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потенційно біоактивних сполук, вивченню механізмів дії синтетичних і 

природних біорегуляторів та з‟ясуванню зв‟язку між структурою і 
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In silico study the “fragment to fragment” approach shows that oxazolо-

sulfamides form stable complexes by the mechanism of hydrogen bonding 

between the proton of the amino acid residues of the protein molecule and the 

lone electron pair of the oxazole ring nitrogen atom and a piperidine nitrogen 

atom. It is shown that the formation of [H-B] complexes at the piperidine nitrogen 

atom is energetically more advantageous for oxazoles in which the sulfamide 

group is located in the 5th position of the heterocyclic system. Such theoretical 

approaches agree well with in vitro studies. 

Keywords: sulfonamide 1,3-oxazoles, anticancer activity, [H-В] complexes. 

 

Іn silico дослідження методом “фрагмент до фрагменту” показали, що 

оксазоло-сульфаміди формують стабільні комплекси за механізмом 

водневого зв‟язку між протоном функціональних груп амінокислотних 

залишків білкових молекул та неподіленою електронною парою атомів 

нітрогену як оксазольного циклу, так і піперидинового фрагменту. 

Показано, що утворення [H-B] комплексів за атомом нітрогену 

піперидинового фрагменту є більш енергетично вигідним для оксазолів, в 

яких сульфамідна група знаходиться в 5-му положенні гетероциклічної 

системи. Такі теоретичні підходи добре узгоджуються з дослідженнями in 

vitro. 

Ключові слова: сульфаміди 1,3-оксазолів, антиракова активність,              

[H-В] комплекси.  

 

There are many heterocyclic structures described as pharmacologically 

active compounds, among which substituted oxazoles occupy one of the leading 

positions [1], showing a wide range of biological effects, including anticancer          

[2, 3], antibacterial and antiviral effects [4]. Studies using in vitro and in silico 

approaches have shown that the oxazole ring is an important fragment for the 

manifestation of biological affinity, as it can generate rather "stiff" stable 

complexes with biomolecules both due to π-stacking and due to hydrogen 

bonding [5, 6]. Previous studies proved that the biologically active sulfo-group          
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[1, 7] in the oxazole cycle significantly increases the results of the anticancer 

activity of such ligands [5, 8]. The piperidine-based fragment is also widely used 

in drug modeling [9], and the introduction of such a fragment into the conjugated 

system of oxazole ring led to increased inhibition of cancer cell growth [9].  

The biological activity of sulfonamide 1,3-oxazoles with the properties of 

pharmacophores (Het) is due to their ability to form a stable complex with 

biomolecules (Bio); it is designated as its affinity [10]. Therefore, the task arose 

to investigate the mutual influence of biologically active fragments in the 

composition of the oxazole cycle on the pharmacological activity of such newly 

formed compounds by studying their electronic structure, its effect on the stability 

of the [Het-BioM] complexes, using the “fragment-to-fragment” approach [3] as 

a further approximation as a further approximation of the FBDD (fragment-based 

drug discovery) strategy [11]. The investigated sulfonamide 1,3-oxazole systems 

1–2 are presented in Figure 1. 

 

 
 

Fig. 1. Structural formulas of the investigated sulfonamide 1,3-oxazoles 1–2 

 

The oxazole ring and piperidine fragment 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 ([H-В] complex) [10]. Some proteins in the amino acid 

residues contain functional groups -OH, -NH, -SH, which are involved in the 

formation of hydrogen bonds as a donor center. Therefore, such an amino acid in 

the [H-B] complex, is modeled in quantum chemical calculations by a simpler 

molecule: H3C-OH. 

Аccording to the perturbation theory [12], the interaction of two -electron 

systems (Heterocycle and Biomolecule) is connected with the relative positions of 

the molecular orbitals (MOs) of both molecules. The main characteristics of the 

electron structure studied compounds were calculated by DFT [ωB97XD/6-

31G(d.p.)] method (package GAUSSIAN 09 [13]). The ωB97XD functional is 

found to be relevant for the description of noncovalent interaction [14]. The 

mutual dispositions and shapes of the frontier MOs and some orbitals closest to 

the non-bonding orbital sulfonamide 1,3-oxazoles 1–2 are pictured in Figure 2. 
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Fig. 2. Shapes of some MOs in sulfonamide 1,3-oxazoles 1–2 

 

Figure 3 shows that both frontier molecular orbitals (HOMO and LUMO) 

are completely delocalized along the entire molecular conjugate part, which 

makes it possible to stabilize the [Het-BioM] complexes by the π-stacking 

interaction mechanism. The displacement of the sulfo-group from the oxazole 

ring to the piperidine fragment (compound 2) led to an increase in the HOMO(0) 

energy by 1.1 eV, there by significantly increasing the donority of sulfonamide 

1,3-oxazole 2, which will definitely be reflected in the anticancer activity of the 

compounds. The first occupied n-MO sulfonamide 1,3-oxazoles 1–2 belongs to 

the LEP of piperidine nitrogen atom, and the second n-MO is the LEP of oxazole 

ring nitrogen atom, therefore the investigated compounds 1–2 have two centers of 

[H-B] complex formation, as shown in Figure 3. 

 

 
 

Fig. 3. [Н-В] complexes sulfonamide 1,3-oxazoles 1–2 with model HO-СН3:  

a) [Н-В] complex with LEP of oxazole ring nitrogen atom (K-1);  

b) [Н-В] complex with LEP of the piperidine nitrogen atom (K-2) 

 

Quantum-chemical calculations of electron transitions of sulfonamide-1,3-

oxazoles 1–2 show that the n* electron transition from the LEP of the 

piperidine nitrogen atom is possible only for compound 1, and the probability of 

the formation of such a [H-B] complex is much higher than the formation of         
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[H-B] complex with the LEP of the oxazole ring nitrogen atom. The calculated 

theoretical values of possible [H-B] complexes sulfonamide 1,3-oxazole 1 with 

model HO-СН3 are collected in Table 1.  

 

Table 1 

Theoretical values of [H-B] complexes of the sulfonamide 1,3-oxazole 1  

Com-

plex 

Binding energy Charge (z)
d
, e.u. 

0
e
 

n  * 

transition 

Emol
a
, a.u. Ecompl

b
, a.u. 

E
c
, 

kcal/mol 
cmpd complex z f 

E, 

eV 

К-1 -1385.584129 -1523.320521 -10.09 -0.486 -0.547 -0.06 0.31 0.006 6.04 

К-2 -1523.357188 -11.97 -0.594 -0.684 -0.09 0.36 0.143 5.54 

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

b
Ecompl is total energy of [H-B] complex; 

c
E is binding energy increased only the stability of the [H-B] complex, calculated by [3]; 

d
(z) is charge in the nitrogen atoms, e.u. (electronic units) 

 

As can be seen from Table 1, the difference (Δz) in the charges on the 

piperidine nitrogen atom is greater by 0.03 e.u. in comparison with Δz of the 

oxazole cycle nitrogen atom; also the probability of n*transition from the         

n-MO of the piperidine fragment is much higher. As a result, the energy of 

stabilization of the [H-B] complex sulfonamide 1,3-oxazole 1 due to the LEP of 

the piperidine nitrogen atom is higher by  2 kcal/mol compared to the [H-B] 

complex stabilized by the LEP of the oxazole ring nitrogen atom.  

The sulfonamide 1,3-oxazole 2 as an extended isomer of compound 1, also 

has the n-MO of the piperidine fragment on HOMO(-1) (see Fig. 2), but quantum 

chemical calculations showed that this orbital exhibits higher donor properties 

(0 = 0.42) is compared with the similar n-MO sulfonamide 1,3-oxazole 1 

(0 = 0.36), therefore, the probability of n* transition for the formation of [H-

B] complex for sulfonamide 1,3-oxazole 2 is absent. 

Most likely, it is the ability of sulfonamide 1,3-oxazole 1, in contrast to its 

elongated isomer 2, to form [H-B] complexes at the piperidine nitrogen atom that 

underlies its active inhibition of cancer cell growth in vitro studies. 

The tumor growth inhibition properties of compounds 1 and 2 were 

screened on human cancer cell lines at the NIH, Bethesda, Maryland, USA, under 

the drug discovery program of the NCI [15]. 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. Table 2 presents the extended results 

of the one-dose assay for anticancer activity of oxazolо-sulfonamides 1 and 2 

against nine cancer cell line. 

Results for sulfonamide 1,3-oxazoles 1 and 2 showed that were found to be 

inactive on such cell lines as Central Nervous System tumors and prostate, for 

https://www.cancer.net/cancer-types/central-nervous-system-tumors-brain-and-spinal-cord-childhood/introduction
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other cancer cell lines, compound 1 turned out to be an inhibitor with a high 

degree of activity, especially for colon cancer, melanoma and ovarian cancer. 

This in vitro activity of sulfonamide 1,3-oxazole 1 is most likely related to the 

possibility of generating different [H-B] complexes by piperidine nitrogen atom 

and oxazole nitrogen atom, calculated in silico in a «fragment-to-fragment» 

approach. 

 

Table 2 

The anticancer activity (cancer cells growth according to One Doses Full NCI 60 

Cell Panel Assay (С = 10
-5

 mol/L)) of sulfonamide 1,3-oxazoles 1 and 2 

Cmpd 

Panel (Cell Line), One Doses Growth Percent, % 
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-3
) 

B
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a
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ce
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(M
D

A
-M

B
-

4
6

8
) 

Mean 

1 -34.62 -78.38 -68.38 38.74 -100.0 -72.09 -91.21 55.51 -69.95 -13.23 

2 95.78 91.36 97.43 102.8 91.36 96.58 98.97 94.34 98.93 101.1 
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