HMNLU HAH benapycu no matepuanosegeHutio

NHCTUTYT agepHbix npobnem BIy

BuTtebCcKunia rocyaapcrBeHHbin opaeHa ApyK6bl HApoa0B MeaANLUHCKUN
yHuBepcuter

FTHY O6vbeamnHEeHHbIN MHCTUTYT SHEepPreTUYecKnX u AAepHbIX UccneaoBaHUM -
CocHbl HAH benapycu




METHODS OF RADIATION AND RADIONUCLIDE
THERAPY OF ONCOLOGICAL DISEASES

Radiation therapy — irradiation of the tumor by the directed beams of
neutrons or protons

Radionuclide therapy — placement in the tumor specific short-lived
radionuclides (Y29, Zr%, Fe®, 125 Eul4’, Eul?8, Eul®, Tm170, Reld8 U230
Pu23’, Cm#30, Cm?*, Es?%3), for example, encapsulated in a glass
microspheres (YY)

Binary (or neutron capture) therapy — selective effect on malignant
tumors and the using of trophic to tumors drugs, containing non-radioactive
nuclides (B, Gd¥"), which by absorbing thermal neutrons are able to
generate secondary a-radiation which destructive to the tumor target cells
and safe enough for normal, healthy organs and tissues
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NEUTRON CAPTURE THERAPY (NCT)

1) Introduction of substance

2) Its accumulation in cancer cells

3) Irradiation by thermal neutrons

4) Disintegration of nucleus of 1°B

5) Damage and destruction of cancer
cells

—‘ 0o \ 00
NaSCN, 2F/mol
'
Electrolysis, MeCN SCN

r— “He+ Li+2.79 (M3B) (6.3%)
1B + In — [1B] — “He + "Li + y (0.48 MaB) + 2.31 (MbB)  (93.7%)
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NEUTRON CAPTURE THERAPY (NCT)

[1] Hosmane, N.S. Boron and Gadolinium Neutron Capture Therapy for Cancer Treatment / N.S. Hosmane, J.A. Maquire, Y. Zhu — World Scientific

Publishing Co. Pte. Ltd., 2012. — 300 p.
[2] Kotenxko, K.B. [lepcriekTHBbI HCTIONb30BaHUs GuHApHBIXTeXHOIO0THIA B Meaunune / K.B. Korenko, B.1O. Conosees, A.FO. Bymmanos, B.A. Tlepmunosa

[ Men. paguobuon. u paauai. 6e3omact. — 2012, — T. 57, Ne 3. — C. 66-67.
[3] Pynakos, JI.A. CunTe3 u XUMHYECKHE CBOMCTBA KapOopaHoB. J[ukapbayHaekapOopaHsl, METAIIO- U METAIAKapOOpaHbl, A30METHHBI, CIIOKHBIE d(QHUPHI,
TIEPOKCHIIBI, CONTH KapOopankap6oHoBeix kuciotT / JI.A. Pynakos, E.A. Jlukycap, 3.I1. 3yOpeituyk — Saarbriicken, Deutschland: LAP LAMBERT Academic

Publishing / OmniScriptum GmbH & Co. KG, 2013. - 436 c.
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B Hawmx npeablaywmnx paboT Mbl MPOBE/IN KBAHTOBO — XMMMUYECKOE
MOJeNIMPoBaHMNE CeayoLWnX CTPYKTYP.

PacueTbl NnpoBoAUAUCL Ha cynepKkomnbloTepe B CocHax

KapbopaH — coaep:Kalume CTpyKTypbl b6bian B AanbHenwem (nocne
MOAENNPOBAHNSA) CUHTE3UPOBAHbI U UcceaoBaHbl B MeanLUMHCKOM
PAANONOrMYECKMIN HayuyHbIM LueHTp um. A.®. Ubiba, dunnan ®rey
«HMWPL» MuH3gpasa Poccumn.




QUANTUM-CHEMICAL MODELING OF CHOLESTERYL
ESTERS O-, M-AND P-CARBORANE-C-CARBOXYLIC
ACIDS

ortho- Meta- para-

DFT B3LYP1/6-31**(d, p) models of cholesteryl esters carborane-C-carboxylic acids

[1] Omkycap, E.A. Pa3paboTka u KBaHTOBO-XMMHYECKOEC MOJCIHPOBAHHE AarcHTOB Ui OOp-HEHTPOHO3aXBATHOW IWATHOCTHKH U TEparuu
OHKOJIOTHYECKHUX 3a00JIeBaHUil — XOJIEeCTepUHOBBIX d2(upoB KapOopan-C-kapbonobix kuciot / E.A. ukycap, A.JI. ITymkapuyk, B.M. 3eneHKoOBCKHiA,
B.U. TlotkuH, JI.A. Pynakos, C.I'. Crémun // Bectauk dapmarmn. — 2013. — Ne 1-58. — C. 20-23.
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QUANTUM-CHEMICAL MODELING OF
GADOLINIUM-CONTAINING ENDOHEDRAL
DERIVATIVES BUCKMINSTERFULLERENE

GD@C,,(CHR), AND GD@C,,(CHR),

Structure of compounds Structure of compounds
Gd@C,,(CHR), Gd@C,,(CHR),

[1] Muxycap, E.A. KBaHTOBOXMMHYECKOE MOJICIUPOBAHNE SHI03APHUCCKUX NPOU3BOIHBIX OakmuHCcTepdyIepenoB GAd@C,(CHR), u Gd@C,,(CHR), /
E.A. Tukycap, B.M. 3enenkosckuii, B.W. [Totkun, A.A. ¥Omun // Teopert. u sxcnepum. xumusi. — 2010. — T. 46, Ne 4. — C. 208-211.

[2] Dikusar, E.A. Quantum-Chemistry Projecting of the Radio-Nuclide Carborane and Fullerene Nano-Cluster Agents for Diagnostics and Therapyof
Oncological Diseases / E.A. Dikusar, V.M. Zelenkovski, V.l. Potkin, D.A. Rudakov, S.A. Kuten, A.G. Soldatov // Proceedings of International
Conference Nanomeeting — 2013. Physics, Chemistry and Application of Nanostructures. Reviews and Short Notes. — Minsk, Belarus, 24-27 May 2013. —
Ed. V.E. Borisenko, S.V. Gaponenko, V.S. Gurin, C.H. Kam, 2013. — P. 324-327.
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TRIADIC THERAPY

Triadic therapy — is sequential introduction into the body combination of two or more
separately inactive and harmless components trophic to the tumor tissue and able to selectively
accumulate in them, join each other in a chemical reaction and destroy tumor under the
influence of weak external influences sensitizers or radiation.

Aspects of creating of agents triadic therapy:

1. Choosing a suitable radionuclide.

2. The container choice for nano-capsulation of the radionuclide.

3. Requirements for the nanocontainer solubility in biological fluids.

4. Selecting external tumor isotropic tissues of functional group of covalently linked to
nanocontainers.

5. Develop ways to create this kind agents of triadic therapy.
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RADON??? DERIVATIVES OF
BUCKMINSTERFULLERENE Cg, " Cy,

Cy, Cluster structure Cq, Cluster structure

[1] Huxycap E.A., 3enenkosckuii B.M., Ilymkapuyk A.JL, PynakoB JI.A., Kumun C.5., Commato A.I'., Xonomnues A.B., Barpakos I'.®. Ouenka
BO3MOXKHOCTH HCIIOJIB30BAHHUS JHIO0IAPUUCCKHUX PagOH??? cofepsKalluX Mpou3BOAHBIX OakMmuHcTepdymiepeHoB Cgy 1 Cgy B KauecTBE HAHOPOOOTOB —
HCTpeOuTeNei OMmyXoJIeBsIX HOBoOOpasosanuii // Mennnmuckue Hosoctr. 2013. Ne 3 (222). C. 11-12.

[2] Hduxycap E.A., 3enenkosckuii B.M., Ilymkapuyk A.JI., Ilorkun B.W., Pymakos JI.A., CommaroB A.I'., Xomomies A.B., Cténun C.I'. Ornenka
BO3MOXKHOCTH HCIIOJIB30BAHHS DHAO0IAPUUECKHX DAfOH??? ComepKallux MpousBOAHBIX OakmuHcTepdywieperoB Cqy u Cgy B KauecTBE HAaHOPOOOTOB-
HcTpebuTeNneii OmyXxoJeBsXx HoBooOpasosanuii // Bectauk papmarmu. 2012, Ne 4 (58). C. 102-105.
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INDIUMY4" DERIVATIVES OF
BUCKMINSTERFULLERENE C,,AND C-,

In, e
C,—— In@Cgq + In@Cy
1 2
Br,, Fe3* OH"
In@Cgp —— > In@Cg(Bry > In@Cqo(OH)yy
1 3 4
Br,, Fe** OH
@Cyy — > In@CyBryy — > In@Cy(OH)s3¢
2 5 6
RC(O)CI
In@Cgy(OH),4 > In@Cgy(OH);0C(0)R
4 Et;N 7-9 € L0 D¢ —C
RC(O)CI ’ 2=OL0r
In@C7¢(OH);3 > In@C;(OH),y0C(O)R n ©
6 Et;N 10-12 - A
Cl
\ \ \
R= / /N Me / /N Cl / /N
(0) (6) S
7,10 8, 11 9,12 DFT B3LYP/MIDI model compound (7)
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THE REASONS FOR CHOOSING DERIVATIVES OF
HETEROCYCLIC COMPOUNDS

Antitumor activity, isoxazole derivatives and isothiazoles are
studies in the laboratory elementoorganic compounds of Institute
of Physical Organic Chemistry, National Academy of Sciences in
collaboration with biologists of Institute of Physiology, National
Academy of Sciences. (Kulchitski V.A., Pashkevich S.G.)

)II/IKycap E.A. HpOCTBIe N CJIOXHBIC B(I)I/IpBI B JIMHKCPHBIX TCXHOJIOTHUAX. COBpeMeHHBIe ACIICKTHhI
MOJICKYJIIPHOT'O I[HSaﬁHa — OT AYIIHUCTBIX BCHICCTB 0 OHMOJIOTUYECKN AKTHBHBIX COGI[I/IHGHI/Iﬁ.
Saarbriicken, Deutschland: LAP LAMBERT Academic Publishing / OmniScriptum GmbH & Co.
KG, 2014. — 560 c. — ISBN 978-3-659-54673-0.
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RESULTS DOCKING DERIVATIVES
ISOTHIAZOLYLUREAS FOR CYCLIN-DEPENDENT
PROTEIN KINASE 2 (CDKZ2)

Used for protein forcefield AMBER, charges of amino acids from AMBER ff99SB and AM1-BCC.
Ligands used for forcefield MMFF94, level of theory B3LYP1/6-311++G. Preparation of ligands held in
Avogadro program. Visualization of the results of the docking is made in UCSF Chimera program. Ab intio
calculations were performed in the software package Firefly, based in part on GAMESS (US). Graphical
shell — Gabedit. Docking process itself was carried out in the software package UCSF Dock 6.4.
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RESULTS DOCKING DERIVATIVES ISOTHIAZOLYLUREAS
FOR VEGFR-2 TYROSINE KINASE
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[1] Vladimir A. Kulchitsky, VIadimir I. Potkin, et al. “Cytotoxic Effects of Chemotherapeutic Drugs and Heterocyclic Compounds at Application on
the Cells of Primary Culture of Neuroephitelium Tumors” // Medicinal Chemistry. 2012. Vol. 8. N 1. P. 22-32.
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st noBbiieHUsE 3PPEeKTUBHOCTH MW HM30HPATEJbHOCTH
NEUCTBUSA PAAUMOHYKIMIAHBIX MNPENnaparoB MePCHeKTUBHBIM
SIBJISIETCHA BBeJACHHE B COCTAaB HUX MOJIEKYJ CTPYKTYPHBIX
(pparMeHTOB H3BECTHBLIX JIEKAPCTBEHHBLIX (PopM, Hampumep,

AHTUMETA00/IMTa, aHAJI0ra (OoJIUEeBON KUCJIOThI — METOTPEeKcaTra
(Methotrexate).

Huennekers, F. M. The methotrexate story: a paradigm
development of cancer therapeutic agents / F. M. Huennekers
/[ Adv. Enzyme Regulation. — 1994. — Vol. 34, N 1. — P. 392—
419.



B c¢Ba3sm ¢ »3TEM B JIOKJaJe
[pPeACTABJICHbI Pe3yjbTaTbl KBAHTOBO-
XUMHUYECKOr0 DF T-moxeaupoBanust
CTPOCHHUS M JJIEKTPOHHOM CTPYKTYpPbI
CJEeIYIOIIUX COCUHECHUHA



CXEMA CTPOEHUA SHOO3APUYECKUX
¢VI'II'IEPEHOI'IOBbIX KNNACTEPOB 4-17
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8 17: My u M, — orcyrctByeT (8); M, — orcyrerByer, My = Fe* (9), Po* (10),
n*?(11); My — orcyrctByet, My = Fe* (12), Po*™ (13), Rn**?(14); My =M, =
Fe® (15), Po*® (16), Rn**(17).



KBAHTOBO-XMMWYECKAA MOZE/Ib «MYCTOrO»
BUCOYNEPEHONOBOIO METOTPEKCAT COAEPALLEIO
HAHOKOHTEMHEPA 4 ANA HAHOKAMNCY/IUPOBAHMUA
PAAMOHYKINAOOB ( 1, 2, 3)




KBAHTOBO-XMMWYECKAA MOZE/Ib «MYCTOrO»
BUCOYNEPEHONOBOIO METOTPEKCAT COAEPALLEIO
HAHOKOHTEMHEPA 8 ANA HAHOKAMNCY/IUPOBAHMUA
PAAMOHYKINAOOB ( 1, 2, 3)




ITOJIHBIE DHEPI'UU CUCTEM ( E , A.E.M.

) 1 AUITOJIbHBIE
MOMEHTHI (D , IB) COEAWHEHHWMN 1-

17

—1258.1806975868 —27836.7147106178 13.25 —30654.4225408905 14.72
—20624.9882378313 0 8 —10029.4481521369 13.81 14 —31842.4447935164 13.89
—21813.0447589198 0 9 —11287.7159860250 14.68 15 —12545.9871565168 13.22

—6023.7182325482 13.07 10 —30654.4238832655 14.59 16 —51279.3977724870 15.43

—7281.9820386311 13.27 11 —31842.4441283242 13.95 17 —53655.4406238669 14.04

—26648.6942364500 13.58 12 —11287.7153864795 13.77




BBIBO/IbI

1. MertoTpekcar cojepxaime dysiepenosioBbIe PAaAHOHYKJIHIHbIE
METAJUIOKJIACTEPBI SIBJISAKTCH NEePCHEeKTUBHLIMH 00beKTaMM JJisi pa3padoTKM Ha HX
OCHOBE HOBBIX AT€HTOB JINATHOCTUKHU M TePANUH OHKOJIOTHYeCKUX 3200/1eBaHUIi.

2. KBaHTOBO-XHMHYECKOE MOACIUPOBAHHUC 3JIeKTp0HHOI7[ CTPYKTYPbLI H aHaJIH3
TepMozmHaanecxoﬁ yCTOﬁqHBOCTH ITUX COG}II/IHeHI/Iﬁ no3BOJIA€CT caeJarb BbBIBOA O
BO3MOKHOCTH HX CHHTE3a X IIPAKTHYIECCKOI'O IPUMCHCHUS.

Hukycap E.A., Ilymkapuyk A.JI., ConmatoB A.Il., Kyreup C.A., Crénun C.I.
KBaHTOBO-XMMHYECKOE MOJCIUPOBAHUE CTPOCHUS METOTPEKCATCOACPKAIUX

(GyIIICpPEHONOBBIX  PAJUOHYKIUAHBIX  areHTOB  TEPallMd  OHKOJOTHYECKUX
3aboneBanui. // Bectauk dgapmaruu. 2017. Ne 1 (75). C. 52-56.
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