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Aim. To identify novel FGFRI inhibitors using the virtual screening approach. Methods.
Virtual screening of a small organic compounds library was performed by molecular docking
using the Autodock 4.2.6 program package. The compounds activity was determined by in
vitro biochemical tests using y-32P ATP. Results. /n vitro experiments demonstrated that 18
compounds belonging to three chemical classes had an inhibitory activity against FGFR1 with
IC50 values in the range from 1.8 to 71 uM. Conclusions. Several FGFRI1 inhibitors were
found using molecular modeling and biochemical testing. These compounds are excellent
candidates for further chemical optimization.

Keywords: Fibroblast growth factor receptor 1, molecular docking, virtual screening,

in vitro testing.

Introduction

Fibroblast growth factor receptor 1 (FGFR1) is
a receptor tyrosine kinase which is involved in
the regulation of cell growth, cell proliferation,
cell differentiation, embryonic development,
angiogenesis and other important physiological
functions. The dysfunction of FGFRI1 is associ-
ated with many disorders including cancer [1].
In particular, FGFR1 normally mutated in sev-
eral of the deadliest human cancers, including
lung cancer, breast cancer, glioblastoma, pros-
tate cancer, ovarian cancer and liver cancer
[2-7]. Hence, FGFRI1 is considered as an at-

tractive target for the development of therapeu-
tic inhibitors of tumor growth and metastasis.
The aim of this work was to search for new
FGFRI1 inhibitors applying virtual screening
of the collection of the Department of
Medicinal Chemistry comprising more than
150,000 compounds. Earlier, using molecular
docking of this collection we identified sev-
eral classes of FGFR1 inhibitors, such as
N-phenylnaphthostyril-1-sulfonamides [8],
N-phenylthieno[2,3-d]pyrimidin-4-amines [9],
quinazolines [10], oxindoles [11],
(1H-benzoimidazol-2-yl)-phenyl-1,2-dihydro-
pyrrol-3-ones [12] and flavones [13].
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Materials and Methods

Preparation of reagents and solvents.
Initial reagents were purchased from commer-
cial suppliers of Acros and Fluka and were used
without further purification. Solvents were pre-
pared according to standard techniques.

Investigation of physicochemical and
spectral properties of substances. The melt-
ing points were measured on a Kofler device.
The NMR spectra of 'H and '3C NMR were
measured on a Varian VXR 400 spectrometer
at 400 and 100 MHz, respectively. The internal
standard is TMS. HPLC-MS analysis was per-
formed using Agilent 1100 LC / MSD SL
splitter module and Mass Quad G1956B proton
ionization mass detector. HPLC was performed
using Zorbax SB-C18, Rapid Resolution HT
Cartridge 4.6 < 30 mm 1.8-Micron. The com-
pounds were detected at A = 215 nm using a
Diode Array G1315B detector.

Molecular docking

Preparation of ligand and receptor molecules.
The Autodock 4.2.6 programs package was
used for the receptor-based flexible dock-
ing [14]. Ligands were prepared by Vega ZZ
(command line) [15] and MGL Tools 1.5.6
[14]. The incoming formats of receptor and
ligands data were converted into the PDBQT-
format with Vega ZZ in AUTODOCK force
field. This format contains the coordinates of
the atoms and partial charges. Hydrogen atoms
were removed from nonpolar atoms. The re-
ceptor was prepared using MGL Tools and
AutoGrid [14].

We used the docking parameters reported
earlier [16].

Flexible docking. The catalytic subunit of
protein kinase FGFR1 complex with inhibitor
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(PDB code 5049) was used for molecular
docking [17]. Water molecules, ions, and li-
gands were removed from the PDB file.

Visual analysis

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

In vitro testing

The FGFRI1 kinase assays with recombinant
cytoplasmic domain of the FGFR1 tyrosine ki-
nase (Millipore, Cat. N. 14-582) were performed
in the solution of total volume of 30 pl contain-
ing 10 mM MOPS (pH 7.2), 0.1 mM sodium
orthovanadate, 0.2 mM EDTA, 0.002 % Brij 35,
0.2 mg/ml BSA, 0.02 % B-mercaptoethanol, 250
uM peptide substrate (KKKSPGEY VNIEFG,
GenScript), various concentrations of inhibitor
dissolved in DMSO (final DMSO concentration
in probe less than 1 %) and 10 mU of enzyme.
The reaction was initiated by the addition of ATP
(50 uM ATP, 25 mM MgAc containing 0.1 uCi
of [y-32P] ATP per probe) and samples incu-
bated at 30°C for 25 min. The reaction was
terminated by the addition of 5 % phosphoric
acid and the precipitation of material onto phos-
phocellulose filters “Whatman P81”. Filters were
washed three times with 0.75 % phosphoric acid
and the incorporation of [32P] into the peptide
substrate was determined by counting the radio-
activity retained on the filters in a PerkinElmer
scintillation counter. Kinase residual activity was
expressed in percentages with respect to DMSO
control. The concentration of compound that
inhibited enzymatic activity by 50 % (IC50) was
determined graphically.
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Chemical synthesis

The chemical synthesis of benzaldehyde de-
rivatives of 1,3-thiazol-2-yl hydrazones was
performed according to the standard proce-
dure [18]. Compounds 1, 2, 3, 4 and 5 were
prepared by reaction of the thiosemicarbazone
of the corresponding benzaldehyde A with the
corresponding 2-chloro-acetophenone B boil-
ing in butanol with 1 equivalent of ammonia
after the reaction and at yields of 55-78 %
(scheme 1).

Synthesis of derivatives of 1-phenyl-3-phe-
nylamino-4-(phenyl)thio-1H-pyrrole-2,5-dione
was performed according to our methods [23,
24]. Compound 9 was prepared by reacting
3,4-dichloro-1H-pyrrole-2,5-diones with the
corresponding aniline in 79 % yield. For com-

pounds 7 and 8, we developed efficient fast-
growing synthesis (without the separation of
the intermediate product). Namely, in dioxane
solution, a mixture of one equivalent of the
corresponding 3,4-dichloro-1H-pyrrole-2,5-
diones with two equivalents of aniline was
added. To this solution, after 1.1 hour, 1.1 eq
of the corresponding thiophenol and 1.1 equiv-
alents of triethylamine were added and contin-
ued to boil for another 1 hour. The precipitate
of the final product dropped out from the
cooled solution was filtered off, washed twice
with isopropanol and dried. Yields of com-
pounds 7 and 8 were 49 % and 46 % respec-
tively (Scheme 2).

In the process of one-stage synthesis ac-
cording to Scheme 2, in one case two times
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Scheme 1. Synthesis of derivatives
of benzaldehyde 1,3-thiazol-2-yl hy-
drazones
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more thiophenol and triethylamine were added,
1.e. 2.2 equals each. Interestingly, 3 - [(4-chlo-
rophenyl) amino]-1-phenyl-1H-pyrrole-2,5-
dione (Compound 9, yield: 46 %) was ob-
tained. As a result of studying the reaction
products, diphenyl disulfide was also identified
(Scheme 3). In our opinion (hypothesis), in-
termediate compound S is first formed, which
under the action of triethylamine, by elimina-
tion of diphenyldisulfide, is converted into
compound 9.

Synthesis of 4,6-substituted derivatives of
3-amino-thieno[2,3-b] pyridine-2-carbox-
amides was performed according to standard
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Scheme 2. Synthesis of derivatives
of 1-phenyl-3-phenylamino-
4-(phenyl)thio-1H-pyrrole-2,5-di-
one and 3-[(4-acetylphenyl)amino]-
4-chloro-1-(4-methoxyphenyl)-1H-
pyrrole-2,5-dione

procedures [19, 20, 21, 22]. Compounds 10-18
were prepared (Scheme 4) by the reaction of
4,6-derivatives of 2-mercapto-3-cyano-pyri-
dine with the corresponding chloroacetamides
in alkaline conditions. (Yield: 58-72 %).

Results and Discussion

150,000 organic compounds of our combinato-
rial library were docked into ATP-binding site
of FGFR1. The best scored compounds were
selected for biochemical tests using the in vitro
FGFR1 kinase assays.

According to the results of in vitro tests 18
compounds showed the inhibitory activity to-

O';;j; Qm

Scheme 3. Features of the synthesis
9 of compound 5 and possible inter-
mediate.
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Scheme 4. 4,6-substituted
derivatives of 3-amino-
thieno[2,3-b]pyridine-
2-carboxamides.
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wards FGFR1 with ICs, values in the range from
1.8 to 71 uM. The structures and ICs, values of
the tested compounds are shown in Table 1.

18 compounds belong to 3 chemical classes
of inhibitors: 1,3-thiazol-2-yl hydrazones,
1-phenyl-3-phenylamino-4-(phenyl)thio-1H-
pyrrole-2,5-diones and 4,6-substituted deriva-
tives of 3-amino-thieno[2,3-b]pyridine-2-car-
boxamides. 7 compounds (4, 5, 8, 10, 15, 17,
18) have the 1Cs, values less than 10 uM.

The complexes of the most active com-
pounds with the ATP-acceptor site of FGFR1
are shown in Fig. 1. The compounds possess
typical binding modes of the type I protein

Table 1. Structure and ICs, of studied compounds.

kinases inhibitors. All compounds form hydro-
gen bond with the amino acid residues of the
hinge region (Ala564). Compounds 5 and 8
(Fig. 3, a and b) form additional hydrogen
bond with Asp641 in phosphate-binding pock-
et. The main feature of binding modes of all
compounds is a large number of hydrophobic
interactions with the amino acid residues of
the ATP-binding site such as Leu630, Ile545,
val561, Val492, Leud84, Ala512, Tyr563.

Conclusions

A series of FGFR1 inhibitors (18 compounds)
was found using the receptor based virtual
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ILES45
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screening of the 150,000 small-organic com-
pounds library. ICs, values of studied inhibi-
tors were in the range from 1.8 to 71 uM.
These 18 compounds belong to 3 classes and
are good candidates for the further develop-
ment of effective FGFR1 inhibitors and poten-
tial anti-cancer drugs.
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Fig. 1. The complexes of compounds 5 (a), 8 (b) and 18
(c) with ATP-acceptor site of FGFRI1 obtained with
Autodock 4.2.6. H-bonds are shown by green dashed
lines, hydrophobic interactions — purple dashed lines.
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InenTudikanis cnoayk-xiriB — inriéiropie FGFR1
MEeTO/I0M pPelenTOPHO-OPi€HTOBHOTO BipTyajbHOIO
CKPHHIHTY

C. C. Tapuascekuii, M. B. IIpoTomnomnos,
O. B. bopogikos, A. O. IIpuxonsko, B. I. Bmkona,
C. M. dpmomok, B. I. Mariomok, A. O. bananga

Merta. [Tomyk HOBHX iHTiOiTOpIB Mpoteinkinaszn FGFR1.
Metonu. BipryamsHuii CKprHIHT 0i0TI0TEKH HU3BKOMO-
JIEKYJISIPHUX CIIOIYK TIPOBOIVIIA METOZOM MOJICKY/ISPHO-
ro JIOKIHT'Y 3 BHKOPHCTAaHHSIM NPOrPAMHOTO TAKETy
Autodock 4.2.6. AKTUBHICTB iHTIOITOPIB BU3HAYAIIHA Y
6iOXIMIYHMX TECTaX in Vitro i3 BAKOPUCTAHHSIM Y-32P ATD.
PesyabraTn. ExcriepumenT in vitro mokasanu, mo 18
CIIOYK TPOSBIISIOTH IHTIOYBaJbHY aKTHBHICTH IO
FGFR1 3i 3nagennsam ICs, B mexax Big 1,8 mo 71 pM.

AXTHBHI CIIOJIYKH HaJleXaTh 10 3 XIMIYHHX KIIaciB.
BucHoBKH. 3a TOITOMOT0I0 METO/IiB MOJIEKYIISIPHOTO MO-
JIeITIOBaHHSI Ta 010XIMIYHOTO TECTyBaHHs OYyII0 3HAMICHO
HusKy iHrioitopiB FGFR1, mo € nepcrnekTuBHUME JUTs
TTOJTANTBIIIOT OTITUMI3AITiT 3 METOO0 PO3POOKH O1JIBII AKTHB-
HUX 1HT101TOPIB Li€l poTeiHKiHA3M.

Knawuosi cuaosa: [Iporeinkinasza FGFR1, monekyrsp-
HU JIOKIHT, BIpTYaJIbHUI CKPUHIHT, i1 Vifro TeCTyBaHHSI.

Hnentuduxanmus Xur-coeJUHEHUI — MHTUOUTOPOB
FGFR1 meTonoM penenTopHo-OpHEHTHPOBAHHOIO
BHUPTYaJbHOI0 CKPUHUHIA.

C. C. Tapuasckuii, H. B. IIpotononos,
A. B. bopoBukos, A. A. Ilpuxonrko, B. I. Bxona,
C. M. Apmomntok, B. . Matrommok, A. A. bananga

Ieapb. ITorck HOBBIX XUMHUYSCKUX COCIMHEHHUI CO CITO-
COOHOCTBIO MHTHOMpoOBaTh nporenHknHazy FGFRI.
MerToasl. BupryanbHbli CKpHHHHT OHOIMOTEKH HU3KOMO-
JIEKYJIIPHBIX OPTaHUYECKUX COEIMHEHMI OCYILECTBIISIIN
IIPY TOMOIIIM METO/A MOJIEKYJISIPHOTO TIOKMHTA MPOrpaMM-
HbIM makeToM Autodock 4.2.6. AKTHBHOCTh HHTHOUTOPOB
M3yYalii TIPU TIOMOIIN OMOXIMHUYECKHUX TECTOB in Vitro,
ucrnone3ys y->2P AT®. Pesyabrarbl. Bruoxumuueckoe Te-
CTHPOBaHKE TTOKA3aJI0, 4TO 18 COeMMHEHUIT HHTHONPYIOT
nporenskrHa3zy FGFR1 B nnanasone 3nagenmii [Cs ot 1.8
0 71 pM. AKTUBHBIC COCIMHEHUS SIBIISIOTCS TPOU3BO-
JHBIMH OT 3 XMMHUYECKUX KIaccoB. BeiBoabl. Vcnons3ys
METO/IbI MOJIEKYJSIPHOTO MOZIEIMPOBAHNS M OHOXUMUYIE-
CKOTO TECTUPOBAHHs ObLIO OOHAPYKEHO PsiJ| THTHOUTOPOB
FGFRI1, koTOpBI€ ABISIOTCS NEPCHEKTUBHBIMU JJIS TOCIIE-
JTyTOIIeH ONTUMH3AIINH C LIEJTBI0 Pa3pabOTKU OoJiee aKTHB-
HBIX UHTMOUTOPOB MCCIIEyeMOW IIPOTEHHKUHA3BL.

KawueBsie cJiosa: [Iporemaknna3za FGFR1, more-
KYJSIpHBII JOKHHI, BUPTYaJIbHBIM CKPUHUHI, i1 Vitro Te-
CTUPOBaHUE.
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