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Furfuryl derivatives of 4-allyl-1-(4-hydroxy-3-nitrobenzyl)-3-[2-(4-alkoxyphenyl)quinolin-4- yl]-
4,5-dihydro-1H-1,2,4-triazol-5-thiones were synthesized in this study. The docking analysis revealed
the affinity of compounds for Epidermal Growth Factor Receptor (EGFR). New
compounds exhibit low cytotoxicity in non-small cell lung cancer and breast cancer cell lines.

In the series of furancarboxylic acids, it has been revealed that the cytotoxic effect is enhanced
with an increase of the alkoxy radical, while in the series of esters, an increase in the alkoxy radical
leads to a loss of activity. The data suggest that chemical invasion of compounds leads to protein
degradation in cancer cells.

Fig. 1, tables 2, references 16.

Targeting cancer with small chemical molecules is of great importance giving
new possibilities of modulating not only the catalytic activity of proteins, but also
functions leading to protein degradation. We have recently shown that furfuryl
derivatives of 4-allyl-5-[2-(4-alkoxyphenyl)- quinolin-4-yl]-4H-1,2,4-triazole-3-
thiols (compounds 1, 2) have a high affinity for the receptor tyro-sine kinase EGFR,
and appear to induce degradation of the receptor in cancer cells [1]. It has been
established that the pentyloxy derivative in the series of furancarboxylic acids
(compound 2, R* = CsHy,) is the most potent modulator of EGFR activity and
downstream signaling pathways in cancer cell lines. In addition, an antitumor
activity detected in murine 180 sarcoma treated with compounds 1 and 2 seems to

559


mailto:melkon.iradyan@mail.ru

correlate with the decrease in the level of DNA methylation in tumor tissue [2].
Structure of active anti-cancer compounds is given below.

R' = CH;3 — CsHu(1, 2); R = OCHjs (1), R%*= OH (2).

Continuing structure-designed strategy in this direction, new furfuryl
derivatives of 4-allyl-1-(4-hydroxy-3-nitrobenzyl)-3-[2-(4-alkoxyphenyl)quinolin-4-
yl]-4,5-dihydro-1H-1,2,4-triazol-5-thiones have been synthesized and their toxicity
studied in four cancer cell lines: non-small cell lung cancer (strains A549, NSCLC-
L6), breast cancer (MDA MB468) and tumor cells of the NCTC 2544 line,
representing human transformed keratinocytes.

Docking of compounds 9-16 was first carried out with the catalytic domain of
EGFR using the high-resolution structure of 3W32 [5]. The analysis showed that the
binding energy for compounds 9-16 was rather high and comparable to known
antitumor drugs cabozantinib [6], linsitinib [7] and zarnestra [8] (Table 1). These
drugs are blockers of tyrosine kinase receptors, contain quinoline in their structure
and have a high energy of interaction with the EGFR receptor. The results of the
docking analyses suggest that the catalytic domain of EGFR is a putative target for
compounds 9-16.

Furfuryl derivatives 9-13 were obtained by reaction of potassium salts 3-7 [3]
with 5-chloro-methylfuran-2-carboxylic acid methyl ether (8)[4] in DMFA at 95-
100°C. Ethers 9-13 were then hydrolyzed by potassium hydroxide in an aqueous
methanol medium to acids 14-16.

In '"H NMR spectra of compounds 9-16, the signal from NCHy-aryl is
manifested in the region of 5.55 ppm, which is characteristic of N-substituted 1,2,4-
triazol-5-thione derivatives. In IR spectra 9-16, the signal from the C=S group is
fixed at 1203 cm™, the signal from the C=0 groups — in the range of 1720-1727 cm™
for ethers and 1691-1705 cm™ for acids. The synthetic root of compounds 9-16 is
shown in Scheme 1.
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Scheme 1

14 -16
R' = CHs (3,9,14), C,H5 (4,10,15), CsH; (5,11,16), C4Hq (6,12), CsHy; (7,13).

Discussion of the results of Doking analyses

Models of newly synthesized compounds and antitumor drugs Cabozantinib,
Linsitinib and Zarnestra were created in the PDB format using the ChemBioDraw
Ultra 12.0 software package (http://software.informer.com/getfree-chembio3d-ultra-
12.0/). The MM2 program of the ChemBio-Draw Ultra 12.0 software package was
used to perform the minimization of the free energy of chemical compounds.
Modeling of the interaction of these compounds with a high-resolution 3D structure
3W32 of the cytoplasmic region of EGFR [5] was carried out using the AutoDock
Vina software package (http://vina.scripps.edu/index.html) [9]. The interaction
profiles were characterized by AutoDock Tools 1.5.6rc3. For each interaction, the 9
conformations with the highest free energies were calculated using the scoring
function of Vina.

To determine the mode of interaction with the receptor, the interaction energies
of compounds 9-16 with the catalytic domain of EGFR 3W32 were calculated using
the docking analysis. The same calculations were carried out for control antitumor
drugs. The results of the docking analysis are shown in Table 1.
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Table 1

Binding parameters of compounds 9-16 with the catalytic domain of EGFR
(human 3W32) cabozantinib, linsitinib, and zarnestra were used as reference
molecules for comparison.

Ligand AG,, kcal/mol Kp, uM
Cabozantinib (XL-184) -10.1 0.0395
Linsitinib (OSI-906) -11.1 0.0073
Zarnestra (R-115777) -11.1 0.0073
9 -10.3 0.0282

10 -10.8 0.0121

11 -10.6 0.0170

12 -9.6 0.0919

13 -10.4 0.0238

14 -10.1 0.0395

15 -10.5 0.0201

16 -10.7 0.0143

The spatial form of representative interactions of cabozantinib and compounds
11 and 16 is shown in Figure.

From presented data it can be seen that all compounds interact nearly in the
same site of studied receptor (left side pictures). However, from precise mode of
interactions (right side pictures) it can be seen that compounds 11 and 16 interact
with receptor in a somewhat different place when compared to cabozantinib.
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Figure. The binding of compounds 11 and 16 and cabozantinib (for comparison) to the catalytic
site of EGFR (3W32).

Discussion of the biological experiments and results

Cell lines. Non-Small-Cell-Lung-Cancer (NSCLC) A549 and NSCLC-L6 cell
lines originate from an adenocarcinoma and an epidermoid lung cancer,
respectively. NSCLC-L6 is a cell line derived from a NSCLC of a previously
untreated patient (moderately differentiated classified as T2NOMO) [10]. A triple
negative breast cancer MDA MB468 is characterized by overproduction of
epidermal growth factor receptor [11]. The cell line NCTC 2544 represents
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transformed human keratinocytes, and A549, NSCLC-L6 and NCTC cell lines were
grown in RPMI-1640 supplemented with 2 mM glutamine and 5% fetal bovine
serum in a humidified atmosphere of 5% CO, at 37°C. MDA MBA468 cell line was
grown in Dulbecco modified eagle medium supplemented with 10% serum.

Cell viability test. Cell lines were seeded at 2x10* cells per well in 96-well
microtitre plates and the viability of each cell line was assessed by incubation with
novel compounds in parallel assays. Each compound was serially diluted and added
in cell cultures followed by incubation for 72 h at 37°C. The detection of viable cells
was performed with a colorimetric method based on the conversion of tetrazolium
dye to blue formazan by live mitochondria [12]. The ICsy value of compounds was
determined by measuring colour intensity at 570 nm. Eight repeats were carried out
for each concentration of the compound to be tested.

Next, the evaluation of cell viability revealed that compounds of series 14-16
were more toxic in cell lines than compounds of series 9-13 (Table 2). The level of
cytotoxicity of compounds 14-16 was similar in four cell lines tested, with the
highest toxicity for compound 16 (ICsp 9,9 uM in MDA MB468). Among lower
toxic compounds, the most toxic compound 9 had 1Cs, values in the range from 41
UM to 46 uM in cell lines A549, MDA MB468 and NCTC whereas compounds 12
and 13 were inactive at the concentration of 60 uM in all cell lines in the conditions
used.

Noteworthy, the range of compound toxicity follows the increasing order of 16
> 15> 14 in all cell lines whereas the toxicity of less toxic compounds 9-13 appears
to have the increasing order of 9 > 10 > 11 > 12 > 13 (see Table 2). Comparison of
structures of compounds 1 and 2 suggests that the chemical composition of the side
chains R* and R? can affect the activity of compounds in cancer cells. Indeed, the
cytotoxicity of new compounds, which share the same core structure, clearly
depends on the length of a hydrophobic chain R*. The longer hydrophobic R* chain
gradually increases the cytotoxicity in acids 14-16. On the contrary, a longer
hydrophobic R* reduces the cytotoxicity in the series of the ethers 9-13.

Table 2

Cytotoxicity of novel compounds (ICsq in pM) in four cell lines.
The viability of cells was determined in parallel assays after incubation
with chemical compounds for 72 hours.

Compound A549 NSCLC-L6 MDA MB468 NCTC
9 414 +3.3 17.6 +£0.3 46.9 + 3.3 426 +4.3
10 52.4+9.3 > 60 51.4+4.38 446+29
11 > 60 > 60 453 +4.7 > 60
12 > 60 Inactive Inactive > 60
13 Inactive Inactive Inactive Inactive
14 19.4+0.8 248+1.9 22.3+25 21.1+0.6
15 16.3+0.3 17.0+0.2 129+0.3 14.8+0.3
16 12.3+0.2 12.0+0.6 9.9+0.1 143+0.2
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Since recently, the apoptotic death of cancer cells caused by chemical agents
that enhance protein degradation has attracted great attention in fighting cancer drug
resistance. In particular, EGFR inhibitors can induce degradation of the receptor [13]
caused by autophagy and explained as a result of cytoprotective response in cells
[14]. Low toxicity of the new compounds described in our study suggests that the
binding to EGFR could enhance endocytosis of the receptor leading to autophagic
protein degradation. Moreover, the presence of a nitro group in the structure of new
compounds suggests the possibility of generating reactive oxygen species that could
have an additional impact on the cytotoxicity, as shown by dissection of compounds
containing nitrobenzoxydiazole [15,16]. Further studies are required to elucidate the
anti-cancer effect of new compounds.

Experimental part

IR spectra were recorded on the spectrophotometer "Nexus™ (USA) in vaseline
oil. 'H NMR spectra and “3C registered on the device Varian "Mercury-300 VX" in
DMSO-ds / CCLy4, 1/3, internal standard — TMS. Melting point was defined on the
microheating table "Boetius" in °C. TLC was carried out on "Silufol UV-254" plates
for compounds 9-13 in the solvent system benzene-ethyl acetate, 5:1; 14-16 —
benzene-ethyl acetate, 1: 1. Revelation of plates was carried out with UV light.

General procedure for the synthesis of methyl 5-{4-allyl-3-[2-(4'-
alkoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-1-ylmethyl-
2-nitrophenoxymethyl}-2-furoates (9-13). 0.005 mol of the corresponding
potassium salt 3-7 [3] is dissolved in 10 ml of DMF, 0.87 g (0.005 mol) of methyl
ester of 5-chloromethylfuran-2-carboxylic acid (8) [4] is added to the solution and
heated at 95-100°C for 4-5 hours. Then, the greater part of the DMFA is distilled off
in vacuo and water is added to the residue. The precipitate formed is filtered off and
recrystallized from dimethyl sulfoxide (9,10,12,13), from methanol (11).

Methyl 5-{4-allyl-3-[2-(4'-methoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (9). Yield
69%, mp 154-155°C. R; 0.43. IR spectrum, v, cm™: 1723(C=0), 1623, 981,
933(CH=CH,), 1603, 1499, 833, 768 (CH=CH, aromatic), 1530 (NO,), 1203 (C=S).
'H NMR, &, ppm, Hz: 3.84 (s, 3H, OCHjs), 3.89 (s, 3H, OCH3), 4.65 (brd, 2H, J=5,6,
CH,CH=CH,), 4.83 (brd, 1H, J=17.3, CH,CH=CH,), 5.02 (brd, 1H, J=10.4,
CH,CH=CH,), 5.33 (s, 2H, OCH,), 5.55 (s, 2H, NCH,-aryl), 5.77 (ddt,1H, J,=17.3,
J,=10.4, J;=5.6, CH,CH=CH,), 6.72 (d, 1H, J=3.5, =CH, fur.), 6.99-7.05 (m, 2H,
CeHy), 7.16 (d, 1H, J=3.5, =CH, fur.), 7.48 (d,1H, J=8.7, C¢Hs), 7.51-7.58 (m, 1H,
CeHy), 7.73-7.81 (m, 2H, CgHy), 7.80 (dd, 1H, J;=8.7, J,=2.2, C¢Hs), 8.02 (d, 1H,
J=2.2, C¢H3), 8.10-8.14 (m, 1H, CgH,), 8.21-8.26 (m, 2H, CeHy), 8.27 (s, 1H, =CH,
pyr.). Found, %: N, 10.48; S, 4.62. CszsHyyNsO;S. Calculated, %: N, 10.55;
S, 4.83.
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Methyl 5-{4-allyl-3-[2-(4"-ethoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (10).
Yield 70%, mp 134-135°C. R; 0.47. IR spectrum, v, cm™: 1727(C=0), 1620, 982,
936 (CH=CHy,), 1602, 1499, 824, 768 (CH=CH, aromatic), 1530, 1330 (NO,), 1203
(C=S).'H NMR, &, ppm, Hz: 1.45 (t, 3H, J=7.0, CH,CHs), 3.84 (s, 3H, OCHj), 4.13
(9, 2H, J=7.0, CH,CHj3), 4.65 (brd, 2H, J=5.5, CH,CH=CH,), 4.82 (brd, 1H, J=17.1,
CH,CH=CH,), 5.02 (brd, 1H, J=10.3, CH,CH=CH,), 5.32 (s, 2H, OCHy), 5.55 (s,
2H, NCHg-aryl), 5.77 (ddt, 1H, J;=17.1, J,=10.3, J;=5.5, =CH), 6.72 (d, 1H, J=3.5,
=CH, fur.), 6.97-7.02 (m, 2H, C¢H,), 7.15 (d, 1H, J=3.5, =CH, fur.), 7.48 (d, 1H,
J=8.7, C¢H3), 7.51-7.57 (m, 1H, CgHy), 7.74-7.82 (m, 3H, C¢H,), 8.02 (d, 1H,
J=2.2, C¢H3), 8.09-8.14 (m, 1H, C¢Hy), 8.19-8.25 (m, 2H, CeHy), 8.25 (s, 1H, =CH,
pyr.). Found, %: N, 10.21; S, 4.59. C35H3;Ns0S. Calculated, %: N 10.33; S 4.73.

Methyl 5-{4-allyl-3-[2-(4'-propoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (12).
Yield 58%, mp 108-110°C. R; 0.54. IR spectrum, v, cm™: 1722 (C=0), 1623, 990,
920 (CH=CHy), 1603, 1502, 837, 769 (CH=CH, aromatic), 1530, 1340 (NO,), 1203
(C=S).'H NMR, &, ppm, Hz: 1.09 (t, 3H, J=7.4, CH3), 1.78-1.90 (m, 2H, CH,CHj),
3.84 (s, 3H, OCHjy), 4.02 (t, 2H, J=6.6, OCHy,), 4.65 (brd, 2H, J=5.6, CH,CH=CH,),
4.82 (brd, 1H, J=17.2, CH,CH=CHy), 5.02 (brd, 1H, J=10.3, CH,CH=CHy), 5.33 (s,
2H, OCHy), 5.55 (brs, 2H, NCH,-aryl), 5.76 (ddt, 1H, J;=17.2, J,=10.3, J:=5.6,
CH,CH=CH,), 6.72 (d, 1H, J=3.5, =CH, fyr.), 6.97-7.03 (m, 2H, CsH,), 7.16 (d, 1H,
J=3.5, =CH, fur.), 7.49 (d, 1H, J=8.7, CsH5), 7.54 (ddd, 1H, J;=8.3, J,=6.8, J;=1.1,
CeHy), 7.74-7.82 (m, 3H, CgHy), 8.02 (d, 1H, J=2.2, C¢H3), 8.11 (dd, 1H, J;=8.7,
J=1.1, CgHy), 8.20-8.25 (m, 2H, CeHy), 8.26 (s, 1H, =CH, pyr.). **C: 10.1(CHs),
21.9 (CHs), 47.4(NCH), 50.2(NCH;), 51.1(OCHgj), 63.1(OCH,), 68.7(OCHj3),
111.9(=CHy), 114.1(2C, C¢H,4), 115.5(CH), 118.0(CH), 118.1(CH), 119.3(CH),
123.7(C), 124.2 (CH), 124.8(CH), 126.5(CH), 128.3(2C, CgH4), 128.4(C),
129.4(CH), 129.7(CH), 129.8(C), 130.6 (C), 131.3(C), 133.9(CH), 139.5(C),
144.0(C), 147.0(C), 147.9(C), 150.2(C), 152.8 (C), 155.2(C), 157.5(C), 160.2(C),
167.1(C). Found, %: N, 10.39; S, 4.49. C3;H33Ns0-S. Calculated, %: N, 10.12; S,
4.63.

Methyl 5-{4-allyl-3-[2-(4"-butoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (12).
Yield 64%, mp 138-139°C. Ry 0.58. IR spectrum, v, cm™: 1720 (C=0), 1623, 990,
920 (CH=CHy,), 1603, 1501, 835, 772 (CH=CH, aromatic), 1531, 1340 (NO,), 1205
(C=S). 'H NMR, &, ppm, Hz: 1.02 (t, 3H, J=7.3, CH,CHs), 1.48-1.61 (m, 2H,
CH,CHg), 1.75-1.85 (m, 2H, CH,CH,CHy), 3.84 (s, 3H, OCHj3), 4.05 (t, 2H, J=6.4,
OCHy), 4.65 (dt, 2H, J;=5.6, J,=1.4, CH,CH=CHy), 4.83 (dq, 1H, J;=17.1, J,=1.4,
CHZCH=C_H2), 5.02 (dq, 1H, J;=10.3, J,=1.4, CH2CH=C_H2), 5.33 (S, 2H, OCHz),
5.55 (s, 2H, NCHy-aryl), 5.77 (ddt, 1H, J;=17.1, J,=10.3, J;=5.6, CH,CH=CH,),
6.72 (d, 1H, J=3.5, =CH, fur.), 6.97-7.02 (m, 2H, C¢Hy), 7.16 (d, 1H, J=3.5, =CH,
fur.), 7.48 (d, 1H, J=8.7, C¢Hs), 7.51-7.57 (m, 1H, CeH,), 7.74-7.80 (m, 2H, CgHy),
7.80 (dd, 1H, J;=8.7, J,=2.2, CsH3), 8.02 (d, 1H, J=2.2, C¢H3), 8.09-8.14 (m, 1H,
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CeH,), 8.19-8.25 (m, 2H, Cg¢H,), 8.26 (s, 1H, =CH, pyr.). *C: 13.3 (CHy),
18.6(CH), 30.6(CH,), 47.4 (NCH,), 50.3(OCHj;), 51.0(NCH,), 63.1(OCHy,),
66.9(0OCH,), 111.7(CHy), 111.8(CH), 114.1(2C, C¢H,), 115.5 (CH), 118.0(2CH),
119.3(C), 123.7(C), 124.2 (CH), 124.9(CH), 126.5(CH), 128.3(2C, C¢Hy), 128.3(C),
129.4(CH), 129.6(CH), 129.8(C), 130.6 (CH), 131.2(C), 133.9(CH), 139.5(C),
144.0(C), 147.0(C), 147.9(C), 150.1(C), 152.8(C), 154.9 (C), 160.7(C), 167.1(C).
Found, %: N, 9.83; S, 4.39. C33H35N50-S. Calculated, %: N, 9.92; S, 4.54.

Methyl 5-{4-allyl-3-[2-(4'-pentyloxyphenyl)quinolin-4-yl]-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (13).
Yield 61%, mp 129-130°C. R; 0.64. IR spectrum, v, cm™: 1726 (C=0), 1622, 985,
936 (CH=CHy), 1602, 1499, 830, 768 (CH=CH, aromatic), 1530, 1340 (NO), 1203
(C=S). 'H NMR, &, ppm, Hz: 0.97 (t, 3H, J=7.0, CHj), 1.36-1.55 (m, 4H,
CH,CH,CHz3), 1.76-1.87 (m, 2H, CH,),3.84 (s, 3H, OCH,3), 4.04 (t, 2H, J=6.4,
OCHy,), 4.66 (brd, 2H, J=5.4, CH,CH=CH,), 4.83 (brd, 1H, J=17.1, CH,CH=CH,),
5.02 (brd, 1H, J=10.3, CH,CH=CH,), 5.33 (s, 2H, OCHy,), 5.55 (s, 2H, NCHy-aryl),
5.77 (ddt, 1H, J;=17.1, J,=10.3, J3=5.4, CH,CH=CH,), 6.72 (d, 1H, J=3.5, =CH,
fur.), 6.96-7.02 (m, 2H, C¢H40), 7.16 (d, 1H, J=3.5, =CH, fur), 7.48 (d, 1H, J=8.7,
C6H3), 7.51-7.57 (m, 1H, C5H4), 7.74-7.82 (1’1’1, 3H, CgHy and C6H3), 8.02 (d, 1H,
J=2.1, C¢Hs), 8.09-8.14 (m, 1H, CgHy), 8.18-8.25 (m, 2H, CsH40), 8.26 (s, 1H,
=CH, pyr). Found, %: N, 9.70; S, 4.61. C3H3;N50O-S. Calculated, %: N, 9.73; S,
4.45,

General procedure for the synthesis of 5-{4-allyl-3-[2-(4'-alkoxyphenyl)
quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophe-
noxy}-2-furoate (14-16). A mixture of 0.001 mol of the corresponding ester 9-11,
0.11 g (0.002 mol) of potassium hydroxide and 16 ml of 50% methanol is boiled for
3-4 h, the solution is acidified with acetic acid, the precipitate is filtered off and
recrystallized from ethanol.

5-{4-Allyl-3-[2-(4'-methoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-
1,2,4-triazol-1- ylmethyl-2-nitrophenoxymethyl}-2-furoate (14). Yield 62%, mp
128-130°C. R; 0.44. IR spectrum, v, cm™ 3100-2500 (OH), 1691 (C=0), 1620,
(CH=CH,), 1603, 1500, 834, 765 (CH=CH, aromatic), 1529 (NO,), 1203 (C=S).'H
NMR, &, ppm, Hz: 3.89 (s, 3H, OCH3), 4.65 (dt, 2H, J;=5.6, J,=1.7, CH,CH=CHy),
4.82 (dg, 1H, J;=17.2, J,=1.7, CH,CH=CH,), 5.02 (dg, 1H, J;= 10.3, J,=1.7,
CH,CH=CH,), 5.31 (s, 2H, OCH,), 5.55 (s, 2H, NCH,-aryl), 5.76 (ddt, 1H, J;=17.2,
J,=10.3, J3=5.6, CH,CH=CH,), 6.68 (d, 1H, J=3.4, =CH, fur.), 7.00-7.05 (m, 2H,
CeH,0), 7.06 (d, 1H, J=3.4, =CH, fur.), 7.50 (d, 1H, J=8.7, C¢Hs), 7.54 (ddd, 1H,
J1=8.3, 1,=6.8, J;=1.2, C¢Hy), 7.74-7.82 (m, 3H, C¢H,4 and CgH3), 8.01 (d, 1H, J=2.2,
C¢Hs), 8.10-8.14 (m, 1H, CgH,), 8.21-8.26 (m, 2H, C¢H,0), 8.28 (s, 1H, =CH,
pyr). Found, %: N, 10.62; S, 4.80. CgzHx»NsO;S. Calculated, %:
N, 10.78; S, 4.93.

5-{4-Allyl-3-[2-(4'-ethoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-
1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (15). Yield 64%, mp
134-136°C. R; 0.46. IR spectrum, v, cm™: 3100-2500 (OH), 1705 (C=0), 1625
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(CH=CH,), 1604, 1503, 762 (CH=CH, aromatic), 1529 (NO,), 1203 (C=S). 'H
NMR, 8, ppm, Hz: 1.45 (t, 3H, J=6.9, CH3), 4.13 (q, 2H, J=6.9, CH,CHy), 4.65 (brd,
2H, J=5.1, CH,CH=CH,), 4.83 (d, 1H, J=17.3, CH,CH=CH,), 5.02 (d, 1H, J=10.3,
CH,CH=CH,), 5.31 (s, 2H, CH,), 5.55 (s, 2H, NCH,-aryl), 5.77 (ddt, 1H, J,=17.3,
J>=10.3, J3=5.1, CH,=CHCH,), 6.68 (d, 1H, J=3.4, =CH, fur.), 6.96-7.03 (m, 2H,
CeH40), 7.08 (d, 1H, J=3.4, =CH, fur.), 7,49 (d, 1H, J=8.7, C¢H3), 7.50-7.57 (m,
1H, C¢Hy), 7.71-7.82 (m, 3H, CgH,), 8.02 (d, 1H, J=2.1, C¢H3), 8.12 (brd, 1H,
J=8.5, C¢Hy), 8.19-8.25 (m, 2H, C¢H,0), 8.26 (s, 1H, =CH, pyr.), 12.06 (br, 1H,
COOH). Found, %: N, 10.47; S, 4.76. C3sH29NsO-S. Calculated, %: N, 10.55; S,
4.83.
5-{4-Allyl-3-[2-(4'-propoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-

1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (16). Yield 71%, mp
144-145°C. R; 0.47. IR spectrum, v, cm™ 3100-2500 (OH), 1717 (C=0), 1620
(CH=CHy,), 1602, 1500, 835, 768 (CH=CH, aromatic), 1529 (NO,), 1203 (C=S). 'H
NMR, 3, ppm, Hz: 1.09 (t, 3H, J=7.4, CH3), 1.78-1.91 (m, 2H, CH,CHj3), 4.02 (t,
2H, J=6.4, OCH,), 4.65 (brd, 2H, J=5.3, CH,CH=CH,), 4.82 (brd, 1H, J=17.2,
CH,CH=CH,), 5.02 (brd, 1H, J=10.3, CH,CH=CH,), 5.32 (s, 2H, OCHy), 5.55 (s,
2H, NCH,-aryl), 5.76 (ddt, 1H, J,=17.2, J,=10.3, J3=5.3, CH,CH=CHy), 6.68 (d, 1H,
J=3.4, =CH, fur.), 6.97-7.03 (m, 2H, C¢H3), 7.08 (d, 1H, J=3.4, =CH, fur.), 7.50 (d,
1H, J=8.8, CgHy3), 7.52-7.58 (m, 1H, CgHy), 7.74-7.82 (m, 3H, CgH, and CgHj3), 8.02
(d, 1H, J=2.1, Cg¢H3), 8.09-8.14 (m, 1H, CgHy), 8.19-8.25 (m, 2H, C¢H40), 8.27 (s,
1H, =CH, pyr.), 12.80 (br, 1H, COOH). Found, %: N, 10.48; S, 4.59. C35H3;N5s0-S.
Calculated, %: N, 10.33; S, 4.73.

4-ULBL-1-(4-NP L O-LUD-3-LhS N LG LODBL)-3-[2-(4-
ULGOLUPDHELPL)luh LALPL-4-PL]-4,5-%PNPYLN-1H-1,2,4-SCPUQNL-5-
EFhALLELh DAFCHAFCPL WoUWLS3ULLELD UPLEGAL 6 UUM-NF
LULSGYELUSPL AP LLP ULLT 2 UTLS 3hSNSNLURY
U163 NFE-3NFLL

U.W PA-U23UL, L.U. PO-UE3TL, LU NUUAUM20FU3UTL, L.U. URLUU3UT,
U. -NFUUUGPU b JLU. URLUL3UL

Uhplyuwyugifws wpfunnnubipnod plpdud § d-uyfy-1-(4-4 fuppopuf-3-upunpnpliigfy)-3-2-
(4-usylyopuprpbiisfy) fupomy iy |-4,5- p pipppn=TH-1,2 4 s fpusgg-5- [Fmbitslipfy - poreppre-
by wduhgpuyblbph upbfhgp b funocgdudpuwyph whuygpgp: Fopliy bl dpnge]
Sbwpunfnp wgpunulneguyple [Fpmfubibph Sk dagblymgugfl pofuogylynefJyub ncmd-
buppncfFynihip goegg kg, np EGFR-fy hunnuyfunply qrdllp Sk hnp GyncfFhpp Quisgdub
Lubipgpuds pupdp b b dwlpmppuhn] dmn § Quilbdunnncfyud Sundup oquugnpdifus
Sulpmpunglbryuyls  wypbuyuwpunnibpp (qupnguianfbpp,  poopmpipp b qunbbnp)
sprfugulignefFyuts Eubpgpubibppl: Manofiappdly § ynftpp ghmnmnpuply wgylgne-
Pymitop Slunlyuy pQfuypts qdbpp fpu. hpdpuglydh pughlq MDA MB468, [Fnpbpf ng
dwlip puyfis Pf‘"lﬂl[b’l NSCLC 4549 I NSCLC-L16, dwpgne inpubu$npdugfud hh-
punnflingfuniibp - NCTC 2544: 8nyy § wnpfby, np $repubiljmppn-tnfddnbipf quippned
glrmmnnpuply wilpnfufncfFynchip dbdubned £ wyhopup numpljuyfr dhdugduts Shn, fruly fu-
Phpubpp glhmpncd wilopuf nuplyuyf dhdwgmdp phpmd L wlpnfufncdyut wbdpdub:
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LJnLﬁbp[l gw&p mn\guﬁllm_ﬁlm_ﬁg liflﬁuul.pnuf £, np #ﬁJﬁWQWL [1iu[l.uzl[uuil Fli[mu.f £
EGFR'[I L‘inl_ng[unnl.lﬁ I n_lrgbulmnp[l I .g‘-’-”lﬂl[bll‘-’-’,/[’i' FXBHLII i Shin luul.ugl[l.ué’ uui[1u11.u-
[lnl_gilbp[l <bll1ulll_l.ll rl_bll_pmll_wglﬁuil.'

CHUHTE3 ®YPOYPWIbHBIX TPOU3BOAHBIX 4-AJINJI-1-(4-THUAPOKCH-
3-HUTPOBEH3MJI)-3-[2-(4-ATKOKCU®EHWJ)XUHOJHUH-4-NUJ]-4,5-
JUT'NAPO-1H-1,2,4-TPHA30JI-5-TUOHOB U UX HUTOTOKCUYECKOE
JIEUCTBUE HA PAKOBBIE KJIETKA YEJIOBEKA

M. A. UPAJISIHY, H. C. UPAJSIHY, A. A. AMBAPIIYMSIHZ I'. A. TAHOCSIHY,
C.PYCCAKHUC? u B. A. CAKAHSIH*

! Hay4mo-TeXHOIOrHueCK it LIeHTp OpTaHMIECKOR U (hapMALeBTHEECKOM XUMUN
HAH Pecny6mmuxu Apmenust
Apwmenus, 0014, EpeBan, np. AzarytsH, 26
2 HayuyHo-nipon3BoiCTBEHHBIN LEHTpP "ApMOHOTEXHOIOTHS"
HAH Pecny6muku Apmenust
Apwmenus, 0056, Epesan, yi. ['opmksna, 14
8 Vuusepcurer Hanra, 1ICiMed EA-1155, Hant, ®panuus
4 IIporHeteomuxc, Hant, ®pannus
E-mail: melkon.iradyan@mail.ru

B npezacrarneHHol paboTe MPOBEICH CUHTE3 U CTPYKTYPHBIN aHanu3 Gpyphypuiib-
HBIX TPOHM3- BOAHBIX 4-ammui-1-(4-ruapokcu-3-aurpobensui)]-3-[2-(4-ankokcude-
HUJI)XUHONMHUH-4-1i1]-4,5-murunpo-1H-1,2,4-tpua3on-5-tnonoB. M3ydeHune MonexyJsp-
HBIX B3aMMOJICHCTBUI C BOZMOKHBIMU OEJIKOBBIMU MUIIIEHSMH METOAOM JOKUHTa IOKa-
3aj1, YTO DHEPTHUS CBSI3BIBAHUS HOBBIX COCIMHCHHU C KaTtaauThueckum gomenom EGFR
BBICOKAs M HAXOAWTCA Ha YPOBHE, OJNM3KOM I IPOTHUBOOITYXOJIEBBIX IIPENapaToB
Kka003aHTUHMOA, TMHCUTHHNOA U 3apPHECTPHI, UCTIOJIB30BAaHHBIX A cpaBHeHHUd. Vccre-
JIOBAHO LIUTOTOKCHYECKOE NEUCTBHE COEAUHEHUN Ha KJIETOUHOM JIMHUM paKka MOJOYHOMN
xene3st MDA MB468, nunusix HemenkokietouHoro paka jierkux NSCLC A549 wu
NSCLC-L16, a Takke Ha JUHMM TpaHC(HOPMHPOBAHHBIX KEPATHHOLUTOB 4YeJOBEKa
NCTC 2544. BoisiBiieno, uto B psiy GypaHkapOOHOBBIX KUCIOT IUTOTOKCHYECKOE AeH-
CTBHE yCHUJIIMBAETCS C MOBBIIICHUEM aJKOKCHIBHOTO pajuKaia, a B PALy 3(pHUpoB MOBHI-
IIEHHE aJIKOKCHIIFHOTO pajifiKalia MPUBOJUT K MOTepe aKTUBHOCTH. Hu3Kas TOKCHYHOCTH
COEIMHEHUI Mpeoaraer, 4T0 XUMHUYecKasi HHBa3Us IPUBOJIUT K MOBBIIIEHHOMY 3HJIO-
uuto3y EGFR u nmocneayromeii aerpagaiuu perentopa u acColUMMPOBaHHBIX C HUM OeJ-
KOB B PaKOBBIX KIIETKAaX.
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