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N-(4-Methoxyphenyl)-substituted bicyclic isothioureas:
effect on morphology of cancer cells
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Bicyclic isothioureas of N-(4-methoxyphenyl)-2-aminocyclo-
alkane[d Jthiazole type were obtained using intramolecular
electrophilic  cyclization of  N-(cycloalk-2-enyl)-N'-
(4-methoxyphenyl)thioureas. Isothiourea fused with seven-
membered ring caused noticeable changes of the morphology
of human lung carcinoma cells A549, but without affecting
their microtubule net.

OMe OMe
@ I
: >_N\ q />_N\
N R N R
n H "H

Cyclohepta-fused derivative causes
total change of morphology of lung
carcinoma cells A549
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Interchange in aromatic residues is a classical approach used in
drug design for optimization of characteristics of the initial
molecule.!* The replacement of aromatic moiety by non-
aromatic one is applied more rarely due to the pronounced
differences in their geometric and electronic parameters and a
consequent loss of activity. In some cases, however, such
replacement allows one to enhance the activity (owing to
acquired ability to fill more completely the available space in the
target binding site) or to improve the pharmacochemical
parameters of the initial molecule.’ Literature search reveals
examples of successive replacement of aromatic group (thiazole,
pyridine, etc.) by cyclic isothiourea moiety in the design of
inhibitors of menin, mixed lineage leukemia fusion protein
interaction,® ligands of y-aminobutyric acid receptors’ and
inhibitors of enzyme nitric oxide synthase.® In the present work,
we carried out an analogous replacement in the structure of
verubulin.? The latter is a potent (but not clinically approved)'”
ligand of colchicine binding site of cell protein tubulin, a
validated molecular target of anticancer drugs.!'!=!> The proposed
modification was aimed to study the potential of cyclic
isothoureas as tubulin-targeted antimitotic agents.

Schemes 1-3 demonstrate the synthesis of target compounds
utilizing an intramolecular cyclization of cycloalkenyl-
substituted ureas as the key step under the conditions elaborated
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in our previous works.'®!” First, a convenient procedure
involving sequential reactions of allylic bromination,
nucleophilic substitution and addition to appropriate anisidine
was fulfilled without evaporation and isolation of intermediate
highly volatile bromides and isothiocyanates 2a—c. In this way,
substituted thioureas 3a—c, 3'a—c were obtained as racemic
mixtures with acceptable yields. 'H NMR spectra of these
compounds contain the signal for CHN-cycloalkenyl proton at
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Scheme 1 Reagents and conditions: i, NBS, AIBN, CCl,, reflux, 1.5 h;
ii, KSCN, MeOH, 0-22 °C, 2 h; iii, 4-MeOC¢H,N(R)H, DIPEA, CH,Cl,,
22°C, 12 h.
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Scheme 2 Reagents and conditions: i, HBr, CH,Cl,, 22 °C, 24 h.
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Scheme 3 Reagents and conditions: i, Br,, CH,Cl,, 22 °C, 24 h; ii, Bu3SnH,
AIBN, toluene, 100 °C, 10 h.
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4.9-5.5 ppm and the peaks for cycloalkenyl olefinic protons at
5.3-5.7 and 6.7-5.9 ppm (for the synthetic details and all
characteristics of novel compounds, see Online Supplementary
Materials).

Thioureas 3a,b and 3'b were converted into corresponding
fused bicyclic isothoureas 4a,b and 4'b using electrophilic
addition and simultaneous intramolecular cyclization under mild
conditions by treatment with AcBr/MeOH (see Scheme 2). The
cyclization occurred diastereoselectively with the formation of
products with cis-configuration in accordance with our earlier
study.'® In 'TH NMR spectra of 4a,b and 4'b, the two resonances
in the range of 3.8-3.9 and 4.1-4.5 ppm correspond to the
chemical shifts of protons at the ring junction of the fused system,
while the signals at 60-67 and 48-52 ppm in '3C NMR spectra
refer to the appropriate carbon atoms. The peak of thiazole C?
atom is observed in the range of 169—174 ppm. Spectral data of
compounds 4a,b and 4'b indicate the presence of one tautomer,
however they are not diagnostic for exact elucidation of its
structure. It should be mentioned, that we failed to isolate an NH
analogue of 4a with seven-membered ring, because the reaction
with thiourea 3'a led to a complex mixture of products.

To synthesize the target isothioureas fused with five-
membered rings, the cyclization of thioureas 3¢, 3'c was carried
out in the presence of bromine as more active electrophile (see
Scheme 3). The chromatographic purification gave individual
diastereoisomers S, 5’ (one signal sets were observed in their
"H NMR spectra). In '"H NMR spectrum of compounds 5, 5', the
peak for C°H-Br proton was observed at ~4.3 ppm and in
13C NMR spectrum, the corresponding carbon atom resonated in
the range of 60-63 ppm. The configuration of bromine atom was
assigned as trans towards thiazol ring on the basis of 'H NOESY
experiment (see Online Supplementary Materials). Bromo
substituted derivatives 5, 5’ were subjected to reductive
debromination by treatment with tri-n-butyltin hydride to give
the target compounds 6, 6’ (mass spectral data: [M+H]* =263
for 6 and 249 for 6'). The disappearance of the peaks at
~4.1-4.3 ppm in '"H NMR and at ~70 ppm in '*C NMR confirms
the removal of CS-bromine atom from initial compounds 5, 5.
Analogously to 4, compounds 5 and 6 were obtained as single
tautomers.

Isothioureas 4a,b, 4'b and 6, 6’ were studied for their ability
to change the morphology and microtubule net of human lung
carcinoma cells A549 using the standard procedures.?®-?> The
compounds with cyclohexane and cyclopentane rings 4b, 4'b
and 6, 6’ independently in the presence or absence of N-methyl
substituent did not show any effect even at a high concentration
of 100 uM. Only cyclohepta-fused isothiourea 4a demonstrated
noticeable changes in cell morphology (cell contraction and
rounding) giving evidence to its cytotoxic action both at 10 and
100 puM (Figure 1). Though compound 4a caused the termination
of the cell growth, no changes in microtubules (MTs) were
observed.

Therefore, one may suggest that the antimitotic action of
isothiourea 4a relates to the interaction with molecular target

(a) (b) (©)

Figure 1 Immunofluorescence microscopy of the cells A549 treated for
24 h with (a): 0.5% DMSO (normal MTs); (b) 10 uM of 4a (normal MTs,
cell contraction); (¢) 100 uM of 4a (normal MTs, rounded cells).

other than tubulin. It is worth mentioning that the positive
features of the lead molecule Verubulin include its ability to
cause tumour vascular disruption and to inhibit the growth of
multidrug resistant cells.'” Hence, theoretically its structural
analogue 4a may maintain these properties, which makes
interesting further studies of novel cyclic isothiourea in the
experiments in vitro and in vivo.
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