
ters. For compound 15, the structural similarity to 
ophthalmological drugs with ATC code S01XA is 
predominant (63.37%), and compound 19 is most 
similar (62.63%) to cardiovascular system drugs 
(ARBs, plain C09CA).

According to the SuperPred prediction, all 
19 compounds of the studied series and the core 
heterocycle exhibit a wide range of activity with 
high values of the probability of binding to targets 
with a significant prediction accuracy. The ability 
to bind to multiple targets is characteristic of all 
the modelled compounds. Due to the conducted 
study we were able to find the most promising tar-
gets for binding. Among the list of predicted tar-
gets, the targets for antitumour therapy are 

Fig. 2. The highest probability of binding of the core heterocycle and compounds 1—19 with targets for cancer therapy (in %)

1 Core heterocycle
2 Compound 1
3 Compound 2
4 Compound 3

5 Compound 4
6 Compound 5
7 Compound 6
8 Compound 7

9 Compound 8
10 Compound 9
11 Compound 10
12 Compound 11

13 Compound 12
14 Compound 13
15 Compound 14
16 Compound 15

17 Compound 16
18 Compound 17
19 Compound 18
20 Compound 19
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predominan t. We took into account the targets 
common to all compounds in the series with the 
hi ghest binding probability (Fig. 2). The mo del's 
prediction accuracy was over 90%.

With the highest accuracy of prediction models 
(98.95% and 99.23%, respectively), the highest af-
finity of the compounds in the series is predicted 
for two targets: Cathepsin D and Casein kinase 
II alpha/beta.

Cathepsin D (Cath-D) is a type of lysosomal as-
paragine protease that has an integral role in pro-
tein degradation and cellular metabolism. It is a 
part of the A1 peptidase family and is widely ex-
pressed in various tissues (kidney, liver, brain). An 
abnormal expression or activity of Cath-D is linked 
to many diseases (such as cancer, hypertension, 
multiple sclerosis, Alzheimer’s disease, etc.) The de-
velopment of its inhibitors might play a key role in 
the death of cancer cells. Cath-D is a high-potential 
target for the development of anticancer drugs 
[15]. Our compounds are predicted to have a high 
probability of binding to this target ranging from 
96.40% to 99.80%, which is higher than the corre-
sponding value for the base compound (93.19%), 
with a prediction model accuracy of 98.95%.

Casein kinase II (CK2) as serine/threonine ki-
nase is a protein kinase. This kinase is a hetero-te-
trameric enzyme which is classified into two cata-
lytic subunits (α and/or α') and two regulatory 
subunits (β and/or β'), put into question the sta bi-
li ty, selective control and enhancement of the en-
zyme activity. In addition, CK2 is an irregular ki-
nase that is activated without any external stimuli. 
CK2 is primarily implicated in many diseases, can-
cer and cardiac hypertrophy in particular. It has 
been found that CK2s were implicated in cell bio-
lo gy and the progression of cancer, anti-apoptosis 
and survival support, up-regulation of oncogenes, 
and downregulation of tumour suppressor genes 
This kinase was found to overexpress in a number 
of cancer cell lines, including prostate, breast, co-
lon, cholangiocarcinoma and solid cancer/tumour. 
Given the significant role of CK2 in tumour pro-
gression, compounds that inhibit its regulation are 
becoming potential chemotherapeutic agents [16]. 

The probability of inhibition of this target by the 
derivatives of the series ranges from 67.50% (com-
pound 18) to 93.56% (compound 1) with a high 
accuracy of the prediction model (99.23%). The 
probability of binding of the base compound to 
this target is 90.53%.

Aside from the aforementioned targets, affinity 
for other targets responsible for the growth and 
development of cancer cells is also predicted: Sig-
nal transducer and activator of transcription 3 
(STAT-3) (brain cancer, chronic lymphocytic leu-
kaemia, hepatocellular carcinoma, multiple mye-
loma, recurrent glioblastoma, solid tumour/can-
cer), DNA-(apurinic or apyrimidinic site) lyase 
(DNA AP lyase) (glioma, melanoma, ocular can-
cer, solid tumour/cancer), DNA topoisomerase I 
(TOP1-DNA) (acute lymphoblastic leukaemia, 
bladder cancer, breast cancer, colorectal cancer, 
esop hageal cancer, gastric adenocarcinoma, glio-
blastoma multiforme, lung cancer, lymphoma, 
metastatic colorectal cancer, myelodysplastic syn-
drome, ovarian cancer, renal cell carcinoma, small-
cell lung cancer, solid tumour/cancer), Aldose re-
ductase (AR) (head and neck cancer), etc. The 
probability of binding of the series derivatives to 
these targets is somewhat lower and ranges from 
54.12 to 95.71%.

We have carried out a comparative analysis of 
the potential biological activity of new com-
pounds  5—19 with determined in vitro types of 
activity for core heterocycle, previously synthe-
sized compounds 1—4 and the known action of 
the antineoplastic drug Sutent (Pfizer Inc., USA), 
which also contains a 2-oxoindolin-3-ylidene 
moie ty in the molecule of the active substance su-
nitinib malate. Sutent is a treatment for: kidney 
cancer (Renal cell carcinoma, RCC) that has 
spread to other parts of the body (advanced or 
metastatic) a rare type of sarcoma called gastroin-
testinal stromal tumours (GISTs), pancreatic neu-
roendocrine tumors (PNETs). It works by inhibi-
ting multiple protein kinases involved in tumor 
growth and blood vessel formation. The synthe-
sized compounds also showed in vitro moderate 
effects on kidney cancer cell lines.
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Fig. 3. Chemical structures of the compounds with the 
highest predicted affinity values to anti-tumour targets: a — 
compound 1 (93.56% to CK2); b — compound 3 (94.90% to 
DNA AP lyase and 89.28% to AR); c  — compound 9 
(88.07% to TOP1-DNA); d  — compound 16 (95.71% to 
STAT-3), e — compound 19 (99.80% to Cath-D)

7

6 5
Br

4

3a
7a

HN1

2

O

3
5

O

4

S1 2

S

N3

N
H

N
3

2

S
1 7a

7 6

5

43a

7

6 5
F

4

3a
7a

N1

2

O

3
5

O

4

S1 2

S

N3

N
H

N
3

2

S
1 7a

7 6

5

43a



136 ISSN 1993-6842 (on-line); ISSN 0233-7657 (print). Biopolymers and Cell. 2025. Vol. 41, No. 2

L.M. Mosula, N.I. Vynnytska

Among the predicted common targets of our com-
pounds and Sutent with a high probability are: Cath-D, 
CK2, DNA AP lyase. The hit compounds 19, 1, 3 are 
predicted to have higher affi ni ty to these targets than 
Sutent. Potential probabi li ty of Sutent binding to such 
targets is respectively: 98.39%, 85,22%, 82.40%.

The in silico prediction confirmed the detected 
in vitro and in vivo antitumour and antiviral acti vity of 
compounds 1 and 3. According to the prediction re-
sults, some of the modelled derivatives (compo unds 7, 
8, 9), as well as earlier synthesized compo unds 1 and 
3, have a polyprofile character, i.e., they are characte ri-
sed by a sufficient proba bi li ty of binding to targets as-
sociated with viral and cancer diseases. Thus, com-
pounds 1, 3, 7, 8, 9, in addition to potentially high an-
titumour activity, are characterised by a binding pro-
ba bility of >75% to targets associated with viral disea-
ses: Dual-specificity tyrosine-phosphorylation regu-
lated kinase 1A (DYRK1A) (synechialgalovirus di-
sease), DNA topoisomerase I (TOP1-DNA) (acquired 
immune deficiency syndrome, human immunodefi-
ciency virus infection). Additionally, with a slightly 
lower probability (about 70%), the compounds, ex-
cept for compound 8, may affect two other targets re-
sponsible for the development of viral diseases: Ade-
no sine A3 receptor (A3AR) (hepatitis C virus infec-
tion) and Toll-like receptor 8 (TLR8) (herpes simplex 
virus infection).

The analysis of the relationship ‘chemical struc-
ture — biological activity’ in a number of the stu-
died derivatives allows us to state a significant in-
fluence of the isatinylidene fragment in the struc-
ture of molecules on the expression of their bio-
logical activity. Upon the introduction of an isa ti-
ny lidene fragment at the position 5 of the base 
heterocycle, the probability of binding of com-
pounds to most targets increases. The affinity of the 
compounds of the series to the targets depends on 
the substituents introduced in the isatinylidene 
fragment and their position in the cycle. It is deter-
mined that the modification of N1 and C5 posi-
tions of the isatinylidene cycle has a crucial influ-
ence on the antitumour effect. Thus, the introduc-
tion of halogens (Br, F) promotes affinity for thera-
peutic targets. This is reflected in the predicted 

values of structural similarity to antineoplastic 
agents and the values of binding affinity to the cor-
responding targets. The most optimal in this con-
text is the presence of radicals at positions 1 and 5 
of the isatinylidene fragment: R1 = H and R2 = Н 
(compound 1), R1 = H and R2 = Br (compound 3), 
R1 = n-C5H11 and R2 = H (compound 9), R1 = і-C3H7 
and R2 = F (compound 16), R1 = n-C4H9 and R2 = 
= C2H4-F (compound 19). The structural formulas 
of compounds with the highest probability of bin-
ding to the therapy targets are shown on Fig. 3.

Conclusions
SuperPred 3.0 prediction confirmed the detected 
in vitro antitumour and antiviral effects of the earlier 
synthesized compounds and revealed a wide thera-
peutic potential of the new modelled derivatives of 
the series. Among them, two potential multi-hit ters 
were identified — compounds 15 and 19. The pre-
dominant antitumour activity of the studied com-
pounds is predicted. This is evidenced by the group 
structural similarity, with the exception of compound 
8, to antineoplastic and immunomodulating agents, 
which are assigned the code L01XE (protein kinase 
inhibitors, antineoplastic drugs). The affinity of the 
derivatives of this series to mul tip le targets that are 
responsible for the growth and development of can-
cer cells is predicted: Cath-D, CK2, STAT-3, DNA AP 
lyase, TOP1-DNA, AR, etc. With the highest accura-
cy of the prediction models (near 100%), the highest 
probability of binding to targets is predicted for com-
pounds: 19  (99.80% to Cath-D) and 1 (93.56% to 
CK2). These values are higher than the probable af-
finity values of core he te ro cycle and antineoplastic 
drug Sutent. For compounds 1, 3, 7—9, besides the 
high binding affinity (Probability >90%) to common 
antitumour targets, sufficient affinity (Probability 
>75%) to DYRK1A and TOP1-DNA targets, which 
affect the course of viral diseases, is predicted. For 
potentially active compounds it is advisable to con-
duct thorough in vitro and in vivo studies.
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ОБЧИСЛЮВАЛЬНЕ ПРОГНОЗУВАННЯ БІОЛОГІЧНОЇ АКТИВНОСТІ  
РЯДУ 5-(2-ОКСОІНДОЛІН-3-ІЛІДЕН)-ЗАМІЩЕНИХ ПОХІДНИХ  
3-(БЕНЗО[d]ТІАЗОЛ-2-ІЛАМІНО)-2-ТІОКСОТІАЗОЛІДИН-4-ОНУ

Мета. Провести in silico дослідження потенційної афінності 5-ізатиніліденпохідних 3-(бензо[d]тіазол-2-
іламіно)-2-тіоксотіазолідин-4-ону до біомішеней та встановити їх можливу приналежність до АТС класів. Ме-
тоди. Веб-інструмент SuperPred 3.0. Результати. Встановлено переважаючу протипухлинну дію сполук. 
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Потенцій ну біологічну активність похідних 5—19 порівнювали з ефективністю in vitro основного гетероциклу, 
раніше синтезованих сполук 1—4 та відомою дією антинеопластичного препарату «Сутент» (Pfizer Inc., США). 
Сполуки показали найвищу групову ефективність стосовно двох мішеней: Cathepsin D і Casein kinase II alpha/
beta (точність моделей прогнозування 98,95 і 99,23%, відповідно). Встановлено важливу роль ізатиніліденового 
фрагмента на вияв біологічної активності похідних. Висновки. Найвищу ймовірність структурної схожості 
з протипухлинними препаратами під АТС кодом L01XE прогнозовано для сполуки 2 (38,18%). Сполуки 15 і 19 
вважаються потенційними мультихітерами. Найвища афінність передбачається для сполук: 19 (99,80% до 
Cath-D) і 1 (93,56% до CК2). Ці значення перевищують прогнозовані для «Сутент». Одержані результати ство-
рюють платформу для структурної оптимізації цих похідних.
Ключові слова: роданін, бензотіазол, 2-оксоіндолін-3-іліден, біологічна активність, створення ліків, аналіз 
«структура — дія».
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