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Experimental section
Piperazine, bromoacetyl bromide, pyridine (Py), 7-nitrobenzoxadiazol-4-yl chloride (NBD-Cl), 3-ethyny-

laniline, hexanoic anhydride and metacryloyl chloride, ninhydrine, silica gel for chromatography, acetone-d6 
were from Sigma-Aldrich (USA). NaHCO3 (Bashkir Soda Company, Russia), acetonitrile (AcN), methanol 
(MeOH) (Merck, USA) were used. Synthesis of the compounds was done as described below (fig. 1).

Briefly, N-acylated NBD-piperazines (1–3) were prepared via dropwise addition of diluted (2–5 mg/mL, 
1.05 eq) acetonitrilic solutions of corresponding anhydrides to acetonitrilic solution of piperazine (20 mg/mL,  
1 eq) within 10 min at room temperature. After piperazine consummation according to thin layer chromato-
graphy (TLC) with ninhydrine and heat development, NaHCO3 (3 eq) and NBD-Cl in MeOH (5 mg/mL, 1 eq) 
were added. The mixtures were stirred 15–30 min until NBD-Cl consummation according to TLC. Then sol-
vents were removed from the synthetic mixtures and the products were purified using column chromatography 
(SiO2, gradient of benzene and acetone) by collecting orange fractions with green fluorescence followed by 
solvent removal using rotary evaporator. Yields were within 40–60 % giving the products as brown-reddish so- 
lids. NBD-ethynylaniline 4 was synthesised and purified in the similar manner (see fig. 1) with yield 70 % as 
a brown-reddish solid.

Mass-spectrometric analysis was carried out using LCMS-2020 (Shimadzu, Japan) system as described [7] 
using MeOH both as the eluent and for sample dilution. Nuclear magnetic resonance (NMR) analysis of 4 was 
performed on Bruker Avance 500 MHz instrument (Germany) as noted below.

Compound 1, 1-hexanoyl-4-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)piperazine, ESI-MS: m/z [M + H]+ for 
C16H22N5O4

+; calculated 348.17. Compound 2, 1-bromoacetyl-4-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)piperazine,  
ESI-MS: m/z 449.9 [M + Br]– for C12H12N5O4Br2; calculated 449.92. Compound 3, 1-methacryloyl-4- 
(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)piperazine, ESI-MS: m/z 318.0 [M + H]+ for C14H16N5O4

+; calculated 
318.12. Compound 4, N-(3-ethynylphenyl)-7-nitrobenzo[c][1,2,5]oxadiazol-4-amine, ESI-MS: m/z 279 [M – H]– 
for C14H7N4O3

–; calculated 279.03; 1H NMR (500 MHz, acetone-d6) chemical shift 8.48 (d, CH —— C — NO2), 
7.60 (dd, CH —— C — NH—), 7.16–7.20 (m, — CH — benzene), 5.15 (s, H — C ——— C alkyne). 

Docking was done as described [8] using AutoDock Vina [9] software. Grid centers for all calculations 
were 7 × 7 × 7 nm3 with their centers at geometrical centers of correspondent proteins, exhaustiveness was set  
to 20, five structures of BSA (PBD codes 3v03, 4f5s, 4jk4, 4or0, 6qs9) were used. Values of energy of binding 
(Ebind) and the amino acids surrounding of ligands have been tabulated. Phospholipid membrane permeability 
was also estimated in silico using PerMM server (https://permm.phar.umich.edu/server); if logarithmic values 
calculated are more than – 4.35 for a compound, it is considered as membrane permeable [10]. Lipophilicity 
was also evaluated in silico as logP values computed using Hyperchem 7.0.

Fig. 1. Structures and schemes of one-pot synthesis of N-acylated  
NBD-piperazines (1–3) and NBD-ethynylaniline (4); rt – room temperature


