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The synthesis and the study of the antitumor activity
of 1,4-diaryl-5,6,7,8-tetrahydro-2,2a,8a
triazacyclopenta[cd]azulene derivatives

Aim. To synthesize, prove the structural framework and study the antitumor activity of 1,4-diaryl-5,6,7,8-
tetrahydro-2,2a,8a-triazacyclopenta [cd]azulene derivatives.

Results and discussion. To determine the antineoplastic activity of 1-phenyl-4-aryl-5,6,7,8-tetrahydro-
2,2a,8a-triazacyclopenta[cd]azulenes 7a-g and 1-(4'-bromophenyl)-4-aryl-5,6,7,8-tetra-hydro-2,2a,8a-triazacyclopenta
[cdlazulenes Th-k the study in vitro was carried out on 60 lines of cancer cells (leukemia, non-small cell lung
cancer, colon cancer, CNS cancer, melanoma, ovarian cancer, renal cancer, prostate cancer and breast cancer)
under the effect of the substance in the concentration of 10-°* mol/l according to the standard procedure of the
mitotic activity assessment of the new potential bioactive compounds by the fluorescent coloring method (sul-
phorhodamine B as a dye) performed in the US National Institute of cancer within the Development Therapeutic
Program.

Experimental part. 2-Methoxy-3,4,5,6-tetrahydro-7H-azepine was obtained by alkylation of caprolactam
with dimethyl sulfate. 3-Phenyl or (4'-bromophenyl)-(6,7,8,9-tetrahydro-5H-[1,2,4]triazolo[4,3-a]azepine 4 a,b
was obtained by condensation of 2-methoxy-3,4,5,6-tetrahydro-7H-azepine 1 with 4-bromobenzoic acid hydrazide and
subsequent cyclization of the intermediate product. The 'H-NMR spectra were recorded on a Bruker VXR-300
spectrometer (Germany) with the working frequency of 299.945 MHz, in DMSO-d; using tetramethylsilane (TMS)
as an internal standard. The purity of the compounds synthesized was controlled by TLC on the Silufol UV-254
plates in the system of chloroform — methanol (9 : 1).

Conclusions. New chemical compounds — derivatives of 1-phenyl(4'-bromphenyl)-4-aryl-5,6,7,8-tetrahydro-
2,2a,8a-triaza-cyclopenta[cd]azulene have been synthesized. The anticancer activity of the compounds obtained
on 60 lines of tumor cells in the US National Cancer Institute has been studied. The high-active compounds that
exhibit high levels of the antitumor activity have been identified.

Key words: 1,4-diaryl-5,6,7,8-tetrahydro-2,2a,8a-triazacyclopenta[cd]azulenes; antitumor activity

C. A. lemueHKo, 0. A. denueHkoBa, J1. C. BobkoRBa, J1. . Aptemuyk, A. M. lemyeHko
CuHTe3 Ta BMBYEHHS NPOTUNYXIIMHHOI aKTUBHOCTI noxigHux 1,4-giapun-5,6,7,8-teTparigpo-
2,2a,8a-TpuasauumknoneHTtalcd]asyneHiB

MeTa po60oTu — crHTe3yBaTu, JOBECTU CTPYKTYPHY OyA0OBY Ta NMPOBECTW BUBYEHHS NPOTUMYXITMHHOT aKTUB-
HocTi noxigHwx 1,4-giapun-5,6,7,8-TeTparigpo-2,2a,8a-tpnasaumknoneHTalcd]asyneHis.

Pe3ynbratu Ta ix o06roBopeHHs. [1ns BU3HA4YEHHsSI NPOTUNYXIMHHOI akTUBHOCTI 1-dpeHin-4-apun-5,6,7,8-
TeTparigpo-2,2a,8a-TpuasauuknoneHTalcdlasyneHy 7a-g 1a 1-(4'-6pomdenin)-4-apun-5,6,7,8-tetparigpo-2,2a,8a-
TpuasauuknoneHTa[cd]asyneHy 7h-k gocnigkeHHsa npoBedeHo in vitro Ha 60 niHiAX pakoBUX KITITUH (Nenkemii,
nereHb, TOBCTOrO KuLWKiBHUKA, LIHC, MenaHomMu, S€4YHMKIB, HUPOK, NPOCTAaTU, MOMOYHOI 3ano3u) npu 4ii pevyosu-
HW B KOHLeHTpaUii 105 Monb/n 3a cTaH4apTHO NPOLEAYPO0 OLHKM MITOTUYHOT aKTUBHOCTI HOBUX NOTEHLIAHNX
6ionoriyHo akTMBHUX CMONYK MeToAOM doriyopecLieHTHoro 3acapbyBaHHs (6apBHKK — cynbdopoaamiH b), Buko-
HaHux y HauioHanbHomy iHcTUTyTi paky CLUA (National Cancer Institute of Health, USA) B pamkax Development
Therapeutic Program.

EkcnepumeHTanbHa YyacTtuHa. 2-Metokcu-3,4,5,6-TeTparigpo-7H-a3eniH ogepxaHo ankinyBaHHAM Kanpo-
naktamy gumetuncynbdartom. 3-(4'-bpomdeHin)-6,7,8,9-teTparinpo-5H-[1,2,4]tpnasono[4,3-alaseniH ogepxa-
HO KOHAeHcauiel 2-meTokeun-3,4,5,6-TeTparigpo-7H-aseniHy 3 rigpasvaom napa-6pom6eH301MHOT KUCNOoTH Ta
noAanbLUIoK Lmknidauieto npoMixkHoro npoaykty. Cnektpu NMMP 6ynn 3apeectpoBaHi Ha cnekTpomeTpi Bruker
VXR-300, po6oya yacTtoTta — 299,945 MI'y, BHYTpiwHin ctaHaapT TMC. KoHTponb 3a YACTOTOK CUHTE30BaHUX
cnonyk 3airicHioBaBcs 3a gonomoroto TLX Ha nnactuHkax Silufol UV-254 B cuctemi xnopodopm — metaHon 9 : 1.

BucHoBKkuU. CrHTE30BaHI HOBI XiMiYHi peqoBVHM — NoxiaHi 1,4-giapun-5,6,7,8-TeTparigpo-2,2a,8a-TpuasauyKioneHTta
[cdlasynery. BueueHa npoTmpakoBa akTUBHICTb oepKaHnX Cronyk Ha 60 MiHisX NyxXIMHHKX KMiTWH B HauioHansHomy
iHcTUTYTI paky CLUA. |aeHTudikoBaHi BUCOKOAKTUBHI CMOMNYKK, SKi MPOSIBUNN BUCOKWUI PIBEHb MPOTUNYXAUHHOT
aKTUBHOCTI.

Knroyoei cnosa: 1,4-piapun-5,6,7,8-Tetparigpo-2,2a,8a-TpnasaumknoneHrtalcdlasyneHu; npoTunyxnvHHa
aKTMBHICTb
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C. A. lemueHko, 0. A. ®enyeHkoBa, J1. C. Bo6koBa, J1. 1. Aptemuyk, A. M. [lemyeHko

CHHTEe3 1 n3yvyeHune NpPoTUBOOINYXOSIEBOW aKTUBHOCTU NpousBoaHbIx 1,4-anapun-5,6,7,8-

TeTparnapo-2,2a,8a-rpmasaumknoneHrtajcd]asyneHoB

Llenb paboTbl — CMHTE3MPOBATb, JoKa3aTb CTPYKTYPHOE CTPOEHUE U MPOBECTUN U3yYEHME NPOTMBOOMYXOre-
BOW aKTMBHOCTU nNpousBoaHblx 1,4-anapun-5,6,7,8-tetparnapo-2,2A, 8a-TpnasaunknoneHTtalcd]asyneHa.

PesynbTaTthl 1 ux obcyxaeHue. [Ins onpegeneHys npoTMBOONYXONEBOW akTUBHOCTU 1-dbeHun-4-apun-
5,6,7,8-TeTparngpo-2,2a, 8a-TpuasaumkroneHTa [cd] asyneHa 7a-g u 1-(4'-6pomdpeHunn)-4-apun-5,6,7,8-teTparngpo-
2,2a,8a-TpmazauyuknoneHtalcdlasyneHa 7h-k 6bino npoBeneHo uccnenoanue in vitro Ha 60 NMUHMAX PaKoBbIX
KNEeToK (Nenkemum, nerkvx, ToncToro knwevHuka, LIHC, menaHombl, SM4HMKOB, NOYEK, NMPOCTaThbl, MONIOYHOM Xe-
nesbl) Npy BO3AENCTBUN BelllecTBa B KOHUeHTpauun 10° Monb/n no ctaHg4apTHOW npouenype OLUeHKU MUTOTU-
YeCKOWM aKTMBHOCTM HOBbIX MOTEHLManbHbIX B1ONOrMYeckn akTUBHBIX COEQUHEHWUI METOAOM (PrTyOpECLIEHTHOW
oKkpacku (kpacutenb — cynbopogamuH b), BbINONHEHHbIX B HaumoHansHom nHctutyTe paka CLUA (National
Cancer Institute of Health, USA) B pamkax Development Therapeutic Program.

OkcnepuMeHTanbHas YacTb. 2-meTokeu-3,4,5,6-TeTparnapo-7H-a3envH nony4yeHo ankunMpoBaHuem Kanpo-
naktama gumetuncynsgartom. 3-(4'-6pomdeHunn)-6,7,8,9-tetparnapo-5H-[1,2,4]tpnasono[4,3-alaszenuH nomny-
4YeHOo KoHaeHcauunen 2-metokeun-3,4,5,6-teTparnapo-7H-a3enuH ¢ rmapasngom napabpomOeH30MHON KACMOTbI U
nocnegyoLen LMknusaumnen npoMexyTodHoro npogykrta. Cnektpbl NMP 6binuv 3aperncTpmpoBaHbl Ha CNekTpo-
meTtpe Bruker VXR-300, paboyas yactota — 299,945 MI'y, BHyTpeHHWI ctaHgapT TMC. KoHTponb 3a 4icTtoTomn
CUHTE3NPOBaHHbIX CoeaAnHeHUN ocyLlecTBnsanca ¢ nomoubio TCX Ha nnactuHkax Silufol UV-254 B cucteme
Xxriopogopm — metaHon 9 : 1.

BbiBoabl. CYHTE3MPOBaHbI HOBbIE XMMUYECKME COeaANHEHMS — MPon3BoaHbIe 1,4-anapun-5,6,7,8-TeTparngpo-
2,2a,8a-TprasauuknoneHTtalcdjazyneHa. MIayuyeHa npoTnBopakoBasi akTMBHOCTb MOMyYEHHbIX coeanHeHnn Ha 60
NVHUSIX OMYXONneBbIX KNEToK B HaunoHanbHoM nHcTuTyTe paka CLUA. MaeHTnduumpoBaHbl BbICOKOAKTUBHbBIE
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COeOVHEHMS, KOTOPbIE MPOSABUIN BbICOKUIA YPOBEHb NPOTMBOOMYXONIEBON aKTUBHOCTU.
Knrodeenie cnoea: 1,4-gnapun-5,6,7,8-tetparngpo-2,2a,8a-tTpuasaunknoneHtalcdlasdyneHsl; npoTMBoony-

XoneBad akKTUBHOCTb

For today more than 50 antitumor medicines active
at different forms of malignant formations are ap-
plied for the treatment of a tumoral disease and achie-
vement of the palliative effect, which leads to tumor
reduction and consequently to clinical remission.
Antineoplastic drugs with different mechanisms of
action which are used in the treatment regimens are
known. At the same time, the pronounced clinical ef-
fectis from 20 % to 80 %, in some cases remission is
up to 2 years, and more than 10 % of patients have re-
mission more than 3 years. Cyclophosphamide, me-
thotrexate, vincristine, adriablastin have had a wide
application [1-3]. Methotrexate inhibits the cellular
mitosis, slows down the growth of malignant forma-
tions and is more active in relation to cells, which
rapidly grow. Adriamycin is the only cytostatic agent
exhibiting an insignificant activity in relation to hepato-
cellular carcinomas (the curative effect is 3-70 %,
mostly 36.5 %). The mechanism of drug multiresis-
tance impedes the use of cytostatic medicines.

The medicines mentioned have the necessary me-
dicinal properties, but show considerable side effects
of blood formation (leukopenia, anemia, thrombo-
cytopenia), CNS (feeling of tiredness, dizziness, hea-
dache, aphasia, drowsiness, convulsions), reproduc-
tive system (osteogenesis and spermatogenesis disor-
ders, oligospermatism, menstrual disorders, decrea-
sed libido, impotence), urinary system (hematuria,
cystitis, severe renal dysfunction), allergic and der-
matological reactions and other side effects.

Some triazole derivatives demonstrate the antio-
plastic action - these are Letrozole, Anastrozole and
Vorozole [4].

4

The medicine Letrozole (Femara) - 4,4 ‘-((1H-
1,2,4-triazol-1-yl)-methylene) dibenzonitrile used as
an antineoplastic hormonal drug and antagonist of
hormones in malignant formations of a mammary
gland is known [5-6].

Anastrozole shows the activity against estrogen-
dependent breast tumors in women [7, 8]. It is a se-
lective non-steroid inhibitor of the enzyme aroma-
tase, which leads to a decrease in the estradiol levels
in peripheral tissues. It is known that breast tumor
diseases in the world are 22.9 % of the total amount
of oncological diseases (Fig. 1) [9].

When taking Anastrozole and Letrozole anemia,
thrombophlebitis and leukopenia can progress, and
these indications are the reason for drug withdrawal.

Results and discussion

Increase in efficiency of chemotherapy of a tumo-
ral disease, first of all, is connected with creation of
new, effective antineoplastic medicines.

The derivatives of 1-phenyl-4-aryl-5,6,7,8-tetra-
hydro-2,2a,8a-triazacyclopenta[cd]azulenes 7a-g and
1-(4*-bromophenyl)-4-aryl-5,6,7,8-tetrahydro-
2,2a,8a-triazacyclopenta[cd]azulenes 7h-k showing
the antineoplastic activity were synthesized.

The derivatives of 1-phenyl-4-aryl-5,6,7, 8-tetra-
hydro-2,2a,8a-triazacyclopenta[cd]azulenes 7a-g and
1-(4'-bromophenyl)-4-aryl-5, 6,7,8-tetrahydro-2,2a,8a-
triazacyclopenta[cd] azulenes 7h-k were obtained with
high yields when using the known synthetic appro-
aches in several stages by the following Scheme (Fig. 2).

To determine the antineoplastic activity of 1-phe-
nyl-4-aryl-5,6,7,8-tetrahydro-2,2a,8a-triaza-
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Letrozole

Fig. 1. The structural formula for Letrozole, Anastrozole and Vorozole

cyclopenta[cd]azulenes 7a-g and 1-(4'-bromophenyl)-
4-aryl-5,6,7,8-tetra-hydro-2,2a,8a-triazacyclo-
penta[cd]azulenes 7h-k the study in vitro was car-
ried out on 60 lines of cancer cells (leukemia, non-
small cell lung cancer, colon cancer, CNS cancer, mela-
noma, ovarian cancer, renal cancer, prostate cancer
and breast cancer) under the effect of the substance in
the concentration of 10-5 mol/l according to the stan-
dard procedure of the mitotic activity assessment of
the new potential bioactive compounds by the fluores-
cent coloring method (sulphorhodamine B as a dye)
performed in the US National Institute of cancer within
the Development Therapeutic Program [10]. The re-
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sult of the studies conducted was expressed as a per-
centage of the cancer cell growth compared to the cont-
rol - 5-fluorouracil. Tab. 1 shows the efficiency of com-
pounds in inhibition of the cancer cell growth com-
pared to the control.

The determination is performed by a highly sen-
sitive fluorometric method, assessing quantitatively
the intensity of fluorescent radiation color (sulpho-
rhodamine B as a dye) in 48 hours of cell radiation
with the compound tested. The result of the studies
conducted was expressed as a percentage of the can-
cer cell growth compared to the control. The system of
selection and study of compounds with the potential
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where 2-4 a) R=H, b) R=Br. 5-7 a): R, R, R, =H, b) R, R, =H, R, =CH,; ¢) R, R, =H, R, =OCH,; d) R, R, = H, R,= OC,H;
e)R=H, R,R, = -OCH,CH,0-; f) R, R, = H, R, = Cl; g) R, R, = H, R, = Br; h) R=Br, R, = H, R, = CH;
i) R=Br, R, = H, R,= OCHF,; j) R=Br, R,, R, =OCH,; k) R=Br, R,R, = -OCH,CH,O-.

Fig. 2. The synthesis of 1,4-diaryl-5,6,7,8-tetrahydro-2,2a,8a-triazacyclopenta[cd]azulenes 7 a-k
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antineoplastic activity in vitro is based on the deter-
mination of percentage of the cancer cell growth (PG)
under the effect of the compound tested. In the expe-
rimental conditions, the compounds studied in the con-
centration of 10-5 mol/l found the ability to inhibit
the growth of cancer cells covering almost the entire
spectrum of human cancer (Tab. 1).

According to Tab. 1 compounds 7 b-e with elect-
ron-donor substitutes in position 4 of the heterocy-
clic system in relation to cells of leukemia, non-small
cell lung cancer, colon cancer, CNS cancer, melanoma,
ovarian cancer, renal cancer, prostate cancer and breast
cancer revealed the highest antineoplastic activity
than the reference drug - 5-fluorouracil.

Compounds with electron-withdrawing substitu-
tes 7f, g showed the activity at the level of the refe-
rence drug.

Thus, all compounds 7a-g inhibited the growth of
cancer cells of CCRF-CEM, HL-60 (TB), K-562, MOLT-4,
RPMI-8226 and SR leukemia more than the referen-
ce by 11.09-94.60 %. In relation to CCRF-CEM cells
the data of compounds 7c¢ and 7d were -0.35 % and
-6.01 %, respectively, i.e. these compounds not only
stopped the growth and division of cells, but also de-
stroyed them.

Compounds 7c and 7d stopped the growth and
division of COLO 205 cells of colon cancer, and de-
stroyed them by -47.03 % and -85.81 %, respectively.
It should be noted that the same compounds were
especially active in relation to cancer cells of MCF7,
HS 578T, VT-549 and MDA-MB-468 breast cancer with
the values of -12.82 %, -15.55 %, -0.58 % and -9.61 %,
respectively.

Compound 7h exceeded the reference drug on
19 lines of cancer cells, 7i - on 18 lines, 7j - on 52
lines and 7k - on 47 lines among 60 lines studied.

Compound 7h was effective against HL-60 (TB)
leukemia cells (exceeding the action of 5-fluorouracil
by 15.58 %), UACC-257 melanoma (exceeding the ac-
tion of 5-fluorouracil by 18.23 %), PC-3 prostate can-
cer (exceeding the action of 5-fluorouracil by 11.71 %).

Compound 7i was effective against RPMI-8226 leuke-
mia cells (exceeding the action of 5-fluorouracil by
23.32 %), EKVX non-small cell lung cancer (exceeding
the action of 5-fluorouracil by 11.96 %), NT-29 co-
lon cancer (exceeding the action of 5-fluorouracil by
25.59 %), TK-10 renal cancer (exceeding the action
of 5-fluorouracil by 41.94 %).

Compound 7j was effective against CCRF-CEM,
HL60 (TB) leukemia cells, MOLT-4 indicators were
-24.52 %; -13.14 %); -5.16 %, respectively, i.e. this
compound not only stopped the growth and division
of cells, but also destroyed them. The compound de-
stroyed HOP-92 non-small cell lung cancer - 25.68 %);
OVCAR-3 ovarian cancer - 13.80 % and UO-31 renal
cancer — 29.09 %. This compound showed the activity
in relation to K-562 leukemia cells (exceeding the ac-

6

tion of 5-fluorouracil by 93.25 %), HCT-116 colon can-
cer (exceeding the action of 5-fluorouracil by 96.20 %),
PC-3 prostate cancer (exceeding the action of 5-fluoro-
uracil by 93.14 %), VT-549, T-47D breast cancer (exce-
eding the action of 5-fluorouracil by 79.97 % and
81.62 %, respectively).

Compound 7k was effective against CCRF-CEM,
RPMI-8226 leukemia cells (exceeding the action of
5-fluorouracil by 95.82 % and 83.51 %, respectively),
HOP-92 non-small cell lung cancer (exceeding the ac-
tion of 5-fluorouracil by 40.88 %), HCT-116 colon can-
cer (exceeding the action of 5-fluorouracil by 16.04 %),
SF-539 CNS cancer (exceeding the action of 5-fluoro-
uracil by 17.93 %), LOX IMVI, M14, SK-MEL-2 mela-
noma (exceeding the action of 5-fluorouracil by 14.28 %;
13.27 %; and 20.68 %, respectively), OVCAR-5, OVCAR-8
ovarian cancer (exceeding the action of 5-fluoroura-
cil by 17.73 % and 18.05 %), PC-3 prostate cancer
(exceeding the action of 5-fluorouracil by 81.12 %).

At the second stage of our studies, or the in-depth
screening in vitro, the compounds were tested in five
concentrations in 10-fold dilution (100 pm, 10 um,
1 pum, 0.1 pm and 0.01 pm) on the lines of human can-
cer cells listed. As a result of the experiment three
dose-dependent parameters, namely GI50 - the con-
centration of the compound causing inhibition of 50 %
cell line growth; TGI - the concentration creating
complete inhibition of the cell growth; LC;, - the con-
centration causing death of 50 % of tumor cells, were
calculated. GI,, is interpreted as the effective level of
inhibition, TGI is the cytostatic effect, while LC,, is
the lethal concentration causing the cytotoxic action.
If logarithmic values of the parameters studied (1gGl;,,
1gTGI and IgLC,,) are less than - 4.00, then the com-
pound is considered to be active [11-13].

According to the results of the screening (Tab. 2),
the compounds tested revealed the considerable level
of the anticarcinogenic activity. Compound 7b sho-
wed the significant level of the anticarcinogenic acti-
vity in relation to HOP-62 (IgGI50 =-5.76; 1gTGI = -5.42;
1gL.C50 =-5.08) non-small cell lung cancer; SNB-75 CNS
cancer (lgGl;, = -5.68; IgTGI = -5.32; IgLC,, = -4.79)
and U251 (1gGl,, = -5.57; 1gTGI = -5.07; 1gLC;, = -4.16);
OVCAR-3 ovarian cancer (1gGl, =-5.61; IgTGI = -5.27;
1gLC;, = -4.10) and SK-OV-3 (1gGl;, = -5.67; 1gTGI = -5.28;
1gLCy, = -4.27).

Compound 7c had the anticarcinogenic activity
in relation to MOLT-4 (I1gGI,, = -5.75; 1gTGI = -5.39;
1gLC;, = -5.03) leukemia; HOP-92 non-small cell lung
cancer (1gGl, = -5.91; 1gTGI = -5.38; 1gLC., = -4.27) and
NCI-H522 (IgGl;, = -5.72; IgTGI = -5.26; 1gLC,, = -4.45);
COLO 205 colon cancer (1gGl;, = -5.65; 1gTGI = -5.30;
IgLC,, =-4.87), HCC2998 (I1gGl,, =-5.42; IgTGI = -4.83;
IgLC.,=-4.19) Ta HCT-116 (1gGl;, = -5.60; IgTGI = -4.93;
IgLC,, = -4.07); SF-539 CNS cancer (lgGl;, = -5.43;
1gTGI = -4.80; 1gLC,, = -4.20) and U251 (IgGI;, =-5.56;
1gTGI = -4.86; IgLC;, = -4.00); LOX IMVI melanoma
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Table 1

The anti-tumor activity of 1,4-diaryl-5,6,7,8-tetrahydro-2,2a,8a-triazacyclopentalcdlazulenes 7 h-k in vitro
on the lines of cancer cells under the action of substances in the concentration of 10> mol/L

The lines of cancer cells 7a 7b 7c 7d 7e 7f 79 7h 7i 7j 7k

1 2 3 4 5 6 7 8 9 10 11 12 13
CCRF-CEM | 36.45 | 11.08 | -0.36 | -6.01 | 13.38 | 79.98 | 42.33 | 88.79 [117.33|-24.52 | 4.18

HL-60(TB) | 48.12 | -1.56 |-20.72 | 45.27 | 56.24 | 93.93 | 88.18 | 84.32 | 99.56 |-13.14 | 96.87

Leukemia K-562 32.89 | 10.27 | 7.22 | 19.60 | 21.60 | 82.05 | 79.43 |105.17| 91.79 | 6.75 | 88.90
MOLT-4 51.99 | 21.17 | 3.47 | 33.73 | 15.08 | 76.61 | 62.86 | 93.08 | 100.52| -5.16 | 87.09

RPMI-8226 | 30.83 | 17.18 | 15.20 | 25.07 | 21.68 | 94.56 | 78.04 [101.07 | 76.68 | 7.36 | 16.49

SR 65.69 | 26.07 | 540 | 52.47 | 47.70 | 78.96 | 88.91 | 93.43 |108.10| 9.36 | 90.33

A549/ATCC | 71.48 | 35.01 | 13.14 | 90.39 | 25.00 | 88.58 | 82.41 | 88.39 | 90.95 | 46.49 | 90.80

EKVX 52,57 | 1435 | - - | 4306 | - - |10442| 88.04 | - -

HOP-62 70.51 | 40.83 | 7.40 | 103.6 | 39.85 | 108.7 | 99.80 |119.31|107.70| 63.91 | 96.19

Non-Small HOP-92 - - -4.13 | 43.08 | 20.16 | 95.15 | 79.42 | 78.16 | - |-25.68| 59.12
Cell Lung NCI-H226 | 88.55 | 34.02 | 21.07 | 100.3 | 43.91 | 102.5 | 85.72 | 95.58 |103.72| 78.87 | 96.71
Cancer NCI-H23 | 86.79 | 42.46 | 891 | 90.65 | 72.96 | 96.66 | 98.87 |107.42|108.50 [ 100.59 | 86.15
NCI-H322M | 122.5 | 78.19 | 15.20 | 94.91 | 60.15 | 95.51 | 117.7 | 110.08| 99.09 | 25.38 | 115.44

NCI-H460 - | 2787 | - - | 3064 | 1054 | 9493 [103.17[102.09| - -

NCI-H522 - - | 3598 | 8337 | 69.18 | 83.64 | 97.50 | 93.01 - | 4747 | 75.34
COLO 205 | 56.98 |-47.03 | -85.81 | 98.44 | 26.94 | 104.1 | 103.3 |118.12|121.10| 50.47 |101.44

HCC2998 | 8870 | - | 2137|9845 | 4625 | 106.1 | 110.4 [106.79|112.04|103.34| 88.64

HCT-116 | 35.69 | 1.59 | -1.47 | 53.96 | 11.09 | 89.81 | 77.69 |113.29| 95.52 | 3.80 | 83.96

Colon Cancer| HCT-15 101.5 | 77.51 | 39.17 | 104.0 | 84.59 | 94.09 | 97.42 [110.44|111.93| 54.63 | 91.42
HT-29 4388 | 11.54 | 6.95 | 1104 | 30.18 | 98.02 | 104.1 |109.14| 74.41 | 31.50 | 92.39

KM12 57.61 | 20.71 | 14.73 | 69.85 | 35.11 | 99.02 | 74.82 |111.46|103.74| 19.79 | 93.21

SW-620 - | 2123 | - - | 3470 | 111.3 | 105.8 [106.31|104.66| - -

SF-268 87.21 | 47.78 | 23.10 | 85.34 | 50.78 | 86.45 | 98.63 | 103.48|103.02| 38.18 | 96.98

SF-295 - | 3001 - - | 3547 | - - |105.47|137.23| - -

NS Cancer SF-539 88.32 | 63.68 | 11.63 | 96.28 | 56.30 | 95.87 | 108.2 |116.41|111.67| 71.95 | 82.07
SNB-19 7333 | 3836 | - - | 5279 | - - |100.11| 98.61 - -

SNB-75 - - | 2871 | 8833 | 54.03 | 87.87 | 90.65 |106.95| - | 71.63 | 94.01

U251 41.17 | 26.17 | 10.26 | 92.75 | 8.45 | 89.97 | 84.64 | 86.94 | 93.79 | 23.48 | 88.11

LOXIMVI | 77.74 | 22.83 | 9.87 | 84.26 | 33.49 | 99.45 | 90.61 |105.67 | 100.15| 96.36 | 85.72

MALME-3M | 86.46 | 027 |-11.78| 86.23 | 1644 | - - | 9855 | 8542 | 36.07 | 87.00

M14 73.57 | 30.97 | 13.72 | 91.75 | 37.57 | 105.4 | 90.55 | 106.55|103.36| 35.21 | 86.73
MDA-MB-435 | 80.37 | 22.74 | 10.95 | 96.74 | 30.82 | 101.1 | 108.3 |112.99|113.54| 16.28 | 104.79

Melanoma SK-MEL-2 - - 056 | 9876 | - |101.2 1122 - - | 69.14 | 79.32
SK-MEL-28 | 74.73 | 28.90 | 43.24 | 102.2 | 63.74 | 102.3 | 108.1 |113.92|114.18 | 97.33 | 105.65

SK-MEL-5 | 81.81 | 6.10 | 1.44 | 98.92 | 26.83 | 97.28 | 88.50 | 97.05 | 97.53 | 52.00 | 96.06

UACC-257 | 87.91 | 24.36 | 18.97 | 103.6 | 0.71 | 99.48 | 105.1 | 81.77 |101.25| 58.15 | 96.22

UACC-62 | 81.36 | 52.61 | 35.89 | 93.40 | 49.53 | 93.01 | 93.38 | 106.04| 94.77 | 74.07 | 87.87

IGROV1 7421 | 15.84 | 25.81 | 98.63 | 56.48 | 94.87 | 99.39 | 114.56|101.51| 31.00 | 95.23

OVCAR-3 | 59.96 |-23.00 |-17.59 | 53.10 | 33.80 | 103.8 | 92.40 | 117.55|109.40| -13.80 | 95.53

_ OVCAR-4 - - | 3160 | 97.84 | 65.81 | 99.75 | 92.22 | 97.88 | 108.87 | 83.18 | 99.63
?a":é;ar” OVCAR-5 | 90.97 | 74.56 | 36.28 | 86.23 | 99.34 | 88.23 | 87.89 | 99.05 [106.59| 39.08 | 82.27
OVCAR-8 | 54.57 | 29.22 | 1431 | 7865 | 9.22 | 82.38 | 78.95 | 91.69 | 109.86| 44.38 | 81.95

NCI/ADR-RES | 100.9 | 92.18 | 78.66 | 101.2 | 92.59 | 106.4 |102.84 |107.55|104.57 | 103.61 | 96.83

SK-OV-3 - - | 27.80 | 99.22 | 82.59 | 96.63 |102.75|120.71|106.93 | 83.57 | 91.88
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Continuation of Table 1

1 2 3 4 5 6 7 8 9 10 1 12 13
786-0 82.60 | 2840 | 13.82 | 94.03 | 68.63 | 96.04 | 92.30 | 101.16| 98.95 | 50.80 | 96.52
A498 - 50.13 | 2835 | 78.77 | 73.45 | 108.0 | 84.39 | 105.70|106.36 | 59.60 |116.27
ACHN 77.06 | 16.73 | 5.60 | 80.57 | 55.50 | 94.97 | 88.04 | 113.11]109.62 | 25.54 | 87.88
CAKI-1 112.7 | 66.55 | 70.01 | 92.04 | 81.67 | 97.62 | 95.19 | 99.32 | 107.78 | 66.24 | 97.72
Renal Cancer RXF 393 96.22 | 45.79 | 23.74 | 110.2 | 58,55 | 114.8 | 103.6 | 101.24|116.50 | 82.46 |101.82
SN12C 75.20 | 48.84 | 15.18 | 91.08 | 24.67 | 90.33 | 86.18 | 101.54|100.44 | 59.84 | 83.41
TK-10 38.10 | 11.66 | 30.75 | 98.02 | 73.20 | 100.2 | 105.6 | 104.17 | 58.06 | 73.04 | 98.29
UO-31 81.52 | 5095 | 11.34 | 8247 | 77.64 | 7940 | 86.72 | 96.54 | 84.67 | -29.09 | 90.06
Prostate PC-3 86.35 | 2290 | 947 | 1928 | 961 | 8339|7238 |8829| - | 686 | 18.88
cancer DU-145 81.38 | 3392 | 19.78 | 74.58 | 41.00 | 108.6 | 93.58 |111.97|101.46| 30.73 |101.07
MCF7 21.85 |-12.82 | 13.28 | 94.86 | 37.09 | 86.98 | 80.80 | 96.23 | 95.68 | 67.25 | 94.64
MB-’;A?R?ATCC 79.64 | 52.47 | 1546 | 95.53 | 68.38 | 105.3 | 88.40 | 106.44|109.93 | 89.28 | 97.81
Breast cancer | HS 578T - |-1555]27.76 | 86.95 | 27.36 | 92.79 | 82.80 [ 113.12]110.88 | 49.98 | 103.38
BT-549 - - -0.58 | 73.95 | 51.29 | 99.51 | 88.66 - - 20.03 | 73.76
T47D - - 1.97 | 66.14 | 58.32 | 82.51 | 73.93 | 114.50| 88.12 | 18.38 | 76.04
MDA-MB-468 | 45.83 | 3.71 | -9.61 | 89.38 | 18.61 | 113.4 | 83.85 [102.12|108.74 | 49.43 | 92.91
(IgGl,, = -5.60; IgTGI = -5.12; IgLC,, = -4.54), MALME-3M  1gLC,,=-4.37); MDA-MB-231/ATCC breast cancer
(1gGly, = -5.73; 1gTGI = -5.38; 1gLC,, = -5.03), SK-MEL-2  (IgGI,, = -5.64; IgTGI = -5.13; IgLC,, = -4.17); BT-549

(IgGl;, =-5.61;1gTGI = -5.27; IgLC,, = -4.57), SK-MEL-28
(IgGI;, = -5.48; 1gTGI = -4.84; 1gLC, = -4.22), SK-MEL-5
(IgGl;,=-5.77;1gTGI = -5.48; 1gLC, = -5.19), UACC-62
(IgGl;, = -5.76; 1gTGI = -5.40; 1gLC;, = -5.04); RXF 393
renal cancer (IgGl;, =-5.65;1gTGI =-5.13; IgLC., = -4.44)
and UO-31 (IgGl;, =-5.55; 1gTGI = -4.95; 1gLC., = -4.14);
MDA-MB-231/ATCC breast cancer (l1gGl,, = -5.68;
1gTGI = -5.30; 1gLC;, = -4.39).

Compound 7e had the anticarcinogenic activity
in relation to MOLT-4 (IgGl;, = -5.75; 1gTGI = -5.32;
IgLC,,=-4.26) leukemia; HOP-62 non-small cell lung
cancer (1gGl,, = -5.55; IgTGI = -4.92; 1gLC,, = -4.19),
NCI-H460 (1gGl,=-5.56; IgTGI = -4.97; IgLC;, = -4.25)
and NCI-H522 (IgGl;,=-5.54; 1gTGI = -4.91; IgLC. = -4.19);
COLO 205 colon cancer (IgGl;,=-5.70; 1gTGI = -5.33;
lgLC,=-4.81), HCC2998 (IgGl,,=-5.47; 1gTGI = -4.79;
lgLC,=-4.15), HCT-116 (IgGl;,=-5.61; 1gTGI = -4.98;
IgLC,, = -4.36), KM12 (1gGIl;, = -5.49; IgTGI = -4.91;
IgLC;,=-4.39), SW-620 (1gGl;, = -5.48; IgTGI = -4.84;
1gLC,, = -4.38); SF-295 CNS cancer (IgGI,,= -5.65;
IgTGI = -5.16; IgLC,, = -4.40), SF-539 (1gGl,, = -5.43;
1gTGI =-4.93; 1gLC;,=-4.35) and U251 (IgGl;,=-5.70;
1gTGI = -4.86; 1gLC,= -4.18); LOX IMVI melanoma
(IgGly,=-5.64; IgTGI=-4.94; 1gLC;, = -4.36), MALME-3M
(1gGly,=-5.71; 1gTGI = -5.25; 1gLC,, = -4.47), M14
(IgGl;,=-5.48; 1gTGI = -4.89; IgLC;, = -4.13), SK-MEL-28
(IgGl,, = -5.31; IgTGI = -4.68; IgLC,, = -4.10), SK-MEL-5
(IgGl;,=-5.86; 1gTGI = -5.56; IgLC,, = -5.26), UACC-62
(IgGl,,=-5.75; IgTGI = -5.27; IgLC,, = -4.62); OVCAR-3
ovarian cancer (IgGls,=-5.58; IgTGI =-5.01; IgLC,= -4.50);
786-0 renal cancer (1gGl,,= -5.41; IgTGI = -4.80;
IgLC,,=-4.20) and RXF 393 (IgGl,, = -5.63; 1gTGI = -5.02;
8

(1gGls,=-5.44; 1gTGI =-5.02; 1gLC,,= -4.42) and MDA-
MB-468 (1gGl;,=-5.94; 1gTGI = -5.07; IgLC,, = -4.12).

Compound 7 j was active in relation to COLO 205 cells
of colon cancer (the 1gGI;, value =-5.32,1gTGI = -4.76
and IgLC,, =-4.27) SK-MEL-5 melanoma (1gGI., =-5.37,
1gTGI =-4.76 and 1gLC,, =-4.25) and RXF 393 renal
cancer (the 1gGIl;, value = -5.62, 1gTGI = -5.08, and
IgLC;, =-4.21).

Thus, the derivatives of 1-phenyl-4-aryl-5,6,7,8-
tetrahydro-2,2a,8a-triazacyclopenta [cd]azulenes and
1-(4'-bromophenyl)-4-aryl-5,6,7,8-tetrahydro-
2,2a,8a-triazacyclopenta [cd]azulene exhibit the anti-
neoplastic activity in relation to a wide range of can-
cer cells and can become the basis for creating new
effective anticancer agents.

Experimental part

2-Methoxy-3,4,5,6-tetrahydro-7H-azepine 1 was
obtained by alkylation of caprolactam with dimethyl
sulfate using the method [14]. 3-Phenyl or (4*'-bromo-
phenyl)-(6,7,8,9-tetrahydro-5H-[1,2,4]triazolo[4,3-
aJazepine 4 a,b was obtained by condensation of
2-methoxy-3,4,5,6-tetrahydro-7H-azepine 1 with 4-bro-
mobenzoic acid hydrazide and subsequent cycliza-
tion of the intermediate product 3 by the method [15].

The 'H-NMR-spectra were recorded on a Bruker
VXR-300 spectrometer (Germany) with the working
frequency of 299,945 MHz, in DMSO-d, using tetra-
methylsilane (TMS) as an internal standard. The pu-
rity of the compounds synthesized was controlled by
TLC on the Silufol UV-254 plates in the system of
chloroform - methanol (9 : 1).
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Table 2

The results of the in-depth in vitro screening of compounds 7 b, ¢, e, j in the concentration gradient of 1010 M

The lines of cancer cells 7b 7b 7b 7c 7c 7c 7e 7e 7e 7] 7] 7]
lgGl, | IgTGI | IgLC,, | 19Gly, | I9TGI | IgLC,, | IgGly, | IgTGI | IgLC,, | 19Gl,, | IgTGI | IgLC,,

1 2 3 4 5 6 7 8 9 10 11 12 13 14
CCRF-CEM | -5.55 | -4.00 | -4.00 | -6.07 | -5.50 | -4.00 | -5.88 | -5.26 | -4.00 | -5.62 | -5.16 | -4.00
HL-60(TB) - - - -5.72 | -531 | -4.00 | -5.62 | -4.63 | -4.00 | -5.47 | -4.88 | -4.00
Leukemia K-562 - -4.00 | -4.00 | -5.94 | -5.07 | -4.00 | -6.03 | -4.99 | -4.00 | -5.43 | -4.00 | -4.00
MOLT-4 - -4.00 | -4.00 | -5.75 | -539 | -5.03 | -5.75 | -5.32 | -4.26 | -5.54 | -5.08 | -4.00
RPMI-8226 | -5.58 | -4.00 | -4.00 | -5.87 | -5.30 | -4.00 | -5.80 | -5.14 | -4.00 | -5.53 | -5.00 | -4.00
SR -4.00 | -4.00 | -4.00 | -5.85 | -5.17 | -4.00 | -5.82 | -5.20 | -4.00 | -5.48 | -4.09 | -4.00
A549/ATCC | -5.56 - -4.00 | -5.55 | -4.00 | -4.00 | -5.62 | -4.00 | -4.00 | -5.07 | -4.00 | -4.00

EKVX -5.42 | -4.00 | -4.00 - - - -5.63 | -4.00 | -4.00 - - -
HOP-62 -5.76 | -5.42 | -5.08 | -5.48 | -4.71 | -4.00 | -5.55 | -4.92 | -4.19 | -4.92 | -4.00 | -4.00
Non-Small HOP-92 | -5.79 | -5.25 | -4.00 | -5.91 | -5.38 | -4.27 | -5.63 | -5.17 | -4.00 | -5.75 | -5.22 | -4.00
Cell Lung NCI-H226 | -5.50 | -4.13 | -4.00 | -5.47 | -4.74 | -4.00 | -5.68 | -5.00 | -4.00 | -5.12 | -4.00 | -4.00
Cancer NCI-H23 | -5.30 | -4.00 | -4.00 | -5.59 | -5.04 | -4.00 | -5.47 | -4.00 | -4.00 | -5.10 | -4.00 | -4.00
NCI-H322M | -5.42 | -4.00 | -4.00 | -5.58 | -5.11 | -4.00 | -5.45 | -4.49 | -4.00 | -4.82 | -4.00 | -4.00
NCI-H460 | -5.64 - -4.00 | -5.50 | -4.95 | -4.00 | -5.56 | -4.97 | -4.25 | -5.05 | -4.00 | -4.00
NCI-H522 -548 | -499 | -4.00 | -5.72 | -5.26 | -4.45 | -5.54 | -491 | -4.19 | -548 | -4.49 | -4.00
COLO205 |-5.29 | -4.00 | -4.00 | -5.65 | -5.30 | -4.87 | -5.70 | -5.33 | -4.81 | -5.32 | -4.76 | -4.27
HCC2998 -4.00 | -4.00 | -4.00 | -5.42 | -4.83 | -4.19 | -5.47 | -4.79 | -4.15 | -5.00 | -4.00 | -4.00
HCT-116 -5.55 | -5.16 | -4.00 | -5.60 | -4.93 | -4.07 | -5.61 | -4.98 | -4.36 | -5.43 | -4.00 | -4.00
Colon cancer HCT-15 -4.00 | -4.00 | -4.00 | -5.51 | -4.51 | -4.00 | -5.14 | -4.00 | -4.00 | -4.90 | -4.00 | -4.00
HT-29 -4.00 | -4.00 | -4.00 | -5.54 | -4.69 | -4.00 | -5.49 | -4.85 | -4.00 | -5.39 | -4.00 | -4.00
KM12 -5.29 | -4.00 | -4.00 | -5.47 | -4.72 | -4.00 | -5.49 | -4.91 | -4.39 | -5.22 | -4.00 | -4.00
SW-620 -5.41 | -4.00 | -4.00 | -5.48 | -4.38 | -4.00 | -5.48 | -4.84 | -4.38 | -5.36 | -4.00 | -4.00
SF-268 -5.11 | -4.00 | -4.00 | -5.31 | -4.00 | -4.00 | -5.39 | -4.69 | -4.00 | -5.18 | -4.00 | -4.00
SF-295 -541 | -459 | -4.00 | -5.63 | -5.19 | -4.00 | -5.65 | -5.16 | -4.40 | -5.17 | -4.19 | -4.00
CNS cancer SF-539 -5.58 - -4.00 | -5.43 | -4.80 | -4.20 | -5.43 | -4.93 | -4.35 | -4.91 | -4.00 | -4.00
SNB-19 -5.08 | -4.00 | -4.00 | -5.39 | -4.00 | -4.00 | -5.45 | -4.00 | -4.00 | -5.25 | -4.00 | -4.00
SNB-75 -5.68 | -532 | -4.79 | -5.48 | -4.30 | -4.00 | -5.52 | -4.77 | -4.00 | -5.20 | -4.00 | -4.00
U251 -5.57 | -5.07 | -4.16 | -5.56 | -4.86 | -4.00 | -5.70 | -4.86 | -4.18 | -5.44 | -4.00 | -4.00
LOX IMVI -543 | -4.00 | -4.00 | -5.60 | -5.12 | -4.54 | -5.64 | -4.94 | -4.36 | -5.36 | -4.32 | -4.00
MALME-3M - - - -5.73 | -538 | -5.03 | -5.71 | -5.25 | -4.47 | -539 | -4.37 | -4.00
M14 -5.16 | -4.00 | -4.00 | -5.43 | -4.00 | -4.00 | -5.48 | -4.89 | -4.13 | -5.20 | -4.00 | -4.00
MDA-MB-435| -5.31 | -4.00 | -4.00 | -5.53 | -4.91 | -4.00 | -5.49 | -4.59 | -4.00 | -5.39 | -4.00 | -4.00
Melanoma SK-MEL-2 -5.47 | -4.00 | -4.00 | -5.61 | -5.27 | -4.57 | -5.51 | -5.06 | -4.00 | -5.07 | -4.28 | -4.00
SK-MEL-28 - -4.00 | -4.00 | -548 | -4.84 | -4.22 | -5.31 | -4.68 | -4.10 | -5.09 | -4.00 | -4.00
SK-MEL-5 -5.62 | -5.09 | -4.00 | -5.77 | -5.48 | -5.19 | -5.86 | -5.56 | -5.26 | -5.37 | -4.76 | -4.25
UACC-257 - -4.00 | -4.00 | -5.52 | -5.01 | -4.00 | -5.55 | -4.97 | -4.00 | -5.09 | -4.00 | -4.00
UACC-62 -5.50 | -4.00 | -4.00 | -5.76 | -5.40 | -5.04 | -5.75 | -5.27 | -4.62 | -5.18 | -4.07 | -4.00
IGROV1 -5.36 | -4.63 | -4.00 | -5.48 | -4.58 | -4.00 | -5.46 | -4.00 | -4.00 | -4.95 | -4.00 | -4.00
OVCAR-3 -5.61 | -5.27 | -4.10 | -5.53 | -4.67 | -4.00 | -5.58 | -5.01 | -4.50 | -5.41 | -4.00 | -4.00
) OVCAR-4 -5.55 | -5.14 | -4.00 | -5.52 | -4.00 | -4.00 | -5.47 | -4.00 | -4.00 | -5.07 | -4.00 | -4.00
?a":é;” OVCAR-5 - | -400]-400|-547 | -400 | -400| - - - | -463]-4.00 | -4.00
OVCAR-8 -5.53 | -489 | -4.00 | -5.64 | -4.00 | -4.00 | -5.65 | -4.63 | -4.00 | -5.37 | -4.00 | -4.00
NCI/ADR-RES | -5.38 | -4.00 | -4.00 | -5.23 | -4.00 | -4.00 | -4.24 | -4.00 | -4.00 | -4.28 | -4.00 | -4.00
SK-OV-3 -5.67 | -5.28 | -4.27 | -5.43 | -4.75 | -4.00 | -5.50 | -4.36 | -4.00 | -4.59 | -4.00 | -4.00
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Continuation of Table 2

1 2 3 4 5 6 7 8 9 10 11 12 13 14
786-0 -5.69 | -5.37 - -5.43 | -4.73 | -4.00 | -5.41 | -4.80 | -4.20 | -5.27 | -4.13 | -4.00
A498 -5.52 | -4.00 | -4.00 | -5.78 | -5.23 | -4.00 | -5.53 | -5.03 | -4.00 | -5.70 | -4.65 | -4.00
ACHN -5.72 | -5.38 | -5.04 | -5.50 | -4.00 | -4.00 - - - -5.37 | -4.00 | -4.00
CAKI-1 -5.44 | -4.00 | -4.00 | -5.48 | -4.00 | -4.00 | -5.38 | -4.59 | -4.00 | -4.82 | -4.00 | -4.00
Renal Cancer
RXF 393 -5.67 | -5.22 | -4.21 | -5.65 | -5.13 | -4.44 | -5.63 | -5.02 | -4.37 | -5.62 | -5.08 | -4.21
SN12C -5.30 | -4.00 | -4.00 | -5.52 | -4.60 | -4.00 | -5.65 | -4.86 | -4.00 | -5.36 | -4.00 | -4.00
TK-10 -5.55 | -5.18 | -4.00 | -5.50 | -4.00 | -4.00 | -5.40 | -4.37 | -4.00 | -5.15 | -4.13 | -4.00
U0-31 -5.70 | -5.38 - -5.55 | -4.95 | -4.14 | -5.44 | -4.74 | -4.00 | -5.42 | -4.66 | -4.00
Prostate PC-3 -5.38 | -4.00 | -4.00 | -5.74 | -5.07 | -4.00 | -5.60 | -4.00 | -4.00 | -5.52 | -4.00 | -4.00
cancer DU-145 -5.08 | -4.00 | -4.00 | -5.47 | -4.00 | -4.00 | -5.55 | -4.82 | -4.00 | -5.01 | -4.00 | -4.00
MCF7 -5.33 | -4.00 | -4.00 | -5.51 | -4.00 | -4.00 | -5.53 | -4.00 | -4.00 | -5.39 | -4.00 | -4.00
MB-’;A;?ATCC -5.62 | -5.15 | -4.00 | -5.68 | -5.30 | -4.39 | -5.64 | -5.13 | -4.17 | -5.35 | -4.40 | -4.00
Breast cancer HS 578T -5.37 | -4.00 | -4.00 | -5.59 | -4.54 | -4.00 | -5.38 | -4.08 | -4.00 | -5.36 | -4.00 | -4.00
BT-549 -450 | -4.00 | -4.00 | -5.42 | -4.51 | -4.00 | -5.44 | -5.02 | -4.42 | -5.25 | -4.00 | -4.00
T47D -543 | -4.00 | -4.00 | -5.54 | -4.00 | -4.00 | -5.64 | -4.00 | -4.00 | -5.41 | -4.00 | -4.00
MDA-MB-468 | -5.57 | -5.05 | -4.00 | -5.85 | -5.26 | -4.00 | -5.94 | -5.07 | -4.12 | -5.57 | -4.73 | -4.00

The melting points were measured on a small-si-
zed heating table with a RNMK 05 observation de-
vice (VEB Analytik, Dresden).

The general procedure for the synthesis of
1-phenyl-4-aryl-5,6,7,8-tetrahydro-2,2a,8a-
triazacyclopenta[cd] azulenes 7 a-k. Boil the mix-
ture of 0.01 Mole of the appropriate 3-aryl-6,7,8,9-
tetrahydro-5H-[1,2,4]triazole [4,3-a]azepine 4 a,b and
0.01 Mole of the substituted phenacyl bromide 5 in
80 ml of ethyl acetate for 1 hour. After cooling de-
cant the solvent, wash the residue - quarternary salt
6 a-k - with the ester, add 40 ml of 5 % NaOH solu-
tion and boil the reaction mixture for 3 hours. After
cooling filter the precipitate, wash with water, then
dry in air and recrystallize from benzene.

1,4-diphenyl-5,6,7,8-tetrahydro-2,2a,8a-
triazacyclopenta[cd]azulene 7a. Yield - 1.19 g (38 %).
M. p. - 189-191 °C (from benzene). Anal. Calcd. for
C,;HoN;. %: N 13.4. Found, %: N 13.2.'H NMR (300 MHz,
DMSO0-d,), § (ppm): 2.01 (m, 4H, 6,7-CH,CH,), 2.80
(m, 2H, 5-CH,), 4.08 (m, 2H, 8-CH,), 7.24 (s, 1H, 3-H),
7.49-7.81 (m, 10H, 2Ph).

1-Phenyl-4-(para-tolyl)-5,6,7,8-tetrahydro-
2,2a,8a-triazacyclopenta[cd]azulene 7b. Yield - 1.41 g
(43 %). M. p. - 190-192 °C (from benzene). Anal. Calcd.
for C,,H,,N;. %: N 12.8. Found, %: N 13.1, '"H NMR
(300 MHz, DMSO0-dy), 6 (ppm): 2.00 (m, 4H, 6,7-CH,CH,),
2.31 (¢, 3H, CH,), 2.81 (M, 2H, 5-CH,), 4.08 (m, 2H,
8-CH,),7.17and 7.37 (d-d, 4H, C;H,), 7.22 (s, 1H, 3-H),
7.57-7.80 (m, 5H, Ph).

1-Phenyl-4-(4*-methoxyphenyl)-5,6,7,8-
tetrahydro-2,2a,8a-triazacyclopentajcd]azu-
lene 7c. Yield - 1.75 g (51 %). M. p. - 181-182 °C
(from benzene). Anal. Calcd. for C,,H,;N;0. %: N 12.2.
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Found, %: N 12.5.'H NMR (300 MHz, DMSO-d,), § (ppm):
2.01 (m, 4H, 6,7-CH,CH,), 2.78 (m, 2H, 5-CH,), 3.77
(s, 3H, OCH,), 4.08 (m, 2H, 8-CH,), 6.94 and 7.41 (d-d,
4H, CH,, ] = 8.7 Hz), 7.21 (s, 1H, 3-H), 7.56-7.81 (m,
5H, Ph).
1-Phenyl-4-(4'-ethoxyphenyl)-5,6,7,8-tetra-
hydro-2,2a,8a-triazacyclopenta[cd]azulene 7d.
Yield - 1.32 g (37 %). M. p. - 197-198 °C (from ben-
zene). Anal. Calcd. for C,;H,;N;0. %: N 11.8. Found, %:
N 12.1. 'H NMR (300 MHz, DMSO-d,), 6§ (ppm): 1.35
(t, 3H, CH,), 2.05 (m, 4H, 6,7-CH,CH,), 2.80 (m, 2H,
5-CH,), 4.05 (q, 2H, CH,), 4.08 (m, 2H, 8-CH,), 6.89
and 7.31 (d-d, 4H, C,H,, ] = 8.4 Hz), 7.09 (s, 1H, 3-H),
7.53-7.78 (m, 5H, Ph).
1-Phenyl-4-(2,3-dehydrobenzene[1,4]di-
oxane-6-yl)-5,6,7,8-tetrahydro-2,2a,8a-triaza-
cyclopenta[cd]azulene 7e. Yield - 1.30 g (35 %).
M. p. - 152-153 °C (from benzene). Anal. Calcd. for
C,3H,,N;0,.%: N 11.3.Found, %: N 11.5."H NMR (300 MHz,
DMSO0-d,), & (ppm): 1.86-2.00 (m, 4H, 6,7-CH,CH,),
2.75 (m, 2H, 5-CH,), 3.70 (m, 2H, 8-CH,), 4.24 (m, 4H,
-0CH,CH,0-), 6.80-6.87 (m, 3H, C,H,), 7.28 (s, 1H, 3-H),
7.40-7.51 (m, 5H, Ph).
1-Phenyl-4-(4!-chlorophenyl)-5,6,7,8-tetra-
hydro-2,2a,8a-triazacyclopenta[cd]azulene 7f.
Yield - 1.43 g (43 %). M. p. - 208-209 °C (from ben-
zene). Anal. Calcd. for C,;H,4CIN,. %: N 12.1. Found, %:
N 12.2. 'H NMR (300 MHz, DMSO-dy), 6 (ppm): 2.01
(m, 4H, 6,7-CH,CH,), 2.80 (m, 2H, 5-CH,), 4.08 (m, 2H,
8-CH,), 7.36 (s, 1H, 3-H), 7.38-7.80 (m, 9H, C,H,+Ph).
1-Phenyl-4-(4!-bromophenyl)-5,6,7,8-tetra-
hydro-2,2a,8a-triazacyclopenta[cd]azulene 7g.
Yield - 2.31 g (59 %). M. p. - 214-216 °C (from ben-
zene). Anal. Calcd. for C,;H,4BrN,. %: N 10.7. Found, %:
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N 10.9. *H NMR (300 MHz, DMS0-d,), § (ppm): 2.00
(m, 4H, 6,7-CH,CH,), 2.80 (m, 2H, 5-CH,), 4.07 (m, 2H,
8-CH,), 7.35 (s, 1H, 3-H), 7.46 and 7.51 (d-d, 4H, C,H,,
] = 8.4 Hz), 7.56-7.80 (m, 5H, Ph).
1-(4*'-bromphenyl)-4-(para-tolyl)-5,6,7,8-tetra-
hydro-2,2a,8a-triazacyclopentacd]azulene 7h.
Yield - 1.91 g (47 %). M. p. - 197-198 °C. Anal. Calcd.
for C,,H,,BrN,. %: Br 19.7, N 10.3. Found, %: Br 19.4,
N 10.2. 'H NMR (300 MHz, DMSO-d,), 6 (ppm): 2.01
(m, 4H, 6,7-CH,CH,), 2.30 (s, 3H, CH,), 2.80 (m, 2H,
5-CH,), 4.08 (m, 2H, 8-CH,), 7.24 (s, 1H, 3-H), 7.16
and 7.37 (d-d, 4H,C,H,,] =8.1 Hz), 7.74 and 7.78 (d-d,
4H, C,H,,] = 8.7 Hz).
1-(4'-bromophenyl)-4-(42-difluoromethoxy-
phenyl)-5,6,7,8-tetrahydro-2,2a,8a-triaza-
cyclopenta[cd]azulene 7i. Yield - 2.38 g (52 %).
M. p. - 203-204 °C (from pyridine). Anal. Calcd. for
C,,H,4BrF,N,0. %: N 9.16. Found, %: N 9.28."H NMR
(300 MHz, DMSO-d,), § (ppm): 2.05 (m, 4H, 6,7-CH,CH,),
2.82 (m, 2H, 5-CH,), 4.08 (m, 2H, 8-CH,), 7.08 (t, 1H,
OCHF,,] =73 Hz),7.23 (s, 1H, 3-H), 7.72 (s, 4H, C,H,).
1-(4*-bromophenyl)-4-(32,4%-dimethoxyphe-
nyl)-5,6,7,8-tetrahydro-2,2a,8a-triazacyclopen-
ta[cd]azulene 7j. Yield - 1.76 g (39 %). M. p.- 191-192 °C
(from toluene). Anal. Calcd. for C,;H,,BrN,0,. Calcd., %:
Br 17.7, N 9.28. Found, %: Br 17.4, N 9.35.'H NMR
(300 MHz, DMSO-d,), § (ppm): 2.02 (m, 4H, 6,7-CH,CH,),
2.80 (m, 2H, 5-CH,), 3.76 (s, 3H, OCH,), 3.80 (s, 3H,
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OCH,), 4.08 (m, 2H, 8-CH,), 6.93-7.05 (m, 3H, CH,),
7.24 (s, 1H, 3-H), 7.73 and 7.78 (d-d, 4H, CH,, ] = 9.3 Hz).

1-(4'-bromphenyl)-4-(2,3-de-hydrobenzene
[1,4]dioxane-6-yl)-5,6,7,8-tetrahydro-2,2a,8a-
triazacyclopenta|cd]azulene 7K. Yield - 1.76 g (39 %).
M. p. - 212-213 °C (from toluene). Anal. Calcd. for
C,;H,,BrN,0,. %: Br 17.7, N 9.33. Found, %: Br 17.9,
N 9.52. 'H NMR (300 MHz, DMSO0-d,), § (ppm): 2.01
(m, 4H, 6,7-CH,CH,), 2.77 (m, 2H, 5-CH,), 4.09 (m, 2H,
8-CH,), 4.24 (m, 4H, OCH,CH,0-), 6.81-6.92 (m, 3H,
C.H,), 7.18 (s, 1H, 3-H), 7.72 and 7.79 (d-d, 4H, CH,,
] = 9.3 Hz).

Conclusions

1. New chemical compounds - derivatives of 1
1-phenyl-4-aryl-5,6,7,8-tetrahydro-2,2a,8a-
triazacyclopenta[cd]azulenes 7a-g and 1-(4!-brom-
phenyl)-4-aryl-5,6,7,8-tetrahydro-2,2a,8a-triaza-
cyclopenta[cd]azulenes 7h-k showing the antineo-
plastic activity have been synthesized.

2. The compounds, which are characterized by
the high level of effective inhibition of leukemia, non-
small cell lung cancer, colon cancer, CNS cancer; mela-
noma, ovarian cancer, renal cancer, prostate cancer
and breast cancer, have been identified for the in-depth
preclinical studies.
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