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У книзі представлено роботи співробітників Інституту біоорганічної 

хімії та нафтохімії ім. В.П. Кухаря НАН України, а також науковців інших 

інститутів та університетів за матеріалами ХХХVII наукової конференції з 

біоорганічної хімії та нафтохімії (16 червня 2022 р., м. Київ). Виклад 

наукових статей об‘єднано в два розділи, що присвячені синтезу і 

дослідженню біоактивних сполук, а також вивченню нових речовин і 

матеріалів та їх застосуванню. У першому розділі обговорюються питання 

синтезу, структури, реакційної здатності і біологічної активності органічних 

сполук. Окрему увагу приділено in silico моделюванню властивостей 

потенційно біоактивних сполук, вивченню механізмів дії синтетичних і 

природних біорегуляторів та з‘ясуванню зв‘язку між структурою і 

активністю нових речовин. У другому розділі представлено результати 

теоретичних досліджень і практичних наукових розробок, що стосуються 

паливних і мастильних матеріалів, каталізаторів для нафтохімії, нових 

полімерних композицій, потенційних сорбентів тощо. Книга розрахована на 

широке коло фахівців у галузі біоорганічної хімії, органічної хімії, 

нафтохімії, хімії високомолекулярних сполук, а також аспірантів і 

студентів. 

 

 

Рецензенти 

 

Доктор хімічних наук І.І. Герус 

Доктор біол. наук Л.О. Метелиця 

 

 

 

 

 

 

 

ISBN ІБОНХ ім. В.П. Кухаря НАН України, 2022 

 



108 

UDC 544.6 + 541.138.3: 539.2: 539.216  

 

IN VITRO AND IN SILICO STUDY ON THE BIOLOGICAL AFFINITY 

OF TWO ISOMERS OF OXAZOLЕ-PYRIMIDINES 

 
1
Obernikhina N.V., 

2
Pilyo S.G., 

2
Kachkovsky O.D., 

2
Brovarets V.S. 

1 
O.O. Bogomolets National Medical University 

2 
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry of the NASU 

nataliya.obernikhina@gmail.com 

 

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, [HВ] complexes. 

 

Іn silico дослідження у підході ―фрагмент до фрагменту‖ показали, що 

дві ізомерні форми оксазоло-піримідинів можуть утворювати стабільні 

[HB] комплекси за механізмом утворення водневого зв‘язку між 

неподіленою електронною парою атомів азоту та протоном функціональних 

груп амінокислотних залишків білкових молекул. Показано, що утворення 

[HB] комплексів типу K-2 для оксазоло[4,5-d]піримідину та оксазоло[5,4-

d]піримідину, а також комплексу типу K-3 для оксазоло[4,5-d]піримідину є 

більш енергетично вигідним. Гетероциклічна платформа оксазоло[5,4-

d]піримідину утворює більш стабільні комплекси, що добре узгоджується з 

дослідженнями сполук in vitro. 

Ключові слова: оксазоло-піримідини, протиракова активність, 

[HВ] комплекси.  

 

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, аnticancer 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 

([HВ] 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 [HВ] 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. 

 

 
 

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 

[ωB97XD/6-31G(d.p.)] method (package GAUSSIAN 09 [8]). The ωB97XD 

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 μM 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 Тable 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-proliferatе fabrics.  
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Since the five-dose assay for the anticancer activity for compounds 1b and 

2b is different, and the π-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 GI50, TGI and LC50, mol/L, given as lg) 

Panel 

(Cell Line) 

 

parameter 

Compounds 

1b 2b Methotrexate 

lg GI50 lg TGI lg LC50 lg GI50 lg TGI lg LC50 lg GI50 lg TGI lg LC50 

Leukemia 

(HL-60(TB)) 
-5.84 -5.51 -5.18 -5.72 -5.39 -5.05 -7.59 -5.00 -5.00 

non small cell 

lung cancer 

(HOP-62) 

-5.71 -5.35 -4.97 -5.70 -5.40 -5.11 -7.67 -5.21 -5.00 

Colon cancer 

(HCC-116) 
-5.73 -5.48 -5.23 -5.90 -5.54 -5.17 -8.63 -5.00 -5.00 

CNS cancer 

(SNB-75) 
-5.79 -5.52 -5.25 -5.90 -5.60 -5.30 -6.94 -5.02 -5.00 

Melanoma 

(MALME-3M) 
-5.68 -5.43 -5.17 -5.77 -5.50 -5.22 -5.80 -5.00 -5.00 

Ovarian 

cancer  

(OVCAR-3) 

-5.71 -5.46 -5.21 -5.75 -5.49 -5.23 -6.32 -5.00 -5.00 

Renal cancer  

(A498) 
-4.84 -4.54 -4.24 -5.85 -5.56 -5.27 -5.98 -5.00 -5.00 

Prostate 

cancer 

(DU-145) 

-5.76 -5.50 -5.23 -5.78 -5.49 -5.20 -7.67 -5.00 -5.00 

Breast cancer 

(MDA-MB-

321/ATCC) 

-5.74 -5.42 -5.10 -5.78 -5.50 -5.21 -5.62 -5.00 -5.00 

MID -5.63 -5.31 -4.95 -5.77 -5.47 -5.10 -6.99 -5.01 -5.00 

 

First electron transition for compound 1 has the * 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 π-bond systems. The 

unconjugated fragment of model amino acids was modeled with a methyl group. 

Тhe model molecule of methanol HO-CH3 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 [НВ] 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 Ebind of [Het-BioM] complex was estimated as the 

difference of the total energies of the complex components: 

 

Ebind = E[Complex] – E[Comp 1] – E[Comp 2]          (1) 

 

where E[Complex] is energy of the optimized complex, while E[Comp 1] and E[Comp 2] 

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, К-2, and К-3 

Cmpd Emol
a
, a.u. 

K-1 K-2 K-3 

Ecompl
b
, a.u. 

E
c
, 

kcal/mol 
Ecompl, a.u. 

E, 

kcal/mol 
Ecompl, a.u. 

E, 

kcal/mol 

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 

CH3-OH -115.684950 - - - - - - 
a
Ecompd is total energy of compounds; 

b
Ecompl is total energy of [HB] complex; 

c
E 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. 

А detailed in silico investigation in the fragment-fragment approach shows 

that oxazolo-pyrimidines 1 and 2 can form a stable [HB] complexes. The 

 

                 

a) b) c) 
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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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