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Molecules

Mitochondrial thymidine kinase
inhibitors
Deoxynucleoside kinases catalyze the
phosphorylation of deoxynucleosides to
the corresponding deoxynucleoside mono-
phosphates. In mammalian cells, there
are four different deoxynucleoside kinases:
thymidine kinase-1 (TK-1) and deoxycy-
tidine kinase (dCK), which are present in
the cytosol and/or the nucleus, and the
mitochondrial enzymes deoxyguanosine
kinase (dGK) and mitochondrial thymi-
dine kinase (TK-2). Interest in TK-2 has
increased recently owing to its involve-
ment in mitochondrial DNA synthesis
and its controversial role in the mitochon-
drial toxicity that is observed during pro-
longed treatment with antiviral drugs
such as azidothymidine and fialuridine.
Moreover, TK-2 is constitutively expressed
throughout the cell cycle and represents
the predominant fraction of thymidine
kinase activity in nonproliferating and
resting cells. Therefore, the use of TK-2
inhibitors might help to resolve funda-
mental questions regarding the physio-
logical role of TK-2 and its contribution
to the mitochondrial toxicity of antiviral
drugs.

In the search for new TK-2 inhibitors,
nucleosides from commercial sources have
been tested. Among them, 5′-O-(4,4′-
dimethoxytrityl)thymidine (DMTr-dThd)
(i) showed slight inhibitory activity against

TK-2-catalyzed thymidine phosphorylation
(IC50 = 468 ± 45 µM) [1]. The presence of
the dimethoxytrityl moiety at the 5′ pos-
ition of thymidine converts the thymi-
dine substrate into an inhibitor because
it lacks the 5′-OH group necessary for
phosphorylation. Therefore, the sugar
moiety was replaced by acyclic spacers
and a series of acyclic nucleoside ana-
logues of general formula [Thy]-spacer-
[trityl] were synthesized and tested as
TK-2 inhibitors. This series was further
optimized by replacing or modifying the
thymine base and the trityl moiety. Several
compounds showed inhibitory activities
in the low micromolar range. In particu-
lar, the 1-[(Z)-4-(triphenylmethoxy)-2-
butenyl]thymine (ii), a lead compound
in this series, showed an inhibitory 

potency of 1.5 ± 0.16 µM against TK-2
[1]. These compounds constitute the first
examples of reversible, non-nucleoside,
non-substrate inhibitors of TK-2 that are
competitive with respect to thymidine
and uncompetitive with respect to ATP
[2]. These compounds might be useful
for studying the physiological role of the
mitochondrial TK-2 enzyme.
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A novel aza-bioisoster of the
antitumor alkaloid olivacine
Olivacine (iii) is a member of the pyrido-
carbazole family of alkaloids. It was first
isolated from the bark and stem of
Aspidosperma olivaceum and has been
shown to possess significant antitumor
activity [3]. The mechanism of action of
olivacine is thought to involve stabiliza-
tion of the ‘cleavable complex’ formed
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between DNA and the enzyme topoiso-
merase II [4]. In addition, reactivation of
the lost functionality of the p53 protein
has been suggested as another mecha-
nism of action for this class of molecules
[5]. Recently, the potent olivacine analog
S16020-2 [6] was reported to circumvent
P-glycoprotein-mediated multidrug re-
sistance [7]. Subsequently, Haider and
collaborators reported the synthesis of
the 1,5-dimethyl-6H-pyridazino[4,5-b]car-
bazole, a 3-aza isoster of olivacine [8].
The compound was prepared in four
steps by initial Diels-Alder reaction of 1-
methylpyrano[3,4-b]indol-3(9H)one with
4-oxo-2-pentynoic acid ethyl ester. The
cytotoxic activity of the 3-aza-olivacine
(iv) was tested in four human tumor cell
lines using the XTT assay [9]. Preliminary
results showed significant activity only at
a dose of approximately 10-5 M. At lower
concentrations (10-6 to 10-9 M) no dose-
dependent activity was seen. The cyto-
toxic activity of the monomethyl analog
(v) was less potent in all the tested cell
lines.
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Biological properties of 1,3-selenazol-
4-one-derivatives
Selenium is an essential component of
several enzymes and has been proposed
as a nutritional supplement owing to its
potential role as an antioxidant at low
concentrations and as an anticancer
agent at higher doses [10]. Several sele-
nium-containing heterocycles have been
reported to possess biological activity
[11,12] and indeed, the synthesis of 1,3-
selenazol-4-one derivatives and their in-
hibitory effects on mushroom tyrosinase
were reported recently [13,14]. Tyrosinase
is the key enzyme involved in the brown-
ing of fruits and vegetables and is also
implicated in coloring the skin, hair and
eyes in animals. Furthermore, the enzyme
is involved in the oxidation of tyrosine to
L-dopa (dyhydroxyphenylalanine) and of
L-dopa to dopaquinone [15].

Compounds vi were tested in vitro for
their ability to inhibit mushroom tyrosi-
nase activity. The tyrosinase inhibitor kojic
acid was used as a reference drug. The
most potent derivative (vi) had an IC50

of 333.2 µM and was found to be a com-
petitive inhibitor. In the same assay, kojic
acid had an IC50 of 934.5 µM. The IC50

values of compounds vii–xi ranged from
384.3 to >500 µM.
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1,3-selenazol-4-one derivatives on mushroom
tyrosinase. Chem. Pharm. Bull. 50, 1594–1596

15 Shin, N.H. et al. (1998) Oxyresveratrol as the
potent inhibitor on dopa oxidase activity of
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