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SYNTHESIS AND ANTIPROLIFERATIVE ACTIVITY
IN VITRO OF NEW 2-THIOXO-1H,
3H-IMIDAZOI[4,5-b]PYRIDINE DERIVATIVES

Hanna Liszkiewicz,® Maria W. Kowalska,” Wanda Nawrocka,?
Anna Wojcicka,? Joanna Wietrzyk,* Anna Nasulewicz,©
Marzena Pelczyriska,® and Adam Opolski®
Wroclaw Medical University, Wroclaw, Poland;* University of
Wroclaw, Wroclaw, Poland;? and Institute of Immunology
and Experimental Therapy, Polish Academy of Sciences,
Wroclaw, Poland®

(Received June 18, 2003; accepted July 8, 2003)

S-Alkylation of 2-thioxo-1H,3H-imidazo[4,5-b]pyridine 2 with «-
halogenoketones furnished unsymmetrical sulfides (3-11) with an
imidazo[4,5-bjpyridine moiety. In some cases the two IH- and 3H-
tautomers were observed. All new compounds were examined for their
antiproliferative activity in vitro against the cells of human cancer cell
lines, using SRB technique. Preliminary screening data indicated that
three out of all tested compounds revealed cytotoxic activity.

Keywords: 1-(3H-imidazo[4,5-b]pyridin-2-ylthio)-1-phenyl-ethanone
(B); 1-(3H-imidazo[4,5-b]-pyridin-2-ylthio)propan-2-one; 2-Thioxo-
1H,3H-imidazo[4,5-b]pyridine derivatives; Antiproliferative acti-
vity; tautomers 1-(1H-imidazo[4,5-blpyridin-2-ylthio)-1-phenyl-etha-
none (A)

Compounds incorporating the imidazo[4,5-b]pyridine ring system have
shown a broad range of biological and pharmacological activities.
Among others their activity includes antibacterial,! antiinflammatory,?
antiulcer,® cardiotonic,* and anticancer® action. Such diversity of bioac-
tivities depends on the nature of the substituents on the heterocyclic
ring system. Furthermore, since organosulfur compounds play a pivotal
role in biology and nonsymmetrical sulfides have been reported to be
the simplest and yet most potent antitumor drugs,® it was anticipated
that the combined presence of imidazopyridine ring system and sulfur
in a compound may enhance their biological activity.

Address correspondence to Hanna Liszkiewicz, Department of Drugs Technology,
Wroclaw Medical University, Nankiera 1 Sq., 50-140 Wroclaw, Poland.
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The aim of this work was the synthesis of compound with the tox-
ophoric (—-N=C—S—) group and its reaction with «-halogenoketones
under different reaction conditions. In view of this, 2-thioxo-1H,3H-
imidazo[4,5-b]lpyridine (2) was prepared in the reaction of 2,3-
diaminopyridine (I) with carbon disulfide.” Compound 2 proved to be a
versatile starting material in synthesis of unsymmetrical sulfides with
an imidazo[4,5-b]pyridine moiety (3-11) both in acidic and basic reac-
tion environment.

RESULTS AND DISCUSSION

Chemistry

Treatment of 2 with appropriate a-halogenoketones: chloroacetone,
phenacyl bromide and p-chloro-, p-bromo-, p-fluoro-, o-nitro-, p-nitro-,
p-methyl-, p-methoxyphenacyl bromide in ethanol solution both in
the presence of equimolar amount of sodium hydroxide (method A)
and in glacial acetic acid (method B) gave mixtures of tautomers

NH, [ I—NH
@Nﬂz gg}? CN> NHJ\S
2

N
1
metode A metode B
NaOH, XCH2COAr
ethanol, AcOH glacial
XCHyCOAr

Ol = O}

N7 ONINSCHyCoAr N7 ONH NSCH2COAr
(3-11) A (3-11)B
3Ar=CH3 8 Ar = Ph-NO(0)
4 Ar=Ph 9 Ar = Ph-NO2(p)
5 Ar = Ph-Cl(p) 10 Ar = Ph-CH3(p)
6 Ar = Ph-Br(p) 11 Ar= Ph-OCH3(p)
7 Ar=Ph-F(p)

SCHEME 1
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2-(1H-imidazo[4,5-b]pyridin-2-ylthio)-1-alkyl(aryl)ethanones 3-11 (A)
and 2-(3H-imidazo[4,5-b]pyridin-2-ylthio)-1-alkyl(aryl)ethanones 3-11
(B) (Scheme 1). Route A offered a higher yield of reaction product
(10 = 15%), suggesting that the S-alkylation reaction is base-catalyzed.
All these newly synthesized compounds gave satisfactory elemental
analyses. Confirmation of their structure was based on spectral data
(IR, 'H NMR and MS) which are presented in Table I Imidazo[4,5-
bl-pyridines can exist in tautomeric forms.® In DMSO-d¢ solution,
the 'TH NMR spectrum of 2-thioxo-1H,3 H-imidazo[4,5-b]pyridine (2)
showed the presence of two low-field resonance signals assigned to
H-1 and H-3 protons at § = 12.7 and 13.1 ppm respectively. This
spectrum is very valuable for comparison purposes in order to de-
termine the presence of tautomeric forms and their relative popula-
tions for corresponding imidazopyridines. In DMSO-d g solution of com-
pounds 4, 5, 9, 10, and 11, a dynamic behavior was observed result-
ing in line broadening of the imidazole proton and indicating a rapid
tautomerization. It was possible to distinguish individual tautomers
for compounds 3, 6, 7, and 8 with the 3H tautomer being the major
species. The rate of tautomerization was shown to be dependent on
a substituent attached to the carbonyl moiety in studied ethanones
3-11 and this can lead to the conclusion that sulfur participates in
the transmission of the substituent effects from substituted phenyl
through ethanone sidechain to imidazopyridine ring system. The ca-
pability of sulfur to trasmit the substituent effect was also found for
6-substituted 2-naphthyl methyl sulfides® and 4-substituted phenylth-
iol cinnamates.'?

Pharmacology

Antiproliferative Activity in vitro

The results of experiments, expressed as IDso (inhibitory dose
50%) values, determined for a given cancer cell line for three com-
pounds tested are summarized in Table II. As shown in Table II,
the compound 2 revealed weak cytotoxic effect in vitro against the
cells of SW707 rectal cancer cell line only. Compounds 9 and 10
revealed weak activity only against human breast cancer cell line
T47D. All three compounds should be further studied in vitro, ap-
plying larger panel of human cancer cell lines of different tissue ori-
gin and in vivo in the models of transplantable mouse tumor. It
cannot be excluded that this type of compound may require more
than direct contact with cancer cells to reveal antitumor properties,
e.g., participation of tumor host’s immunological and/or hormonal
systems.
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TABLE II The Cytotoxic Activity in vitro (ID50 in
ug/ml) of the Tested Compounds Against the Cells
of Various Tumor Cell Lines

2 9 10
HCV29T (bladder) 77,84+ 1,6 —* —
SW707 (rectal) — — —
T47D (breast) — 55,6 +14 415+1,1

A549 (lung) — — —

*—negative.

EXPERIMENTAL

Chemistry

Melting points (uncorrected) were measured with a Boethius melting
point apparatus. Analyses were performed on a Perkin Elmer 2400 an-
alyzer and satisfactory results within +0.4% calculated values were
obtained for the new compounds. IR spectra (in KBr) were recorded
with an IR 75 spectrophotometer. 'H NMR spectra was measured on
a Bruker ARX 300 MHz using DMSO-dg¢ as solvents at room tempera-
ture and chemical shifts are referred to the residual solvent signal at
8 2.50 ppm, respectively. Mass spectra were determined on a GCMS-
LK 82091 spectrometer at the ionization anergy 70 eV. The course of
reaction and the purity of products were checked by TLC (kieselgel G,
Merck) in diethyl ether:ethanol =5:1 for eluation.

Reactions of 2-Thioxo-1H,3H-imidazo[4,5-b]pyridine (2)
with a-Halogenoketones

Method A: A mixture of 0.01 mmol of 2-thioxoimidazo[4,5-b]pyridine
(2) and 0.01 mmol of NaOH in 50 ccm of absolute ethanol was refluxed
for 0.5 h, after cooling 0.01 mmol appropriate a-halogenoketone was
added. The mixture was refluxed for 2—-3 h. The precipitate was filtered
of, washed with water, dried, and recrystallized.

Method B: To a solution of 0.01 mmol of compound 2 in 30 ccm
of glacial acetic acid, 0.01 mmol of the appropriate a-halogenoketones
was added at room temperature and stirred. After 20 h of stirring, the
precipitate was collected by filtration and neutralized with 5% solution
of NaHCOg3. The final product was separated by filtration, washed with
water, dried, and recrystallized.
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Biology

Antiproliferative Assay in Vitro

Test solutions of the compounds (1 mg/ml) were prepared ex tempore
for each test by dissolving them in 100 ul of DMSO + 900 w1 of culture
medium. After that, the compounds were diluted in culture medium
(described below) to reach final concentrations 100, 10, 1, and 0.1 ug/ml.

Cell lines: Cells of the following human cancer lines were used:
SW707 (colon adenocarcinoma), T47D (breast carcinoma), A549 (non-
small cell lung carcinoma). All lines were obtained from American Type
Culture Collection (Rockville, MD, USA) and cultured in the Cell Cul-
ture Collection of Department of Tumor Immunology, Institute of Im-
munology and Experimental Therapy (Wroclaw, Poland). Human uroep-
ithelial cell line HCV29T established in Fibiger Institute (Copenhagen,
Denmark), were obtained from Dr. J. Kieler in 1982.

Twenty-four hours before addition of the tested agents, the cells were
plated in 96-well plates (Sarstedt, USA) at a density of 10* cells per
well. The cells were cultured in the opti-MEM medium supplemented
with 2 mM glutamine (Gibco, Warsaw, Poland), streptomycin (50 pug/ml),
penicillin (50 U/ml) (both antibiotics from Polfa, Tarchomin, Poland)
and 5% fetal calf serum (Gibco, Grand Island, USA). The cell cultures
were maintained at 37°C in humid atmosphere saturated with 5% COs.

SRB (Sulphorodamine B) Assay

The cytotoxic assays were performed after 72-hour exposure of the
cultured cells to varying concentrations (from 0.1 to 100 pg/ml) of the
tested agents. The SRB method was used as described by Skehan et al.!!
The optical densities of the samples were measured on a Multiskan
RC photometer (Labsystems, Helsinki, Finland) at 570 nm. The re-
sults were calculated as an IDj5¢ (inhibitory dose 50%)—the dose of
compound that inhibits proliferation rate of the tumor cells by 50% as
compared to control untreated cells. Each compound in every concen-
tration was tested in triplicates per experiment. Every experiment was
repeated 3 times.

REFERENCES

[1] L. Bukowski, Pharmazie, 56, 23 (2001).

[2] E. Carceller, J. Salas, M. Merlos, et al., J. Forn, J. Med. Chem., 44, 3001 (2001).

[8] M. Loriga, G. Paglietti, and S. Piras, Il Farmaco., 47, 287 (1992).

[4] a) B. Unterhalt, Drugs of the Future, 6, 421 (1981); b) R. Troshiitz and A. Luckel,
Arch. Pharm. Med. Chem., 325, 617 (1992).



10: 39 28 January 2011

Downl oaded At:

[5]
[6]

[71
[8]

[91
[10]

(11]

Synthesis and Antiproliferative Activity 2733

L. Garuti, L. Varoli, C. Cermelli, et al., Anti-Cancer Drug Des., 13, 969 (1998).

a) A. T. McGown and B. W. Fox, Anti-Cancer Drug Des., 3, 249 (1989); b) D. L.
Kirkpatrick, M. L. Jimale, K. M. King, and T. Chen, Eur. J Med. Chem., 27, 33
(1992).

V. Petrow and J. Saper, J. Chem. Soc., ?, 1389 (1948).

a) J. Elguero, C. Marzin, A. R. Katritzky, and P. Linda, Adv. Heterocyclic Chem.,
suppl. 1, (1976); b) P. Barraclough, D. Firmin, et al., J. Chem. Soc. Perkin Trans. 11,
1839 (1988).

S. Perumal, S. Selvaraj, and M. J. E. Hewlins, Mag. Reson. Chem., 37, 445 (1999).
S. Purumal, G. Vasuki, V. Vijayabaskar, S. Selvaraj, and D. W. Boykin, Mag. Reson.
Chem., 36, 720 (1998).

P. Skehan, R. Storeng, D. Scudiro, et al., J Natl. Cancer Inst., 82, 1107 (1990).



