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Aim. To find novel anticancer lead molecules among easily available spiro-fused thieno[2,3-d]
pyrimidines. Methods. Organic synthesis, spectral methods and molecular docking. Results.
New spiro heterocycles were synthesized by condensation of 2-aminothiophene-3-carbonitriles
with cyclic ketones via Gevald reaction . Other model spirocyclic compounds were prepared
by the reaction of 3-aminothieno[2,3-b]pyridine-2-carboxamides with cyclohexanone under
acidic conditions. According to the docking studies against the EGFRWT the synthesized com-
pounds revealed good binding energies ranging from -8.4 to -10.2 kcal/mol. The compounds
were tested as inhibitors of protein kinase CK; 7°,8°,9°,10’-tetrahydro- 1’ H-spiro[ cyclohexane-
1,2’-pyrimido[4°,5’:4,5]thieno[2,3-b]quinolin]-4’(3’ H)-one showed the best binding energy
while be bound by a hydrogen bond to Val66 amino acid residue. This compound also showed
good results as a potential inhibitor of B-Raf kinase. Conclusion. New spiro-fused thieno[2,3-
d]pyrimidines have been synthesized. The inhibition activity of novel compounds as potential
inhibitors of the EGFR, CK2, FGFR1 and B-raf kinases was examined. We found that spiro-
fused thieno[2,3-d]pyrimidines undergo the rearrangement under Vilsmeier-Haack conditions
to afford hitherto undescribed thienopyrimidines and —quinolines. The docking studies revealed
that the rearranged products do not tend to form hydrogen bonds with the kinase amino acid
residues and show moderate binding energies. Therefore, in contrast to the spiro-fused
thieno[2,3-d]pyrimidines, the rearranged products cannot be considered as perspective targets
for further screening.
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Introduction

Over the past few decades, the survival of cancer
patients has improved significantly due to the
progress in early detection and treatment [1].

The human genome encodes 538 kinases of
proteins that transfer the y-phosphate group
with ATP to the residues of serine, threonine
and tyrosine. Some of these kinases are respon-
sible for signal transduction during many cel-
lular processes including cell proliferation
associated with human cancer. In recent years,
the treatment of various types of cancer with
low weight kinase inhibitors gained a success
and became an effective in-clinic therapy. A
survey of literature revealed some EGFR,
CK2, FGFR1 and B-Raf protein kinase in-
hibitors to be useful as anti-cancer drugs.

Thus, first generation EGFR inhibitors are
low weight tyrosine kinase inhibitors (TKI)
such as erlotinib [2] and gefitinib [3], which
bind to the adenosine triphosphatase (ATP)
receptor site to inhibit the intracellular tyrosine
kinase domain (TKD) of the receptor.

Casein kinase CK2 has been proven to
play an important role in the pathogenesis of
cancer [4].

FGFR1 critically affects the development
of cancer cells by enhancing point mutations
or translocations. It has also been reported that
an increase or activation of FGFR1 is associ-
ated with many types of cancer [5].

The activation of serine/threonine kinase
B-Raf and, accordingly, of the mitogenic sig-
nal along the MAPK / ERK pathway leads to
skin melanoma in most cases.

For wide range of human tumors, a constant
relationship between increased severity and a
decreased response to chemotherapy was ob-
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served in the case of oncogenic mutations of
the B-Raf gene [6, 7].

Consequently, direct therapeutic inhibition
of the oncogenic activity of B-Raf kinase pro-
vides a perspective for the treatment of these
tumors. Because the majority of all melanomas
contain an erroneous easily activated mutation
(V600E) in the B-Raf oncogene [6], the tar-
geted inhibition of the gene product of VS99E
is a reasonable therapeutic target in the treat-
ment of the tumor.

Taking into account the role of the kinases
in the development and progression of cancer
diseases, we choose them as molecular targets
for receptor-oriented screening in the series of
thieno[2,3-d]pyrimidines.

Materials and Methods

Ligand and Receptor Structure
Preparation

Ligand structures were prepared using MGL
Tools 1.5.6 software (MGL Tools 1.5.6 (Scrips
Research Institute) http://mgltools.scripps.edu/)
and Vega ZZ [8]. Receptor-based virtual screen-
ing was used to analyze the binding of the
compound collection. Docking was performed
at ATP-binding sites of protein kinases CK2
(database code RCSB 4GRB —2.15 A), FGFR1
(database code RCSB 3GQI - 2.50 A), EGFRWT
(database code PDB: 4HJO —2.75 A), V59EB-
RAF(database code PDB: 1UWJ — 3.5 A )
using Autodock 4.2.6. The structures taken for
docking were kinase domains in an active state.
Water molecules, ions and ligands were re-
moved from the PDB file. The receptor struc-
tures were prepared using MGL Tools and
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AutoGrid. Hydrogen atoms were removed from
nonpolar atoms. The incoming formats of re-
ceptor and ligands data were converted into
PDBQT-format with Vega ZZ in AUTODOCK
force field.

Flexible docking. Autodock 4.2.6 programs
package was used for the receptor-based flex-
ible docking [9].

Visual analysis

A visual analysis of the molecular docking
results (interaction of compounds with the
amino acid residues of CK2 and FGFR1 ATP-
binding site) was carried out using Discovery
Studio Visualizer 4.0 (http://accelrys.com/).

Chemical synthesis

'H and 13C NMR spectra were recorded on a
Bruker Avance II 400 spectrometer (400 and
100 MHz, respectively) in DMSO-d, or
DMSO-d¢—CF;CO,D (10:1) using TMS as an
internal standard. Mass spectra (EI ionization,
70 eV) for compound 8 was recorded on a
MX1321 apparatus with direct sample injec-
tion at 200 °C ionization chamber temperature
200 °C. Mass spectra (FAB ionization) were
registered on a VG-7070 spectrometer. lon
desorption from m-nitrobenzyl alcohol was
done by a beam of argon atoms with an en-
ergy of 8 keV. Elemental analysis was per-
formed on LECO CHN-900 Elemental ana-
lyzer. Melting points were determined on
Electrothermal 9100 Digital apparatus. The
reaction progress and purity of compounds
were monitored by TLC on Silicagel gel 60
F,s4 (Merck) plates, eluent CHCl;—i-PrOH
(10:1), visualization in the iodine chamber.
The starting 2-aminothiophene-3-carboni-
triles 1, 2 were prepared by Gewald reaction

starting from the corresponding cycloalka-
none, sulfur and malononitrile [10]. 3-Amino-
5,6,7,8-tetrahydrothieno[2,3-b]quinoline-
2-carboxamide 4 [11], 3-amino-7,7-dimethyl-
5-0x0-5,6,7,8-tetrahydrothieno[2,3-b]quino-
line-2-carboxamide 5 [12], and 3-amino-4,6-
dimethylthieno[2,3-b]pyridine-2-carboxamide
6 [13] were prepared by the known proce-
dures.

Synthesis of spirocyclic compounds 3a-c:
To the mixture of compound 1 or 2 (1 mmol)
and the corresponding cyclic ketone (1 mmol),
in EtOH (5 mL), a solution of NaOH (1 mmol)
in EtOH (5 mL) was added dropwise under
stirring, and the reaction mixture was heated
under reflux for 3 h. The reaction mixture al-
lowed cooling to room temperature. The result-
ing precipitate was collected by filtration. The
crude products were recrystallized from i-
PrOH to afford pure compounds 3a-c.

5,6,7,8-Tetrahydro-1H-spiro[benzo-
thieno[2,3-d]|pyrimidine-2,1’-cyclohexan]-
4(3H)-one (3a): Yield: 58 %. M. p.: 208-210
°C. 'H NMR (400 MHz, DMSO-dy), 6, ppm:
7.32 (1H, s, NH), 7.09 (1H, s, NH), 2.63-2.65
(2H, m, CH,-8"), 2.43-2.45 (2H, m, CH,-5"),
1.50-1.60 (10H, m, 5CH, spiro cycle), 1.69-
1.80 (4H, m, 2CH,-6,7). 13C NMR (100 MHz,
DMSO-dy), 8, ppm: 161.8 (C=0), 155.4, 131.6,
117.9,108.8, 70.2 (C-2), 36.1, 25.4,24.7, 23.8,
23.0,22.1, 20.9. MS (FAB), m/z (I, %): 277
[M+H]" (90). Anal. calcd. for C,sH,,N,OS: C,
65.18; H, 7.29; N, 10.14. Found: C, 65.29; H,
7.15; N, 10.26;

5,6,7,8-Tetrahydro-1H -
spiro[benzothieno[2,3-d|pyrimidine-2,1’-
cyclopentan]-4(3H)-one (3b): Yield: 65 %.
M. p.: 233-235 °C. 'H NMR (400 MHz,
DMSO-dy), o, ppm: 7.39 (1H, s, NH), 7.32
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(1H, s, NH), 2.62-2.64 (2H, m, CH,-8'), 2.45-
2.43 (2H, m, CH,-5"), 1.58-1.62 (8H, m, 4CH,
spiro cycle), 1.69-1.77 (4H, m, 2CH,-6,7). 13C
NMR (100 MHz, DMSO-dy), 6, ppm: 162.3
(C=0), 156.0, 131.8, 118.2, 109.3, 79.2 (C-2),
38.5,25.5,23.9,23.1, 22.1, 21.9. MS (FAB),
m/z (1, %): 263 [M+H]* (100). Anal. caled.
for C4,H5N,0S: C, 64.09; H, 6.91; N, 10.68.
Found: C, 64.21; H, 6.79; N, 10.53.

3,5,6,7,8,9-Hexahydrospiro[cyclohep
ta[4,5]|thieno[2,3-d]|pyrimidine-2,1’-
cyclohexan]-4(1H)-one (3¢): Yield: 55 %. M.
p.: 204-205 °C. 'H NMR (400 MHz,
DMSO-dy), o, ppm: 7.20 (1H, s, NH), 7.16
(1H, s, NH), 3.00-2.98 (2H, m, CH,), 2.54-
2.52 (2H, m, CH,), 1.74-1.79 (4H, m, 2CH,-
6,7), 1.49-1.58 (12H, m, 6CH,). 13C NMR (100
MHz, DMSO-dg), 9, ppm: 161.9 (C=0), 153.8,
136.9, 121.5, 109.9, 69.6 (C-2), 35.8, 31.9,
28.1, 27.6, 26.9, 26.8, 24.5, 20.8. MS (FAB),
m/z (L, %0): 291 [M+H]* (79). Anal. calced.
for C,,H»,N,OS: C, 66.17; H, 7.64; N, 9.65.
Found: C, 66.28; H, 7.50; N, 9.52.

Synthesis of spirocyclic compounds 7-9:
A solution of the corresponding 3-amino-
thieno[2,3-b]pyridine-2-carboxamide 4-6
(1 mmol), cyclohexanone (1 mmol) and cat-
alytic amount of p-TsOH in MeOH (10-15
ml) was heated under reflux for 2-3 h. The
reaction mixture was cooled to room tem-
perature. The resulting precipitate was col-
lected by filtration. The crude products were
recrystallized from EtOH to afford pure com-
pounds 7-9.

7°,8°,9°,10°-Tetrahydro-1"H-
spiro[cyclohexane-1,2’-pyrimido[4°,5°:4,5]
thieno[2,3-b]quinolin]-4°(3’H)-one (7):
Yield: 70 %. M. p.: 270-272 °C. 'H NMR (400
MHz, DMSO-d), 6, ppm: 8.17 (1H, s, CH-
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pyridine cycle), 7.62 (1H, s, NH), 7.21 (1H, s,
NH), 2.85-2.90 (4H, m, 2CH,-7',10"), 1.76-
1.85 (10H, m, 5CH, spiro cycle), 1.50-1.59
(4H, m, 2CH,-8',9"). 13C NMR (100 MHz,
DMSO-dy), 6, ppm: 161.4 (C=0), 158.5, 158.2,
143.1, 131.0, 128.2, 123.1, 101.3, 69.9 (C-2),
36.1, 32.4, 28.2, 24.7, 22.4, 22.2, 20.9. MS
(FAB), m/z (I, %): 328 [M+H]* (100). Anal.
caled. for C;gH, N;0S: C, 66.02; H, 6.46; N,
12.83. Found: C, 66.14; H, 6.35; N, 12.72.

8°,8’-Dimethyl-8°,9°-dihydro-1"H-
spiro[cyclohexane-1,2’-pyrimido[4°,5°:4,5]
thieno[2,3-b]quinoline]-4°,10°(3°’H,7’H)-di-
one (8): Yield: 75 %. M. p.: 312-315°C. 'H
NMR (400 MHz, DMSO-dy), 6, ppm: 9.07
(1H, s, CH-pyridine cycle), 7.81 (1H, s, NH),
7.71 (1H, s, NH), 3.06 (2H, s, CH,-9"), 2.60
(2H, s, CH,-7"), 1.31-1.88 (10H, m, 5CH,
spiro cycle), 6.13 (6H, s, 2CH;). 13C NMR
(100 MHz, DMSO-dy), 6, ppm: 196.9 (CO),
164.8, 161.7 (CONH), 160.9, 143.7, 129.9,
123.6, 123.3, 101.1, 70.1 (C-2), 51.1, 45.6,
35.9, 32.4, 27.5, 24.5, 20.6. MS (FAB), m/z
Loz, %0): 370 [M+H]* (100). MS (EI), m/z (L,
%): 369 [M]* (55). Anal. calcd. for
C,0H23N;30,S: C, 65.01; H, 6.27; N, 11.37.
Found: C, 65.13; H, 6.38; N, 11.24.

7',9'-Dimethyl-1"H-spiro[cyclohexane-
1,2°-pyrimido[3°,2°:4,5]thieno[2,3-d]
pyrimidine]-4'(3'H)-one (9): Yield: 78 %. M.
p-: 271-273 °C. 'H NMR (400 MHz,
DMSO-dy), o, ppm: 7.81 (1 H, s, NH), 7.04
(1H, s, NH), 5.87 (1H, s, CH-pyridine cycle),
2.70 (3H, s, CH;), 2.50 (3H, s, CH;, over-
lapped with DMSO signals), 2.02-2.04 (2H,
m, CH,), 1.50-1.54 (8H, s, 4CH,). MS (FAB),
m/z (Lo %): 302 [M+H]* (100). Anal. calcd.
for C,(H,yN;0S: C, 63.76; H, 6.35; N, 13.94.
Found: C, 63.88; H, 6.20; N, 13.82.
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Synthesis of Vilsmeier-type rearranged
products 10, 11. Methods A: The Vilsmeier—
Haack reagent was prepared by mixing POCl,
(2 ml, 22 mmol) and DMF (5 ml, 66 mmol) in
an ice bath. The corresponding spiro com-
pounds 3a or 8 (7.2 mmol) were added to the
prepared Vilsmeier reagent. The reaction mix-
ture was heated in water bath at 80°C for 2 h,
then cooled to 10°C, and treated with 15 %
aqueous NaOH (15 ml). The precipitate was
filtered off, washed with H,O, and resulted
compounds were purified by recrystallization
from MeCN.

Method B: Compound 3a (2 g, 0.007 mol)
was mixed with DMF (1 ml) and the slurry
obtained was added portion wise to the cold
Vilsmeier-Haack reagent prepared from DMF
(5 ml) and POCIl; (2 ml, 0.022 mol). The
mixture was left to warm to room temperature
for 0.5 h and maintained for 4 days at room
temperature. Then it was poured onto ice and
neutralized with 10 % NaOH solution to
weakly basic reaction. The product was fil-
tered off.

1-Cyclohex-1-en-1-y1-5,6,7,8-
tetrahydro[1]benzothieno[2,3-d]pyrimidin-
4(1H)-one (10): Yield: 39 % (method A and
B). M. p.: 115117 °C (petroleum ether). 'H
NMR (400 MHz, DMSO-d), 5, ppm: 8.05
(1H, s, CH-2), 5.84 (1H, m, CH-2"), 2.82-2.84
(4H, m, 2CH,), 2.70-2.72 (4H, m, 2CH,), 2.17-
2.25 (6H, m, 3CH,), 1.20-1.22 (2H, m, CH,).
MS (FAB), m/z (I, %): 287 [M+H]* (100).
Anal. calcd. for C;(H gN,OS: C, 67.10; H,
6.33; N, 9.78. Found: C, 67.23; H, 6.18; N,
9.68.

1-Cyclohex-1-en-1-yl-8,8-dimethyl-8,9-
dihydropyrimido[4°,5°:4,5]thieno[2,3-b]
quinoline-4,10(1H,7H)-dione (11): Yield: 40

% (method B). M. p.: 213-215 °C (MeOH).
'H NMR (400 MHz, DMSO-dj), 6, ppm: 8.80
(1H, s, CH-pyridine cycle), 8.47 (1H, s, CH-2),
6.01 (1H, m, CH-2"), 3.16-3.18 (2H, m, CH,),
2.67-2.69 (2H, m, CH,), 2.23-2.36 (4H, m,
2CH,), 1.65-1.77 (4H, m, 2CH,), 1.08 (6H, s,
2CH;). MS (FAB), m/z (1, %): 380 [M+H]*
(100). Anal. calcd. for C,;H,;N5;0,S: C, 66.47;
H, 5.58; N, 11.07. Found: C, 66.33; H, 5.48;
N, 11.19.

1,2,3,4,7,8,9,10-Octahydro|1]
benzothieno|2,3-b]quinolin-11-amine (12):
A mixture of compound 3a (2.0 g, 0,013 mmol)
and POCl; (20 ml) was refluxed in absolute
toluene (70 ml) for 2 h. The toluene was de-
canted off and the dark-brown, viscous residue
was dissolved in MeOH. Concentrated am-
monia was added to adjust the mixture to al-
kaline reaction, and the product was extracted
with CH,Cl, (30 ml). The extract was dried
over Na,SO,, and the solvent was evaporated.
Yield: 45 %. M. p.: 192—-194 °C (M. p.: 218°C
[14]). '"H NMR (400 MHz, DMSO-dj), o, ppm:
5.49 (2H, s, NH,), 2.97 (2H, m, CH,), 2.69-
2.70 (4H, m, 2CH,), 2.43 (2H, m, CH,), 1.79
(8H, m, 4CH,). MS (FAB), m/z (15, %): 259
[M-+H]* (100). Anal. calcd. for C;sH,gN,S: C,
69.73; H, 7.02; N, 10.84. Found: C, 69.51; H,
7.18; N, 10.79.

Results and Discussion

The synthesis, reactions and biological effects
of isomeric thienopyrimidines have been re-
viewed extensively [15-24]. Thienopyri-
midines have a great potential of application
and were recognized as anticancer agents
[25-30]. Earlier we have developed some
original methods for the synthesis of function-
alized thieno[2,3-d]pyrimidines [31-33]. We
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also reported strong antimicrobial effects for
some thieno[2,3-d]pyrimidin-4(3H)-(selen)
ones [34]. The significant pharmacological
potential of thienopyrimidines and a strong
demand of new anticancer drugs prompted us
to perform a receptor-based screening to find
novel anticancer lead molecules among the
easily available spiro-fused thieno[2,3-d]py-
rimidines.

With this aim, we synthesized spiro hetero-
cycles 3a-¢ by condensation of Gewald’s
2-aminothiophenes 1,2 with cyclic ketones
(Scheme 1).

(0}
CN
(CHz)n || || +
H
S N H, CH)m

1,2

Scheme 1. Synthesis of spiro compounds 3a-c
. (0)
AT .
et s CONH,

Scheme 2. Synthesis of model compounds 7-9
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The model compounds 7-9 were prepared
by condensation of 3-aminothieno[2,3-b]pyr-
idine-2-carboxamides 4-6 with cyclohexanone
under acidic conditions (Scheme 2). Note-
worthy, thieno[2,3-b]pyridines as well as poly-
cyclic ensembles bearing thienopyridine core
also represent promising candidates for the
anticancer screening [35-42].

For the receptor-oriented flexible screening,
we used the Autodock 4 and the AutoDock Vina
software packages [43, 44]. Additionally, the
molecular modeling studies were performed
in order to rationalize the anticancer activities

H
S N (CHy)m
NaOH ?
(CHy)n | |
EtOH NH
(0]
3a-c

ut _.-"..".,.-"."'é. N
T
LU NH
e’ ....E S
o

7-9
() . .
v N y S &
S j\ ik o- || )
7- 8\7v 2 %.. 8- - N/ .g.. N ‘§._'
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of the proposed compounds. All the synthe-
sized thieno[2,3-d]pyrimidine derivatives were
subjected to the docking study together with
the internal ligand, erlotinib, as a reference
molecule to explore their calculated binding
modes with the EGFR wild type receptor
(EGFRWT, PDB: 4HJO) [45]. The ATP binding
pocket of EGFRWT consists of five main parts;
sugar pocket, two hydrophobic regions, ade-
nine binding pocket, and phosphate binding
region.

The results of the docking studies against
the EGFRWT revealed that the synthesized
compounds have similar orientations inside the
ATP binding site. The designed compounds
have good binding energies ranging from -8.4
to -10.2 kcal/mol (Table 1).

As seen from Fig. 1, the oxygen atom of
compound 8 forms a hydrogen bond with
Lys721 amino acid residue with a distance of
2.30 A.

The results of the compounds verification
as inhibitors of protein kinase CK2 are pre-
sented in the Table 2. Among the studied
compounds, compound 7 revealed hydrogen
bonding interaction with Val66 amino acid
residue and showed the best binding energy
value (Fig. 2).

All spiro compounds showed the interac-
tion with Val66 and Ile174 key amino acid
residues for CK2 to form a n-c and m-alkyl
contacts, respectively. Noteworthy, such con-
tacts are necessary for selective inhibition of
protein kinase CK2 [46]. The compounds 7
and 9 were joined via hydrophobic interac-
tions at the CK2 ATP-acceptor site with the
amino acid residues Val53, Val66, Metl1163,
Ile174 and by a hydrogen bond with Valll6
(2.67 A), which was located in the hinge re-

gion of the kinase. There was a n-Sulfur link
between the thiophene cycle and the amino
acid residue Met163.

When the FGFR1 kinase inhibitors were
tested, none of the studied compounds formed
any hydrogen bonds with the ATP-acceptor
site FGFR1. The binding energies against
FGFRI1 are presented in Table 3.

The previous generations of B-Raf inhibi-
tors showed Raf inhibitory activity at the con-
centrations as low as nanomolar. However, the
therapeutic effects of such inhibitors were
complicated by the lack of bioavailability and
a number of non-specific targets that are also
affected inhibition [47]. Noteworthy, thieno-
pyrimidine ligands have not yet been studied
as inhibitors of B-Raf kinase. The binding
energies are given in the Table 4.

In addition to the various visible van der
Waals interactions with B-RAF inhibitors, the
hydrogen bonds with the active sites of the
protein Glu500 and Cys531 also contributed
to the binding of a ligand. Thus, a carbonyl
oxygen atom of the compound 7 increased the
affinity compared to the carbon atom and
formed a hydrogen bond with the main nitro-
gen atom of the Cys531 residue in the region
of the interdomain hinge. Compounds 7 and 8
were found to form a m-m interaction between
their thiophene rings and benzene ring of
Phe594 (Fig 3).

In continuation of our studies of biologi-
cally active thienopyrimidines, we investi-
gated the reaction of spiro heterocycles 3a and
7 with the Vilsmeier -Haack reagent. In our
previous papers we reported the original rear-
rangement of spiro- fused pyrimidines and
1,3-benzoxazines into acridines and benzoxan-
thenes, respectively [48-51].
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Table 1. The docking binding free energies of the synthesized compounds 3a-c,7-9 against EGFRWT

Compound 3a 3b 3c 7 8 9
Binding free energy (kcal/mol) -9.3 -8.7 -9.5 -9.2 -10.2 -8.4

Y3
ATTZ

ABLT

A0 X 754
Interactions.
[ vander weas [ e
[ conventional Hydragen Bond [ Pkt

¥ o — =l

EGFR (model of

Fig. 1. Binding model of compound 8 for the best docked pose in the ATP-binding site of receptor
the complex obtained by molecular docking, hydrogen bonds are shown in green dashed lines).

Table 2. The docking binding free energies of the synthesized compounds 3a-c,7-9 against CK2

Compound 3a 3b 3c 7 8 9
Binding free energy (kcal/mol) -9.3 -8.8 -9.6 -10.0 -9.5 -9.4

s
. ....-- '
aa .
ILE -
s ) _;\\ - A =
:\ } "_\ T}ég
ASP \ / Al 205/
A:175 Nzt o T o
sy At
PHE
v ILE
L AL74
vaL
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Fig. 2. Binding model of compound 7 for the best docked pose in the ATP-binding site of receptor CK2 (model of the
complex obtained by molecular docking, hydrogen bonds are shown in green dashed lines).
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We found that treatment of spiro thienopy-
rimidine 3a with an excess of Vilsmeier-Haack
reagent for 4 days at room temperature af-
forded 1-cyclohex-1-en-1-yl-5,6,7,8-tetra-
hydro[ 1 ]benzothieno[2,3-d]|pyrimidin-4(1H)-
one 10 in a moderate yield. The same rear-

Scheme 4. Synthesis of
1-cyclohex-1-en-1-yl-8,8-
dimethyl-8,9-dihydropy-
rimido[4°,57:4,5]
thieno[2,3-b]quinoline-
4,10(1H,7H)-dione 11

Scheme 5. Synthesis of
thieno[2,3-b]quinoline 12

rangement product was isolated when the re-
agents were heated at 100-110°C for 3 h
(Scheme 3).

Compound 7 reacted in a similar manner
to give the rearranged product 11 in 40 %
yield (Scheme 4). The structure of 11 was
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Table 3. The docking binding free energies of the synthesized compounds 3a-¢,7-9 against FGFR1

Compound

3a

3b

3c

7

8

Binding free energy (kcal/mol)

-9.2

-8.9

-8.8

-10.1

-9.7

Table 4. The docking binding free energies of the synthesized compounds 3a-c,7-9 against Y5 B-RAF

Compound

3a

3b

3c

7

9

-9.2

-9.9

-10.2

-9.4

Binding free energy (kcal/mol) -9.9

Fig. 3. Binding model of compound 8 for the best docked pose in the ATP-binding site of receptor V599EB Raf (model
of the complex obtained by molecular docking, hydrogen bonds are shown in green dashed lines).
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Fig. 4. Binding model of compound 10 for the best docked pose in the ATP-blndmg site of receptor CK2 (model of the
complex obtained by molecular docking, hydrogen bonds are shown in green dashed lines).

288



Spirocyclic thienopyrimidines: synthesis, new rearrangement under Vilsmeier conditions and in silico prediction of anticancer activity

Table 5. The docking binding free energies of the synthesized compounds 10-12 against the selected Kkinases.

EGFR CK2 FGFR1 B-raf
No i i i i
(lég/nnllt(})]l) H-bond (Qg/nnlgl) H-bond (lig/nnllt(})]l) H-bond (liti?;ll;:gl) H-bond
10 92 -10.4 Vall16 9.6 9.5 -
(1.83 A)
11 9.8 Lys721 -10.3 - -10.3 - -10.5 -
(2.49 A®)
12 8.9 Thr830 8.8 - 8.8 Ala564 9.0 Cys531
(2.73 A°). (2.68 and (2.01i
Asp831 2.79 A) 2.80 A)
(2.29 A®)
Conclusions

confirmed by NMR studies and mass spec-
trometry data.

Despite a considerable number of reviews
and books covering the chemistry of thieno-
pyrimidines [15-24], there is lack of informa-
tion on the reactions of spiro-condensed
thieno[2,3-d]pyrimidines with POCl;. We
found that the treatment of thienopyrimidine
3a with an excess of POCl; in boiling PhMe
resulted in the formation of the thieno[2,3-5]
quinoline 12 (Scheme 5).

The results of molecular docking studies of
compounds 10-12 are presented in the Table 5.
Thienopyrimidine 10 was found to form a
hydrogen bond with the amino acid residue
Val66 (1.83 A, Fig. 4) showin the best result
with a binding energy of -10.4 kcal/mol and
therefore might be considered as perspective
inhibitor of CK2 kinase. However, we have to
admit that the rearrangement products often
do not form hydrogen bonds with kinase ami-
no acid residues while revealing moderate
binding energies. The absence of binding with
H-bonds does not allow us to consider the
rearranged products as perspective targets for
further screening.

New spiro-fused thieno[2,3-d]pyrimidines were
prepared starting from easily available Gewald’s
thiophenes and thieno[2,3-b]pyridines. We
found that upon the treatment with Vilsmeier-
Haack reagent, the spiro-fused thieno[2,3-d]
pyrimidines undergo rearrangement into new
thienopyrimidines and -quinolines.

The inhibition activities of novel com-
pounds as potential inhibitors of EGFR, CK2,
FGFRI1 and B-raf kinases have been examined.
Spiro-fused thieno[2,3-d]pyrimidines were
recognized as perspective targets for futher
screening. According to the docking studies,
in most cases the rearranged products do not
tend to form any hydrogen bonds with kinase
amino acid residues, but showed moderate
binding energies. The lack of hydrogen bond-
ing allowed us to consider the products of
Vilsmeier-type rearrangement as unsuitable for
further studies as kinase inhibitors.
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CrnipouukJiiyHi TiEHONMipUMIAUMHU: CHHTE3, HOBE
neperpynyBaHHsi B yMoBax peaxuii Biibcmaeiipa
Ta in silico IpOorHO3yBaHHSA MPOTHPAKOBOI
AKTHBHOCTI

A. B. Kostys, C. B. Tokapesa, C. A. BapeHu4eHko,
O. K. ®apar, O. B. Mazena, B. B. [lonienko,
B. I. Mapkos

Mera. ITonryk HOBUX JI€BUX MPOTUITYXIHHHHAX MOJIEKYJI
Cepe]I JISTKO JOCTYITHUX CITIPOKOHICHCOBAHUX TieHO[2,3-d]
mipuMianHiB. MeTtonu. OpraHiyHuil CHHTE3, CIICKTPaITbHI
METOIN Ta MOJICKYISIpHUI NOKIiHT. Pe3yabraru. Bymo
CHUHTE30BaHO CITIPOTreTePOIMKIIA KOHICHCAIIEF0 aMiHOTI-
o(eHiB 3 UKIIIYHUMHI KETOHaMH 3a peakieio [epanpa.
HactymHi MozmesbHI CITOIYKH OTPUMAHO KOHICHCAITIE0
3-amiHo[2,3-b]mipunnH-2-kapOoKcaMiIiB 3 ITUKIOreKCca-
HOHOM B YMOBAaX KHCJIOTHOTO Karamizy. Pe3yjbraru no-
kinry npotu kiHasu EGFRWT nokaszanu, 1o cuHTe30BaHi
CIOJIyKH MaloTh TrapHi €Heprii 3B’s3yBaHHs y Jiana3oHi
Bix -8.4 1o -10.2 xxan/monb. Cepen JOCTiIPKEHUX CIOITyK
y SIKOCTI iHT101TOpIB IpoTein kinasu CK2 7°,8°,9°,10°-terpa-
riapo-1’°H-ciipo[umkiiorexkcan- 1,2’ -mpumino[4°,5°:4,5]
TieHo[2,3-b|xinommnH]-4’ (3’ H)-0H TI0OKa3aB Haiikparry
€HEPrito 3B’SI3yBaHHA 3a HAsIBHOCTI BOIHEBOTO 3B’SI3KY 3
aMIHOKHUCITIOTHUM 3ayniikoM Val66. Takox 1aHa crioiryka
TTOKa3aJia Kpailli pe3yJIbTaTH SK IOTSHIIabHIHA 1HTi0iTOp
B-Raf xinazu. BucHoBku. CHHTE30BaHO HOBI CITIpOKOH-
JeHcoBaHi TieHo[2,3-d|mipuminuau. JlocmimkeHo Hri0y-
FOUy aKTHBHICTh HOBHX CIIONYK Y SIKOCTI MOTEHI[IHHUX
inrioitopis kina3 EGFR, CK2, FGFR1 ta B-raf. IToka3aso,
IO CIIPOKOHJICHCOBaHI TieHO[2,3-d|mipuMiauau mepe-
TPYTIOBYIOTECS y TOXimHi TieHo[2,3-d(b)|mipumimia(XiHO-
TIUHY) T Ai€to peareHTy BinbcMaiiepa-Xaaka. [TpomykTu
TIepErpyIyBaHHsl y OUIBIIOCTI HE YTBOPIOIOTh BOAHEBUX
3B’SI3KIB 3 aMIHOKHCIIOTHUMU 3aJIUIIIKAMH T [MOKA3YIOTh
MTOMIpHI eHepril 3B’ si3yBaHHsA. BiACYTHICTh BOIHEBUX
3B’5I3KIB 3 aMIHOKHCIIOTHUMH 3QJTUIIIKAMU MPOITYKTIB TIepe-
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IPYILyBaHHS HE J03BOJISIE PEKOMEH/TyBAaTH TX IS [IO/1aJTb-
IIMX JOCTIKCHb Ha BIAMIHY Bij CITipOKOHACHCOBAHUX
TieHo[2,3-d]mipumiuHiB.

Knw4yoBi cuaosa: tieno[2,3-dmipuminuan, Ti-
€HO[2,3-b]mipuanHu, criporeTepoUyKiy, peakuii Biib-
cMaiiepa-Xaaka, MOJIEKYJISIPHUH JIOKIHT, TTPOTHPAKOBa
aKTUBHICTB, 1HT10ITOpH KiHa3.

Cnupounkjinyeckne THEHONMPUMHUAHHBI: CHHTE3,
HOBasl MePerpynnupoBKa B YCJIOBUSX pPeaKIuH
Buabcmaiiepa u in silico nporao3upoBanue
NPOTHPAKOBOH AKTHBHOCTH

A. B. Kosryn, C. B. Tokapesa, C. A. BapenudeHko,
O. K. ®@apar, A. B. Mazsena, B. B. [Jonienko,
B. 1. Mapkos

Iesb. [Torck HOBBIX NEMCTBEHHBIX IPOTUBOOIYXOJIEBBIX
MOJIEKYJI CPEX JIETKO JTOCTYITHBIX CITIUPOKOHICHCHPOBAH-
HBIX THEHO[2,3-d JmuprvumiiHoB. MeToasl. OpraHudeckuit
CHHTE3, CIIEKTPAJIbHBIC METOMBI I MOJIEKYIIAPHUH TOKHUHT.
Pe3syibTarhl. bbulM CUHTE3UPOBAHBI CIIUPOI€TEPOLUKIIbL
KOH/IeHCaIiell aMHHOTHO(EHOB ¢ IMKINYECKUMH KETO-
Hamu 1o peakiyn ['eBanpaa. Cremyromye MOIeIbHE CO-
eIMHEHHS TIOTy4YeHbl KoHAeHcauen 3-amMuno[2,3-b]nu-
PHIMH-2-KapOOKCaMHU/IOB C ITUKJIOTEKCAHOHOM B YCJIOBH-
SIX KUCJIOTHOTO Karayu3a. Pe3yJibTaThl TOKWHTA MIPOTHB
kuHa3bl EGFRWYT rokasaiu, 4To CHHTE3UpOBaHHBIE COe-
JIUHEHUS] UMEIOT XOPOILUE YHEPTUH CBSI3bIBAHNUS B AHUAIa-
30He oT -8.4 110 -10.2 xxan/momns. Cpeau nCCleT0BaHHBIX

COEAIMHEHWH B KaueCTBE MHIMOUTOPOB MPOTEiH KHMHA3BI
CK2 7°,8°,9°,10°-Tterparuapo-1’ H-criupo[ TUKIOTEK-
caH-1,2’-nmupumuno[4’,5’:4,5]tueno[2,3-b]xuHo-
yuH[-4’ (3’ H)-0H moKa3a JIy4Ilyr0 SHSPTHIO CBA3bIBAHUS
IPY HAJIMYIUH BOJOPOAHOM CBA3M C aMUKHCIIOTHBIM OCTaT-
koM Val66. Taxke qaHHOe CoeJMHeHUE TIOKa3alo JIydlliee
pe3yIbTaThl KaK NOTCHITMATBHBIN HHrHOuTOp B-Raf ku-
Ha3bl. BeIBOABI. CHHTE3MPOBaHBI HOBBIE CIIMPOKOH/CH-
cupoBaHHbIe THEHO[2,3-d|nupumuunbl. Vzydena wHru-
Oupyromas aKTHBHOCTh HOBBIX COEAMHEHUH B KayeCTBE
noreHnuanbHbIX nHrnouTopoB knHa3z EGFR, CK2, FGFR1
n B-raf. [loka3aHo, 4TO CIIMPOKOHJCHCUPOBAaHHBIC THE-
HO[2,3-d |mIpUMHIUHEI TIEPErpyIITUPOBBIBAIOTCS B IIPO-
m3BoaHbIe THEHO[2,3-d(b) JmupuMuH(XHHONIMHA) IO,
nelictBueM peareHTa Buiscmaiiepa-Xaaxa. ITpogykTel
MIeperpynupoBKY B OOJIBIIMHCTBE HE 00Pa3yloT BOJOPO/I-
HBIX CBSI3€H C aMMHOKHCIIOTHBIMH OCTaTKaMH U MOKa3bl-
BAIOT YMEpPEHHbIE SHEPIUu CBsI3bIBaHMs. OTCYyTCTBUE BO-
JIOPOIHBIX CBS3€H MPOIYKTOB MEPETPYNITUPOBKH HE MO-
3BOJISIET PEKOMEH/I0BATh MX JUIS JAJTbHEHIINX UCCIIEeN0Ba-
HUIA B OTJIMYKE OT CITUPOKOH/ICHCUPOBAHHBIX THEHO[2,3-d]
MTUPUMUVHOB.

KnmoueBsbie cJioBa: tueHo[2,3-dnupuMuinuHel, TH-
eHO[2,3-b|nupruauHEI, CIUPOreTEPOLMKIIBI, PEaKIHs
BunbcMmatiepa-Xaaka, MONEKYIISIPHBIN JOKUHI, IPOTUBO-
pakKoBast aKTUBHOCTD, I/IHFI/I6HTOpr KHWHa3.
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