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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-cJquinazolin-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 Gly, = -6.17) of leukemia, NCI-H460 (lg Gl;, = -5.79) of
non-small lung cancer, HCT-116 (lg GI,, = -5.80), HCT-15 (lg GI,,=-5.78) of colon cancer, SNB-75 (lg Gl, = -5.88), U-251
(lg GI,, = -5.81) of CNS cancer, UACC-257 (lg GI,, = -5.83), UACC-62 (Ig Gl;, = -5.81) of melanoma, A498 (lg GI,, = -5.80),
U0-31 (lg GI, = -5.81) of renal cancer and MDA-MB-231/ATCC (lg Gl;, = -5.81), MDA-MB-468 (lg GI,, = -5.80) of breast
cancer cell lines. “Structure-biological activity” relationships for described compounds were discussed. l

Key words: 6-mono- i 6,6-disubstituted 3-R-6,7-dihydro-2H-[1,2,4]triazino[2,3-c]quinazoline-2-ones; in vitro screening;
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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.1.) were studied for |
their anticancer activity. General structures of mentioned
above compounds are presented on Fig. 1. |
Invitro 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, U0-31), 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 pM) at 57-59
{ lines of 9 cancer cell types [7, 8, 11, 13, 17]. Experimental
data allows calculation of 3 parameters 1) G, - 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 G, Ig TGI
| and g 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-

H
N\F
N
N
.

4.1-4.19

(e}

‘ 1.1 R:4—FCGH4, R1=i-03H7, R2=R3=H; 1.2 R=4-CH3OC6H4, R1 =i-C3H7, R2=R3=H, 13 R=4—FCGH4, R1=I.-C4H9,
Ry=H, Ry=Br; 1.4 R=CgHy, R;=4-CH,0CgH,, R,=CHy, R=H: 1.5 R=4-CH,C¢H,, R,;=2-CH40CgH,, R,=R;=H:
‘ 1.6 R=4-F06H47 R1=2-CH3OCGH4, R2= R3=H; 1.7 R=4-FCBH4, R1=3,4-(CH30)2CSH3, R2=R3=H; 18 R=4—FCGH4,

R1=2,3-C|2C6H 3, R2=R3=H ;

| 2.1 R=4-CH,C¢H,, R,=R,=Ry=H; 2.2 R=4-i-C;H,CsH,, R;=R,=Ry=H; 2.3 R=4-CH,C¢H,, R;=CHa, R;=R4=H:;
24 R=4-i-C3H7C6H4, R1=CH3, R2=R3=H; 25 R=C5H5’ R1 =CH3, R2=H, R3=BI'; 2.6 R=4—CH3C5H4Y R1 =C|7

| R,=NO,, Ry=H:
3.1 R=CHy; 3.2 R=4-C,HsCeHy; 3.3 R=thien-2-yl;

‘ 4.1 R=CHj,, A=cyclopentane, R;=H; 4.2 R=4-C,H;0CsH,, A=cyclopentane, R;=H; 4.3 R=4-FC¢H,,
A=cyclopentane, Ri=H; 4.4 R=thien-2yl, A=cyclopentane, Ri=H; 4.5 R=CHjs, A=4-tert-butylcyclohexane, Ri=H;
4.6 R=CgH5, A=4-tert-butylcyclohexane, Ry=H; 4.7 R=4-CH3CgH,, A=4-tert-butylcyclohexane, R4=H;

‘ 4.8 R=4-CH;0C4H,, A=4-tert-butylcyclohexane, R=H; 49 R=4-FC¢H,, A=4-tert-butylcyclohexane, R,=H;
4.10 R=thien-2-yl, A=4-tert-butylcyclohexane, Ri=H; 4.11 R=C¢Hs, A=4-tert-butylcyclohexane, R;=Br;

| 4.12 R=CgHg, A=1-methylpiperidine, R;=H; 413 R=4-CH;GH,, A=1-methylpiperidine, R;=H;
4.14 R=4-C,H5CgH,4, A=1-methylpiperidine, R1=H; 4.15 R=4-CH30C¢H,4, A=1-methylpiperidine, R=H;

\ 4.16 R=4-C,H;C¢H,, A=1-methylpiperidine, R;=H; 417 R=4-FCgH,, A=1-methylpiperidine, R;=H;
4.18 R=CgHs, A=1-methylpiperidine,R,=Br; 4.19 R=4-FCgH5, 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-c] QUINAZOLIN-2-ONES IN 10.00 MM CONCENTRATION

Studied cell
Compound gr(l)\/lv:ta}: % Range of growth, % Senlsliltlf;!ce“ 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 (U0-31/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 (U0-31/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 (U0-31/RC)
2.4 96.22 72.10-125.61 56/3 76.04 (SNB-75/CNSC), 72.10 (U0-31/RC) |
2.5 94.95 72.15-115.76 57/7 72.86 (SNB-75/CNSC), 72.15 (T-47D/BC) y
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) l
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 (U0-31/RC) ‘
4.4 91.85 61.26-116.24 57/13 73.19 (SR/L), 61.26 (U0-31/RC) |
4.5 96.47 72.36-111.45 59/4 72.36 (U0-31/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 (U0-31/RC) |
4.9 98.58 74.91-114.37 59/7 74.91 (SR/L), 77.06 (U0-31/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 (U0-31/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 (U0-31/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

|

@ PDF cosfaH ¢ npobHon Bepcuen pdfFactory Pro www.pdffactory.com

Lot e e e o b b b bt el L L1

O R R T S [ B R

T rrrrrrrr i rrerrrrerrrer T r T el T T T T

2 At e e e e e e e s et s s et s e e e et e s e s Sl s A S e


http://www.pdffactory.com
http://www.pdffactory.com

TN N R R
_
il

1

AL L L Do L b L b Dl D e

L R e e L I e i e e i e I I e [ e A B e e e e e e B o e i

ISSN2311-715X

YKPATHCHKII BIOOAPMALIEBTYHIMI XKYPHAT, Ne 2 (43) 2016

Average increase, %

120

100

80

60

40

20

-20

wvgvvv

R b

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-cJquinazolin-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) n 5 3 Z : . ;
| STUDY OF SYNTHESIZED COMPOUNDS ANTICANCER VALMESM | 573 [ 542 | 511 | 518 12200 2200
{ 1ACTIVTYINF;VECONCfNTRAT“l)N M14 -5.73 | -5.44 | -5.15 | -5.27 |>-4.00 | >-4.00
(100 uM, 10 uM, 1,0 uM, 0,1 uM, 0,01 uM) MDA-MB-435| -5.74 | -5.42 | -5.10 | -5.69 | -5.27 |>-4.00
‘ Compounds/Effects range value (for values SK-MEL-2 | -5.73 | -547 | -5.21 | -5.63 | -5.24 |>-4.00
|| cancer cell Gl,, <-5.00; 1g TGI < -4.00; Ig 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,, | 1g TGI | Ig LC,, | Ig G, | 1g TGI | 1g 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 | -5.78 | -5.49 | -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 | coo | 43 | 545 | 5400 >-4.00
SR -6.17 | -5.70 | -5.35 | -5.51 | -5.06 |>-4.00 RES
\ Non small cell lung SK-OV-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 | -5.76 | -5.42 | -5.09 | -5.34 |>-4.00 | >-4.00 786-0 -5.77 | -549 | -5.22 | -5.32 |>-4.00 | >-4.00
|| HOP-92 | -577 | -539 | -501 | -542 |>-4.00 | >-4.00 A498 -5.80 | -547 | -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 | -549 | -5.21 | -5.62 |>-4.00 | >-4.00
| INCI-H322M| 559 | -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
"I Nc1-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
| [HCC2998 | 5.59 | 5.24 | 459 | -525 | >-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 | -5.73 | -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-
| ["sw-620 | -5.76 | 5.47 | -519 | -5.46 | >-4.00 | >-4.00 Mi-Tchcl/ -581 | -5.50 | -5.19 | -5.59 |>-4.00 | >-4.00
| CNS cancer HS578T | -5.75 | 531 | -4.03 | -5.50 | >-4.00 |>-4.00
SF-295 | -5.78 | -549 | -5.21 | -5.41 |>-4.00 | >-4.00
BT-549 | -5.55 | -5.11 | -4.13 | -5.07 |>-4.00 |>-4.00
[l sF-539 | -5.76 | -550 | -5.25 | -5.54 |>-4.00 | >-4.00
T-47D -5.76 | -5.41 | -5.06 | -5.48 |>-4.00 [ >-4.00
SNB-19 | -5.63 | -5.05 |>-4.00 | -5.07 |>-4.00 | >-4.00
| SNB-75 | =88 | 553 | 5.17 | 556 1=4.00 [54.00 MDA-MB-468| -5.80 | -5.48 | -5.16 | -5.57 |>-4.00 |>-4.00
‘ U251 -5.81 | -5.53 | -5.26 | -5.40 |>-4.00 | >-4.00 * - L - leukemia; nscLC - non-small cell lung cancer; CC - colon
Melanoma cancer; CNSC - CNS cancer; M - melanoma; OV - ovarian cancer;
‘ LOX IMVI | 5.75 | 548 | 5.20 | 5.49 |>_4.00|>_4.00 RC - renal cancer; PC - prostate cancer; BC - breast cancer.

[74]
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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
* (inrange 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 GI,, -5.72 exceeds compound 1.4 (MG_MID
lg GI;, - -5.44).

It is important, that compound 1.3 has significant
| level of inhibiting activity (Ig Gl;, = -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 (lg
| Gl;, = -6.17,1g TGI = -5.70) of leukemia; lines NCI-H460
(Ig GI,, =-5.79, 1g TGI = -5.53) of non-small lung cancer;
lines HCT-116 (lg Gl;, =-5.80,1g TGl =-5.53), HCT-15 (Ig
\ Gl;, =-5.78,1g TGl =-5.50) of colon cancer; lines SNB-75
(Ig GI;, = -5.88, 1g TGI = -5.53), U-251 (Ig Gl,, =-5.81,1g
‘ TGI = -5.53) of CNS cancer; lines UACC-257 (1g G, =-5.83,

cNsc | (AN

Diseases

1.4

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

lg TGI = -5.49), UACC-62 (lg GI;, = -5.81, 1g TGI = -5.52)
of melanoma; lines A498 (Ig GI, = -5.80, g TGI = -5.47),
U0-31 (Ig G5, = -5.81, 1g TGI = -5.50) of renal cancer; li-
nes MDA-MB-231/ATCC (Ig GI,, = -5.81, 1g TGI = -5.50),
MDA-MB-468 (Ig Gl, = -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 (lg Gl;, =-5.75,
lg TGI = -5.40), melanoma (1g Gl;, =-5.76, Ig TGl = -5.46),
and colon cancer (Ig Gl;, =-5.75, Ig TGI = -5.40, Fig. 5).

Thus, the anticancer potential of novel 6-mono-1i 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-2 H-
[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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I

| YIK 547.856'873:615.277.3.014]-047.37

0. 10. Bocko6oiiHik, I. C. Hocynenko, I. T. Bepecr, C. I. KoBajieHKO
‘ 6-MOHO- 1 6,6-AU3AMIIIEHI 3-R-6,7-AUT1AP0-2H-[1,2,4]TPUA3HUHO[2,3-c]IXIHA30JIIH-2-OHHU -
‘ NEPCNEKTUBHUN KJIAC IPOTUIYX/IMHHUX ATEHTIB

!

B nmpezcTaBJieHil po6oTi Brieplie JociKeHa NPOTUIYX/IMHHA aKTUBHICTD HEBiJOMUX 6-MOHO- i 6,6-
JusaMimenux 3-R-6,7-gurigpo-2H-[1,2,4]TpuasuHo|2,3-c|xinasoniH-2-0HiB. BcTaHOBIEHO, 110 A4
10-6pomo-6-i306yTHI-3-(4-dmoopodeHin)-6,7-aurinpo-2H-[1,2,4] rprasuHo| 2,3-c|xiHazoniH-2-ony (1.3)
Ta 6-(4-MeToKcudeHiT)-8-MeTu1-3-PpeHin-6,7-gurigpo-2H-[1,2,4]Tpuasuno| 2,3-c|xiHazomiH-2-0Hy (1.4)
XapaKTepHa BUCOKA NPOTHUIYXJMHHA aKTUBHICTb 63 3Ha4YHOI CesIeKTUBHOCTI (cepeiHill mpupicT -
10,53 % Ta 46,24 % BignoBiAHO) Mmoo 60 JiHiN pakoBUX KAITHH. [ pyHTOBHE iV Vitro JOC/IiPKeHHS
Ha 60 s1iHiAX paKOBUX KJITHH y IpaJlieHTI KOHLleHTpauil ([0303a1exHicTh) 414 crnoayku 1.3 noka-
3aJ10, 1110 BoHa edeKTUBHO iHri6ye picT JiHil SR (Ig Gly, = -6,17) neiikemii, NCI-H460 (g Gl;, = -5,79)
He/lpi6HOKJIITUHHOTO paky JiereHs, HCT-116 (Ig Gl,, = -5,80), HCT-15 (Ig G, = -5,78) eniTesiaabHui
pak ToBcroi kumky, SNB-75 (Ig G, =-5,88), U-251 (Ig GIS0 = -5,81) paxy LTHC, UACC-257 (Ig GIS0 =-5,83),
UACC-62 (Ig G, = -5,81) menanomu, A498 (lg Gy, = -5,80), UO-31 (Ig GI;, = -5,81) paky HUPOK Ta
MDA-MB-231/ATCC (lg GI;, =-5,81), MDA-MB-468 (Ig G, = -5,80) paky Mosio4HO] 3a/1031. O6roBopeHi
Jesiki 3akoHoMipHOCTI (SAR-aHas1i3) «CTPYKTypa-aKTUBHICTbY» Y AOCHIAXKyBaHOMY PAAY.

Kiro4oBi cioBa: 6-MoHo- i 6,6-1u3amimeni 3-R-6,7-auriapo-2H-[1,2,4]-Tpuasuno[2,3-c|xinazonin-
2-0HH; in Vitro CKpUHIHT; NPOTUIYXJIMHHA aKTUBHICTb

| YAK 547.856'873:615.277.3.014]-047.37

| A. 10. Bocko6oiinuk, U. C. Hocynenko, I. I. Bepecr, C. U. KoBasieHko

6-MOHO- H 6,

6-JU3AMELIEHHBIE 3-R-6,7-AUTH/IPO-2H-[1,2,4]-TPUA3UHO[2,3-c]XUHA30JIIH-2-OHbI -

{ MEPCIEKTUBHBIN K/IACC MPOTUBOPAKOBBIX ATEHTOB

B nmpeicTaBieHHOM paboTe BrepBble UCCIe/I0BaHa IPOTHBOPAKOBAsi aKTUBHOCTb HEU3BECTHBIX 6-MOHO-
U 6,6-au3aMellieHHbIX 3-R-6,7-aurugapo-2H-[1,2,4]TpuasuHo|2,3-c]xuHa30/IMH-2-0HOB. YCTAaHOBJIEHO,
yTo s 10-6pomo-6-u306yTHi-3-(4-dawopodbennn)-6,7-guruapo-2H-[1,2,4] tpuasuno| 2,3-c|xuna-
30JiMH-2-0Ha (1.3) u 6-(4-MeTokcudeHwmn)-8-mMetui-3-peHun-6,7-guruapo-2H-[1,2,4] rpuasuno-[ 2,3-c|
XUHA30JIMH-2-0Ha (1.4) xapaKTepHa BbICOKasl IPOTUBOPAKOBask aKTUBHOCTb 6e3 0C060H cesleKTHUB-
HocTH (cpeanuit npupoct - 10,53 % u 46,24% cooTBeTCTBEeHHO) K 60 JIMHUSAM PAaKOBbIX KJIETOK. YT-
JIy6JIeHHOe iV Vitro ucciejoBaHue Ha 60 IMHUSIX PaKOBBIX KJIETOK B Ipa/iMeHTe KOHLeHTpaL Ui (1,030-
3aBUCUMOCTbB) AJ1s1 coejuHeHus 1.3 nokasaso, 4yTo oHO 3P GEeKTHBHO HUHIMOUPYET PoCT JUHUH SR
(1g GI;, = -6,17) netixemuu, NCI-H460 (lg Gl;, = -5,79) HeMenkokeTOYHOrO paka Jierkux, HCT-116
(Ig Gl;, = -5,80), HCT-15 (Ig Gl, = -5,78) anuTenuanbHoro paka npsmoit kuiky, SNB-75 (g Glg, = -5,88),
U-251 (lg GI50 =-5,81) paka LIHC, UACC-257 (Ig GI50 = -5,83), UACC-62 (Ig GI50 = -5,81) Mes1aHOMBI,
A498 (Ig GI;, = -5,80), UO-31 (Ig Gl;, = -5,81) paka noyek u MDA-MB-231/ATCC (Ig GI;, = -5,81),
MDA-MB-468 (lg Gl, = -5,80) paka MoJIouHO# kesie3bl. O6CYX/eHbl HEKOTOPble 3aKOHOMEPHOCTH
(SAR-aHanM3) «CTPYKTypa-aKTUBHOCTb» B UCCJIEJyEMOM DPAAY.

KmroueBble cyioBa: 6-MoHO- U 6,6-113aMelieHHble 3-R-6,7-aurnapo-2H-[1,2,4]Tpuasuno|2,3-c|xvHa-
30JIMH-2-0HBbl; in Vitro CKpUHUHT; IPOTUBOPAKOBAsi aKTUBHOCTb

| Adpeca 05 aucmysaHHsi: Hapiiiuuna o pegakunii 11.02.2016 p.
69035, M. 3anopixeks, mp. MasikoBcbKoro, 26.
‘ 3anopi3bKuil JlepKaBHUN MeUYHUN YHIBEPCUTET

|
|l
|t

O T T T T AT T T T T O N Oy I [TV I O W R

S T e e s A I B O

-

LI L
L+

‘ DapmayesmuyHa ximis ma papmakozHo3is

|
l

@ pDF cosfaH ¢ npobHon Bepcuen pdfFactory Pro www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Mixpo6ionozis

- T
r
I
-
L

+ +

l
. PenieH3eHTH pyOpHUKH:
|

®inimonona H. .,
d. med. H., npogecop

T B S
1 Bl
NN RN
b b e

[ T

T T

T RS [ g S
@ PDF cosfaH ¢ npobHon Bepcuen pdfFactory Pro www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

