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Introduction

Aim. To study anticancer activity of a series of new thiopyrano[2,3-d]thiazoles with a norbornane
fragment in the molecules. The search for trypanocidal properties of target compounds. Methods.
Organic synthesis, analytical and spectral methods, pharmacological screening, COMPARE and SAR
analysis. Results. Fused thiopyrano[2,3-d]thiazoles bearing the norbornane moiety were synthesized
and modified at the C9 and N5 positions of the main core in order to obtain the compounds with a
satisfactory pharmacological profile. A number of compounds with significant level of cancer cells
growth inhibition were identified; they include a hit-compound N1-(4-chlorophenyl)-2-{2-[6-oxo-
5,9-dithia-7-azatetracyclo [9.2.1.02,10.04,8]tetradec-4(8)-en-3-yl]phenoxy } acetamide IId that selec-
tively inhibited Leukemia cell lines at submicromolar concentrations. Moreover, a series of
thiopyrano[2,3-d]thiazoles showed a moderate antitrypanosomal activity. Conclusions. New
thiopyrano[2,3-d]thiazoles with the norbornane fragment as well as their analogues with different
substituents at the N5 and C9 position were designed and synthesized. The compounds showed
significant levels of anticancer activity towards the selected cancer cell lines and may be used for
further optimization. The compounds with a high antitumor activity inhibited the growth of 7iypanosoma
brucei brucei in in vitro tests. The combined anticancer and antitrypanosomal effect of compounds is
the basis for further modification and search for a possible mode of action of the target compounds.

Keywords: Thiopyrano[2,3-d]thiazoles, norbornane, synthesis, anticancer activity, anti-
trypanosomal activity, SAR.

molecules [1-6]. The most efficient method
for their synthesis is based on hetero-Diels-

Thiopyranothiazole core is a good scaffold for  Alder reaction of 5-ene-4-thioxo-2-thiazolidi-
design of new pharmacologically interesting nones (5-eneisorhodanines). Thus, thiopyrano-
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thiazoles are the derivatives of widely inves-
tigated 4-thiazolidinones. There are a number
of drug candidates and approved drugs based
on 4-thiazolidinone core, such as hypoglyce-
mic glytazones — PPARsy agonists —
Rosiglitazone, Pioglitazone (2,4-thiazolidinone
derivatives) [7] and aldose reductase inhibi-
tor — Epalrestat (rhodanine derivative) [8];
anti-inflammatory dual inhibitor of COX-2/5-
LOX — Darbufelon (2-aminothiazolidinone
derivative) [9]; diuretic Etozoline (2-ylidene-
4-thiazolidinone derivative) [10]; anticonvul-
sant Ralitoline (2-ylidene-4-thiazolidinone
derivative) etc. [11]. Despite this, modern me-
dicinal chemistry is still interested in the 4-thi-
azolidinone derivatives as a source of new
drugs and a lot of research have been done in
this area [12, 13]. Though, there are also com-
ments of some scientists claiming the 4-thia-
zolidinones, namely 5-ene-4-thiazolidinones
(one of the most powerful subtypes of men-
tioned heterocycles), as pan assay interference
compounds (PAINS) due to their possible
Michael acceptor functionality, wide spectrum
of biological activities and low selectivity [14,
15]. The issues of PAINS remain controver-
sial [12, 13]. Thiopyranothiazoles are hypoth-
esized as biomimetics of the pharmacologi-
cally active 5-ene-4-thiazolidinones (synthetic
precursors of thiopyranothiazoles) without
mentioned Michael acceptor functionality [1,
2, 6]. Taking into account the results of bio-
logical activities study of thiopyranothiazoles
one can conclude that these compounds might
have good pharmacological profile but reveal
different chemical and physical properties. The
pharmacological activities associated with
thiopyranothiazole core are antitumor [1, 2, 5,
6, 16, 17], antitrypanosomal [18—-20], antioxi-
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dant and anti-inflammatory [21] efc. Moreover,
our previous findings showed that introduction
of norbornane fragment in thiopyranothiazole
molecules contributed to their antitumor acti-
vity with selectivity towards lung, renal, breast,
leukemia and melanoma cancer types [1, 2].
A search for new anticancer agents among
thiopyranothiazoles seems to be promising,
and the target compounds of this work are
shown in Fig. 1.

A number of hypotheses has been put for-
ward in order to explain possible modes of
antitumor action of the thiazolidinone deriva-
tives and speculatively thiopyranothiazoles.
For example, a mitochondria-depended pro-
apoptic mode of action related with Gy/G;
arrest and an activation of ROS production;
the caspase-depended and Bcl-depended path-
ways are the most discussed [13, 22].

The present work is an extension of our
ongoing efforts towards a search for new thi-
azolidinone-based anticancer agents. Another
objective of the study was to discover wheth-
er there is any correlation between anticancer
and antitrypanosomal activity as the latter was
shown for a series of related thiopyranothia-
zoles [20]. A repurposing approach is one of
the currently used methods to discover new
active antitrypanosomal agents [18, 23]. For
example, anticancer drug Bortezomid showed
excellent results in in vitro test against
Trypanosome brucei inhibiting the parasites
growth at nanomolar concentrations [24]. The
DNA topoisomerase inhibitors (aclarubicin,
doxorubicin and mitoxantrone) were also test-
ed against bloodstream forms of 7Trypanosoma
brucei and their trypanocidal activities were
comparable with those of commercial antitry-
panosomal drugs [25].
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Here we addressed the screening of anti-
cancer and antitrypanosomal effects in vitro of
new thiopyrano[2,3-d]thiazoles with norbor-
nane core and their N-3 derivatives.

Materials and Methods

Chemistry

All chemicals were of the analytical grade and
commercially available. All reagents and sol-
vents were used without further purification
and drying. The starting 5-eneisorhodanines
(I [1] and 2,4-thiazolidinedione-5-acetic acid
[26] were synthesized as described previously.
NMR spectra were determined with Varian
Mercury 400 (400 MHz) spectrometer, in
DMSO-d; using tetramethylsilane as an inter-
nal standard. Elemental analyses (C, H, N)
were performed on a Perkin-Elmer 2400 CHN
analyzer and were within £ 0.4% from the
theoretical values. Mass spectra were obtained
using electrospray ionization (ESI) techniques
on an Agilent 1100 Series LCMS. The purity
of the compounds was checked by thin-layer

Fig. 1. Structure of active thiopyra-
no[2,3-d|thiazoles and target com-
pounds

chromatography performed with Merck Silica
Gel 60 F254 aluminum sheets.

General procedure for the synthesis of
9-aryl(heteryl)-3,7-dithia-5-azatetracyc-
10[9.2.1.0%10,048]tetradecen-4(8)-ones-6 (I1).
A mixture of 5-ene-4-thioxo-2-thiazolidinone
I (5 mmol), 2-norbornene (6 mmol), cata-
lytic amounts of hydroquinone and acetic
acid (15 mL) was heated under reflux during
1 hour and then cooled. Obtained solid prod-
ucts were filtered off, dried and recrystallized
from the mixture of DMF/EtOH (1:2) or
acetic acid.

9-(2-Pyridyl)-3,7-dithia-5-
azatetracyclo[9.2.1.0%10.0%3[tetradec-4(8)-en-
6-one (Ila). Yield 68 %, mp 226-228 °C. 'H
NMR (DMSO-dg) 6: 1.14 m, 1.23 (d, J =
9.8 Hz), 1.35 m, 1.45 m, 1.62 m, 1.95 m,
2.10 m, 2.24 m (9H, norbornane fragment),
3.42-3.48 (m, 2H, ArCH, SCH), 7.67 (m, 1H,
arom.), 7.86 (d, 1H, J = 6.8 Hz, arom.), 8.57
(s, 1H, arom.), 8.75 (d, 1H, J= 5.0 Hz, arom.),
11.05 (s, 1H, NH). LCMS (ESI) m/z 317
(97 %, (M+H"). Calcd. for C;H;cN,OS,: C,
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60.73; H, 5.10; N, 8.85; Found: C, 60.00; H,
8.90; N, 9.00.
9-(4-Methyloxycarboxyphenyl)-3,7-dithia-
5-azatetracyclo[9.2.1.0%10,0%3[tetradec-4(8)-
en-6-one (IIb). Yield 70 %, mp 243-245 °C.
'H NMR (DMSO-d;) 6: 1.05m, 1.18 (d, J =
10.2 Hz), 1.32 m, 1.38 m, 1.58 m, 1.89 m,
2.11(d, J=10.1 Hz), 2.24 m (9H, norbornane
fragment), 3.44 (d, 1H, J = 7.6 Hz, ArCH),
3.56 (d, 1H, J = 10.2 Hz, SCH), 3.85 (s, 3H,
CH,), 7.54 (d, 2H, J = 8.0 Hz, arom.), 7.974
(d, 2H, J= 8.0 Hz, arom.), 11.53 (s, 1H, NH).
LCMS (ESI) m/z 374 (98 %, (M+H™). Calcd.
for C,oH(NOsS,: C, 61.10; H, 5.13; N, 3.75;
Found: C, 61.00; H, 5.00; N, 4.00
9-(3,5-Dimethoxy-4-hydroxyphenyl)-3,7-
dithia-5-azatetracyclo-[9.2.1.0%19, 0% 3]tetra-
dec-4(8)-en-6-one (Ilc). Yield 75 %, mp
>250 °C. '"H NMR (DMSO-d;) 6: 1.11 m, 1.22
(d, /= 10.0 Hz), 1.33 m, 1.44 m, 1.64 m,
1.98 m, 2.16 m, 2.23 m (9H, norbornane frag-
ment), 3.30 (d, 1H, J = 7.9 Hz, ArCH), 3.37
(d, 1H, J = 10.1 Hz, SCH), 3.84 (s, 6H,
2*CH;), 7.32 (brs, 2H, arom), 9.08 (s, 1H,
OH), 11.26 (s, 1H, NH). Calcd. for
C,0H,;NO,S,: C, 58.29; H, 5.41; N, 3.58;
Found: C, 58.40; H, 5.60; N, 3.40.
N'-(4-Chlorophenyl)-2-{2-[6-0x0-5,9-
dithia-7-azatetracyclo [9.2.1.0%10,0%3]tetra-
dec-4(8)-en-3-yl[phenoxylacetamide (11d).
Yield 78 %, mp 194-196°C. 'H NMR
(DMSO-dy) 6: 1.16 m, 1.31 m, 1.44 m, 1.63 m,
1.92 brs, 2.10 m, 2.21 m, 2,31 m (9H, norbor-
nane fragment), 3.39 (d, 1H, J = 7.8 Hz,
ArCH), 4.00 (d, 1H, J=10.2 Hz, SCH), 4.68
(s, 2H, OCH,), 6.99 (m, 2H, arom.), 7.26—7.40
(m, 4H, arom.), 7.59 (d, 2H, J = 8.0 Hz, arom.),
10.02 (s, 1H, NH), 11.30 (s, 1H, NH). LCMS
(ESI) m/z 499/501 (96 %, (M+H"). Calcd. for
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C,5H,;CIN,O5S,: C, 60.17; H, 4.65; N, 5.61;
Found: C, 60.00; H, 4.60; N, 5.80.
9-(4-N-Dimethylaminophenyl)-3,7-dithia-
5-azatetracyclo[9.2.1.0%10,0%3[tetradec-4(8)-
en-6-one (Ile). Yield 72 %, mp 246-248 °C.
'H NMR (DMSO-dy) 6: 1.13 (m, 1H, norbor-
nane fragment), 1,16 (t, 6H, J = 6.9 Hz,
2*CHj), 1.20m, 1.31 m, 1.47 m, 1.64 m, 2.11
m, 2.12 (d, J=10.0 Hz), 2.21 (d, /= 3,9 Hz)
(8H, norbornane fragment), 3.17 (d, 1H, J =
7.8 Hz, ArCH), 3.34 (m, 4H, 2*CH,), 3.37 (m,
1H, SCH), 6.56 (d, 2H, J = 8.2 Hz, arom.),
7.01 (d, 2H, J = 8.2 Hz, arom.), 11.10 (s, 1H,
NH). LCMS (ESI) m/z 387 (95.6 %, (M+H").
Calcd. for C,;H,,N,O,S,: C, 65.25; H, 6.78;
N, 7.25; Found: C, 65.35; H, 6.85; N, 7.10.
9-(Thiophen-2-yl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0>10,0%3]tetradecen-4(8)-
one-6 (IIf). Analytical and spectral data are
described [1].
9-(4-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%3]tetradecen-4(8)-
one-6 (IIg). Analytical and spectral data are
described [1].
9-(4-(3,5-Diphenyl-4,5-dihydro-pyrazol-1-
yl)-phenyl)-3,7-dithia-5-azatetracyc-
lo-[9.2.1.0%10,048]tetradecen-4(8)-one-6 (I1h).
Yield 76 %, mp 133-135 °C. 'H NMR
(DMSO-dg) 6: 1.14m, 1.28 m, 1.39 m, 1.62 m,
1.86 m, 2.10 m, 2.23 m, 2,32 m (9H, norbor-
nane fragment), 3.39 (d, 1H, J= 7.8 Hz, ArCH),
3.48 (m, 1H, CH,CH), 3.85 (m, 1H, CH,CH),
3.94 (d, 1H, J=10.2 Hz, SCH), 5.76 (m, 1H,
CH,CH), 6.84-6.92 (m, 2H, arom.), 7.21-7.28
(m, 4H, arom.), 7.56—7.62 (m, 4H, arom.),
7.69-7.73 (brs, 4H, arom), 11.02 (s, 1H, NH).
LCMS (ESI) m/z 536 (96.2 %, (M+H™). Calcd.
for C;,H,0N;0S,: C, 71.74; H, 5.46; N, 7.84;
Found: C, 72.00; H, 5.70; N, 7.60.
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9-(4-Metoxyphenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10.0%3[tetradecen-4(8)-
one-6 (IIi). Analytical and spectral data are
described [1].
9-(4-Hydroxyphenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%8[tetradecen-4(8)-
one-6 (IIj). Analytical and spectral data are
described [1].
9-(5-Nitro-2-(2-chlorobenzyloxyphenyl)-
3, 7-dithia-5-azatetracyclo-[9.2.1.0%>19,043]
tetradecen-4(8)-one-6 (I1k). Yield 63 %, mp
232-233 °C. '"H NMR (DMSO-d;) 6: 1.07 m,
1.21 (d,J=9.6 Hz), 1.28 m, 1.39 m, 1.58 m,
1.92 m, 2.20 m, 2.38 m, (9H, norbornane frag-
ment), 3.42 (m, 1H, ArCH), 3.99 (d, 1H, J =
9.7 Hz, SCH), 5.28 (s, 2H, OCH,), 7.22-7.24
(m, 2H,arom.), 7.30-7.40 (m, 2H, arom.), 7.90
(m, 2H, arom.), 8.22 (s, 1H, arom.), 11.54 (s,
1H, NH). LCMS (ESI) m/z 501/503 (95.6 %,
(M+H"). Calcd. for C,,H,,;CIN,0,S,: C, 57.54;
H, 4.22; N, 5.59; Found: C, 57.80; H, 4.30; N,
5.40.
9-(2-Hydroxy-3-metoxyphenyl)-3,7-dithia-
5-azatetracyclo-[9.2.1.0%19,0%8]tetradecen-
4(8)-one-6 (1Il). Yield 75 %, mp 215-216 °C.
'H NMR (DMSO-d;) 6: 1.05 m, 1.20 (d, J =
9.2 Hz), 1.31 m, 1.42 m, 1.60 m, 1.92 brs, 2.08
(d, J=17.8 Hz), 2.20 brs, 2.27 m, (9H, norbor-
nane fragment), 3.41 (d, 1H, /= 7.8 Hz, ArCH),
3.47 (d, 1H, J = 10.1 Hz, SCH), 3.82 (s, 3H,
CH,;), 6.80-6.84 (m, 1H, arom,) 6.86—6.93 (m,
2H, arom.), 8.78 (s, 1H, OH), 11.40 (s, 1H,
NH). LCMS (ESI) m/z 362 (97.8 %, (M+H™).
Calcd. for C;sHoNO;S,: C, 59.81; H, 5.30; N,
3.87; Found: C, 60.00; H, 5.50; N, 3.70.
9-(2-Nitrophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%8|tetradecen-4(8)-
one-6 (IIm). Yield 75 %, mp 236-238 °C. 'H
NMR (DMSO-dy) o: 1.12m, 1.20 (d, J =

10.1 Hz), 1.32 m, 1.47 m, 1.65 m, 2.06 m,
2.12 m, 2.22 m (9H, norbornane fragment),
3.22 (d, 1H, J = 7.6 Hz, ArCH), 3.35 (d, 1H,
J = 10.4 Hz, SCH), 7.22-7.28 (m, 3H,
arom.),7.92 (brs, 1H, arom.), 11.12 (s, 1H,
NH). LCMS (ESI) m/z 361 (96 %, (M+H").
Calcd. for C;7H,;(N,O5S,: C, 56.65; H, 4.47,
N, 7.77; Found: C, 56.85; H, 4.65; N, 7.50.

9-(3,4-Dimethoxyphenyl)-3,7-dithia-5-
azatetracyclo[9.2.1.0>10,048]tetradecen-4(8)-
one-6 (IIn). Yield 69 %, mp 242-243 °C. 'H
NMR (DMSO-dg) 6: 1.08m, 1.17 (d, J=10.2
Hz), 1.35m, 1.44 m, 1.60 m, 1.97 brs, 2.06 m,
2.22 m (9H, norbornane fragment), 3.40 (d,
1H, J=17.9 Hz, ArCH), 3.47 (d, 1H, J=10.1
Hz, SCH), 3.76 (s, 3H, CH3), 3.78 (s. 3H,
CHsy), 6,94 (d, 1H, J= 8.2 Hz, arom.), 6.96 (d,
1H, J = 8.3 Hz, arom.), 6.98 (s, 1H, arom.),
11.45 (s, 1H, NH). LCMS (ESI) m/z 376
(97 %, (M+H"). Caled. for C,oH,;NO;S,: C,
60.77; H, 5.64; N, 3.73; Found: C, 60.50; H,
5.50; N, 5.80.

9-(3-Methoxy-4-hydroxyphenyl)-3,7-
dithia-5-azatetracyclo[9.2.1.0%1,0%8]-tetra-
decen-4(8)-one-6 (Ilo). Analytical and spectral
data are described [1].

General procedure for the synthesis of
2-(9-aryl(heteryl)-3,7-dythia-5-azatetracyc-
lo-[9.2.1.0%10,0%8]tetradecen-4(8)-one-6-yl-5)
acetic acid amides and ester (1II).

The mixture of appropriate compound II
(3 mmol), pottasium hydroxide (3 mmol), ap-
propriate N-substituted chloroacetamide or
ethylchloroacetate (3.3 mmol) and catalytic
amounts of KI in the medium of methanol /
DMF (2:1) was heated under reflux for 3 hours
and cooled. Formed precipitate was filtered
and recrystallized from buthanol, acetic acid
or mixture of DMF/methanol (1:1).
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2-(9-(4’-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0>10.0%8]tetradecen-4(8)-
one-6-yl-5)-N-phenyl-acetamide (Illa). Yield
71 %, mp 105-107 °C. 'H NMR (DMSO-dy)
6: 1.11 m, 1.16 (d, J = 10.0 Hz), 1.32 m,
1.41 m, 1.62 m, 2.07 m, 2.21 m, (9H, norbor-
nane fragment), 3.38 (d, 1H, J = 7.8 Hz,
ArCH), 3.52 (d, 1H, J =10.1 Hz, SCH), 4.58
(brs, 2H, CH,CO), 6.72—6.78 (m, 4H, arom.),
6.94-7.05 (m, 3H, arom.), 7.12-7.15 (m, 2H,
arom.), 10.98 (s, 1H, NH). LCMS (ESI) m/z
483/485 (95.6 %, (M+H'). Calcd. for
C,5H,;CIN,O,S,: C, 62.16; H, 4.80; N, 5.80;
Found: C, 62.40; H, 5.00; N, 4.60.

2-(9-(4-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0>10,0%3]tetradecen-4(8)-
one-6-yl-5)-N-3-methylphenyl-acetamide
(Z11b). Yield 71 %, mp 164—166 °C. 'H NMR
(DMSO-dy) 6: 1.20m, 1.31 m, 1.51 m, 1.62 m,
2.12 m, 2.24 m, (9H, norbornane fragment),
2.33 (s, 3H, CH;), 3.39 (d, 1H, J = 7.8 Hz,
ArCH), 3.70 (d, 1H, J =10.2 Hz, SCH), 4.58
(m, 2H, CH,CO), 7.35 (d, 2H, J = 8.2 Hz,
arom.), 7.42 (d, 2H, J= 8.2 Hz, arom.), 7.50—
7.56 (m, 3H, arom), 7.68 (brs, 1H, arom.),
10.52 (s, 1H, NH). LCMS (ESI) m/z 497/498
(95.6 %, (M+H™). Calcd. for C,4H,5CIN,0O,S,:
C, 62.82; H, 5.07; N, 5.64; Found: C, 63.00;
H, 5.20; N, 5.50.

2-(9-(4-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%3]tetradecen-4(8)-
one-6-yl-5)-N-3-trifluoeromethylphenyl-acet-
amide (I1lc). Yield 65 %, mp 176178 °C. 'H
NMR (DMSO-d) 6: 1.17 (t,J=10.2 Hz), 1.23
(d, J=9.8 Hz), 1.33 (t, J=10.2 Hz), 1.49 (t,
J =10.0 Hz), 1.64 m, 2.06 m, 2.24 m, (9H,
norbornane fragment), 3.32 (d, 1H, J= 7.8 Hz,
ArCH), 3.55 (d, 1H, J=10.1 Hz, SCH), 4.47
(d, 1H, J=16.0, Hz, CH,CO), 4.60 (d, 1H, J =
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16.0, Hz, CH2CO), 7.23 (d, 2H, J = 8.1 Hz,
arom.), 7.61 (d, 2H, J= 8.1 Hz, arom.), 7.34—
7.37 (m, 3H, arom.), 10.16 (s, 1H, NH). LCMS
(ESI) m/z 551/553 (97.2 %, (M+H"). Calcd.
for C,4H,,CIF;N,0,S,: C, 56.67; H, 4.02; N,
5.08; Found: C, 56.50; H, 3.90; N, 5.30.
2-(9-(4-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0>10,0%3[tetradecen-4(8)-
one-6-yl-5)-N-4-chlorophenyl-acetamide
(I11d). Yield 68 %, mp 138-140 °C. 'H NMR
(DMSO-dg) 6: 1.16 m, 1.22 m, 1.36 m, 1.52 m,
2.01 m, 2.14 m, 2.23 m (9H, norbornane frag-
ment), 3.37-3.43 (m, 2H, ArCH, SCH), 4.94
(d, 1H, J=16.0 Hz, CH,CO), 5.02 (d, 1H, J =
16.0 Hz, CH,CO), 7.30 (d, 2H, J = 8.6 Hz,
arom.), 7.34 (d, 2H, J = 8.6 Hz, arom.), 7.52
(d, 2H, J= 8.6 Hz, arom.), 7.62 (d, 2H, J = 8.6
Hz, arom.), 10.67 (s, 1H, NH). LCMS (ESI)
m/z 517/518/519 (95.6 %, (M+H™). Calcd. for
C,5H,,CLLN,0,S,: C, 58.02; H, 4.29; N, 5.41;
Found: C, 58.20; H, 4.50; N, 5.30.
2-(9-(4-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0>10,0%3]tetradecen-4(8)-
one-6-yl-5)-N-4-methylphenyl-acetamide
(Ille). Yield 76 %, mp 189—191 °C. 'H NMR
(DMSO-dg) 6: 1.21 m, 1.27 m, 1.38 m, 1.52 m,
2.14 m, 2.23 m (9H, norbornane fragment),
2.31 (s, 3H, CH;), 3.34 (m, 1H, ArCH) 3.92
(d, 1H, J = 10.2 Hz, SCH), 4.92 (d, 1H, J =
16.2 Hz, CH,CO), 4.96 (d, 1H J = 16.2, Hz,
CH2CO), 7.28 (d, 2H, J = 8.2 Hz, arom.), 7.32
(d, 2H, J = 8.0 Hz, arom.), 7.38 (d, 2H, J =
8.2 Hz, arom.), 7.54 (d, 2H, J= 8.0 Hz, arom.),
10.57 (s, 1H, NH). LCMS (ESI) m/z 497/498
(97.0 %, (M+H™). Calcd. for C,4H,5CIN,O,S,:
C, 62.82; H, 5.07; N, 5.64; Found: C, 63.00;
H, 5.20; N, 5.40.
2-(9-(4-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%3]tetradecen-4(8)-
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one-6-yl-5)-N-2-methylphenyl-acetamide
(111f). Yield 74 %, mp 215-217 °C. 'H NMR
(DMSO-d;) 6: 1.22m, 1.28 m, 1.34 m, 1.51 m,
2.14 m, 2.23 m (9H, norbornane fragment),
2.33 (s, 3H, CHj3), 3.32 (d, 1H, J = 7.8 Hz,
ArCH), 3.91 (d, 1H, J=10.4 Hz, SCH), 4.87
(d, 1H, J=16.0 Hz, CH,CO), 4.96 (d, IH, J=
16.0 Hz, CH,CO), 7.32 (d, 2H, J = 8.4 Hz,
arom.), 7.36 (d, 2H, J = 8.3 Hz, arom.), 7.42
(d, 1H, J = 8.3 Hz, arom.), 7.52-7.56 (m, 3H,
arom.), 10.60 (s, 1H, NH). LCMS (ESI) m/z
497/499 (97.0 %, (M+H*). Calcd. for
C,6H,5CIN,O,S,: C, 62.82; H, 5.07; N, 5.64;
Found: C, 62.70; H, 5.00; N, 5.60.
2-(9-(4-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%8[tetradecen-4(8)-
one-6-yl-5)-N-4-methoxyphenyl-acetamide
(111g). Yield 78 %, mp 132—-134 °C. '"H NMR
(DMSO-d;) 6: 1.18 m, 1.22 m, 1.33 m, 1.51 m,
2.12 m, 2.31 m (9H, norbornane fragment),
3.30 (d, 1H, J = 7.6 Hz, ArCH), 3.81 (s, 3H,
CH;), 3.87 (d, 1H, J=10.2 Hz, SCH), 4.52 (d,
1H, J = 16.0, Hz, CH,CO), 4.62 (d, 1H, J =
16.0, Hz, CH,CO), 7.30 (d, 2H, J = 8.4 Hz,
arom.), 7.34 (d, 2H, J = 8.3 Hz, arom.), 7.52
(d, 2H, J = 8.3 Hz, arom.), 7.56 (d, 2H, J =
8.3 Hz, arom.), 10.57 (s, 1H, NH). LCMS
(ESI) m/z 513/515 (97.0 %, (M+H"). Calcd.
for C,cH,5CIN,O5S,: C, 60.87; H, 4.91; N,
5.46; Found: C, 61.00; H, 5.10; N, 4.70.
2-(9-(Thiophen-2-yl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%8[tetradecen-4(8)-
one-6-yl-5)-N-4-methylphenyl-acetamide
(IITh). Yield 73 %, mp 230-232 °C. 'H NMR
(DMSO-d;) 6: 1.24 m, 1.30 (t, J = 9.2 Hz),
1.53 m, 1.64 m, 2.13m, 2.23 m (9H, norbor-
nane fragment), 2.27 (s, 3H, CH3), 3.33 (d, 1H,
J=17.6 Hz, ArCH), 3.91 (d, 1H, J=10.6 Hz,
SCH), 4.46 (d, 1H, J=16.0 Hz, CH,CO), 4.51

(d, 1H, J = 16.0, Hz, CH,CO), 7.10 (m, 4H,
arom.), 7,41 (d, 2H, J = 8.2 arom.), 7.45 (d,
1H, J = 6.8 Hz, arom.), 10.16 (s, 1H, NH).
LCMS (ESI) m/z 469 (97 %, (M+H"). Calcd.
for C,,H,4N,0,S;: C, 61.51; H, 5.16; N, 5.98;
Found: C, 61.70; H, 5.30; N, 6.10.
2-(9-(Thiophen-2-yl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%8|tetradecen-4(8)-
one-6-yl-5)-N-2-trifluoriphenyl-acetamide
(IITi). Yield 69 %, mp 153—155 °C. 'H NMR
(DMSO-d;) 0: 1.24m, 1.32 m, 1.54 m, 1.63 m,
2.18 m, 2.23 m (9H, norbornane fragment),
3.34 (d, 1H, J = 7.6 Hz, ArCH), 3.71 (d, 1H,
J=17.8 Hz, SCH), 4.52 (d, 1H, J = 16.0 Hz,
CH,CO), 4.54 (d, 1H, J = 16.0, Hz, CH,CO),
7.05-7.10 (m, 2H, arom.), 7.25-7.30 (m, 2H,
arom.), 7.36 (m, 2H, arom.), 7.40 (d, 1H, J =
7.5 Hz, arom.), 9.81 (s, 1H, NH). LCMS (ESI)
m/z 523 (98.2 %, (M+H"). Calcd. for
Cy,H,,F5N,O,S5: C, 55.16; H, 4.05; N, 5.36;
Found: C, 55.30; H, 4.30; N, 5.50.
2-(9-(Thiophen-2-yl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%8[tetradecen-4(8)-
one-6-yl-5)-N-4-chlorophenyl-acetamide
(I11j). Yield 74 %, mp 232-234 °C. 'H NMR
(DMSO-d;) 6: 1.23 m, 1.28 m, 1.58 m, 1.64 m,
2.21 m, 2.24 m (9H, norbornane fragment),
3.34 (d, 1H, J = 7.2 Hz, ArCH), 3.93 (d, 1H,
J =28.8 Hz, SCH), 4.42 (d, 1H, J = 16.0 Hz,
CH,CO), 4.46 (d, 1H, J = 16.0 Hz, CH,CO),
7.05 (brs, 1H, arom.), 7.12 (brs, 1H, arom.),
7.39 (d, 2H, J = 8.0 Hz, arom.), 7.60 (d, 1H,
J = 4.0 Hz, arom.), 7.96 (d, 2H, J = 7.4 Hz,
arom), 10.35 (s, 1H, NH). LCMS (ESI) m/z
489/491 (97.0 %, (M+H"). Calcd. for
C,;H,,CIN,O,S;: C, 56.48; H, 4.33; N, 5.73;
Found: C, 56.70; H, 4.50; N, 5.50.
2-(9-(Thiophen-2-yl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%8|tetradecen-4(8)-
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one-6-yl-5)-N-4-metoxyphenyl-acetamide
(I1Ik). Yield 75 %, mp 264-266 °C. 'H NMR
(DMSO-d) 6: 1.26 (d, J = 9.5 Hz) 1.35 m,
1.55 (t, /= 8.9 Hz), 1.68 m, 2.21 m, 2.38 m
(9H, norbornane fragment), 3.10 (s, 3H, CHj),
3.37 (d, 1H, J = 7.7 Hz, ArCH), 3.92 (d, 1H,
J=10.7 Hz, SCH), 4.55 (d, 1H, J=16.0 Hz,
CH,CO), 4.57 (d, 1H, J = 16.0, Hz, CH,CO),
7.06 (t, 1H, J=4.2 Hz, arom.), 7.13 (brs, 1H,
arom.), 7.42 (d, 1H, J = 4.8 Hz, arom.), 7.73
(d, 2H, J = 8.2 Hz, arom.), 7.93 (d, 2H, J =
8.3 Hz, arom), 10.35 (s, 1H, NH). LCMS (ESI)
m/z 485 (98.0 %, (M+H"). Calcd. for
C,,H,4N,05S5: C, 59.48; H, 4.99; N, 5.78;
Found: C, 59.70; H, 5.10; N, 5.50.
2-(9-(Thiophen-2-yl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%3[tetradecen-4(8)-
one-6-yl-5)-N-3-trifluorophenyl-acetamide
(I111). Yield 68 %, mp 182—184 °C. 'H NMR
(DMSO-d;) 6: 1.26 m, 1.36 m, 1.56 m, 1.68 m,
2.21 m, 2.28 (9H, norbornane fragment), 3.38
(d, 1H, J = 7.7 Hz, ArCH), 3.92 (d, 1H, J =
10.6 Hz, SCH), 4.54 (d, 1H, J = 16.0 Hz,
CH,CO), 4.57 (d, 1H, J=16.0, Hz, CH,CO),
7.06 (m, 1H, arom.), 7,13 (brs, 1H, arom.),
7.35 (t, 1H, J = 8.3 Hz, arom.), 7.40 (d, 1H,
J = 4.8 Hz, arom.), 7.51 (t, 1H, J = 7.9 Hz,
arom), 7.76 (d, 1H, J = 7.9 Hz. arom.), 8.07
(s, 1H, arom), 10.57 (s, 1H, NH). LCMS (ESI)
m/z 523 (97.0 %, (M+H'). Calcd. for
C,4H,,F53N,05S5: C, 55.16; H, 4.05; N, 5.36;
Found: C, 55.00; H, 3.90; N, 5.50.
2-(9-(Thiophen-2-yl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0%10,0%3]tetradecen-4(8)-
one-6-yl-5)-N-3,4-dichlorophenyl-acetamide
(IIIm). Yield 72 %, mp 219-221 °C. 'TH NMR
(DMSO-dg) 6: 1.26 (d, J=9.7 Hz), 1.38 (t, J =
9.3 Hz), 1.56 (t, /J=9.8 Hz), 1.68 m, 2.18 m,
2.28 (9H, norbornane fragment), 3.36 (d, 1H,
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J=17.3 Hz, ArCH), 3.90 (d, 1H, J = 10.4 Hz,
SCH), 4.52 (d, 1H, J=16.7 Hz, CH,CO), 4.56
(d, 1H, J=16.0 Hz, CH,CO), 7.06 (d, 1H, J=
4.7 Hz, arom.), 7.11 (brs, 1H, arom.), 7.40 (d,
1H, J=4.73 Hz, arom.), 7.42 (m, 2H, arom.),
7.96 (s, 1H, arom), 10.51 (s, 1H, NH). LCMS
(ESI) m/z 523/524/525 (96.0 %, (M+H").
Calcd. for C53H,,C1,N,0,S;: C, 52.77; H, 3.85;
N, 5.35; Found: C, 52.90; H, 4.00; N, 5.20.
2-(9-(4°-Chlrophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0>10,0%3]tetradecen-4(8)-
one-6-yl-5)-acetic acid ethyl ester (IIln).
Yield 78 %, mp 178—180 °C. 'H NMR
(DMSO-dg) 6: 1.16 m, 1.26 (d, J = 9.2 Hz),
1.32 m, 1.30 (t, 3H, J= 7.2 Hz, CH;),1.50 (t,
J=8.2Hz), 1.67 (t,J=9.0 Hz), 2.07 m, 2.21
m (9H, norbornane fragment), 3.31 (d, 1H, J
= 17.6 Hz, SCH), 3.50 (d, 1H, J = 10.2 Hz,
ArCH), 4.21 (q, 2H, J = 7.2 Hz, CH,CH,),
4.37 (s, 2H, CH,CO), 7.33-7.36 (m, 4H,
arom.). LCMS (ESI) m/z 436/438 (96 %,
(M+H"). Calcd. for C,,H,,CINO;S,: C, 57.85;
H, 5.09; N, 3.21; Found: C, 58.00; H, 5.20; N,
4.90.
2-(9-(4’-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0>10,0%8]tetradecen-4(8)-
one-6-yl-5)-acetic acid hydrazide (Illo). A
mixture of IIIn (3 mmol) and hydrazine hy-
drate (4 mmol) in ethanol (20 mL) was heate
under reflux for 5 h. The precipitate was fil-
tered off and recrystallized from acetic acid.
Yield 60 %, mp 219-221 °C. 'H NMR
(400 MHz, DMSO-d;) 6: 1.14m, 1.23 (d, J =
10.3 Hz), 1.31 (t,J=10.7 Hz), 1.48 m, 1.66 m,
2.02 m, 2.20 m, 2.26 m (9H, norbornane frag-
ment), 3.32 (d, 1H, J = 7.9 Hz, ArCH), 3.52
(d, 1H, J = 9.7 Hz, SCH), 4.31 (d, 1H, J =
16.3 Hz, CH,CO), 4.41 (d, 1H, J = 16.0 Hz,
CH,CO), 7.37 (m, 4H, arom.), 8.10 (brs, 1H,
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NH), 9.60 (brs, 2H, NH,). LCMS (ESI) m/z
422/424 (98%, (M+H'). Calcd for
C 9H,oCIN;0,S,: C, 54.08; N, 9.96; S, 15.20.
Found: C, 54.10; N, 9.98; S, 15.25.

4-[9-(4°-Chlorophenyl)-6-oxo0-3,7-dithia-
5-azatetracyclo-[9.2.1.0>10,0%8]-tetradec-4(8)-
ene-5-yl|-acetyl-1-phenyl-thiosemicarbazide
(Z11f) The mixture of I1Io (3 mmol), phenyli-
sothiacyanate (4 mmol) in ethanol (20 mL)
was heated under reflux during 1 h and then
cooled. Solid product was filtered off, washed
with ethanol, diethyl eter and recrystallized
from ethanol. Yield, 64 %, mp 188190 °C. 'H
NMR (400 MHz, DMSO-d;): 1.18 m, 1.23 m,
1.37m, 1.52 m, 2.12 m, 2.22 m, (9H, norbor-
nane fragment), 3.31 (d, 1H, J = 7.8 Hz,
ArCH), 3.62 (d, 1H, J=10.7 Hz, SCH), 4.32
(d, 1H, J=16.3 Hz, CH,CO),4.36 (d, IH, J=
16.3 Hz, CH,CO), 7.32 (d, 2H, J = 8.2 Hz,
arom.), 7.38 (d, 2H, J= 8.2 Hz, arom.), 7.48—
7.52 (m, 5H, arom.), 8.11 (brs, 1H, NH), 9.62
(brs, 2H, NH,). LCMS (ESI) m/z 558/560
(96 %, (M+H"). Calcd for C,cH,sCIN,O,S;:
C, 56.05; N, 10.06; S, 17.26. Found: C, 56.15;
N, 10.10; S, 17.20.

Dihydrazide of 2-(9-(4’-chlorophenyl)-3,7-
dithia-5-azatetracyclo-[9.2.1.0%19,0%3]-tetra-
decen-4(8)-one-6-yl-5)-acetic acid and
2,4-thiazolidinedione-5-acetic acid (I1lp). The
solution of 2,4-thiazolidinedione-5-acetic acid
chloride (3 mmol) in dioxane (3 mL) was
added to the solution of IIlo (3 mmol) and
triethylamine (3 mmol) in dioxane (12 mL).
The mixture was heated at 80 °C during 15 min
and cooled. The product of the reaction was
precipitated with water. Solid precipitate was
filtered off and recrystallized from ethanol.
Yield 81 %, mp. 192—194 °C (dec.). 'H NMR
(400 MHz, DMSO-d;) 6: 1.09 m, 1.21 m,

1.31m, 1.45m, 1.64 m, 1.97 m, 2.18 m, 2.25
m (9H, norbornane fragment), 3.33 (d, 1H, J =
7,7 Hz, ArCH), 3.54 (d, 1H, J = 10.5 Hz,
SCH), 2.85 (dd, 1H, J=16.5, 8.7 Hz, CH,CH),
3.06 (dd, 1H, J = 8.7, 4.0 Hz, CH,CH), 4.36
(m, 2H, CH,CO), 4.58 (dd, 1H, J=3.6, 9.0 Hz,
CHCH,), 7.38-7.43 (m, 4H, arom.), 10.26 (s,
1H, NH), 10.37 (s, 1H, NH). LCMS (ESI)
m/z 580/582 (95 %, (M+H"). Caled for
C,4H»;CIN4OsS5: C, 49.78; N, 9.67; S, 16.61.
Found: C, 49.85; N, 9.70; S, 16.60.
5-(1-Phenyl-2-mercapto-1,3,4-triazolil-
methylene)-9-(4’-chlorophenyl)-3,7-dithia-
5-azatetracyclo-[9.2.1.0%10.0%8]tetradecen-
4(8)-one-6 (IIIu). The mixture of IIIt
(2.5 mmol) and 10 mL of 2 % sodium hydro-
xide solution was heated under reflux during
2 h. After cooling the reaction mixture was
acidified with the HCI, pH=5 and then the
solid product was filtered off. The precipitate
was recrystallized from the DMF : EtOH (1:2)
mixture. Yield 72 %, mp > 250 °C. 'H NMR
(400 MHz, DMSO-d;) 6: 1.11 m, 1.20 (d, J =
9.0 Hz), 1.30 m, 1.44 m, 1.63 m, 1.95 m,
2.15 m, 2.23 m, (9H, norbornane fragment),
3.25(d, 1H, J = 7.6 Hz, ArCH), 3.49 (d, 1H,
J=10.5 Hz, SCH), 4,74 (d, 1H, J = 16.9 Hz,
CH,CO), 4.78 (d, 1H, J = 16.9, Hz, CH,CO),
7.40-75 (m, 5H, arom), 7.56-7.60 (m, 4H,
arom), 13.90 (s 1H, SH). LCMS (ESI) m/z
539/541 (96 %, (M+HT"). Calcd for
C,6H»;CIN4OS;: C, 57.92; N, 10.39; S, 17.84.
Found: C, 58.03; N, 10.41; S, 17.80.
General procedure for the synthesis of
2-(9-aryl-3,7-dithia-5-azatetracyc-
lo-[9.2.1.0%10,0*8]tetradecen-4(8)-one-6-yl-5)-
acetic acid (2-o0xo0-1,2-dihydro-indol-
3-ylidene)-hydrazides (Illg-s). A mixture of
hydrazide I1lo (3 mmol), appropriate isatin
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(3 mmol) in ethanol (20 mL) in the presence
of acetic acid (2 mL) was heated under reflux
during 5 h and then cooled. Obtained solid
products were filtered off, dried and recrystal-
lized from the mixture of DMF/EtOH (1:2) or
acetic acid.
2-(9-(4’-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0>10,0%3[tetradecen-4(8)-
one-6-yl-5)-acetic acid (2-oxo-1,2-dihydroin-
dol-3-ylidene)-hydrazide (Illg). Yield 76 %,
mp. 272-274 °C. 'H NMR (400 MHz,
DMSO-dg) 6: 1.15 m, 1.23 (d, J = 9.7 Hz),
1.33 m, 1.47 m, 1.68 m, 2.02 m, 2.18 m,
2.25 m (9H, norbornane fragment), 3.34 (d,
1H, J=6,7 Hz, ArCH), 3.56 (d, 1H, J=9.9 Hz,
SCH), 4.92 (d, 1H, J=17.6 Hz, CH,CO), 5.02
(d, 1H, J=17.6 Hz, CH,CO), 6.94 (d, 1H, J =
7.2 Hz, arom.), 7.06 (t, 1H, J= 7.7 Hz, arom.),
7.34 (t, 1H, J= 7.7 Hz, arom.), 7.41 (brs, 4H,
arom.), 7.57 (d, 1H, J= 6.7 Hz, arom.), 11.26
(s, IH, NH), 12.76 (s, 1H, NH). LCMS (ESI)
m/z 552/554 (96 %, (M+H"). Calcd for
C,7H,;CIN,O5S,: C, 58.85; H,4.21; N, 10.17;
Found: C, 59.00; H, 4.40; N, 10.00.
2-(9-(4’-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0>10.0%8]tetradecen-4(8)-
one-6-yl-5)-acetic acid (2-oxo-1,2-dihydro-
5-bromoindol-3-ylidene)-hydrazide (I1lr).
Yield 78 %, mp. > 250 °C. '"H NMR (400 MHz,
DMSO-dg) 6: 1.16 m, 1.24 m, 1.34 m, 1.48 m,
1.66 m, 2.03 m, 2.19 m, 2.23 m (9H, norbor-
nane fragment), 3.34 (d, 1H, J = 7,1 Hz,
ArCH), 3.54 (d, 1H, J=10.3 Hz, SCH), 4.94
(d, 1H, J=16.6 Hz, CH,CO), 5.02 (d, 1H, J =
16.9 Hz, CH,CO), 6.91 (d, 1H, J = 6.9 Hz,
arom.), 7.41 (brs, 4H, arom.), 7.47 (d, 1H, J =
7.8 Hz, arom.), 7.72 (s, 1H, arom.), 11.47 (s,
1H, NH), 12.69 (s, 1H, NH). LCMS (ESI) m/z
629/631/632/633 (98 %, (M+H™). Calcd for
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C,,H,,BrCIN,O;S,: C, 51.48; H, 3.52; N, 8.89;
Found: C, 51.60; H, 3.70; N, 8.70.
2-(9-(4’-Chlorophenyl)-3,7-dithia-5-
azatetracyclo-[9.2.1.0>10,0%3[tetradecen-4(8)-
one-6-yl-5)-acetic acid (2-oxo-1,2-dihydro-
5-chloroindol-3-ylidene)-hydrazide (I1Is).
Yield 72 %, mp. > 250 °C. '"H NMR (400 MHz,
DMSO-d;) o: 1.16 m, 1.24 (d, J = 9.7 Hz),
1.34m, 1.48 m, 1.62 m, 2.03 m, 2.19 (d, J =
9.6 Hz), 2.25 m (9H, norbornane fragment),
3.33 (d, 1H, J = 7,3 Hz, ArCH), 3.56 (d, 1H,
J=10.3 Hz, SCH), 4.98 (m, 2H, CH,CO), 6.94
(d, 1H, J = 8.0 Hz, arom.), 7.33 (d, 1H, J =
7.6 Hz, arom.), 7.41 (brs, 4H, arom.), 7.58 (s,
1H, arom.), 11.38 (s, 1H, NH), 12.67 (s, 1H,
NH). LCMS (ESI) m/z 586/588 (95%, (M+HY).
Calcd for C,;H,,C1,N,05S,: C, 55.39; H, 3.79;
N, 9.57; Found: C, 55.60; H, 4.00; N, 9.40.

Pharmacology

Anticancer activity screening. In vitro cell line
screening of anticancer activity of the synthe-
sized compounds was carried out at the
National Cancer Institute within Developmental
Therapeutic Program (www.dtp.nci.nih.gov).
Anticancer assays were performed according
to the US NCI protocol, which was described
elsewhere [27-29].

Antitrypanosomal activity screening.
Bloodstream forms of Trypanosoma brucei
brucei (Tbb) strain 90-13 were cultured in
HMI9 medium supplemented with 10 % FCS
at 37 °C in an atmosphere of 5 % CO, [30]. In
all experiments, log-phase cell cultures were
harvested by centrifugation at 3000xg and im-
mediately used. Drug assays were based on
the conversion of a redox-sensitive dye (resa-
zurin) to a fluorescent product by viable
cells [31]. Drug stock solutions were prepared
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in DMSO. Thb bloodstream forms (103 cells/
mL) were cultured in 96-well plates either in
the absence or in the presence of different
concentrations of inhibitors in a final volume
of 200 ml. After the 72 h incubation, resa-
zurin solution was added in each well at the
final concentration of 45 mM and fluorescence
was measured at 530 nm and 590 nm absor-
bance after further 4 h incubation. The percent-
age of inhibition of parasite growth rate was
calculated by comparing the fluorescence of
parasites maintained in the presence of drug
to that in the absence of drug. DMSO was used
as a control. Concentration inhibiting 50% of
parasite growth (ICs,) value was given as the
mean +/- the standard deviation of three inde-
pendent experiments.

Results and Discussion

Chemistry

An approach to the target compounds synthesis
was based on the developed protocol utilizing

S i @ s n
2 s
=N\g” 0 Y S
H Ar(Het)
I 11

Ar(Het)

5-eneisorhodanines as heterodienes and nor-
bornene as dienophile in the ietero-Diels-Alder
reaction following our previous findings [1, 2].
This approach was proved to be an efficient
regio- and stereoselective tool for the function-
alized thiazolothiopyrane core formation [4,
32]. One of the promising directions of thia-
zolothiopyrane optimization is modification of
the C5-fragment of the starting 5-ene-
isorhodanines [5]. For this purpose different
5-eneisorhodanines with bulky benzylidene
fragment and heterocyclic fragments at C5 po-
sition, including substances bearing substituted
phenolic OH group [33, 34] (Scheme 1), have
been used. Hetero-Diels-Alder reaction of start-
ing 5-ene-4-thioxothiazolidin-2-ones (I) and
norbonene led to the target 9-aryl(heteryl)-3,7-
dithia-5-azatetracyclo[9.2.1.0%10.048]tetradecen-
4(8)-ones-6 (II) with high yields.

Introduction of a variety of substituents at
the N3 position of the thiazole ring is another
efficient approach to the thiazolothiopyrane
core modification in order to obtain new bio-

Ar(Het)
pyridin-2-yl
4-MeOOCCH,
3,5-(Me0),-4-OH-C(H,

Ila
1Ib
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IIg 4-CI-C,H, ot

ITh B

i | 4-OMe-CH,
1j | 4-OH-CH,

€ on
O/D
cl
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1l | 3-(MeO)-2-OH-CH,
Iim|  3-NO,-C(H,

IIn
Ilo

3,4-(MeO),-C,H,
4-OH-3-OEt-CH,

Scheme 1. General scheme of the target 9-aryl(heteryl)-3,7-dithia-5-azatetracyclo[9.2.1.02:10.048]tetradecen-4(8)-

ones-6 (IT) synthesis
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logically active analogues [26, 35]. One more
argument in favor of this approach is a de-
creased toxicity of the N-substituted structur-
ally related 4-thiazolidinones [36]. This goal
was achieved via the alkylation reaction and
further modification of the exocyclic func-
tional groups. Synthetic protocol included in
situ 9-aryl(heteryl)-3,7-dithia-5-azatetracyc-
10[9.2.1.02:10,048]tetradecen-4(8)-ones-6
N-potassium salts formation. A series of

S

KOH

N-substituted chloroacetamides were used as
alkylating agents.

Modification of carboxylic group at N3 of
thiazolidinone fragment yielded compounds
IIIo, IIIp and IITu. N-(4-Chlorophenyl)-2-(9-
(4-chlorophenyl)-3,7-dythia-5-azatetracyc-
10-[9.2.1.02:10,048]tetradecen-4(8)-one-6-yl-5)
acetic acid hydrazide IIlo was synthesized in
the reaction of appropriate ester IIIn with
hydrazine hydrate in the ethanol medium. IIIp

R llla

IIb

e

111d

Ille
It
lllg
1h
i
11
1k
il

1Im

Ar(Het) R

WEWW W@ > > > >
N
<
(¢}
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Scheme 2. General scheme of the N-substituted 9-aryl(heteryl)-3,7-dithia-5-azatetracyclo[9.2.1.02:10,048]tetradecen-

4(8)-ones-6 synthesis
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was synthesized in acylation reaction of hy-
drazide IIlo by 2,4-thiazolidinedione-5-acetic
acid chloride. Compound IIlu was obtained
based on hydrazide Illo in the reaction with
phenylisothiocyanate yielding 4-[9-(4’-chlo-
rophenyl)-6-ox0-3,7-dithia-5-azatetracyclo-
[9.2.1.0%10,048]-tetradecen-4(8)-ene-5-yl]-
acetyl-1-phenyl-thiosemicarbazide via known
approach. Phenylthiosemicarbazide fragment
in the basic medium was cyclized giving com-
pound IITu with 1,3,4-triazole fragment at N5
position of the thiopyranothiazole core.
Compounds IIIq-IIIs were synthesized in the
reaction of hydrazide IIlo with isatins in eth-
anol medium.

The purity and structure of synthesized
compounds were confirmed by the analytical
and spectral data. '"H NMR spectra of the syn-
thesized compounds showed classic system of
doublets, triplets and multiplets at 6 1.10—
3.30 ppm characteristic for norbornane frag-
ment. A signal of the CH-group’s proton linked
to the aromatic ring shows doublet at 6 3.36—
3.98 ppm and is often overlapped with the
norbornane proton signals. In the most cases,
signal of the N-CH,-CO group corresponds to
two doublets of the diastereotopic methylene
protons with the spin-spin coupling constant
~16.0 Hz that is caused by the diastereotopi-
city of the protons of methylene group. The
AMX-system in the form of 3 doublets of
doublets is characteristic for CH,-CH group
(compounds IIp and ITi).

Anticancer activity

Compounds ITb, ITh, IITh were selected for
primary screening on three tumor cell lines:
NCI-H460 (Lung cancer), MCF'7 (Breast can-
cer), SF-268 (CNS cancer) at 10*M concentra-

tion. These compounds did not show signifi-
cant growth inhibition of mentioned cancer
cell lines. Moreover, the derivative with thio-
phene ring in the molecule even increased
tumor cell growth (data not shown).

The compounds Il¢, Ile, ITIn and ITIu were
evaluated at one dose assay towards approxi-
mately 60 cell lines (concentration 10> M).
The human tumor cell lines represent all forms
of cancer (such as, non-small cell lung cancer,
colon cancer, breast cancer, ovarian cancer,
leukemia, renal cancer, melanoma, prostate
cancer). In the screening protocol, each cell
line was inoculated and pre-incubated for 24—
48 h on a microtiter plate. Test agents were
then added at a single concentration and the
culture was incubated for further 48 h. The end
point determinations were made with a protein
binding dye, sulforhodamine B. The results for
each test agent were reported as the percent
growth (GP) of the treated cells compared to
the untreated control cells. The screening re-
sults are shown in Table 1.

All the tested compounds showed rather
good growth inhibition levels against Leukemia
cell lines. The best growth inhibition results
against Leukemia panel were observed for Ile:
cell lines CCRF-CEM (Gl = 8.12 %) and HL-
60(TB) (Gl = —-44.16 %) and for Ilc cell lines
CCRF-CEM (GI=17.01 %). These data cohere
with our previously findings about leukemia
selective action of the related thiazolidi-
nones [13]. The latter compound also inhib-
ited Non-small cell lung cancer line NCI-H522
(GI = 8.12 %). Compound IIIn inhibited
growth of Leukemia cell lines and showed
cytostatic effect on HCT-15 line of Colon can-
cer (GI =-100 %). Complication of the basic
core with triazole cycle did not influence the
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Table 1. Anticancer screening data (one dose assay, 10 pM).

Comp. Mean Oir owth. Range of growth % The most sensitive cell lines s(e}:soi/:i\(;ef tclzlr?iiits oy togt(;iiizi?f:’fec "
CCRF-CEM /L 7.01

HL-60(TB) /L 53.79

Ilc 82.30 7.01to 112.94 NCI-H522 /NscLC -5.03 3/56
HOP-92 /NscLC 40.77
HS 578T /BC 53.61
HL-60(TB) /L —44.16

CCRF-CEM /L 8.12

Ile 89.71 -44.16 to 136.08 SR /L 3785 3/57
K-562 /L 52.77
CCRF-CEM /L 13.40
K-562 /L 29.06
HCT-116 /CC 38.78

HCT-15/CC —100.00

HT-29 /CC 50.49

IIn 63.53 -100.00 to 92.68 SK-MEL-5 /M 4134 8/59
CAKI-1 /Rc 22.75
UO-31 /Rc 50.33
PC-3/PC 42.85
747D /BC 38.85
SF-295 /|CNSC 33.33
IGROV1/0C 50.21

Tu 77.84 29.35t0 116.31 UO-31 Re 2935 3/59
MCF7 /BC 46.73

aRatio between number of cell lines with percent growth from 0 to 50 and total number of cell lines.

L — Leukemia; NscLC- Non-Small Cell Lung Cancer; BC — Breast cancer; CC — Colon Cancer; OC — Ovarian Cancer;

RC — Renal Cancer; M — Melanoma; CNSC — CNS Cancer

activity level, so IITu showed only moderate
anti-tumor activity with the best GI against
renal cancer cell line UO-31 (GI =29.35 %).

Finally, the compounds IIIn and ITIu were
selected for an advanced assay against a panel
of approximately sixty tumor cell lines at 10-
fold dilutions of five concentrations (0.01—
100 uM). Additionally, compounds IlIa, IId,
II1d, ITIg, were involved into the study with-
out prescreening. The percentage of growth
was evaluated spectrophotometrically versus

196

controls not treated with test agents after 48-h
exposure and using SRB protein assay to es-
timate cell viability or growth. The dose-re-
sponse parameters were calculated for each
cell line: Gls, — molar concentration of the
compound that inhibits 50 % net cell growth;
TGI — molar concentration of the compound
leading to the total inhibition; and LCs, — mo-
lar concentration of the compound leading to
50 % net cell death. Furthermore, a mean
graph midpoints (MG_MID) were calculated



Investigation of anticancer and anti-parasitic activity of thiopyrano[2,3-d]thiazoles bearing norbornane moiety

for Gls,, giving an average activity parameter
over all cell lines for the tested compound. The
meanings of the Gl at the range of concentra-
tions for the tested compounds are given in the
table 2. Compound Ila with pyridine fragment
at the C9 position and unsubstituted N5 posi-
tion didn’t show significant levels of logGls,
(from —4.00 to —4.48) and was the less active
compound among tested. Better results were
observed for the compounds bearing p-Cl-
phenyl fragment at the C9. Compound IIIg
selectively inhibited growth of Leukemia cell
lines with the best logGls, level of —5.36

against SR line. Derivatives IIId and IIIu
showed significant cytostatic effects towards
all tested cell lines with the MID of —4.98 and
—5.09 respectively. Though, the ester IIIn, in
general, did not inhibit the cancer cell lines’
growth, except some Leukemia lines: HL-
60(TB) (logGls, =—5,06) and RPMI-8226 (log
Glsy=—4,81). The highest cytostatic effect was
observed for the compound IId, which selec-
tively inhibited Leukemia cell lines at submi-
cromolar concentrations: logGls,=—6.03 (HL-
60(TB) line), logGlsp= —7.37 (SR line), log-
Gls5y= < -8.00 (MOLT-4 line).

Table 2. Total values of the in-depth in vitro anticancer activity screening in 5 concentrations (10™4—

108 M).
Cancer cell Concentration of the compound that inhibits 50 % net cell growth, logGls,
lines Ila | 11d* | lllg | 111d | 1y | IIn
Leukemia
CCRF-CEM ND ND/-4.20 -4.03 -5.35 -5.48 -4.11
HL-60(TB) -4.44 -6.03/-4.60 -4.26 -5.23 -4.86 -5.06
K-562 -4.43 -4.57/-4.38 -4.50 -5.52 -5.32 >-4.00
MOLT- 4 -4.48 <-8.00/-4.55 -4.46 -5.23 -5.25 >-4.00
RPMI-8226 -4.19 -4.61/-4.24 -4.49 -5.50 -5.30 -4.81
SR -4.30 -7.37/-4.72 -5.36 -5.72 -5.48 >-4.00
NSC lung cancer
A549/ATCC -4.18 -4.16/-4.26 >-4.00 -4.67 -5.04 -4.08
EKVX >-4.00 -4.51/-4.10 >-4.00 -4.75 -5.27 >-4.00
HOP-62 ND ND>/-4.00 >-4.00 -4.91 -4.70 >-4.00
HOP-92 -4.21 -4.76/-4.59 -4.99 -5.36 -5.21 -4.42
NCI-H226 >-4.00 >-4.00/>-4.00 >-4.00 -4.71 -5.02 >-4.00
NCI-H23 >-4.00 >-4.00>-4.00 >-4.00 -5.35 -5.04 -4.20
NCI-H322M >-4.00 >-4.00/-4.47 >-4.00 -5.45 -4.92 >-4.00
NCI-H522 >-4.00 -4.29/-4.44 >-4.00 -5.45 ND -4.21
NCI-H460 -4.12 -4.18/-4.06 ND -4.86 -5.28 -4.21
Colon cancer

COLO 205 -4.08 >-4.00/-4.55 >-4.00 -5.22 -4.83 -4.03
HCC-2998 >-4.00 >-4.00/>-4.00 ND ND -5.17 ND
HCT-116 -4.24 -4.43/-4.39 -4.78 -5.67 -5.05 -4.42
HCT-15 -4.21 -4.21/-4.17 >-4.00 -4.83 -5.11 >-4.00
HT29 -4.34 -4.04/-4.07 -4.21 -5.58 -4.91 -4.32
KMI2 >-4.00 -4.07/-4.37 >-4.00 -5.29 -5.09 -4.14
SW-620 >-4.00 >-4.00/>-4.00 >-4.00 -5.30 -4.86 >-4.00
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CNS cancer
SF-268 >-4.00 >-4.00/-4.26 >-4.00 -4.56 -4.99 >-4.00
SF-295 -4.08 >-4.00/-4.16 >-4.00 -5.19 -5.47 -4.08
SF-539 >-4.00 >-4.00/>-4.00 >-4.00 -5.33 -5.09 >-4.00
SNB-19 >-4.00 >-4.00/>-4.00 >-4.00 -4.99 -4.87 >-4.00
SNB-75 -4.44 -4.18/-4.53 -4.07 >-4.00 -5.33 -4.27
U251 -4.05 -4.25/-4.15 >-4.00 -4.84 -5.26 >-4.00
Melanoma
LOX IMVI -4.14 -4.04/>-4.00 >-4.00 -5.28 -4.98 -4.18
MALME-3M >-4.00 >-4.00/-4.33 >-4.00 >-4.00 -4.74 -4.17
MIi4 ND ND/-4.07 -4.36 -5.52 ND >-4.00
MDA-MB-435 >-4.00 >-4.00/-4.17 >-4.00 -5.40 -5.24 >-4.00
SK-MEL-2 >-4.00 >-4.00/>-4.00 >-4.00 -4.34 -4.94 >-4.00
SK-MEL-28 -4.37 >-4.00/>-4.00 >-4.00 -4.89 -4.99 -4.77
SK-MEL-5 -4.47 -4.37/>-4.00 >-4.00 -4.98 -5.30 -4.47
UACC-257 >-4.00 >-4.00/>-4.00 >-4.00 -4.32 -4.92 -4.13
UACC-62 -4.28 -4.26/-4.27 >-4.00 -5.36 -5.65 >-4.00
Ovarian Cancer
IGROVI >-4.00 >-4.00/-4.69 >-4.00 -5.05 -4.95 >-4.00
OVCAR-3 -4.15 >-4.00/-4.35 >-4.00 -4.47 -4.92 >-4.00
OVCAR-4 -4.34 >-4.00/-4.26 -4.33 -4.37 -5.09 -4.40
OVCAR-5 >-4.00 >-4.00/>-4.00 -4.63 -5.91 -4.66 >-4.00
OVCAR-8 >-4.00 >-4.00/>-4.00 >-4.00 -4.52 -4.76 >-4.00
NCI/ADR-RES >-4.00 >-4.00/>-4.00 -4.20 -4.99 -4.94 -4.20
SK-OV-3 >-4.00 >-4.00/>-4.00 >-4.00 >-4.00 -4.70 >-4.00
Renal Cancer
786-0 >-4.00 >-4.00/>-4.00 >-4.00 -5.12 -5.19 >-4.00
A498 >-4.00 >-4.00/>-4.00 >-4.00 -4.01 -5.03 >-4.00
ACHN -4.10 >-4.00/>-4.00 >-4.00 -4.88 -4.85 >-4.00
CAKI-1 -4.14 >-4.00/-4.32 >-4.00 -4.72 -5.42 >-4.00
RXF 393 ND -4.34/-4.13 >-4.00 -4.43 -5.72 -4.09
SNI12C >-4.00 >-4.00/-4.12 >-4.00 -4.99 -5.32 >-4.00
TK-10 -4.12 >-4.00/-4.23 >-4.00 -5.57 -4.57 >-4.00
UO-31 -4.28 -4.00/-4.35 >-4.00 -4.63 -5.13 >-4.00
Breast Cancer

MCE7 w01 |ddass | ae | s | 4w |swoo

- - - - - - >.
Zg ;l;g/[TB -23l/Arce -4.17 >-4.00/>-4.00 >-4.00 >-4.00 -4.96 -4.24
BT-549 -4.25 >-4.00/>-4.00 >-4.00 -4.72 -5.34 -4.10

-4.15 -4.04/-5.10 >-4.00 -4.82 -5.16 -4.42

Prostate Cancer

PC-3 -4.06 -4.55/-4.56 -4.71 -5.15 -5.43 ND
DU-145 -4.03 -4.64/>-4.00 ND ND -4.82 >-4.00
Quantity of the 33/56 25/56/36/59 16/57 53/57 57/57 26/57
“sensitive lines” (59%) (45%)/(61%) (28%) (93%) (100%) (46%)

* data of two independent studies; ND — not investigated
2 s/t — ratio of sensitive lines (logGl5,<—4.00) to the total number of tested lines.
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COMPARE analysis

The obtained results of the tested compounds’
antitumor activity led us to establishing a pos-
sible mode of their action. For this purpose
COMPARE analysis was performed. NCI’s
COMPARE algorithm [37, 38] allows estab-
lishing possible biochemical mechanisms of
action of the novel compounds on the basis of
their in vitro activity profiles when comparing
with those of standard agents. We performed
COMPARE computations for the compounds
Ia, Ilc, I1d, e, IIId, I1Ig, IIIn, and IITu
against the NCI “Standard Agents” database
at the Gl level (Table 3).

Unfortunately, the calculated Pearson cor-
relation coefficients (PCC) did not indicate
cytotoxicity mechanisms of the tested com-
pounds with high probability. The highest cor-
relation at the Gls, level was observed for the
compound IId (PCC = 0.661) with alkylating
agent fluorodopan. Interestingly, other
4-azolidinone derivatives also have significant
value of correlation coefficients to the above-
mentioned substance [26, 39—40]. Pearson
correlation coefficients exceeding 0.6 were

Table 3. COMPARE analysis results

also calculated for the ITId (PCC = 0.631) with
hydroquinone ansamycin antibiotic macbecin
II, and for Ile (PCC = 0.603) with hydroxyurea
which is the ribonucleotide reductase inhibitor
and belongs to the class of antimetabolites.
Probably, the PCC < 0.5 for the hit-compound
IITu indicates other molecular mechanisms
underlying its anticancer effect.

Antitrypanosomal activity

Antitrypanosomal activity of a series of
9-aryl(heteryl)-3,7-dithia-5-azatetracyc-
10[9.2.1.0%10,048]tetradecen-4(8)-ones and
N-substituted analogues was evaluated in the
in vitro assay against Trypanosoma brucei
brucei. All compounds were first tested at a
range of concentrations. 1Cs, values were
further derived from the dose-response
curves.

Most of the tested compounds showed mo-
derate trypanocidal activity at micromolar
range of concentrations. Though, some sub-
stituents in the 9t position of the main scaffold
increased the activity, e.g. ether moiety with
the nitrophenyl fragment in IIk (ICs, =

Comp. PCC Target Mode of action?
a 0482 | thalicarpine p-glycoprotein inhibitor, arrests cancer cells at the G2/M and
G1 phase
Ilc 0.584 | fluorodopan alkylating agent
I1d 0.661 | fluorodopan alkylating agent
Ile 0.603 | hydroxyurea ribonucleotide reductase inhibitor
II1d 0.631 macbecin II antitumor antibiotic
IIg 0.538 | CCNU alkylating agent
IIIn 0.45 trimethyltrimethylolmelamin | -
ITu 0.499 | methyl-CCNU alkylating agent

a Putative mechanisms of action were identified with the use of literature sources; PCC — Pearson correlation coeffi-

cients
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4.17 uM) or p-chlorophenyl substituent in IIg
(ICso = 3.72 uM). p-Oxomethyl- (IIf) and
p-oxophenyl (IIj) substituents negatively influ-
ence trypanocidal properties.

Anticancer activity levels were also low
for these compounds, but they were highly
active towards selected cancer cell lines (IIf:

log GI5, = —7.01 melanoma SK-MEL-2; IIj:
log GI5, = <-8.00 renal cancer RXF-393). An
interesting situation was observed for the
compounds IIf with thiophene fragment, in-
troduction of which led to the significant
antitrypanosomal activity decrease; whilst its
N-substituted derivatives inhibited the para-

Table 4. 1Cs, values against Trypanosoma brucei brucei

R
SN
\ 0
Compound @S% 1Cso, pM
HAr
Ar R

i @OMe H 21.99
1j @O H 20.52

% c
Ik N 0 H 4.17

(6]

HO OMe

1| @ H 22.68
o
IIm \I\q@ H 23.45
o
OMe

IIn @ OMe H 20.24

o
1b @% H 14.46

OMe
OEt

Ilo @ o H 17.84
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site growth at the concentrations 10 times
lower.

Comparing anticancer profile of the tested
compounds, it is worth to mention that IIg
selectively inhibited growth of the Leukemia
cell lines (log Gl5, = —5.16, —5.59) as well as
its N-substituted derivative I1Ig; and both have
shown trypanocidal effects.

1t H 53.81
N
IlIh = Q 747
0 Me
CF,
N
1 Z}( 631
(6]
1
I11j W \©\ 7.16
S
N
Tk ZY O\ 4.13
© OMe
N CF
1 ' U ' 7.65
(0]
% Cl
im Y \@( 764
0 Cl
Iig H 3.72
N
Ilg g \©\ 3.9
© OMe
o
(6] H
N
.~
IIIs %}( N 13.32
(6]
Cl
Conclusions

A series of novel thiopyranothiazole deriva-
tives were synthesized and their anticancer
activity was investigated. Being moderately
active towards approximately 60 tumor cell
lines, all tested compounds showed rather good
growth inhibition against Leukemia cell lines.
Chemical structures of the identified hit-com-
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pounds IId and IITu indicate that the presence
of the arylidene and heterocyclic fragments in
the basic system enhances the antitumor effect
of such compounds. To establish possible bio-
chemical mechanisms of the action of novel
compounds the COMPARE analysis was per-
formed showing correlation at the GIs, level
for IId (PCC = 0.661) with alkylating agent
fluorodopan. A number of 9-aryl(heteryl)-3,7-
dithia-5-azatetracyclo-[9.2.1.02:10.04-8]-tetra-
decen-4(8)-ones were tested in vitro against
Trypanosoma brucei brucei. Thiopyranothi-
azoles with different arylidene fragments in
the N5 position showed higher inhibition level
than their N-unsubstituted analogues. Interes-
ting is dual antitumor and antitrypanosomal
effect observed for some compounds that may
be used for establishing molecular modes of
action for this class of compounds.
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BuByeHHS MPOTHPAKOBOI Ta MPOTUNAPA3UTAPHOL
aKTHUBHOCTI Tiomipano[2,3-d]tia3zoiB
3 HOPOOpPHAHOBMM (pparMeHTOM

A. TI. Kpumunmwus, /1. B. AtamaHiok,
. B. Kamiucekuii, ®. I'penbe, P. B. Jlecux

Mera. BuBueHHsI NPOTUIYXJIMHHOI Ta TPUIIAHOLMAHOL
AKTHBHOCTI cepil HOBUX TiomipaHo[2,3-d]ria30:iB 3 HOp-
O0opHaHOBUM (hparMeHTOM y MoJeKyiax. Meroau: opra-
HIYHUH CUHTE3, aHAJIITHYHI Ta CIIEKTPaIbHI MeTONH, (hap-
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makostoriunuii ckpunin, COMPARE Tta SAR anaiizu.
Pe3ysbraTi. 3 METOMO OJICPIKAHHS CITOIYK 3 BiJIIOBITHIM
(hapmakosToriyHuM MpodisieM CHHTE30BaHO HOBI KOH/ICH-
COBaHi MOXi/1Hi TiomipaHo[2,3-d]ria3omy 3 HOpOOPHAHOBIM
(bparMeHTOM y MOJICKYNax, siki Monu(ikoBaHi 3a MOJIO-
skeaasiMu C9 Ta N5 6azoBoro rereporukity. [nearudiko-
BaHO PSI/I CIIONYK 3 CYTTEBHUM PiBHEM iHTiIOyBaHHS POCTY
paKkoBHX KIIITHH, Cepel SKUX Croiyka-xit N'-(4-
xaopodenin)-2-{2-[6-o0kco0-5,9-nuria-7-
azarerpanukiio[9.2.1.0%10.048rerpanen-4(8)-en-3-in]
(enoxcen }aneramin Ild, o cenektuBHO 1HTIOYE JiHIT
KJITHH JIeHKeMil B CyOMIKPOMOJISIPHUX KOHIICHTPALIisIX.
Kpiwm Toro, psix Tiomipano[2,3-d|Tia3051iB TaKOXK TPOSIBILS-
FOTH TEPCIEKTUBHY MPOTUTPHUIIAHOCOMHY aKTHBHICTb.
BucHoBku. Cunte3oBaHO HOBI TiomipaHo[2,3-d]ria3omnu
3 HOpOOPHAHOBUM (PParMEHTOM Y MOJIEKYJIaX a TaKOX X
TOXI/IHI 3 PI3HOMAHITHUMHU CYOCTUTYEHTaMH B ITOJIOXKEH-
Hs1x N5 ta C9 6a30B0i reTepouukiiiuHoi cucremu. CriomyKu
TIPOSIBHJIN CYTTEBUI PIBEHb IPOTHITYXIMHHOI aKTUBHOCTI
1 MOXKYTh OyTH BUKOPHCTAaHI ISl TOJAITBIIIOT OITUMI3AITii
CTPYKTYPH SIK MOTEHIIHHI MPOTHpaKoBi areHTH. OKpiM
TOTO, CITOJIyKH 3 BHCOKHUM DPiBHEM IPOTHITYXJIMHHOI'O
edexTy in vitro iuriOyroTh pict Trypanosoma brucei brucei.
IloenHaHHST IPOTUPAKOBOI Ta IMPOTUTPUIIAHOCOMHOI aAK-
THBHOCTI CHHTE30BAHHX CITOJIYK € OCHOBOIO JUII HACTYITHOL
CTPYKTYpHOI MoAH(iKaIlii Ta IMONTyKy iIMOBIpHHX MEXaHi3-

Kaw4uori cuoBa: tionipano[2,3-d|Tiazomnu, HOpoop-
HaH, CHHTE3, MPOTUPAKOBA AKTHUBHICTh, IIPOTHTPHUITAHO-
COMHA aKTUBHICTh, SAR.

HN3yyeHune NpoTUBOPAKOBOI U MPOTHUBONAPA3HU-
TAHOM AKTHMBHOCTH THONMPAaHO[2,3-d|THA3010B
U3 HOPOOPHAHOBBIM (hparMeHTOM

A. TI. Kpumnmus, 1. B. AtamaHiok,
J. B. Kamunckuii, @. I'panwe, P. b. Jlecbix

Iesb. M3yuenne npoTuBOOILYX0JI€BOM U TPUIIAHOLMIHOM
AKTUBHOCTH CEPHUH HOBBIX THOITHPAHO|2,3-d|THa30J10B 13
HOpPOOPHAHOBBIM (PparMEeHTOM B MoJeKynax. MeTronbl:
OpPraHW4eCKUil CHHTE3, AaHATUTUYECKUE U CIIEKTPaJIbHbIC
metonel, hapmakomorudeckuii ckpuauar, COMPARE u
SAR anamussl. Pesynbsrarel C 1enbio NoiydeHus coe-
JUHECHUH ¢ COOTBETCTYIOMIUM (DAPMaKOIIOTHUCCKUM TTPO-
(bmsteM cHHTE3MpPOBaHBI HOBBIE TIPOW3BOIHBIE THONNPA-
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HO[2,3-d|THa3o0na u3 HOpOOPHAHOBBIM (PparMEHTOM B
MOJIEKYJIaX, KOTOpbIe MOAN(MHUINPOBAHBI I10 TTOJIOKESHHSIX
C9 u N5 6a3zoBoro rereporukia. nenTnduimpoBato psij
COE/IMHEHUH C CYIIECTBEHHBIM YPOBHEM HHIMONPOBAHHS
pocTa PaKOBBIX KIIETOK, CPEIH KOTOPBIX COCIMHEHNE-XUT
N!'-(4-xnoppenuni)-2-{2-[6-0kco0-5,9-nuTHa-7-
azareTpanuk’j0[9.2.1.0210.0*8]rerpagen-4(8)-eH-3-ua]
(enoxcu }aneramua Ild, KOTOPEIA CeNeKTUBHO 1HTHOU-
pYeT JHMHUH KIJICTOK JICHKEMUH B CYOMHUKPOMOJIIPHBIX
KOHLIeHTparwsix. Kpome Toro, HekoTopsle Tiomipano|2,3-d]
Tia30JIbI TAKOKE MPOSIBIISIOT EPCIEKTHBHYIO ITPOTHTPUTIA-
HOCOMHYIO aKTHBHOCTb. BBIBO/IbI. CHHTE30pOBaHBI HOBBIC
THonupano|2,3-d|Tra3osbl U3 HOPOOPHAHOBBIM (parMeH-
TOM y MOJIEKYJIaX, a TAKIKE MX IIPOU3BOIHbBIC U3 pa3iiny-
HBIMH 3aMECTUTEISIMU B rtojoykeHmsIX NS5 u C9 6a3oBoii
reTepOLHMKINYEeCKOi cucTeMbl. COeMHEHNS TPOSBHIIH

CYLLECTBEHHBII YPOBEHb IPOTUBOOITYXOJICBOM aKTHBHOCTH
Y MOTYT OBITH UCTIOIB30BAHBI JUTS JaJbHEUIICH CTPYKTYp-
HOM ONTHMH3AIMH KaK MOTCHIHAIBHBIC IIPOTHBOPAKOBEIC
areHTbl. KpoMme TOro, COenMHEeHUsI ¢ BUCOKUM YPOBHEM
MIPOTHUBOOITYXOJIEBOTO 3(h(heKTa in Vitro MHTHOUPYIOT POCT
Trypanosoma brucei brucei. Coueranue mpoTHBOPaKoBOH
Y IPOTHBOTPUIIAHOCOMHOM aKTUBHOCTH CHHTE3UPOBAHBIX
COEIUHEHUI MOKET OBITH OCHOBOM UIST JalbHEHIIEH
OIITUMH3ALIMH CTPYKTYPBI M ITIOUCKA BOSMOXKHBIX MEXaHH3-
MOB TEAJIM3AIMH UX OMOJIOTHYECKOH aKTUBHOCTH.

KnmoueBsbie caoBa: Tromipano|2,3-d|THasomsl, Hop-
OOpHaH, CHHTE3, ITPOTHBOPAKOBAsI AKTUBHOCTH, IIPOTH-
BOTPHUITAHOCOMHAs1 aKTUBHOCTh, SAR.
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