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Introduction

Aim. In vitro evaluation of anticancer activity of synthesized thieno[3,2-¢][1,2,3]triazolo[1,5-a]
pyrimidines and thieno[2,3-e][1,2,3]triazolo[1,5-a] pyrimidines. Methods. Organic synthesis,
in vitro cytotoxicity assay, MTT assay, spectrophotometry, statistical analysis. Results. The
isomeric thienotriazolopyrimidines synthesized were tested for their anticancer activity in the
NCI-60 cancer cell line panel, a group of 60 human cancer cell lines. The selective influence
of 5-0x0-4,5,6,7,8,9-hexahydrobenzo[4,5]thieno[3,2-¢][ 1,2,3]triazolo[ 1,5-a]|pyrimidine-3-car-
boxamide on melanoma cell line SK-MEL-5 with (GP = -31,50%) was observed. Two com-
pounds possessed a significant activity on CNS and breast cancer cells.Conclusions. Several
thienotriazolopyrimidines were found to possess antitumor activity with a selective effect on
a single cell line. These results are interesting for further structure optimization to increase
selectivity and anticancer activity of fused pyrimidines.

Keywords: thieno[3,2-¢][1,2,3]triazolo[ 1,5-a]pyrimidines, thieno[2,3-¢][1,2,3]triazolo[1,5-a]
pyrimidines, thienotriazolopyrimidines, anticancer activity, fused pyrimidine

Thieno-fused five- and six-membered nitrogen
containing heterocycles [1] play an important
role in medical and pharmaceutical chemistry.
One of the reasons is that several of fused
cores are bioisosters to the natural purine ba-
ses. Noteworthy, the implementation of bio-

isosteric replacement strategy could be the
basis for successful design of drug rational
structure [2, 3]. In this regard, thienopyrimi-
dines continue to attract considerable attention
as the privileged scaffolds and the number of
such core compounds, which exhibited various
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biological activities, gradually increases [4—6].
On the other hand, fused triazolopyrimidines
also were found to be biologically active [7-9].
Moreover, we previously synthesized several
1,2,3-triazoles which were found to possess
significant anticancer activity [10, 11].
Recently, we have developed facile synthetic
methods for the versatile synthesis of 1,2,3-tri-
azole and thieno-fused compounds, where new
efficient and mild procedures from readily
available reagents can be employed [12-26].
Those protocols could be successfully used for
the preparation of fused heterocyclic com-
pounds with both thiophene and 1,2,3-triazole
rings. Based on such combination an extended
structure-activity investigation focusing on
drug-like properties should be performed.
The present work is devoted to the evalua-
tion of anticancer activity of substituted thie-
notriazolopyrimidines synthesized at room
temperature in a short time via domino- 1,3-di-
polar cyclocondensation [16, 21, 12] that meets
the energy-saving and environmentally friend-
ly philosophical concepts of ‘green chemistry’.
The point of the research was to perform in
vitro anticancer activity assay of the fused
substituted thienotriazolopyrimidines.

Materials and Methods

Synthesis:

The thienotriazolopyrimidine derivatives were
designed as promising anticancer agents and
obtained as we described earlier [16, 21, 12].

Materials for MTT assay:

The 10 mM stock solution of thienotriazolopy-
rimidine derivatives was prepared in dimethyl
sulfoxide (DMSO, Sigma—Aldrich, USA), and
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additionally dissolved in the culture medium
prior to addition to the cell culture. /n vitro
screening of the anti-proliferative activity of
the synthesized compounds and doxorubicin
towards tumor cell was performed using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) test (99.5 % pure,
Sigma-Aldrich, St. Louis, USA). The DMEM
cell culture medium was obtained from Sigma-—
Aldrich, USA; RPMI-1640 — from PPA,
Austria. Fetal bovine serum was obtained from
Biowest, France. Doxorubicin was obtained
from Actavis, Romania.

Cell cultures for MTT assay:

Human acute T-cell leukemia cells of Jurkat
line were obtained from a Collection at R.E.
Kavetsky Institute of Experimental Pathology,
Oncology and Radiology (Kyiv, Ukraine).
Human myeloid leukemia HL-60 and human
ovarian carcinoma cells of Skov3 line were
from a Collection of the Institute of Cancer
Research at Vienna Medical University
(Vienna, Austria). Human hepatocarcinoma
cells of HepG2 line and human colon carci-
noma cells of HCT116 line were from a
Collection at the Institute of Molecular Biology
and Genetics, National Academy of Sciences
of Ukraine (Kyiv, Ukraine). Cells were grown
in the RPMI-1640 or DMEM culture medium
supplemented with 10 % of fetal bovine serum.
Cells were cultivated in the CO,-thermostate
at 37°C in atmosphere of 95 % air and 5 %
CO,.

Anticancer assay via NCI protocol:

According to the protocol of the Drug
Evaluation Branch, National Cancer Institute,
Bethesda, a primary anticancer assay was per-
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formed within nine cancer types at approxi-
mately 60 human tumor cell lines panel. The
tested compounds were added to the culture at
a single concentration (105 M) and left for 48
h incubation. Sulforhodamine B (SRB) was
used as protein binding dye for the end-point
determinations. The percent of growth of the
treated cells when compared to the untreated
control cells was taken as a result for each
tested compound. The percentage growth was
evaluated spectrophotometrically versus con-
trols not treated with test agents. Growth per-
cent of 100 corresponds to growth seen in
untreated cells. Growth percent of 0 indicates
absence of net growth over the course of the
assay (i.e. equal to the number of cells at time
zero). Growth percent of -100 results when all
cells are killed.

stable for storage
R'  NH,

R' N
1) HCI NaNO, ?
R’ & cooMe  2)NaN; i
s Me 3 R s COOMe
la-c 2a-c

readily decompose
used immediately

R’ COOEt 1) Hs$O5 NaNOs R’ COOEt
R™Ng~~NH, 2) NaN; R™Ng7 TN
1d-g 2d-g

Cell proliferation (MTT) assay:

In vitro evaluation of anticancer activity of the
synthesized compounds and doxorubicin, used
as a reference drug control, towards cancer cell
lines was carried out by the MTT test [25].
Tumor cells were seeded for 24 hours in 96-
well microtiter plates at a concentration of
5,000 substrate-dependent cells/well or 10,000
suspension cells/well (100 pL/well), after that
cells were incubated for 72 hours with various
additions of the synthesized compounds (0-50
uM). MTT, converted to dark violet, water
insoluble MTT formazan by the mitochondrial
dehydrogenases, was used to determine viable
cells according to the Sigma-Aldrich protocol.
Absorbance Reader BioTek ELx800 (BioTek
Instruments, Inc., Winooski, VT, USA) was
used for reaction results measurement.

o)
R*CH,CN < NH Ref(16,12]
_ Jag _ R \ N}“\"]/ o9 examples
MeONa, MeOH : =N 1 min
B 77-89%
4a-i
o] Ref [21,12]
4 2
& ;:fCN 5 NH s 15 examples
_'g__ Rl A\ N)m\hr 1 min
MeONa, MeOH S W=N 75-95%
S5a-o0

1,2: R'I=R>=H(a), R'=H, R=Ph (b), R'+R2=-(CH,),- (¢, d), R'=R>=Me (e), RI=Me, R=C(0)
Me (f), RI=Me, R?2=COOE: (g), 3: R3= benzo[d]thiazol-2-yl (a), C(O)NH, (b), 1-Methylpyrrol-
2-yl (¢), CN (d), C(O)NHMe (e), 4-phenylthiazol -2yl (f), 1-amino-2,2-dicyanovinyl (g).

Scheme 1. Synthesis of thienotriazolopyrimidine derivatives.

323



O. Shyyka, N. Pokhodylo, N. Finiuk

Statistical analysis: (version 6; GraphPad Software, San Diego,

All data are presented as the mean (M) £ CA, USA). Statistical analyses were per-
standard deviation (SD), n = 4. Results were formed using two-way ANOVA with
analyzed and illustrated with GraphPad Prism Bonferroni’s multiple comparisons test.

Table 1. Anticancer screeening data of thieno[3,2-¢][1,2,3]triazolo[1,5-a] pyrimidines 4a-i used at the
concentration of 10-5 M

(o]
Q! \)Tirﬂ
R AW T
gl ‘N-;N
Ne Substituents Mean o Range (f,f growth, The most sensitive cell lines Grquth of th'e moit
growth, % %o sensitive cell lines, %
4a |R'=RZ=H, 76.20 34.56 10 96.77 | MDA-MB-468 (Breast Cancer) 31.56
R*=Bth* DU-145 (Prostate Cancer) 47.35
NCI-H460 (Non-Small Cell Lung Cancer) 52.21
NCI-H23 (Non-Small Cell Lung Cancer) 53.95
RXF 393 (Renal Cancer) 56.12
CCRF-CEM (Leukemia) 61.46
HCT-116 (Colon Cancer) 63.90
OVCAR-3 65.40 (Ovarian Cancer) 65.40
A498 (Renal Cancer) 65.57
MALME-3M (Melanoma) 65.67
4b |R'=H, 93.18 58.67 to 111.03 | SNB-75 (CNS Cancer) 58.67
R2=Ph, T-47D (Breast Cancer) 70.19
R*=C(O)NH, UO-31 (Renal Cancer) 72.31
NCI-H522 (Non-Small Cell Lung Cancer) 77.72
4c |R4+RZ=-(CH,),-, 101.11 | 85.43to 116.57 |UO-31 (Renal Cancer) 85.43
R4=C(O)NH,
4d |R!=H, R>=Ph, 99.69 | 67.89 to 128.83 |UO-31 (Renal Cancer) 67.89
R4= C(NH)OMe
4e |R!=RZ=H, 95.86 75.44 to 141.86 |UO-31 (Renal Cancer) 75.44
R4=MP* SNB-75 (CNS Cancer) 78.93
NCI-H226 (Non-Small Cell Lung Cancer) 79.92
4f |R4+RZ=-(CH,),-, 98.33 79.53 to 119.14 | UO-31 (Renal Cancer) 79.53
R4=MP*
4g |R!=R2%=H, 100.59 | 88.26 to 115.89 | SNB-75 (CNS Cancer) 88.26
R*=CN
4h |R4+RZ=-(CH,),-, 100.71 | 82.30to 124.56 |HOP-92 (Non-Small Cell Lung Cancer) 82.30
R4=CN
4i |R!=R?%=H, 99.70 | 79.63 to 128.78 | UO-31 (Renal cancer) 79.63
R*=ADCV* IGROV1 (Ovarian Cancer) 80.67

* MP = C(O)-1-Methylpyrrol-2-yl, Bth = Benzo[d]thiazol-2-yl, ADCV = 1-amino-2,2-dicyanovinyl.
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Table 2. Anticancer screening data of thieno[2,3-¢][1,2,3]triazolo[1,5-a] pyrimidines Sa-o used at the
concentration of 10-5 M

) (o]
Hm ‘
7\ ,\qu’-
R! N
S

‘NsN
Ne Substituents Meano Range (:,f growth, The most sensitive cell lines Gr(fvyth of th.e mosot
growth, % %o sensitive cell lines, %
5a |R!4R?=-(CH,),-, 100.12 | -31.50 to 120.43 | SK-MEL-5 (Melanoma) -31.50
R*=C(O)NH, CCRF-CEM (Leukemia) 84.25
UO-31 (Renal Cancer) 84.36
5b |R!4+RZ=-(CH,),-, 98.54 | 78.24 t0 109.10 | CCRF-CEM (Leukemia) 78.24
R*=C(O)NHMe
5¢ |R!=R*=Me, 99.27 75.61 to 114.83 | UO-31 (Renal Cancer) 75.61
R*=C(O)NHMe
5d |R!4+RZ=-(CH,),-, 97.00 76.48 to 113.53 | NCI-H522 (Non-Small Cell Lung Cancer) 76.48
R*= C(NH)OMe
5e |R!=R*=Me, 96.66 | 75.16 to 107.43 | SNB-75 (CNS Cancer) 75.16
R*=CN HOP-92 (Non-Small Cell Lung Cancer) 76.61
NCI-H522 (Non-Small Cell Lung Cancer) 78.12
5f |R=Me, R2=C(O) 99.57 83.77 to 112.08 | UO-31 (Renal Cancer) 83.77
Me, R*=CN
5g |R!4+R?=-(CH,),-, 99.49 76.70 to 123.44 | UO-31 (Renal Cancer) 76.70
R%=Ph
5h |R=R*=Me, 100.33 | 80.89to 109.93 |UO-31 (Renal Cancer) 80.89
R*=Ph
5i |R!+RZ=-(CH,),-, 99.77 81.42 to 116.42 | UO-31 (Renal Cancer) 81.42
R*=PTAz*
5j |R!=R*=Me, 97.20 | 76.17 to 144.63 | UO-31 (Renal Cancer) 76.17
R*=PTAz*
5k |R!=Me, R=C(0O) 98.03 75.46 to 130.52 | UO-31 (Renal Cancer) 75.46
Me, T-47D (Breast Cancer) 79.86
R*=PTAz*
51 |R!=Me, 96.34 | 76.72 to 128.19 | UO-31 (Renal Cancer) 76.72
RZ=COOEt,
R*=PTAz*
5m | RI=R>=Me, 95.78 73.74 to 140.28 | UO-31 (Renal Cancer) 73.74
R*=Bth* PC-3 (Prostate Cancer) 78.71
MCF?7 (Breast Cancer) 79.63
5n |R!4+RZ=-(CH,),-, 102.11 | 84.22to 117.54 | UO-31 (Renal cancer) 84.22
R*=ADCV*
50 |RI=R*=Me, 100.79 | 75.70 to 123.45 | UO-31 (Renal cancer) 75.70
R*=ADCV*

* -PTAz = 4-phenylthiazol -2yl, Bth = Benzo[d]thiazol-2-yl, ADCV = 1-amino-2,2-dicyanovinyl.
pheny y Y y y
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/4
NH NH, N/ N/
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o) 0
S5a 4a 4b
GP, % = -31.50 GP, % =31.56 GP, % = 58.67

SK-MEL-5 (Melanoma)

MDA-MB-468 (Breast Cancer)

SNB-75 (CNS Cancer)

Fig. 1. The most active compounds among studied thieno [2,3- and 3,2-¢][1,2,3]triazolo[ 1,5-a]pyrimidine-5(4H)-one

P-value of <0.05 was considered as statisti-
cally significant.

Results and Discussion

Chemistry

The compounds presented in the article were
obtained using simple and convenient syn-
thetic protocols (Scheme 1). The 3-aminothio-
phenes 1a-¢ and Gewald thiophenes 1d-g were
used as starting materials in the synthesis of
isomeric thienotriazolopyrimidine scaffolds 4
and 5.

Starting alkyl amino-thiophene-carboxyl-
ates la-g were converted into corresponding
azides 2a-g, which were found to be reactive
in the base catalyzed cycloaddition with acti-
vated methylene compounds providing
thieno[3,2-¢][1,2,3]triazolo[1,5-a]pyrimidines
4 (Table 1) and thieno[2,3-¢][1,2,3]triazolo[1,5-
a]pyrimidines 5 (Table 2) with high yields
according to previously reported synthetic
protocols [16,21,12] (Scheme 1).

Evaluation of anticancer activity in vitro

The synthesized 24 examples of thienotriazo-
lopyrimidines (4a-i, 5a-0) were submitted and
evaluated at the single concentration of 10> M
towards a panel of approximately sixty cancer
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cell lines. The human tumor cell lines were
derived from nine different cancer types: leu-
kemia, non-small cell lung, colon, CNS, mel-
anoma, ovarian, renal, prostatev and breast
cancers. Primary anticancer assays were per-
formed according to the US NCI protocol
(http://dtp.nci.nih.gov), which was described
elsewhere [28-31]. The results for each com-
pound are reported as the percent growth (GP)
(Table 1) for thieno[3,2-¢][1,2,3]triazolo[ 1,5-a]
pyrimidines and (Table 2) for thieno[2,3-¢]
[1,2,3]triazolo[1,5-a]pyrimidines. Range of
growth (%) shows the lowest and the highest
growth that was found among different cancer
cell lines.

In comparison to previously synthesized
thienopyrimidines [6] isomeric fused
thieno[3,2-¢][1,2,3]triazolo[1,5-a]pyrimidines
and thieno[2,3-¢][1,2,3]triazolo[1,5-a]pyrimi-
dines displayed slight or low activity in the in
vitro screen on tested cell lines (Table 1, 2).

(0]
R AN
N
Fig. 2. General
N structure of
N=N NH, [1,2,3]
6a—c triazolo[1,5-a]
quinazolines
6:R=H(a),R=CI(b),R=Br(c) o
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Fig. 3. Cytotoxicity of thienotriazolopyrimidines derivatives towards human acute T-cell leukemia cells of Jurkat line,
human leukemia HL-60, human colon carcinoma HCT116, human liver HepG2 and human ovarian cancer Skov3 cell
lines. After total time of the experiment (72 h), cell vitality was detected by the MTT assay.

Most of compounds possess activity against
Renal Cancer UO-31 cell line. However, selec-
tive influence of compound 5a on single mel-
anoma cell line was observed, the compound
was highly active on SK-MEL-5 cell line (GP
=-31.50 %) (Table 2). Two other compounds
4a and 4b were found to be moderately active
on MDA-MB-468 Breast Cancer cell line
(GP =31.56 %) and SNB-75 CNS Cancer cell
line (GP = 58.67 %) respectively (Table 1).
The most active compounds are presented in
Figure 1.

Moreover, it should be noted that bioiso-
steric to thieno[2,3- and 3,2-¢][1,2,3]
triazolo[ 1,5-a]pyrimidine-5(4H)-ones 4i, Sn,o0
[1,2,3]triazolo[1,5-a]quinazolines 6a-c (Fig. 2)
[12] were not selected by NCI for in vitro
anticancer screening. The single selected and
tested by NCI 2-(amino(5-amino-[1,2,3]

triazolo[1,5-a]quinazolin-3-yl)methylene)
malononitrile 6a was slightly active against
Renal Cancer UO-31 cell line (GP = 81.85 %)
still with low mean growth of 100.20 %. Thus,
thieno- fused [1,2,3]triazolo[1,5-a]pyrimidines
were found to be more active in comparison
to corresponding ‘“aryl-fused [1,2,3]
triazolo[1,5-a]pyrimidines” — [1,2,3]
triazolo[1,5-a]quinazolines 6a—c.
Additionally, in vitro screening of anti-pro-
liferative activity of some compounds (5b, 5d)
in different final concentrations (0-50 puM)
towards several cancer cell lines (human acute
T-cell leukemia cells of Jurkat line, human
colon carcinoma HCT116, human liver HepG2
and human ovarian Skov3) was performed by
the MTT assay. However, the activity of doxo-
rubicin was higher than the cytotoxicity of
synthesized thienotriazolopyrimidines Sb, 5d
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at the concentration up to 50 pM against cho-
sen cell lines (Figure 3).

Conclusion

In the present article, in vitro anticancer activ-
ity of the isomeric thienotriazolopyrimidines
was evaluated. These preliminary results al-
lowed identifying the most active compounds:
24 of the synthesized compounds were tested
and two of them 4a, 4b displayed moderate
antitumor activity against CNS and breast
cancers cell lines. Moreover, the compound 5a
can be defined as a prospective antitumor agent
with the value of GP =-31.50 % on SK-MEL-5
melanoma cell line, the compound has selec-
tive influence being active only against a sin-
gle cell line. The obtained results of antitumor
activity of such derivatives are interesting with
the hope to get more selective and active an-
ticancer agents among fused pyrimidines and
prove the necessity of further investigation.
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BuB4eHHS MPOTHPAKOBOI AKTMBHOCTI MOXITHNX
Tieno[3,2-¢][1,2,3] Tpuazouo|[1,5-a|mipumigunis
i Tieno [2,3-¢][1,2,3]Tpuazono[1,5-a|nipuminuny

O. 4. llntika, H.T. IToxoguno, H.C. ®inrok

MeTa. BUBUCHHS ITPOTUPAKOBOI aKTUBHOCTI Ti€HO[3,2-€]
[1,2,3]rpuazono[1,5-a]mipuminuHis i Tieno [2,3-¢][1,2,3]
TpHrazono[ 1,5-a]nipumiaunis. Metomau. OpraHiyauii CuH-
Te3, aHaJIi3 IIMTOTOKCHYHOCTI in vitro, MTT-anamis3, criek-
TpoOoTOMETpisl, CTaTUCTUYHUI aHaii3. Pe3yabrarm.
BusiBineno ceinekTuBHMH BOIWB 5-0kco-4,5,6,7,8,9-
rekcarinpodenso [4,5]tieno[3,2-¢][1,2,3]rpuazomno[ 1,5-a]
MPUMIIH-3-KapOoKcaMiay Ha JIHIIO KITTHH MEIaHOMHU
SK-MEL-5 3 (GP =-31,50 %). BinpmIicTe CHHTE30BaHHX
CTOJTYK ITOKa3aJIy TOMIpHY ITPOTUPAKOBY aKTUBHICTB. JIBi
3 HAX MaJld BUCOKY aKkTHBHICTh mon0 paky LIHC i paky
MOJIOYHO] 3a51031. BUCHOBKHU. BHsIBIIEHO HI3KY TiEHOTpH-
a30JIOMIPHUMIIMHIB, IO BOJIOMIIOTH ITPOTHUITYXJIHHHOIO
AKTHBHICTIO 1, 30KpeMa, CEJICKTHBHO JIFOTh JIUIIC Ha OMHY
KIIITHHHY JiHif0. Taki pe3yJasraT € MiKaBUMHU JUIS TI0-
JIAJIBIIOTO JOCIIPKEHHST UTsl OTPUMAaHHSI OUTBII CeJIeKTHB-
HUX 1 aKTHBHHUX MPOTHITYXJIMHHHUX 3aCO01B cepell KOHICH-
COBAHMX TTIPUMITUHIB.

Kawuaosi caosa: tieno[3,2-e][1,2,3]rpuazomno[1,5-a|
mipuMiguHY, TieHo[2,3-e][1,2,3]rpuazomno [1,5-a]mipumi-
JIMHU, TIEHOTPUA30JIOMIPUMINHY, TPOTUPAKOBA AKTHUB-
HICTh, KOHJCHCOBAaHI MipAMIITHA
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OneHkKa NPOTUBOPAKOBOII AKTUBHOCTH
NMPOU3BOAHBIX THEHO[3,2-¢|[1,2,3]Tpua3zoo[1,5-a]
NMUPUMUIUHOB U THeHO[2,3-¢][1,2,3]
TpHa3oJao[1,5-a|nupumMuanHoOB

O. 4. Ulntika, H.T. IToxoasuio, H.C. ®uniok

eab. M3y4NUTh MPOTHBOOITYXOJIEBYIO AKTUBHOCTH THE-
HO[3,2-¢][1,2,3]rpuazomno[1,5-a] mTUpUMUINHOB U THE-
HO[2,3-¢e][1,2,3]Tpuazono[ 1,5-a]nupumunnzoB. MeToasl.
Oprannueckuii CHHTE3, aHaJIN3 TUTOTOKCHYHOCTH in Vitro,
anam3 MTT, criektpooTomMeTprs, CTaTHCTHYECKIIA aHa-
3. Pesynbrarbl. OOHapYy>keHO M30MpPATEIbHOE BIIHS-
HHUeS5-0kc0-4,5,6,7,8,9-rekcarnnpodens3ol4,5tueno| 3,2-¢]
[1,2,3]rpuazomnol 1,5-a|mpumuanH-3-KkapOoKcaMuzIa ToIb-
ko Ha a0 MenaHoMbl SK-MEL-5 ¢ (GP = -31,50%).
BonbIIMHCTBO CHHTE3MPOBAHHBIX COSIMHEHNH IPOSIBHIIH
c1a0yro IPOTUBOOITYXOJIEBYIO aKTHBHOCTD. JIBoe M3 HUX
00J1a1a)T1 3HAYUTENFHOM aKTUBHOCTBIO B OTHOILICHHH PaKa
MHC n paka Mo104HOI1 skere3sl. BbIBoABI. 0OHApYKEHO,
YTO HEKOTOPBIE THEHOTPHUA3OJIOMHUPHUMHINHBI 00IaIal0T
MPOTHBOOIYXOJIEBOH aKTUBHOCTBIO U, B YACTHOCTH, OKa-
3bIBAIOT M30MPATEIILHOE BIMSHHE TOJIHKO HA OIHY KJIETOU-
HyI0 JTHUIO. Takue pe3ynbTaTsl MPEACTaBISIIOT HHTEPEC
JUTSL TajbHEWIEro M3y4eHHus, YTOObI MONYy4YHTh Oojee
CEJIeKTUBHBIE U aKTHBHBIE IIPOTHBOPAKOBBIE areHTHI Cpe-
T KOHJICHCHPOBAHHBIX THPAMHIITHOB.

KnwueBsbie ciaoBa: tueHo[3,2-¢][1,2,3]rpuazo-
mo[1,5-aJmpumununel, treHo[2,3-e][1,2,3] tpuaso-
10[ 1,5-aJmupuMuIUHbI, THEHOTPHUA30JIOTTUPUMHUIUHBI,
MPOTHBOPAKOBAsi aKTHBHOCTb, KOHICHCUPOBAHHBIC ITUPH-
MUIIHBI
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