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6-MONO- AND 6,6-DISUBSTITUTED 3-R-6,7-DIHYDRO-
2H-[1,2,4]TRIAZINO[2,3-c]QUINAZOLINE-2-ONES -
PROMISING CLASS OF ANTICANCER AGENTS

Anticancer activity of novel 6-mono- i 6,6-disubstituted 3-R-6,7-dihydro-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones
was described in presented manuscript. It was shown that 10-bromo-6-isobutyl-3-(4-fluorophenyl)-6,7-dihydro-2H-
[1,2,4]triazino[2,3-c]quinazolin-2-one (1.3) and 6-(methoxyphenyl)-8-methyl-3-phenyl-6,7-dihydro-2H-[1,2,4]triazi-
no[2,3-c]quinazolin-2-one (1.4) reveals high non-selective anticancer activity (mean growth -10.53% and 46.24 %
correspondingly) against 60 cancer cell lines. Substantial dose-depended iv vitro study on 60 cancer cell lines for com-
pound 1.3 showed, that it effectively inhibits growth of SR (lg G, = -6.17) of leukemia, NCI-H460 (lg GI,, = -5.79) of
non-small lung cancer, HCT-116 (lg GI,, = -5.80), HCT-15 (lg Gl,,=-5.78) of colon cancer, SNB-75 (lg Gl,,=-5.88), U-251
(lg GI,,=-5.81) of CNS cancer, UACC-257 (lg G, = -5.83), UACC-62 (lg G, = -5.81) of melanoma, A498 (lg G, = -5.80),
U0-31 (Ig Gl,,=-5.81) of renal cancer and MDA-MB-231/ATCC (lg G, = -5.81), MDA-MB-468 (lg G, = -5.80) of breast

cancer cell lines. “Structure-biological activity” relationships for described compounds were discussed.
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INTRODUCTION

Improvement of the approaches to creation of mas-
sive combinatorial libraries of potential bioactive com-
pounds as well as development of novel virtual screening
and high-throughput screening allowed to create the se-
ries of innovative drugs. In spite of the mentioned above
successes, some diseases are still incurable, what is se-
rious challenge for specialists in medicinal chemistry. One
of the greatest problems of modern medicine is tumor di-
seases that are on the top mortality positions in almost
of all countries. Among the reasons, that caused the low
effectiveness of oncological pathology treating: are im-
perfect methods of early diagnostics, high quantity of cell
lines with their metabolism features what causes the im-
possibility of creation of universal antitumor agents and
high toxicity of existing anticancer drugs. Considering the
mentioned above facts investigations that aimed to crea-
tion of novel compounds with anticancer activity are one
of the most urgent problems of modern science. Among
the objects of investigation that aimed to the creation of
the novel antitumor agent one of the most interesting are
heterocyclic compounds including quinazolines and their
condensed analogues [1-6, 9, 10, 12, 14-16, 18, 19]. Those
attention of specialist in medicinal chemistry caused as
by the high biological activity of heterocyclic compounds,
so by wide possibility of their chemical modification.
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Mentioned research programs allowed to create several
classes of high effective antitumor drugs that contain qui-
nazoline fragment [20], however their potential is not ex-
hausted. Considering the mentioned above facts it was de-
cided to conduct the search of the novel antitumor agents
among the 6-mono- i 6,6-disubstituted 8-R;-10-R,-3-R-
6,7-dihydro-2H-[1,2,4]triazino[2,3-c]-quinazolin-2-
ones, evaluate “structure-antitumor activity” relationships
and recommend the most active for further studies.

MATERIALS AND METHODS

Novel 6-mono- and 6,6-disubstituted 8-R,-10-R,-3-
R-6,7-dihydro-2H-[1,2,4]triazino[2,3-c]-quinazolin-2-
ones (1.1-1.9, 2.1-2.6, 3.1-3.3 end 4.1-4.19), that were
synthesized at the department of organic and bioorganic
chemistry of Zaporizhzhia state medical university (Head
of the department Prof. Kovalenko S. I.) were studied for
their anticancer activity. General structures of mentioned
above compounds are presented on Fig. 1.

In vitro screening for anticancer activity on 60 cell li-
nes. Studying of anticancer activity was conducted at the
National Cancer Institute (Bethesda, Maryland, USA) ac-
cording to the DTP (Development Therapeutic Program)
protocol [7,8, 11, 13, 17]. Screening of anticancer activi-
ty (I phase) conducted for 36 promising compounds and
consist of their testing on 60 cell lines of human cancer
in 10.00 uM concentration. Lines covers all basic tumor
diseases including leukemia (CCRF-CEM, HL-60(TB), K-562,
MOLT-4, RPMI-8226, SR), non-small cell lung cancer
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(A549/ATCC, EKVX, HOP-62, HOP-92, NCI-H226, NCI-H23,
NCI-H322M, NCI-H460, NCI-H522), colon cancer (COLO
205, HCC-2998, HCT-116, HCT-15, HT29, KM12, SW-620),
CNS cancer (SF-268, SF-295, SF-539, SNB-19, SNB-75,U251),
melanoma (LOX IMVI, MALME-3M, M14, MDA-MB-435,
SK-MEL-2, SK-MEL-5, SK-MEL-28, UACC-62, UACC-257),
ovarian cancer (IGROV-1, OVCAR-3, OVCAR-4, OVCAR-5,
OVCAR-8, NCI/ADR-RES, SK-0V-3), renal cancer (786/0,
A498, ACHN, CAKI-1, RXF 393, SN12C, UO-31), prostate
cancer (PC-3, DU-145) and breast cancer (MCF-7, MDA-
MB-231/ATCC, HS 578T, BT-549, T-47D, MDA-MB-468).
In the screening protocol, each cell line was inoculated
and preincubated for 24-48 h. on a microtiter plate. Test
agents were then added at a single concentration and the
culture was incubated for further 48 h. End point of de-
terminations were made with a protein binding dye, sul-
forhodamine B (SRB). Results for each tested agent were
reported as the percent growth of the treated cells com-
paring to the untreated control cells.

Dose-depended antitumor activity (phase 2) was con-
ducted for most active according phase 1 studies compo-
unds (1.3, 1.4). Dose-dependency was studied at five con-
centrations in ten-fold dilution (100-0.01 uM) at 57-59
lines of 9 cancer cell types [7, 8,11, 13, 17]. Experimental
data allows calculation of 3 parameters 1) Gl,, - concen-
tration of compound that inhibit cell line growth on 50 %;
2) TGI - concentration of compound that inhibit cell line
growth on 100 %; 3) LC;, - concentration of compound
that resulted 50 % cell death, GI;, shows effective inhibi-
tion level, TGI - cytostatic effect, LC,, - cytotoxic effect.
If logarithmic values of studied parameters (Ig GI,, Ig TGI
and lg LC;,) were less, then -4.00, compounds were con-
sidered as active. For each of parameters average values
were calculated (mean graph midpoints, MG_MID).
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RESULTS AND DISCUSSION

Experimental data showed, that only 6 of the 36 com-
pounds revealed high antitumor activity (1.3, 1.4, 2.6, 4.2,
4.10, 4.11, Fig. 1, Tab. 1). Mentioned above compounds
inhibited growth of cancer cell lines (mean growth, %) in
range of 46.24-79.06 %, and compound 1.3 (-10.53 %)
revealed high antiproliferative activity against almost all
cell lines (Fig. 1, Tab. 1).

We found that combination of substituents in posi-
tions 3 and 6 of 8-R,-10-R,-6-alkyl-(R-aryl-)-3-R-6,7-di-
hydro-2H-[1,2,4]triazino[2,3-c]qinazoline-2-ones (1.1-1.8)
molecules was determinative for revealing of cytotoxic ac-
tivity against cancer cell lines (Fig. 1, 2). Thus, presence of
phenyl (1.4), 4-fluorphenyl (1.3) 4-methoxyphenyl (1.2)
fragments in position 3 caused increasing of the cytoto-
xicity, but was not essential for occurrence of mentioned
activity (1.8). More substantial increasing of studied com-
pounds cytotoxicity against cancer cell lines depends on
the nature of substituent in 6% position. Thus, introducing
of the 6 iso-propyl- (1.2), iso-butyl- (1.3), 4-methoxyphe-
nyl- (1.4), 2-hydroxyphenyl- (1.8) led to the increasing
of activity comparing to other compounds. However, the
most significant for presence of anticancer activity was
the nature of substituent in benzene ring of quinazoline
system, namely methyl group in position 8 (1.4) and bro-
mine in position 10 (1.3) (Tab. 1). Thus the highest cyto-
toxicity was revealed by compound 1.3, that was active
against almost all cell lines. (Tab. 1).

Among 10-R3-6-[(E)-2-R*-2-(4-R%-phenyl)vinyl]-3-R-
6,7-dihydro-2H-[1,2,4]triazino[2,3-c]quinazoline-2-
ones (2.1-2.6) the similar “structure-biological activity”
pattern was observed. Thus, the highest levels of activity
were revealed by compounds, that contains in 3" posi-
tion phenyl moiety, and, what important, bromine in po-
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1.1 R=4—FCGH4’ R1=i-C3H7’ R2=R3=H; 1.2 R=4-CHSOC6H4’ R1 =I.-C3H7’ R2=R3=H; 13 R=4—FCGH4, R1=I’-C4Hg‘
R,=H, Ry=Br; 1.4 R=C4H,, R,=4-CH;0C,H,, R,=CH,, R=H; 1.5 R=4-CH,C¢H,, R;=2-CH,0C:H,, Ry=Ry=H;
1.6 R:4—FCGH4, R1:2-CH3OCGH4, R2: R3:H; 1.7 R:4-FCGH4, R1:3,4-(CH30)QCSH3, R2:R3:H; 1.8 R:4-FCGH4,

R1=2,3-C|2C6H3, R2=R3=H;

2.1 R=4-CH,CgH,, R;=R,=Ry=H; 2.2 R=4-i-C;H,CeH,, Ry=R,=Ry=H; 2.3 R=4-CH,C¢H,, R;=CHs, R,=R5=H;
24 R=4—i'C3H7C5H4, R1=CH3, R2=R3=H; 25 R=C5H5’ R1 =CH3, R2=H, R3=Br; 26 R=4—CH3C6H4’ R1 =C|,

R,=NO,, Ry=H;
3.1 R=CHg; 3.2 R=4-C,HsCqHy; 3.3 R=thien-2-yl;

4.1 R=CHs, A=cyclopentane, R;=H; 4.2 R=4-C,H;0CzH,, A=cyclopentane, R;=H; 4.3 R=4-FCgH,,
A=cyclopentane, Ry=H; 4.4 R=thien-2yl, A=cyclopentane, Ri=H; 4.5 R=CHs, A=4-tert-butylcyclohexane, Ry=H;
4.6 R=CgH5, A=4-tert-butylcyclohexane, Ry=H; 4.7 R=4-CH1CgH,, A=4-tert-butylcyclohexane, Rj=H;

4.8 R=4-CH,0CgH,, A=4-tert-butylcyclohexane, Ry=H; 4.9 R=4-FCH,, A=4-tert-butylcyclohexane, R=H;

4.10 R=thien-2-yl, A=4-tert-butylcyclohexane, Ry=H; 4.11 R=CgH5, A=4-tert-butylcyclohexane, R{=Br;

4.12 R=CgHs, A=1-methylpiperidine, R;=H; 413 R=4-CH;GH,, A=1-methylpiperidine, R;=H;

4.14 R=4-C,H5C¢H4, A=1-methylpiperidine, R4=H; 4.15 R=4-CH3;0CgH,4, A=1-methylpiperidine, R=H;

4.16 R=4-C,HsCgH,, A=1-methylpiperidine,R=H; 417 R=4-FCgH,, A=1-methylpiperidine, R,=H;

4.18 R=CgH;, A=1-methylpiperidine,R,=Br; 4.19 R=4-FCg¢Hs, A=1-methylpiperidine, R=Br

Fig. 1. General structure of 6-mono- and 6,6-disubstituted 3-R-6,7-dihydro-
2H-[1,2,4]triazino[2,3-c]|-quinazolin-2-ones ((1.1-1.9, 2.1-2.6, 3.1-3.3 and 4.1-4.19).
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Table 1

CYTOTOXIC ACTIVITY OF 6-MONO-, 6,6-DISUBSTITUTED 8-R,-10-R,-3-R-6,7-DIHYDRO-
2H-[1,2,4]TRIAZINO[2,3-cC]QUINAZOLIN-2-ONES IN 10.00 MM CONCENTRATION

Studied cell
Compound gnl)\/lv\(:tahr? % Range of growth, % senlslirzf\fta/ cell Most sensitive cell line growth, %**
lines*

1.1 101.14 78.57-131.17 56/2 78.57 (T-47D/BC)

1.2 95.55 70.86-130.58 55/7 70.86 (SR/L), 75.05 (HCT-15/ColC)

1.3 -10.53 -76.33-78.36 58/58 -76.33 (HCT-116/ColC), -66.99 (SF-539/CNSC)
1.4 46.24 -14.12-86.52 56/55 -7.81 (SK-MEL-2/M), -14.12 (CAKI-1/RC)

1.5 99.93 74.97-122.44 56/1 74.97 (UO-31/RC)

1.6 100.44 83.05-112.36 59/1 83.05 (SNB-75/CNSC)

1.7 98.56 75.97-116.66 56/2 75.97 (UO-31/RC)

1.8 96.42 77.55-115.36 56/7 77.55 (U0-31/RC), 78.19 (MDA-MB-231/ATCC/BC)
2.1 100.72 66.96-121.37 59/1 66.96 (UO-31/RC)

2.2 98.48 73.86-118.91 56/5 78.98 (SR/L), 78.31 (CAKI-1/RC), 73.86 (U0-31/RC)
2.3 98.68 60.36-118.09 58/3 60.36 (UO-31/RC)

2.4 96.22 72.10-125.61 56/3 76.04 (SNB-75/CNSC), 72.10 (UO-31/RC)

2.5 94.95 72.15-115.76 57/7 72.86 (SNB-75/CNSC), 72.15 (T-47D/BC)

2.6 79.06 44.93-114.65 59/36 44.93 (SF-295/CNSC)

3.1 102.55 81.79-126.21 57/2 81.79 (SNB-75/CNSC)

3.2 100.52 59.16-121.87 57/2 59.16 (SR/L)

3.3 96.37 69.43-115.82 57/3 69.43 (RPMI-8226/L)

4.1 97.09 75.41-113.33 57/3 77.60 (UACC-257/M), 75.41 (UO-31/RC)

4.2 62.29 -45.03-100.91 57/52 0.95 (SR/L), -45.03 (OVCAR-4/0V)

4.3 101.85 82.88-116.70 57/1 82.88 (UO-31/RC)

4.4 91.85 61.26-116.24 57/13 73.19 (SR/L), 61.26 (UO-31/RC)

4.5 96.47 72.36-111.45 59/4 72.36 (UO-31/RC), 78.58 (PC-3/PC)

4.6 98.40 79.32-119.36 59/2 79.70 (SK-MEL-2/M), 79.32 (U0-31/RC)

4.7 99.20 74.73-118.02 59/3 74.73 (HOP-62/nscLC)

4.8 97.37 73.37-115.98 58/4 77.76 (HOP-62 /nscLC), 73.37 (UO-31/RC)

4.9 98.58 74.91-114.37 59/7 74.91 (SR/L), 77.06 (UO-31/RC)
4.10 68.36 -35.50-100.94 59/47 9.96 (SR/L),-35.50 (HCT-116/ColC)
4.11 68.36 -35.50-100.94 59/17 9.96 (SR/L), -35.50 (HCT-116/ColC)
4.12 97.30 54.70-115.33 59/3 54.70 (UO-31/RC)
4.13 95.31 65.23-111.96 55/5 74.26 (CAKI-1/RC), 65.23 (U0-31/RC)
4.14 98.87 75.01-116.85 57/2 75.01 (UO-31/RC)
4.15 98.88 78.39-116.28 57/1 78.39 (SNB-75/CNSC)
4.16 100.15 74.71-116.45 57/3 74.71 (SR/L)
4.17 95.37 67.78-130.91 57/4 67.78 (UO-31/RC)
4.18 94.18 53.54-113.55 59/8 60.80 (SR/L), 53.54 (UO-31/RC)
4.19 94.77 70.89-108.62 57/3 77.21 (SR/L), 70.89 (UO-31/RC)

* - Compounds with mean growth < 85 % were considered as sensitive; ** - L - leukemia; nscLC - non-small cell lung cancer; CC - colon cancer;
CNSC - CNS cancer; M - melanoma; OV - ovarian cancer; RC - renal cancer; PC - prostate cancer; BC - breast cancer.

sition 10 (2.5). Experimental data showed, that compo-
unds with 4-methylphenyl-(2.1, 2.3) or 4-isopropylphe-
nyl moieties (2.2, 2.4) were inactive. The exception was
compound 2.6, that in addition to 4-methylphenyl frag-
ment in 3™ position contains 1-chloro-2-(4-nitrophenyl)
vinyl moiety in position 6, what was, as we consider, the
key factor of high cytotoxic activity presence. Mentioned
above compound reveals high activity against 36 cell lines
(Tab. 1).
3-R-6,6-dimethyl-6,7-dihydro-2H-[1,2,4]triazino
[2,3-c]quinazolin-2-ones (3.1-3.3) were low-active as cyto-

static. Their activity depends on the nature of substitu-
ent in position 3, the most active was the compound 3.3
with thiophene fragment.

Among 3"-R-spiro[cyclopentan-1,6-[1,2,4]triazino[2,3-c]
ginazolin]-2'(7'H)-ones (4.1-4.4) the most active were
compounds 4.2 and 4.4 with 4-ethoxyphenyl and thio-
phen-2-yl moiety. Thus, compound 4.2 inhibited growth
of 52 cancer cell lines (Tab. 1). Replacing of cyclopentan
fragment (4.1-4.4) on 4-tert-butylcyclohexane (4.5-4.11)
substituent in position 6 insignificantly effect on antitu-
mor activity. We noted, that the highest growth inhibiting

[73]
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Fig. 2. Cytotoxic activity (men growth of cancer cell lines, %) of 6-mono-, 6,6-disubstituted 8-R,-10-R,-3-R-6,7-
dihydro-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones (1.1-1.9, 2.1-2.6, 3.1-3.3 and 4.1-4.19) in 10.00 uM concentration.

Table 2 Continuation Table 2

RESULTS OF SUBSTANTIAL (DESE-DEPENDED)

1 2 3 4 5 6 7
STUDY OF SYNTHESIZED COMPOUNDS ANTICANCER MALME-3M | 5.73 | 5.42 | 511 | -5.18 | >-2.00 | >-4.00
ACTIVITY IN FIVE CONCENTRATION M14 -5.73 | -5.44 | -5.15 | -5.27 | >-4.00 | >-4.00
(100 uM, 10 uM, 1,0 uM, 0,1 M, 0,01 uM) MDA-MB-435| -5.74 | 542 | -5.10 | -5.69 | -5.27 | >-4.00
Compounds/Effectsrangevalue (for values SK-MEL-2 | -5.73 | -5.47 | -5.21 | -5.63 | -5.24 | >-4.00
Cancer cell I, <-5.00; Ig TGI < -4.00; 1g LC,, < -4.00) SK-MEL-28 | -5.74 | -5.43 | -5.11 | -5.10 |>-4.00 |>-4.00
lines* 1.3 1.4 SK-MEL-5 - - - | -5.60 |>-4.00|>-4.00
lg Gl,, | lg TGI | 1g LC,, | lg Gl,, | g TGI | lg LC,, UACC-257 | -5.83 | -5.49 | -5.16 | -5.34 | >-4.00 | >-4.00
1 2 3 4 5 6 7 UACC-62 | -5.81 | -5.52 | -5.23 | -5.50 |>-4.00 | >-4.00
MG_MID | -5.72 | -5.35 | -4.86 | -5.44 | -4.14 -4.0 Ovarian cancer
Leukemia IGROV1 -5.56 | -5.07 | -4.01 | -5.38 | >-4.00|>-4.00
CCRF-CEM | -5.63 | -5.18 | -4.00 | -5.35 |>-4.00 | >-4.00 OVCAR-3 | -5.71 | -5.45 | -5.16 | -5.48 |>-4.00 | >-4.00
HL-60(TB) | -5.44 | -4.65 |>-4.00 | -5.61 | >-4.00 | >-4.00 OVCAR-4 | -5.77 | -5.41 | -5.05 | -5.45 |>-4.00 | >-4.00
K-562 | -5.71 | -5.38 | -5.06 | -5.51 |>-4.00 | >-4.00 OVCAR-5 | -578 | -549 | -520 | - |>-4.00|>-4.00
MOLT-4 | -5.68 | -5.38 | -5.07 | -5.39 |>-4.00 | >-4.00 OVCAR-8 | -5.72 | -5.42 | -5.11 | -5.36 |>-4.00 | >-4.00
RPMI-8226| -5.69 | -5.28 | -4.43 | -5.51 |>-4.00 | >-4.00 NCI/ADR- | o« | 4as | 545 |5-2.00|5-4.00
SR -6.17 | -5.70 | -5.35 | -5.51 | -5.06 |>-4.00 RES
Non small cell lung SK-0V-3 -5.73 | -5.32 | -4.30 | -5.52 | -5.02 |>-4.00
A549/ATCC| -5.73 | -5.39 | -5.04 | -5.46 | >-4.00 | >-4.00 Renal cancer
HOP-62 576 | -5.42 | -5.09 | -5.34 | >-4.00 | >-4.00 786-0 -5.77 | -5.49 | -5.22 | -5.32 | >-4.00 | >-4.00
HOP-92 577 | -5.39 | -5.01 | -5.42 | >-4.00 | >-4.00 A498 -5.80 | -5.47 | -5.14 | -5.62 | -5.10 |>-4.00
NCI-H226 | -5.69 | -5.24 | -4.13 | -5.43 | >-4.00 | >-4.00 ACHN -5.76 | -5.49 | -5.21 | -5.62 | >-4.00|>-4.00
NCI-H322M| -5.59 | -5.09 |>-4.00 | -5.41 | >-4.00 | >-4.00 CAKI-1 | -5.58 | -5.04 |>-4.00]| -5.57 |>-4.00 |>-4.00
NCI-H460 | -5.79 | -5.53 | -5.26 | -5.50 |>-4.00 | >-4.00 RXF393 | -5.78 | -5.47 | -5.16 | -5.52 | >-4.00|>-4.00
NCI-H522 | -5.78 | -5.49 | -5.20 | -5.63 | -5.13 | >-4.00 SN12C -5.73 | -5.37 | -5.02 | -5.40 |>-4.00|>-4.00
Colon cancer U0-31 -5.81 | -5.50 | -5.18 | -5.60 |>-4.00 | >-4.00
COLO 205 | -5.66 | -5.30 | -4.79 | -5.38 | >-4.00 | >-4.00 Prostate cancer
HCC-2998 | -5.59 | -5.24 | -4.59 | -5.25 |>-4.00 | >-4.00 PC-3 -5.67 | -5.26 | -4.14 | -5.47 |>-4.00|>-4.00
HCT-116 | -5.80 | -5.53 | -5.26 | -5.45 | >-4.00 | >-4.00 DU-145 -5.53 | -5.07 | >-4.00| -5.29 |>-4.00|>-4.00
HCT-15 | -5.78 | -5.50 | -5.21 | -5.56 | >-4.00 | >-4.00 Breast cancer
HT29 573 | -5.48 | -5.22 | -5.47 | >-4.00 | >-4.00 MCF7 -5.72 | -5.36 | -5.01 | -5.47 |>-4.00|>-4.00
KM12 | -5.39 |>-4.00 | >-4.00 | -5.47 |>-4.00 | >-4.00 MDA-

swe20 | 576 1547 | 519 | 546 15400 [>2.00 MB-231/ | -5.81 | -5.50 | -5.19 | -5.59 |>-4.00 | >-4.00

ATCC

HS 578T -5.75 | -5.31 | -4.03 | -5.50 |>-4.00 | >-4.00
BT-549 -5.55 | -5.11 | -4.13 | -5.07 |>-4.00|>-4.00
T-47D -5.76 | -5.41 | -5.06 | -5.48 |>-4.00 | >-4.00
MDA-MB-468| -5.80 | -5.48 | -5.16 | -5.57 |>-4.00|>-4.00

CNS cancer
SF-295 -5.78 | -5.49 | -5.21 | -5.41 | >-4.00 | >-4.00
SF-539 -5.76 | -5.50 | -5.25 | -5.54 |>-4.00 | >-4.00
SNB-19 -5.63 | -5.05 | >-4.00 | -5.07 |>-4.00 | >-4.00
SNB-75 | -5.88 | -5.53 | -5.17 | -5.56 |>-4.00 | >-4.00

U251 -5.81 | -5.53 | -5.26 | -5.40 | >-4.00 | >-4.00 * - L - leukemia; nscL.C - non-small cell lung cancer; CC - colon

Melanoma cancer; CNSC - CNS cancer; M - melanoma; OV - ovarian cancer;

LOX IMVI | 575 | 548 | 5.20 | 5.49 | ~4.00 | ~4.00 RC - renal cancer; PC - prostate cancer; BC - breast cancer.
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Fig. 3. Results of substantial study of anticancer activity of compound 1.3 in five concentrations.
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Fig. 4. Results of substantial study of anticancer activity of compound 1.4 in five concentrations.
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activity was revealed by compound 4.10, that contain thio-
phen-2-yl substituent in 3" (Tab. 1). Mentioned above com-
pound inhibits growth of 47 cancer cell lines. Besides that,
high activity (active against 17 cancer cell lines) is reve-
aled by compound 4.11, that contains the phenyl moiety
at position 3 and bromine atom at position 10, what pro-
ves the significant effect of halogen on anticancer activity
level (Tab. 1). Moreover, compound 4.6 with phenyl moi-
ety in position 3 reveals moderate anticancer activity. Fur-
ther modification of molecule by introduction of 6-spirocon-
densed 1-methylpiperidine fragment (compounds 4.12-4.19)
leads to the moderate anticancer activity (Tab. 1). The
broadest spectrum of anticancer activity (against 8 cell
lines) has been revealed by 4.18, that as compound 4.11,
contains phenyl group at position 3 and bromine atom
at position 10.

Thus, conducted study of anticancer activity allowed
to obtain a number of substantiated evidences that 6-mono-
i 6,6-disubstituted 3-R-6,7-dihydro-2H-[1,2,4]triazino[2,3-c]-
quinazolne-2-ones are promising bioactive agents and to
select 2 compounds (1.3 and 1.4) with high activity for
next phase of study. Analysis of substantial in vitro studies
(in range of the doses 100-0.01 uM) proved (Tab. 2, Fig. 3, 4),
that compounds 1.3 and 1.4 reveals high anticancer ac-
tivity. The highest level of growth inhibiting activity was
revealed by compound 1.3, that by the value of mean growth
(MG_MID) Ig G, -5.72 exceeds compound 1.4 (MG_MID
lg G5, - -5.44).

It is important, that compound 1.3 has significant
level of inhibiting activity (lg Gy, = -5.44 - -6.17), high
cytostatic (Ig TGI = -4.00 - -5.70) and cytotoxyc (Ig LC,, =
-4.00 - -5.70) effects against all cancer cell lines (Tab. 2).
Compound 1.3 were effective against cell lines of SR (Ig
Gly, =-6.17,1g TGI = -5.70) of leukemia; lines NCI-H460
(1g GI,, = -5.79, Ig TGI = -5.53) of non-small lung cancer;
lines HCT-116 (lg GI;, = -5.80,1g TGI = -5.53), HCT-15 (g
Gly, =-5.78,1g TGl =-5.50) of colon cancer; lines SNB-75
(Ig GI;, = -5.88, 1g TGI = -5.53), U-251 (Ig GI;, = -5.81, Ig
TGI=-5.53) of CNS cancer; lines UACC-257 (lg Gl;, =-5.83,

Diseases

(114

Fig. 5. Antitumor activity of compounds 1.3 and 1.4 against oncological diseases.

lg TGI = -5.49), UACC-62 (g Gl;, = -5.81, Ig TGI = -5.52)
of melanoma; lines A498 (Ig Gl,, = -5.80, Ig TGI = -5.47),
U0-31 (lg Gl;, =-5.81, Ig TGI = -5.50) of renal cancer; li-
nes MDA-MB-231/ATCC (Ig G, = -5.81, 1g TGI = -5.50),
MDA-MB-468 (lg G, = -5.80, Ig TGI = -5.48) of breast
cancer (Tab. 2).

It is important, that compound 1.4 reveals high anti-
cancer activity not only against singe lines, but is active
against groups of oncological diseases. Thus mentioned
compound is effective against CNS cancer (Ig Gl;, =-5.75,
lg TGI = -5.40), melanoma (Ig Gl;, = -5.76,1g TGl = -5.46),
and colon cancer (lg GI, = -5.75, 1g TGI = -5.40, Fig. 5).

Thus, the anticancer potential of novel 6-mono- i 6,6-
disubstituted 3-R-6,7-dihydro-2H-[1,2,4]triazino[2,3-c]-
quinazoline-2-ones was confirmed and “structure-activity”
relationships were discussed. Obtained data may be con-
sidered as argument for further study of molecular mecha-
nisms of anticancer effects by in silico approaches for ra-
tional design of bioactive compounds including COM-
PARE-analysis and molecular docking.

CONCLUSIONS

The anticancer activity of previously unknown 6-mo-
no- and 6,6-disubstituted 3-R-6,7-dihydro-2H-[1,2,4]tri-
azino|[2,3-c]quinazolin-2-ones against individual cell li-
nes was discovered and the most active compounds, na-
mely 10-bromo-6-isobutyl-3-(4-fluorophenyl)-6,7-dihyd-
ro-2H-[1,2,4]triazino[2,3-c]quinazolin-2-one (1.3) and 6-
(4-methoxyphenyl)-8-methyl-3-phenyl-6,7-dihydro-2H-
[1,2,4]triazino[2,3-c]quinazolin-2-ones (1.4) were found,
what as we consider is weighty argument for purposeful
search of chemotherapeutic agents among studied class
of the compounds. Determinant substituent, that accor-
ding SAR-analysis effects on revealing of anticancer ac-
tivity of synthesized compounds were identified. It was
shown that presence of bromine atom at 10% position and
phenyl, 4-fluorophenyl, 4-alkoxyphenyl or thiophen-2yl
ad 3" position significantly increases the anticancer ac-
tivity of synthesized compounds. The “structure-biologi-
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cal activity” relationships were discussed and strategy
of further investigations, that based on usage of in silico
screening methods was proposed.
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0. 10. Bocko6oiiHiK, I. C. Hocynenko, I. T. Bepecr, C. . KoBanenko

6-MOHO- 1 6,6-JU3AMIILIEHI 3-R-6,7-AUT'TIPO-2H-[1,2,4]TPUA3UHO[2,3-c]XIHA30/IIH-2-OHH -

MEPCIEKTUBHUMA KJIAC IPOTUIIYX/IMHHUX ATEHTIB
B npexcTaBJieHill po6oTi Biepiie A0CIiKeHA TPOTUIYXJIMHHA aKTUBHICTb HEBIJJOMUX 6-MOHO- i 6,6-
AusamimeHux 3-R-6,7-gurigpo-2H-[1,2,4] TpuasuHo|2,3-c|xiHa30iH-2-0HiB. BcTaHOBJIEHO, 1110 [/
10-6pomMo-6-i306yTUI-3-(4-Proopodenin)-6,7-auriapo-2H-[1,2,4| Tpuasuno|2,3-c|xinazoniH-2-ony (1.3)
Ta 6-(4-MeTokcudeHin)-8-metun-3-penin-6,7-aurigpo-2H-[1,2,4| Tpuasuno| 2,3-c|xiHazonin-2-ony (1.4)
XapaKTepHa BUCOKa MPOTUNYX/JIUHHA aKTUBHICTb 6e3 3Ha4HOI CeJIeKTUBHOCTI (cepejHil mpupicT -
10,53 % Ta 46,24 % BianosiaHo) mwog0 60 JiHil pakoBUX KIITUH. [ pyHTOBHE iV Vitro JoCHifKeHHs
Ha 60 JiHifIX paKOBUX KJITUH y IpaJlieHTi KOHLeHTpaLil (10303a1exHicTh) A croykd 1.3 nmoka-
3aJ10, 110 BoHa epeKTUBHO iHribye pict nainii SR (g Gl;, = -6,17) neiikemii, NCI-H460 (lg GI;, = -5,79)
HeJipi6HOKIITHHHOTO paky JiereHb, HCT-116 (Ig Gl;, = -5,80), HCT-15 (Ig Gl;, = -5,78) enitenianpHuit
pax ToBcToil kuLky, SNB-75 (Ig Gl;, = -5,88), U-251 (Ig GI50 = -5,81) paxy LIHC, UACC-257 (Ig GI50 =-5,83),
UACC-62 (Ig GI;, = -5,81) mesnanomu, A498 (Ig GI;, = -5,80), UO-31 (Ig Gl;, = -5,81) paky HUpOK Ta
MDA-MB-231/ATCC (Ig GI;, =-5,81), MDA-MB-468 (Ig GI, = -5,80) paky MosiouHO] 3a/1031. O6roBopeHi
Jesiki 3aKkoHOMipHOCTI (SAR-aHasi3) «CTPYKTypa-aKTUBHICTb» Y AOCII>KYBaHOMY psAy.
Kniwo4oBi cioBa: 6-MoHoO- i 6,6-aAu3amiiieni 3-R-6,7-auriapo-2H-[1,2,4]-TpuasuHo|2,3-c]xiHazo.1iH-
2-0HHY; in vitro CKpUHIHT; IPOTUNYXJMHHA aKTUBHICTb

YIK 547.856'873:615.277.3.014]-047.37

A. 10. Bocko6oiiHuK, U. C. Hocynenko, I. I. Bepecr, C. U. KoBajieHKo

6-MOHO- 4 6,6-JU3AMELLEHHBIE 3-R-6,7-AUTU/IPO-2H-[1,2,4]-TPUA3UHO|[2,3-cIXUHA3O0JIIH-2-OHBI -

MEPCIEKTUBHbINA KJIACC IPOTUBOPAKOBBIX ATEHTOB
B nmpecTaBsieHHOH paboTe BIepBble UCC/Ie0BaHa MPOTHBOPAKOBas aKTUBHOCTb HEN3BECTHBIX 6-MOHO-
U 6,6-113aMeleHHbIX 3-R-6,7-nuruapo-2H-[1,2,4] TpuasuHo|2,3-c]XxuHa30MH-2-0HOB. YCTaHOBJIEHO,
yT0 151 10-6pomMo-6-1u306yTHII-3-(4-doopodennn)-6,7-guruapo-2H-[1,2,4| tpuasuno|2,3-c]xuHa-
30JiMH-2-0Ha (1.3) u 6-(4-MeTokcudenmn)-8-metui-3-peHun-6,7-guruapo-2H-[1,2,4] tpuasuno-[2,3-c]
XUHa30JIMH-2-0Ha (1.4) xapakTepHa BbICOKAsi IPOTUBOPAKOBast aKTUBHOCTb 6e3 0C060M CeIeKTUB-
HocTH (cpeaHuit mpupoct - 10,53 % u 46,24% cooTBeTCTBEHHO) K 60 INHUSM PaKOBbBIX KJIETOK. YT-
Jiy6J1eHHOe iv vitro ucciaesoBaHye Ha 60 TMHUSX PaKOBBIX KJIETOK B FpaZiieHTe KOHIeHTpalui (1030-
3aBUCUMOCTD) A5 coenHeHUs 1.3 nmokasaso, yTo oHO 3¢ PeKTUBHO HHTUGHPYeT poCT JUHUN SR
(Ig GI;, = -6,17) netixemun, NCI-H460 (Ig GI;, = -5,79) HeMenkokJeTOUHOTrO paka Jerkux, HCT-116
(Ig Gl;, = -5,80), HCT-15 (Ig Gl;, = -5,78) anuTennanpHOro paxka npssMoit kumku, SNB-75 (g Gl;, = -5,88),
U-251 (Ig GI50 =-5,81) paka LJHC, UACC-257 (lg GI50 = -5,83), UACC-62 (Ig GI50 = -5,81) MmesranoMB],
A498 (Ig GI,, = -5,80), UO-31 (Ig GI;, = -5,81) paka nouexk u MDA-MB-231/ATCC (lg GI;, = -5,81),
MDA-MB-468 (Ig Gl;, = -5,80) paka MoJ1ouHOM »ese3bl. O6CYX/AeHbl HEKOTOPble 3aKOHOMEPHOCTHU
(SAR-aHaNMM3) «CTPYKTYpa-aKTUBHOCTb» B UCCIEAYEMOM PSALY.
KiiodeBsle c10Ba: 6-MOHO- U 6,6-An3aMenienHble 3-R-6,7-gurnapo-2H-[1,2,4]tpuasuHo|2,3-c]xuHa-
30JIMH-2-0HBbl; in Vitro CKpUHUHT; IPOTUBOPAKOBasi aKTUBHOCTh

Adpeca 0a5 aucmyeaHHsi: Hapiimna go pepaxuii 11.02.2016 p.
69035, M. 3anopixoks, np. MasikoBcbKoro, 26.
3anopispKui JepxKaBHUK MeIMYHUH YHIBEPCUTET
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