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The aim was analysis of 4-thiazolidinones and related heterocyclic systems anticancer activity data and for-
mation of some rational design directions of potential anticancer agents. Synthetic research carried out in

Danylo Halytsky Lviv National Medical University (DH LNMU) allowed us to propose a whole number of
new molecular design directions of biological active 4-thiazolidinones and related heterocyclic systems, as
well as obtain directed library that numbers over 5000 of novel compounds. At the present time in vitro anti-

cancer activity screening was carried out for more than 1000 compounds (US NCI protocol (Developmental
Therapeutic Program), among them 167 compounds showed high antitumor activity level. For the purpose
of optimization and rational design of highly active molecules with optimal «drug-like» characteristics and
discovering of possible mechanism of action SAR, OSAR analysis and molecular docking were carried out.

The ultimate aim of the project is creating of innovative synthetic drug with special mechanism of action and
sufficient pharmacological and toxicological features. Some aspects of structure—activity relationships
were determined and structure design directions were proposed. The series of active compounds with high

anticancer activity and/or selectivity levels were selected.

Key words: synthesis, 4-thia(imida)zolidinones, thiopyrano[2,3-d]thiazoles, anticancer activity, (Q)SAR.

Introduction. Thiazolidinone derivatives are well dinediones [9, 10]. In addition, inhibitors of antiapop-

known class of biological active substances [1-3] that
became basic for the whole number of innovative
medicinal agents, such as hypoglycemic thiazolidine-
diones (Pioglitazone and its analogues) [4], aldose re-
ductase inhibitors (Epalrestat) [5], dual inhibitors of
COX-2/5-LOX (Darbufelon) [6], modern diuretics
(Etozoline) [7], Mur family inhibitors (UDP-MurNAc/
L-Ala ligases) etc. [8]. Recently thiazolidinone rese-
arch area unexpectedly became interesting and promi-
sing for oncology. In-depth study of PPARs allowed to
put forward and validate the concept of anticancer po-
tential existence of PPAR agonists including thiazoli-
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totic proteins Bcl-X; and BH3 [11] which contribute to
modulation of programmed cell death (apoptosis), as
well as inhibitors of tumor necrosis factor TNFa [12],
necroptosis inhibitors [13], integrin antagonists [14],
inhibitors of JSP-1 [15], Pim-2 and Pim-1 protein kina-
ses[16], COX-2 [17] etc. were identified among 4-thia-
zolidinones.

Biological active thiazolidinones and related hete-
rocycles refer to one of the most successful scientific
projects in the area of pharmacy of DH LNMU (Fig. 1).
It is based on three strategic vectors: a) organic syn-
thesis; b) pharmacological research; ¢) rational design
of «drug-like» molecules (virtual screening: QSAR-
analysis, molecular docking etc.) [1, 18].
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In the starting stages of the project anti-inflamma-
tory [19-21], antimicrobial [22, 23], anticonvulsant,
choleretic [24] and antioxidant [25] activities were
identified. In spite of the series of perspective results,
progress of the project brings to some research direc-
tions changes, notably it has focused on the search of
new anticancer agents. Taking into account global
processes in the world science and the necessity of
planning the tactics of narrowly defined groups deve-
lopment in competition environment of the biological
active molecules market, screening research are carried
out within the National Cancer Institute (NCI) of Nati-
onal Institute of Health (NIH) scientific programs (De-
velopmental Therapeutic Program, Bethezda, USA,
http:/dtp.nci.nih.gov) [26-30]. The ultimate aim of the
project is creating of innovative synthetic drug with
special mechanism of action and sufficient pharmaco-
logical and toxicological features.

Results and discussion. Synthetic research in the
area of 4-thiazolidinones derivatives. Synthetic stra-
tegy consists in structure modification of azolidinone
ring formed in different [2 + 3]-cyclocondensation re-
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actions and modifying it in the positions 2, 3, 4 and 5.
Six key types of the reactions were generally used
(Knoevenagel reaction, [2 + 3]-cyclocondensation, N-
alkylation, acylation, heterodiene synthesis, «domino»
reactions) that allowed to obtain directed library with
over 5000 new thiazolidinones and related heterocyclic
systems (Fig. 2) [1, 21, 23, 31-40].

While applying the research strategy through the
past few years we succeeded in gaining a number of in-
teresting synthetic results that make possible to extend
the field of the chemistry of thiazolidinone and related
heterocycles, especially in the scope of «drug-like»
molecules design.

Anticancer activity evaluation of 4-thiazolidi-
nones and related heterocyclic systems and efficient
approaches to interpretation of «structure-activi-
ty» correlation. Obtained real library of heterocyclic
compounds became an object for study concerning an-
ticancer activity identifying according to the standard
NCI procedure. On the first stage high-performance in
vitro prescreening was held on 3 tumor cell lines (NCI-
H460, MCF-7 and SF-268) in concentration 10~ M.
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Fig. 2. Structure of compounds sub-libraries, synthesized at the Department of Pharmaceutical, Organic and Bioorganic Chemistry

Since 2005 the prescreening criteria became strict and
the procedure of prescreening consists in testing of
compounds activity on 60 tumor cell lines in con-
centration 10° M. On the second stage of prescre-
ening active compounds are tested in vitro at 10-fold
dilutions of five concentrations (10 *~10"*M) on 60 tu-
mor cell lines including lines of leukemia, non-small
sell lung cancer, colon cancer, CNS cancer, melanoma,
ovarian cancer, prostate cancer and breast cancer. In
this assay three dose-response parameters are obtained:
1) growth inhibition of 50 % — GI,; 2) total growth
inhibition — TGI; 3) LC,,. Whereas the GI, may be vie-
wed as a growth-inhibitory level of effect, the TGI
signifies a «total growth inhibition» or cytostatic level
of effect. The LC,, is the lethal concentration, «net cell
killing» or cytotoxity parameter. If the tested parame-
ters (pGly,, pTGI and pLC,,) specified in negative
log10 units are less then < 4.00 these compounds are
assigned as active.

Now among 1076 tested compounds 402 (37.4 %)
have successfully passed prescreening phase (Fig. 1).
After passing the second testing phase 14 compounds
were submitted for consideration of NCI Biological
Committee, among them 7 compounds are affirmed for
the in-depth in vivo preclinical trials as potential anti-
cancer agents. Tested compounds introduce all the sub-
libraries (Fig. 2) of obtained derivatives and accor-

ding to the data of NCI specialists most of the highly
active compounds don’t belong to any class of known
anticancer agents that is weighty argument for their in-
depth investigation.

When analyzing the in-depth in vitro research re-
sults [18] it is worth to mention that in the anticancer
selectivity rating the most sensitive to 4-thiazolidino-
nes and related heterocyclic systems was the line of
leukemia. Level of selectivity on the cell lines of non-
small sell lung cancer, CNS cancer and breast cancer
are approximately the same. Series of cell lines, such as
leukemia lines (CCRF-CEM, HL-60(TB), RPMI-
8226, SR, K-562, MOLT-4), CNS cancer line (U251),
non-small cell lung cancer line (HOP-92), renal cancer
cell lines (UO-31, 786-0), colon cancer line (HCT-
116) as well as breast cancer line (MDA-MB 231) have
been found to be the most sensitive to testing com-
pounds. The ranking is given in decreasing order of
high antitumor effect frequency for tested compounds.
Thus based on the obtained results the hypotheses of
specific anti-leukemia activity of heterocycles contai-
ning «thiazolidinone matrix» may be put forward.

Obtained results allowed to form a number of struc-
ture-anticancer activity relations and outline the ratio-
nal design directions. SAR analysis was carried out wi-
thin each of the presented sub-libraries of azolidinone
derivatives (Fig. 3-5).
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Fig. 3. Some features of structure—anticancer activity relationships in
thiazolidinones sub-libraries

Anticancer effect realization of 2-substituted 4-
thiazolidinones (1, 2) (Fig. 3) depends on the nature of
substituents in the positions C2 and N3, moreover rela-
tion between activity levels of the derivatives 2 and 3
wasn’t established. Retrospective analysis of these
compounds showed that anticancer activity increases
while transition from cycloalkyl moiety to heteryl moi-
ety in position C2 and the moieties of amino acid or
aromatic amine are eligible in position N3. Instead of
this compounds of row 1 with the 2-imino fragment are
characterized by the higher activity, while presence of
substituent in the position N3 is not always desirable
(3). Imidazolidinone isosters (X = NH) of sub-libraries
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Increase of activity level

synthesized 2,3-disubstituted-4-thiazolidinones and heterylsubstituted

1, 3 posses lower activity level than compounds based
on thiazolidinone (X = S) [39]. Suggested and confir-
med by us hypotheses about the crucial role of the pre-
sence and the nature of the substituent in the position
C5 in anticancer effects realization [1, 36] is abso-
lutely confirmed in the case of 2-substituted 4-thiazoli-
done derivatives 4. In this number of heterocycles the
compounds with aryl(heteryl)idene fragments are cha-
racterized by the maximum level of anticancer activity.

One of the effective and frequently used directions
of new biological active substances research in modern
medical chemistry is the direction based on the phar-
macophore hybrid approach usage [41]. This approach
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provides combination of different pharmacophore cyc-
les with equal biological activity and affinity to diffe-
rent biotargets in one molecule. Such combination of-
ten allows to reach the potantiation of action (synergic
effect). The results of our research work confirm this
hypothesis and help us to identify high antitumor effect
of heteryl substituted 2(4)-thiazolidinones.

Study of the «structure—anticancer activity» rela-
tionship makes possible to establish that antimitotic ef-
fect displaying depends on the nature of heterocyclic
fragment. Moving from non-condensed bis-thiazolidi-
nones 5 to 2-pyrazolin substituted 10 and 2-benzthia-
zolamine-4-thiazolidinones 6 is characterized by the
increasing of activity [35, 38]. It is worth to mention
that position of heterocyclic fragment relative to the ba-
sic (thiazolidinone) cycle has ambiguous influence on
the activity appearance. In the row of non-condensed
systems with thiazolidinone and benzthiazole frag-
ments moderate activity intension is traced when chan-
ging the position of benzthiazole cycle from C2 (6) to
N3 (7), while changing the position of pyrazoline cycle
from C2 (10) to C4 (9) doesn’t influence the antimitotic
effect realization [37]. It is established that 4-pyrazo-
line substituted 2-thiazolidones 9 are more active than
4-arylamine-2-thiazolidinones 8, at the same time 2-
arylamine-4-thiazolidinones isomers 3 possess higher
or equal activity than 2-heteryl substituted derivatives
6, 10. In general, structure of the substituent in position
C5 of'thiazolidinone cycle is determinative for the anti-
cancer activity realization for all the heteryl substitu-
ted thiazolidinones. That’s why modification of men-
tioned position is the key concept of directed synthesis
of novel anticancer agents in described class of com-
pounds. When moving from thiazolidinone scaffold to
condensed thiazolo[3,2-b][1,2,4]triazol-6-one system
light activity increasing occurs [32], though C5-sub-
stituent remains the determining factor.

The group of 4-thiazolidinone-3(5)-alkanecarbo-
xylic acids is one of the most studied groups of thiazoli-
dinone derivatives with the determined molecular me-
chanism of biological activity realization, including
anticancer activity [42]. Comparison of anticancer acti-
vity of 4-thia(imida)zolidinone-5-carboxylic acids (12)
and 4-thia(imida)zolidinone-3-carboxylic acids (13)
indicates that the latter show higher antitumor activity
level (Fig. 4). In the series of presented derivatives the-

re is no significant difference between the levels of an-
titumor activity of thiazolidinone (X = O) and rhoda-
nine (X = S) derivatives. However, the substitution of a
sulfur atom in thiazolidinone cycle for the atom of nit-
rogen (transition from 2,4-thiazolidinediones to 2,4-
imidazolidinediones) in compounds 13 contributes to
the intensification of anticancer activity and appea-
rance of selectivity of 4-imidazolidinone-3-carboxylic
acids effects. Thus for the hydantoin-3-acetic acids the
significant effect on the leukemia lines was observed,
though there was almost no influence on the other can-
cer cell lines [36]. This fact allows to consider 5-aryl-
idene-2,4-imidazolidinedione-3-acetic acids amides as
«hit-structures» for the anti-leukemia agents search. Si-
multaneous presence of substituents in the positions C5
and N3 of the basic heterocycle is desirable and is pro-
ved by the higher anticancer activity level of 4-thiazo-
lidinone-3,5-alkanecarboxylic acids (14, 15) and 5-
arylidene-4-thiazolidinone-3-alkanecarboxylic acids
(16) [43]. Comparison of the activity of the compounds
14-16 points an advantage of ylidene moiety, namely
the aryl(heteryl)idene fragment. Also, it is found that
amides are more active than esters and free acids ir-
respective of the presented acids series they belong to.
Antitumor activity evaluation of 5-ylidenerhodani-
ne-3-succinic acids (17) proved presented relation and
allowed us to make a suggestion that 3-(4-oxo-2-thi-
oxothiazolidine-3-yl)-pyrrolidine-2,5-dione fragment
is probable pharmacophore for this series of compo-
unds [44]. The position C-5 of rhodanine cycle and nit-
rogen atom of pyrrolidine cycle are considered to be the
main directions of its chemical modification. Utiliza-
tion of thiazolidinone-alkanecarboxylic acids for the
structure optimization of other scaffolds is effective
approach in novel antitumor agents design; it is eluci-
dated by the example of triterpenoid structure modifi-
cation (18) and may be taken as the variant of hybrid
pharmacophore approach.

Annealing of heterocyclic fragments as widespread
method used for conformational flexibility limitation,
is perspective and not sufficiently studied direction of
biological active substances search. Possibility of fu-
sed thiazole heterocyclic systems 20 (Fig. 5) to imitate
some biophore fragments of their synthetic precursors,
namely 5-ylidene-4-thiazolidinones 19, allowed us to
put forward the hypothesis about activity remaining in
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Fig. 4. Some features of structure—anticancer activity relationships in sub-library of synthesized azolidinone-carboxylic acids derivatives

their condensed derivatives [31, 34]. Based on antitu-
mor activity retrospective analysis we established that
activity level, mainly, depends on the surroundings of
thiopyrane fragment. Basing on the comparison of
thiopyrano[2,3-d]thiazoles derivatives activity we
can’t determine precise structure—activity relation-
ship. Though it should be noted that antitumor effect
increases when moving from isothiochromeno[4a,4-d]
[1,3]thiazole derivatives (21) to chromeno[4',3":4,5]
thiopyrano[2,3-d]thiazoles (22), the same tendency is
observed in the series 23-25 and 26-28. The optimal
surroundings of thiopyrane fragment in thiopyrano
[2,3-d]thiazole-2-ones is naphtoquinone moiety (25) or
unsubstituted norbornane fragment (28). In all series of
mentioned derivatives isorhodanine isosters (X = O)
are more active than thiorhodanine derivatives (X = S)
and the main direction of highly active anticancer
agents rational design is introduction of the substituent
in position N3. Realization of this method presented by
the example of chromeno[4',3":4,5]thiopyrano[2,3-d]

112

thiazoles (22) [45, 46] allows achieving significant in-
creasing of the level and/or selectivity of studied sub-
stances anticancer activity in comparison with N-un-
substituted analogues, moreover presence of N-aryl-
acetamide fragments is desirable. The optimal mole-
cular fragments that cause increasing of the activity le-
vel of thiopyrano[2,3-d]thiazole-2-ones and fragments
are presented at the Fig. 5.

The Fig. 6 presents «hit-compounds» from diffe-
rent groups that possess high antimitotic effect in vitro
in submicromolar concentrations (10°~10"" M) and are
characterized by the low in vivo toxicity level.

In silico method of anticancer activity data ana-
lysis. The COMPARE analysis was performed for the
active compounds in order to investigate the similarity
of their cytotoxicity pattern (mean graph fingerprints)
with those of known anticancer standard agents, NCI
active synthetic compounds and natural extracts, which
are present in public available databases. Such in silico
analysis consists in the comparison of the patterns of
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Fig. 5. Some features of structure—anticancer activity relationships in sub-library of synthesized thiopyrano[2.3-d]thiazole derivatives

differential growth inhibition for cultured cell lines and
can potentially gain insight into the mechanism of the
cytotoxic action. It is accessible for the practical usage
on the web portal of NCI (USA, http://dtp.nci.nih.gov/
docs/compare/compare.html) [47, 48] and may indi-
rectly indicates possible mechanism of cytotoxic acti-
on. If the data pattern correlates well with that of com-
pounds belonging to a standard agent database (Pear-
son’s correlation coefficient (PCC) >0.6), the compo-
und of interest may have the same mechanism of ac-
tion. On the other hand, if the activity pattern does not
correlate with any standard agent, it is possible that the
compound has a novel/another mechanism of action.
Standard COMPARE analysis was performed at the
GI,,and TGI levels.

For synthesized heterocyclic substances was estab-
lished correlation with the inhibitors of tubulin poly-
merization, RNA polymerase, p-glycoprotein or topo-
isomerase II, inductors of apoptosis, activators of cas-
pases, that allow prediction of mentioned mechanism
of anticancer action for 4-thiazolidinone derivatives

and related heterocyclic systems. It is worth to mention
interesting fact of significant values of correlation co-
efficients of thiazolidinone derivatives from different
sub-libraries [35, 39] to the S-trityl-L-cysteine (NSC
83265, r=0.702), aminoacyl-tRNA synthetases inhibi-
tor with antiproliferative effect against leukemia [49].

In silico methods, such as molecular docking and
QSAR-analysis are widely used in our research work
for rational design of potential anticancer agents. Cur-
rently for highly active substances from different gro-
ups is performed flexible molecular docking (using
Glide and Fred programs) to «classical» for 4-thia-
zolidinones biotargets, such as PPARy (codes 1FM6
and INYX), protein complex Bcl-X,-BH3 (1BXL) and
tubulin (1SAT1). We chose tubulin because of high va-
lues of Pearson’s correlation coefficient of synthesized
compounds and classical tubulin polymerization inhi-
bitors. QSAR-analysis of antitumor activity parameter
1gGl,, with the usage of docking scoring functions and
molecular descriptors (M,, 1gP, TPSA, HOMO and
LUMO, u, q,,;, and ¢,,,,) allowed obtaining series of re-
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Fig. 6. Structures of some synthesized hit-compounds with high in vitro antitumor level

liable QSAR models. So, in the case of thiopyrano[2, 3-
d]thiazole-2-ones, models 1-4 indicate the highest cor-
relation of 1gGI,, parameter for leukemnia, prostate and
CNS cancer cell lines with LUMO (energy of the low-
est unoccupied molecular orbital) and scoring func-
tions values to tubulin molecules and protein complex
Bcl-X;-BH3 which may be used as potential targets for
the anticancer agents design and virtual screening [31]:

1gGl;, (Breast Cancer /T-47D) =34.787-LUMO + 0.002-ZB
(tubuline) (1)
N=11;7=091;5=0.13; F=43; 4" =0.82;

1gGly, (Breast Cancer/T-47D) = 35.259 - LUMO — 0.015 - PLP
(1BLX)—0.029-CS (1BLX) )
N=11;/=0.93;5=0.11; F=33; ¢" = 0.88;

1gGI;, (Colon Cancer/HCT-116) = 0.611 - p—2.294 - ¢q,.. +
+0.046 - CS (1FM6) 3)
N=10;/7=0.93;S=0.07; F=32; 4" = 0.81;

1gGI;, (CNS Cancer/SNB-19) =—-0.388 - 1gP — 5.008 - g, —

—0.035-PLP (1BLX) 4)
N=11;7=0.91;5=0.09; F=24; 4" =0.81.
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Series of valid QSAR models 5-8 were calculated
for 5-ylidene-2-thioxo-4-oxothiazolidinone-3-succinic
acids derivatives [44]:

1gGI;, (Lung Cancer/NCI-H322M) =-0,507 - 1gP — 18.598 x
x LUMO — 0,046 -ZB (1FM6) (5)
N=10;7=0.96; S=0.05; F=48; 4" =0.91;
1gGl;, (Lung Cancer/HOP-92) = —0,636 - ¢, + 0,006 - ZB
(ISA1) (6)
N=13;/=0.95;5=0.20; F=95; 4 =0.91;
1gGI, (Lung Cancer/A549/ATCC)=-0,003 -MW +0.012 x
x TPSA + 0,052 - ZB (1BXL) (7
N=13;/7=0.93;5=0.09; F = 40; ¢° = 0.86;

~0,185 -1gP + 0,064 x
(8)

1gGI;, (Ovarian Cancer/MD_mean)
x ZB (1BXL)-0,004-SG (1BXL)
N=13;/=0.93;5=0,07; F=40; ¢’ = 0,86.

Docking functions comparison in the model range
5-8 shows that the best is correlation of Zapbind func-
tions values (Fred) and E-model (Glide). In determined
models values of IgP, LUMO, HOMO and docking



THIAZOLIDINONE MOTIF IN ANTICANCER DRUG DISCOVERY

ratings to Bcl-X;-BH3 protein complex, PPARy, as
well as to tubulin protein predominate. However, it
should be noted that if there is docking function for
Bcl-X;-BH3 protein complex in the model, its partial
contribution in the PLS model is more essential, than if
docking is performed to other biotargets. In consequ-
ence of performed studies in silico it can be assumed
that the most probable mechanism of anticancer activi-
ty of 5-ylidene-4-thiazolidinone-3-succinic acids may
be binding with the anti-apoptotic protein complex
Bel-X,-BH3.

Thus, based on the complex use of molecular do-
cking, COMPARE analysis and QSAR analysis we put
forward a hypothesis about probable 4-thiazolidinones
and related heterocycles influence on the apoptotic
bisystem. Currently we continue with complex studies
using molecular biology methods to confirm our
hypothesis.

Project outline. The ultimate aim of scientific pro-
ject of the DH LNMU department of pharmaceutical,
organic and bioorganic chemistry is creating of drug
prototype with unique mechanism of action for the in-
depth preclinical and clinical trials. So, besides going
on with synthetic and pharmacological studies such
tasks are privileged for our group:

optimization of «hit-compounds» biopharmaceuti-
cal characteristics;

«hit-compounds» improvement using rational de-
sign methods;

experimental confirmation and identification of
biotargets to anticancer 4-thiazolidinones and related
heterocyclic systems;

usage of modern delivery systems (drug delivery
system) for the drug candidates as actual approach in
drug technology and biopharmacy.

Conclusions. Novel methods for sulfur- and nitro-
gen containing heterocycles synthesis are worked out
that allow to obtain over 5000 of new substances for
pharmacological screening, as well as broaden out the
field of thiazolidinone and related heterocycles stu-
dying in the context of original «drug-like» molecules
design.

Based on systematic combination of pharmacolo-
gical screening methods and in silico data the antican-
cer activity is determined as privileged for thiazolidi-
nones and related heterocyclic systems that allowed
identification of «hit-compounds» series.

Some aspects of structure—activity relationships
were determined and structure rational design directi-
ons were proposed. Among tested compounds 167
samples showed high antitumor activity level and their
in-depth preclinical studies are in progress.
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Pesrome

Memoto pobomu 6ys ananiz pe3yibmamis 00CAIOHCeHH NPOMUNYX-
JUHHOT aKMueHocmi 4-a301i100HI8 | CHOPIOHEHUX 2emePOYUKTTYHUX
CHONYK Ma popMy8anHs OeAKUX HANPSAMKIG PAYIOHATILHO20 OUZATIHY
NOMeHYIHUX NPOMUNYXAUHHUX azeHmie. Cunmemuyuni 00CAIOHCeH-
Hs, npogedeni y JIHMY imeni JJanuna I'aruyvkozo, 0o3sonunu 3a-
NPONOHY8AMU HU3KY HOBUX CHPAMYEAHb MONEKYAAPHO20 OU3AUHY
0i010214HO aKMUBHUX 4-mia301i0UHOHI6 Ma CNOPIOHEeHUX 2emepo-
YUKTTYHUX CUCTEM, a MAKOXHC 00epicami c(pokycosaHy 6ibaiome-
Ky, sika Hapaxogye nonad 5000 nosux cnonyxk. Ha yeil yac 30iiicnero
in vitro ckpunine npomunyxaunnoi akmusnocmi nonad 1000 cnoayk
(US NCI npomoxon Developmental Therapeutic Program), 3-no-
Miowe sakux 167 ioenmugikosano sik maxi, o Maomes GUCOKY NPO-
mupaxosy akmugHicme. [{ns onmumizayii i payionaibHo2o Ou3ainy
BUCOKOAKMUBHUX MONEKYIL 3 ONMUMANbHUMU «TIKONOOIOHUMUY Xa-
PAKMepUCmMuKamu ma GU3HAYEHHs MONCIUBO20 MeXAHI3ZMY 0iono0-
2iunoi 0ii nposederno SAR- i QSAR-ananiz i monexyaispHull OOKiHe.
Kinyesoro memoio npoexmy € cmeopenus iHHOBAYIUHO20 CUHMe-
MUYHO20 NIKAPCLKO20 NPEnapamy 3 OpueiHaIbHUM MeXaAHi3MOM Oif
ma 0ocmamHim papmaxonoiyHuM i MOKCUKOLO2IYHUM NPOinem.

Kmiouosi cnosa: cunmes, 4-mia(imioa)3oniounonu, mioniparo/2,
3-d]miazonu, npomunyxaunna akmuenicms, (Q)SAR.

P. b. Jlecvik, b. C. 3umenkoeckuil, JI. B. Kamunckuil,
A. II. Kpuwuwun, J{. A. I'agpuniox, /[. B. Amamaniox,
U. 10. Cybmenvuas, /. B. Xuniok

Tua3oauaMHOHBI KaK JIEHTMOTHB B CO3TaHUU
MPOTHBOOIYXOJICBBIX JIEKAPCTBCHHBIX cpeAcTB. OMBIT HAy4YHOH

rpynnel MmeauuHckoit xumuu JIHMY umenn danuna ["anumkoro

Pesrome

Llenv pabomsl cocmosiia 6 awanuze pe3yibmamosd UcCCied08aHUs.
NpOMUBOONYX01e601 AKMUBHOCIU 4-A301UO0HO8 U POOCHIBEHHBIX
2emepoOYUKIULeCKUX cucmem U QOpMUpOBaAHUU HEKOMOPbIX Ha-
npasieHull payuoHaibHo20 OU3AUHA NOMEHYUATHBIX NPOMUBOONY-
xonegvlx acenmog. Cunmemuueckue uccied08anus, NPOBeOeHHbvle 6
JIHMY umenu [lanuna I anuyxo2o, no3eoaunu npediodcums psio Ho-
BbIX HANPABIEHUU MOJLEKYIAPHO20 OU3AUHA OUOIOUYECKU AKMUG-
HbIX 4-MmuazonuouHOH08 U POOCMEEHHbIX 2eMePOYUKIULECKUX CUC-
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mem, a maxaice noAYYUmb CHOKyCUpOBaAnHyI0 OUOIUOMEKY, HACHU-
mutearowyto 6onee 5000 nogvix coedunenutl. Ha 0annvlii momernm
ocywecmenet in vitro CKpUHUHE nPOMUBOONYXo1e60U aKkmueHoCcmu
(US NCI npomoxron Developmental Therapeutic Program) 6onee
1000 coeounenuii, nossoruswuil uoenmuguyuposams 167 coedu-
HeHUll ¢ 8bICOKUM NPOMUBOPAKOGLIM dPhekmom. [ns onmumusa-
Yuu U payuUoHatbHo20 OU3AUHA 8bLCOKOAKMUBHBIX MOJIEKY]l C ONMU-
manvnvimu «drug-likey» xapakmepucmukamu u ycmanoseieHus 6epo-
SAMHO20 MexXanusma buonocuiecko2o oeticmeusi nposeden SAR- u
OSAR-ananus u monexyaapuulil dokune. Koneunas yenv npoekma —
co30aHue UHHOBAYUHHO20 —CUHMEMUYECKO20 JNeKAPCMEEeHHO20
cpecomea ¢ OpUSUHANbHbIM MEXAHUIMOM OelUcmaus, 00 Cmamoy-
HbIM QapMAKOIO2UYECKUM U MOKCUKOTOSULECKUM NPOPULEM.
Knrouesvie cnosa: cunmes, 4-mua(umuoa)301u0uHonbl, Mmuonupa-
no[2,3-dmuaszonvl, npomugoonyxonesasn akmugnocmo, (Q)SAR..
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