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VY KHU31 TpeACTaBiIeHO poOOTH CIiBpOOITHUKIB [HCTUTYTY GioOpraHiqHOl
ximii Ta Hadroximii iM. B.I1. Kyxapss HAH VYkpainu, a Takok HayKOBIIB 1HIIHUX
IHCTUTYTIB Ta yHiBepcuTeTiB 3a marepianamMu XXXVl naykoBoi koHpepeHtii 3
Oioopraniunoi ximii Ta Hadroximii (16 uwepBus 2022 p., m. KuiB). Buknan
HAyKOBUX cTaTeil o00’€qHAHO B JBa pO3JAUIM, IO NPHUCBIYCHI CHHTE3Y 1
JOCTIP)KEHHIO O10aKTMBHUX CHOJYK, @ TaK0X BUBYEHHIO HOBUX PEYOBHH 1
MaTepiaiiB Ta iX 3aCTOCYBaHHIO. Y TEPIIOMY PO3JLII OOTOBOPIOIOTHCS MUTAHHS
CUHTE3Y, CTPYKTYPH, PEaKI[iiHO1 31aTHOCTI 1 610J10T1YHOT aKTUBHOCTI OPraHIgYHUX
cionyk. Oxpemy yBary mnpuaiieHo In SiliCO MopenmoBaHHIO BIIACTUBOCTEH
NOTEHIITHO O10AKTUBHUX CIIOIYK, BUBUECHHIO MEXAHI3MIB Jii CHHTETUYHUX 1
OPUPOAHUX OIOPEryIsATOpPIB Ta 3’SCYBAaHHIO 3B’A3KYy MIK CTPYKTYpOIO 1
AKTUBHICTIO HOBHX PEYOBHH. Y JPYroMy pO3AUII MIPEACTABIECHO pe3yJIbTaTh
TEOPETUYHUX JOCTIPKEHb 1 MPAKTUYHUX HAYKOBHX PO3POOOK, IO CTOCYIOTHCS
NaJMBHUX 1 MAaCTWJIBHUX MarepiajiiB, KaraiizaTopiB i HadTOXiMil, HOBHUX
MOJIIMEPHUX KOMITO3HMIIIH, TOTEHIIIMHIX cOpOeHTiB Tomo. Kuura po3paxoBaHa Ha
HIMpOKe KoJIo (haxiBLIB Yy Taiy3i O100praHiyHoi Ximii, OpraHi4HOI XIMIi,
HaTOXiMii, XiMIi BHCOKOMOJIEKYJSPHUX CIOJYK, a TaKOoX AacHipaHTiB 1
CTYJICHTIB.
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IN VITRO AND IN SILICO STUDY ON THE BIOLOGICAL AFFINITY
OF TWO ISOMERS OF OXAZOLE-PYRIMIDINES
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In silico study the “fragment to fragment” approach shows that two
isomeric forms of oxazolo-pyrimidines can form a stable [HB] complexes due to
the hydrogen bond between a lone electron pair at the nitrogen atoms and the
proton of functional groups of amino acid of protein molecules. It is shown that
the formation of the K-2 type [HB] complex for oxazolo[4,5-d]pyrimidine and
oxazolo[5,4-d]pyrimidine and K-3 type [HB]complex for oxazolo[5,4-
d]pyrimidine is more energetically advantageous. The oxazolo[5,4-d]pyrimidine
forms more stable [HB] complexes, which is in good agreement with in vitro
studies.

Keywords: oxazolo-pyrimidines, anticancer activity, [HB] complexes.

In silico mocnimkeHHs y miaxoi “dparMeHT 10 GparMeHTy” moKa3aiu, 1o
JB1 130MepHI (POpPMHU OKCa30JIO-TIPUMITUHIB MOXYTh YTBOPIOBATH CTaOUIbHI
[HB] koMIuiekcn 3a  MexaHi3MOM  YTBOPEHHS  BOJHEBOTO 3B’S3Ky  MIiX
HEIMO/JIEHOIO €JIEKTPOHHOIO Mapol0 aTOMIB a30Ty Ta MPOTOHOM (PYHKIIOHATBHUX
rpyn aMiHOKHCJIOTHUX 3aJIMIIKIB O1IKOBUX MoOJiekyJ. [lokazaHo, 110 yTBOpEHHS
[HB] xommutekciB tuny K-2 mist okcazono[4,5-d]mipumiguHy Ta okcaszono[S,4-
dmipumiauHy, a Takox Komruiekcy tumy K-3 mist okcazono[4,5-d]mipuminuny €
OUTbII eHepreTuyHo BUTIAHMM. [eTeporukiiyHa TtiaTdopma okcaszonol5,4-
dmipuMigrHy yTBOPIOE OUIBIN CTAOIbHI KOMILIEKCH, IO T00OPE Y3rOKYETHCS 3
JOCITI/PKEHHSIMU CIIONTYK 1N Vitro.

Knwouosi  cnosa:  0okcazoNo-MIPUMIAMHYU, MPOTHPAKOBA  AKTUBHICTB,
[HB] xomrutekcn.

The oxazole and pyrimidine-based molecules show broad biological
activities and provide different types of interactions with various receptors and
enzymes [1-2]. They also occupy a core position in medicinal chemistry for the
development and discovery of newer potential therapeutic agents, since
oxazolo[4,5-d]pyrimidines and their isomeric derivatives, oxazolo[5,4-
d]pyrimidines, exhibit antiviral, anticancer activity and cell cytotoxicity [3-4].

The biological activity of oxazolo-pyrimidines with the properties of
pharmacophores (Het) is due to their ability to form a stable complex with
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biomolecules (Bio); it is designated as its affinity [5]. The oxazolo-pyrimidine
heterocyclic system contains nitrogen atoms with unshared electron pair (LEP)
outside the common coupling system, which may be an electron donor in the
formation of the [Het-BioM] complex by the hydrogen bonding mechanism
([HB] complex) [3].

Therefore, the aim of this investigation is to study the electronic structure
of oxazolo[4,5-d]pyrimidine and isomeric oxazolo[5,4-d]pyrimidine heterocyclic
platforms, its effect on the stability of the [HB] complexes, using the “fragment-
to-fragment” approach [6] as a further approximation discovery of new drugs at
an early stage provided FBDD strategy [7]. The investigated oxazolo-pyrimidine
systems 1-2 are presented in Figure 1.
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Fig. 1. Structural formulas and the numbering of nitrogen atoms of the
investigated oxazolo-pyrimidines 1-2

The main characteristics of the electron structure were calculated by DFT
[@B97XD/6-31G(d.p.)] method (package GAUSSIAN 09 [8]). The wB97XD
functional is found to be relevant for the description of noncovalent interaction
[9].

The tumor growth inhibition properties of the compounds 1a,b and 2a,b
were screened on human cancer cell lines at the NIH, Bethesda, Maryland, USA,
under the drug discovery program of the NCI [10]. The primary in vitro one dose
anticancer screening was initiated by cell inoculating of each 60 panel lines
engaged a different human tumor cell lines. Results for oxazolo-pyrimidines 1a,b
and 2a,b at a one dose concentration of 10 uM showed that compounds 1a and 2a
are inactive, only compound 1b to inhibit cell proliferation of cancer cells. Table
1 presents the extended results of the five-dose assay for anticancer activity of
these compound 1b and newly synthesized compound 2b against nine cancer cell
line.

As can be seen from Table 1, the isomeric compound 2b with the same Rn
substituents has a significantly higher inhibitory effect on the proliferation of
cancer cells of nine lines, close to methotrexate, which competitively inhibits the
enzyme dihydrofolate-reductase, most effective on fast-proliferate fabrics.
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Since the five-dose assay for the anticancer activity for compounds 1b and
2b is different, and the m-conjugated system of the heterocyclic platform of
oxazolo-pyrimidines 1 and 2 is as close as possible to each other in their
electronic characteristics, we can assume that [Het-BioM] complex formed by
hydrogen bonds.

Table 1
The Five Doses Full NCI 60 Cell Panel Assay of the oxazolo-pyrimidines 1b
and 2b (the concentrations G150, TGI and LC50, mol/L, given as Ig)

Panel Compounds
(Cell Li 1b 2b Methotrexate
parameter Ig Glx Ig TGl |IgLCs | IgGls [ Ig TGI |IgLCso | IgGls | Ig TGI | Ig LCop
Leukemia
(HL-60(TB)) -5.84 -5.51 518 | -5.72 | -5.39 | -5.05 | -7.59 | -5.00 | -5.00
non small cell
lung cancer -5.71 -535 | -497 | -5.70 | -540 | -5.11 | -7.67 | -5.21 | -5.00
(HOP-62)
Colon cancer
(HCC-116) -5.73 -5.48 -523 | -590 | -554 | -5.17 | -8.63 | -5.00 | -5.00
CNS cancer
(SNB-75) -5.79 -5.52 -525 | -590 | -5.60 | -5.30 | -6.94 | -5.02 | -5.00
Melanoma
(MALME-3M) -5.68 -5.43 -5.17 | -5.77 | -550 | -5.22 | -5.80 | -5.00 | -5.00
Ovarian
cancer -5.71 -5.46 521 | -5.75 | -549 | -5.23 | -6.32 | -5.00 | -5.00
(OVCAR-3)
Renal cancer
(A498) -4.84 -4.54 -424 | -585 | -556 | -5.27 | -5.98 | -5.00 | -5.00
Prostate
cancer -5.76 -5.50 -5.23 | -5.78 | -5.49 | -5.20 | -7.67 | -5.00 -5.00
(DU-145)
Breast cancer
(MDA-MB- -5.74 -5.42 -5.10 | -5.78 | -550 | -5.21 | -5.62 | -5.00 | -5.00
321/ATCC)
MID -5.63 -5.31 -495 | -5.77 | -5.47 | -5.10 | -6.99 | -5.01 | -5.00

First electron transition for compound 1 has the nm—=* nature, and for
compound 2 has the n—=* nature. It can be assumed that derivatives of isomeric
oxazolo-pyrimidine 2 will better form [HB] complexes by the nitrogen atoms of
the "heterocyclic platform", their LEP is outside the m-bond systems. The
unconjugated fragment of model amino acids was modeled with a methyl group.
The model molecule of methanol HO-CH; was taken into account by the results
of molecular docking in the active site of VEGFR2 [3]. Possible types of
complexation are shown in Figure 2.
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Fig. 2. The [HB] complexes of the oxazolo-pyrimidine platforms 1-2 with model
methanole: a) with N1 (K-1); b) with N2 (K-2) and c) with N3 (K-3)

The binding energy Ei,g Of [Het-BioM] complex was estimated as the
difference of the total energies of the complex components:

Ebind = Ejcomplex — Efcomp 11 — Efcomp 21 (1)

where Ejcomplexg 1S €nergy of the optimized complex, while Ejcomp 13 @nd Eqcomp 25
are the energies of both optimized components. It is by this method that
calculations of [HB] complex, which are collected in Table 2.
Table 2
The binding energies of [HB] complexes of the oxazolo-pyrimidines 1 and 2 with
model methanole on type K-1, K-2, and K-3

K-1 K-2 K-3

Cmpd | Enof, a.u. AES, AE, AE,

Ecompl’s .U.
compl» &L\ almol kcal/mol kcal/mol

Ecompt, a.U. Ecompl, a.U.

1 -470.969508 | -586.673792 | -12.13 | -586.668724 | -8.95 -586.670634 | -10.15

2 -470.974483 | -586.678771 | -12.13 | -586.674896 -9.70 -586.674476 -9.44
CH;-OH | -115.684950 - - - - -

*Ecompa IS total energy of compounds;
°Ecompi IS total energy of [HB] complex;
°AE is binding energy increased only the stability of the formed complex, calculated by formula (1)

As can be seen from table 2, the stabilization energies of [HB] complexes
of the oxazolo-pyrimidines 1 and 2 are sensitive to the magnitude of the charge
on nitrogen atoms, and correlate with the corresponding values. It should be noted
that the formation of [HB] complexes of type K-1, K-2, and K-3 with oxazolo-
pyrimidine 2 requires less energy than with the corresponding isomer 1, the
complexation is easier. It can be assumed that oxazolo-pyrimidines inhibit the
proliferation of cancer cells, forming complexes with amino acid residues of
regulatory proteins by the mechanism of hydrogen bonding.

A detailed in silico investigation in the fragment-fragment approach shows
that oxazolo-pyrimidines 1 and 2 can form a stable [HB] complexes. The
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influence of the isomeric arrangement of nitrogen atoms on the stabilization
energy of complexes has been studied. It is shown that the formation of the K-2
type complex for compounds 1 and 2, as well as the K-3 type complex for
compound 2 is more energetically advantageous. Thus, the heterocyclic platform
2 of oxazolo-pyrimidine forms more stable complexes, which is in good
agreement with in vitro studies of the synthesized compounds.
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