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Synthesis and structure of condensed biheterocycles
on the basis of 3-amino-1,2,4-triazole

The article is devoted to the development of preparatively convenient methods for the synthesis of new deriv-
atives of 3-amino-1,2,4-triazole with the aim of constructing new condensed systems of industrially important
substances. The synthesis of triazolopyrimidines, prepared by three-component condensation of 1,3-di-
carbonyl compounds (anilide of acetoacetic acid and acetoacetic ether) with substituted aromatic aldehydes
and 3-amino-1,2,4-triazole. It is shown that by melting at 120—140 °C, in the absence of a solvent in equimo-
lecular amounts of acetylacetyl anilide and acetoacetic ether with a mixture of 3-amino-1,2,4-triazole and
substituted aromatic aldehydes (3-ethoxy-4-hydroxybenzaldehyde, salicylic aldehyde), leads to the 7-aryl-5-
methyl-N-phenyl-4,7-dihydro-[1,2,4-triazolo][1,5-a]pyrimidine-6-carboxamides and ethyl 7-aryl-5-methyl-
4,7-dihydro-[1,2,4-triazolo][ 1,5-a]pyrimidin-6-carboxylate-titrate respectively. The structures of the synthe-
sized compounds were studied by ‘H and C"NMR spectroscopy, as well as with the data of the two-
dimensional spectra of COSY (‘H-'H) and HMQC ('H-"°C). The values of chemical shifts, multiplicity and
integrated intensity of the 'H and "*C signals in one-dimensional NMR spectra are determined. Homo- and
heteronuclear interactions were established using spectra in the formats COSY (lH—lH) and HMQC (‘H-"C),
confirming the structure of the compounds under study.

Keywords: 3-amino-1,2,4-triazole, 7-aryl-5-methyl-N-phenyl-4,7-dihydro-[1,2,4-triazolo][1,5-a]pyrimidine-
6-carboxamides, aromatic aldehydes, 'H- and 1’C NMR-spectra.

Introduction

The growing needs of mankind in new materials predetermine the vector orientation and tasks of organ-
ic synthesis, which involve the development of fundamentally new, convenient, economically and technolog-
ically sound, safe and competitive synthesis methods, as well as the production of previously unknown
chemical products. One of the modern trends in organic synthesis is the using of the polycomponent conden-
sations. Their attractiveness for synthetic chemists is connected with the combinatorial possibilities, the envi-
ronmentally oriented idea of «green chemistry», one-pot and the rejection of the solvent as the preferred
methods of practical implementation, allowing the synthesis of extensive libraries of substances in a short
time. Multicomponent reactions involving 1,3-dicarbonyl compounds (1,3-DCC), aldehydes, mono- and bi-
N-nucleophiles play an important role in fine organic synthesis and medical chemistry as universal methods
for the synthesis of a large number of biologically active compounds, for example, derivatives of pyridines,
pyrimidines [1, 2].

Pyrimidines are an important component of nucleic acids, and they have been used as building blocks in
pharmaceutical preparations for the synthesis of antiviral [3], anticancer [4], antibacterial and antifungal
agents [5].
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Previously [6], we synthesized the condensed biheterocycles — tetrazolopyrimidines obtained by three-
component condensation of anilide of acetoacetic acid with substituted aromatic aldehydes and the monohy-
drate of 5-aminotetrazole. The closest structural analogue of 5-aminotetrazole is 3-amino-1,2,4-triazole. It
should be noted that derivatives of 1,2,4-triazole have wide range of physiological activity: hepatoprotective,
wound healing, antiviral, germicidal, etc. [7, 8]. They are used as additives to high photographic materials,
exhibit fungicidal, herbicidal and insecticidal properties [9, 10].

Continuing research into the synthesis of pyrimidine compounds [11, 12] with the aim of constructing
new condensed systems, we carried out the reaction of substituted aromatic aldehydes with 3-amino-1,2,4-
triazole and 1,3-dicarbonyl compounds (anilide of acetoacetic acid and acetoacetic acid ether), leading to the
formation of triazolopyrimidines.

Experimental

The 'H and C NMR spectra of compounds (1, 2) were removed in DMSO-d6 using a JNN-ECA“400
spectrometer (400 and 100 MHz on 'H and "°C nuclei) from Jeol, Japan. The survey was carried out at room
temperature using a DMSO solvent. Chemical shifts are measured relative to signals of residual protons or
carbon atoms of a deuterated solvent.

General procedure for the preparation of triazolopyrimidines (1—4). A mixture of 1,3=dicarbonyl com-
pound, aromatic aldehyde and 3-amino-1,2,4-triazole in equimolar amounts‘'was held'at 130—-150 °C for 5-10
minutes until gas evolution ceased. The reaction mixture was cooled to.room temperature, treated with ethyl
alcohol, and the precipitate was filtered off. The precipitate was recrystallized-from acetonitrile.

7-(3-Ethoxy-4-hydroxyphenyl)-5-methyl-N-phenyl-4, 7-dihydro-[ 1,2,4]triazolo[ 1,5-a] pyrimidine-6-carb-
oxamide (1). The yield of the product (1) was 2.16 g (56 %), m.p. 245-247 °C.

7-(2-Hydroxyphenyl)-5-methyl-N-phenyl-4, 7-dihydro-[1,2,4] triazelo[ 1, 5-a] pyrimidine-6-carboxamide
(2). Product yield (2) was 2.6 g (63 %) with m.p. 100—105 °C.

Ethyl  7-(3-ethoxy-4-hydroxyphenyl)-5-methyl-N-phenyl-4, 7-dihydro-[1,2,4]triazolo[ 1,5-a] pyrimidine-
6-carboxylate (3). The yield of product (3) was 3.55 g (43 %), m.p..225-228 °C.

Ethyl  7-(2-hydroxyphenyl)-5-methyl-4, 7-dihydro=[1,2,4]triazolo[ 1, 5-a] pyrimidine-6-carboxylate ~(4).
The yield of the product (4) was 3 g (83 %), m.p. 145-148 °C.

Results and discussion

In this paper we present the results of the research of the product of a three-component reaction of the
anilide of acetoacetic acid and acetoacetic ether with substituted aromatic aldehydes and 3-amino-1,2,4-
triazole in the absence of a solvent.and a catalyst. The three-component Biginelli reaction, originally pro-
posed for the synthesis of dihydropyrimidine-2(1H)-one by the reaction of aromatic aldehyde, urea and
acetoacetic ether, is now used with great success in the synthesis of dihydropyrimidine-2(1H)-thione and var-
ious annelated pyrimidines [13-23].

We found that the fusion of equimolecular amounts of an acetoacetyl anilide with a mixture of 3-amino-
1,2,4-triazole and substituted aromatic aldehydes at 130—150 °C resulted in 7-aryl-5-methyl-N-phenyl-4,7-
dihydro[1,2,4-triazolo][1,5-a]pyrimidine-6-carboxamides (1, 2), and with acetoacetic ether — ethyl 7-aryl-5-
methyl-4,7-dihydro-[1,2,4=triazolo[ 1,5-a]pyrimidine-6-carboxylate (3, 4). The resulting compounds (1—4) are
pale yellow powders soluble in DMF, DMSO, heated in ethanol, acetonitrile, insoluble in water.
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QNH-; R,=OH; R,=0C,Hs; R;=H (1).
R= QNH-; R=R,=H; R;=0OH (2).

R= C2H50-; R|=OH; R2=OC2H5; R3=H (3).
R= CH.0-; R;=R,=H; R,=OH (4).

Based on the analysis of the published data [4—6, 11, 12], it is possible to assume that at the first stage
of the reaction, as a result of the interaction of the 1,3-dicarbonyl compound with the aromatic aldehyde
molecule, an unsaturated compound I is formed, the interaction of which with 3-amino-1,2,4-triazole, leads
to the final reaction product. It is shown that in the 3-amino-1,2,4-triazole molecule there are two unequal
nitrogen atoms in positions 2 and 4 of the heterocycle, which allows us to consider the two most probabilistic
reaction products. However, the main and nucleophilic character of nitrogen in position 2 of the heterocycle,
apparently, causes the reaction to proceed in the direction predominantly to form the structure of A.

The proposed mechanism is confirmed by analysis of the IR and NMR spectra of 'H-, *C. The IR spec-
tra of compounds (1, 2) exhibit bands due to stretching vibrations of amide groups (1672-1684 cm™) and
NH groups (3085-3120 cm ™).

The "H NMR spectrum of compound (1) is characterized by the presence in the strong-field region of
the spectrum at 1.19 ppm triplet signal with an intensity of 3H with °J 6.9 Hz atoms of the methyl group
CH;”' ethyl radical. Another CH;'® methyl radical bound to the C* atom of a heterocyclic six-membered ring
does not have spin-spin interactions with neighboring protons
and-is manifested at 2.12 ppm singlet signal with a content of
3H. In this part of the spectrum at 2.46 and 3.32 ppm the pres-
ence of solvent signals of DMSO-d6 and residual amounts of
water was noted. The methylene protons of the hydroxyethyl
radical were resonated with a multiplet signal in the range
3.76-3.89 ppm with an integrated intensity of 2H. The singlet
signal with intensity IH at 6.39 ppm corresponds to proton H°.
The protons of the aromatic system H' and H'", which have
hydrogen atoms adjacent to each other, which contribute to the
splitting of the spectrum, were manifested by doublet signals
at 6.56 (’J 7.8 Hz) and 6.56 ('] 8.2 Hz) ppm with intensities

M) IH. The proton H'' of the aromatic cycle under consideration,
which does not have hydrogen atoms adjacent to it, was indicated by a singlet at 6.71 ppm with an intensity
of 1H. For an unsubstituted phenyl radical, all the protons appeared in the aromatic zone of the spectrum.
The asymmetric proton H*” was manifested in the form of a triplet signal at 6.96 ppm, corresponding to the
intensity IH, with *J 7.3 Hz. Equivalent H***® protons were manifested by triplet signals at 7.20 ppm with °J
7.8 Hz with an integrated intensity of 2H, whereas equivalent protons of H** were detected by doublet sig-
nals at 7.48 ppm with °J 7.9 Hz with a 2H content. The multiplicity of the signals under consideration, their
integrated intensity, and the values of the spin-spin interaction constants are in good agreement with the
NMR indices for aromatic systems. The methyl proton H’ of the five-membered heterocyclic system adja-
cent to two nitrogen atoms was manifested by the expected singlet at 7.59 ppm with an integrated intensity of
1H. The protons of the hydroxyl group H** and the protons bound to the nitrogen atoms of H* and H® were
manifested in the form of singlets with an integrated intensity of 1H each at 8.90, 9.66 and 10.10 ppm re-
spectively.

28 29
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In the ®C NMR spectrum of compound (1), the carbon atoms of the methyl groups resonated at
15.15 (C*") and 17.81 (C'®) ppm in the strong-field part of the spectrum. Then they showed themselves at
60.47 ppm C° atoms and at 64.43 ppm C** atoms, which have a small screening effect on the carbon nucleus.
The other carbons of the bicyclic fragment were resonated at 104.35 (C"), 136.75 (C*), 148.24 (C*), and
150.23 (C’) ppm. Signals with chemical shifts at 113.35 (C'"), 115.96 (C'%), 120.02 (C**), 120.25 (C"),
123.77 (C*"), 129.08 (C***), 132.17 (C'%), 139.58 (C**), 146.86 (C'*) and 147.29 (C") ppm belong to the
carbon nuclei of the two aromatic rings. In the most weakly-field region of the spectrum at 165.58 ppm the
carbonyl carbon atom C'° resonated.

The structure of compound (1) was also confirmed by two-dimensional spectroscopy of COSY (‘H-'H)
NMR spectroscopy and HMQC ('H-"C), which makes it possible to establish spin-spin interactions of ho-
mo- and heteronuclear nature (Fig. 1-4). The observed correlations in the molecule are shown in'the dia-
gram. In the spectra of the 'H-'H COSY compound, spin-spin correlations are observed through three proton
bonds of neighboring methylene groups H*>*-H**** (7.47, 7.20 and 7.17, 7.48), H**-H*' (7.20, 6.96 and 6.96,
7.21) and H”'- H*® (6.96, 7.20 and 7.20, 6.96). The coordinates 3.84, 1.18 and 1.16, 3.80 correspond to
homolytic interaction through three bonds of neighboring aliphatic protons H** and H*' /Heteronuclear inter-
actions of protons with carbon atoms through one bond were established using 'H-"C HMQC spectroscopy
for all pairs present in the compound: H>-C’ (7.57, 150.23), H**-C»% (7.48, 119.93), H****-C**** (7.19,
129.15), H-C? (6.94, 123.73), H''-C"" (6.70, 113.34), H*-C*™ (3.82, 64.45), H"'-C" (6.65,120.32), H®-C®
(6.37, 60.47), H'®-C' (2.11, 17.83) and H*'-C*' (1.17, 15.05).

Figure 2. Correlations of HMQC (‘H-">C) compound (1)
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The structures of other compounds (2), (3), and (4) are also confirmed by single-dimensional '"H NMR
and C NMR spectroscopy (Table) and homo- and heteronuclear correlations of COSY and HMQC NMR.

Table

'H and “C NMR spectroscopy data for compounds (1-4)

Compound No.

9, ppm.

H

13C

1.19 t (3H, CH5"™, °J 6.9 Hz), 2.12 s (3H, CH;"),
3.76-3.89 m (2H, CH,*), 6.39 s (1H, H®), 6.56 d (1H,
H", °J 7.8 Hz), 6.65 d (1H, H", °J 8.2 Hz), 6.71 s
(1H, H"), 6.96 t (1H. H”, °J 7.3 Hz), 7.20 t (2H,
H*** 3] 7.8 Hz), 7.48 d (2H, H***,°J 7.8 Hz), 8.90 s
(1H, OH?), 9.66 s (1H, NH*). 10.10 s (1H, NH’)

15.15 (C*"), 17.81 (C™), 60.47 (C°),
64.43 (C*), 104.35 (C"), 113.35 (C'),
115.96 (C"), 120.02 (C*%), 120.25
(CY), 123.77 (C¥), 129.08 «(C**),
132.17 (C'), 136.75 (C%), 139.58 (C*"),
146.86 (C'?), 147.29°(C"), 148.24 (C*),
150.23 (C), 165.58 (C'%)

2.26 s (3H, CH;™), 5.78 s (1H, H), 6.70 t (1H, H"),
6.95 d (1H, H"), 7.15-7.26 m (3H, H"****%), 7.36-
7.59 m (3H, H**%), 7.87 d (1H, H"), 9.64 s (1H,
OH'), 9.99 s (1H, NH®). 10.37 s (1H, NH*")

19.20 (C™), 60.29(C?), 11886 (C™*°),
119.18 (C'), 119.71 (C"), 120.19 (C*),
128.06 (C'),128.81.(C"Y), 129.02 (C'),
129.09 (C*%), 12932 (C*"), 150.18
(C%), 15122 (C%), 152.38 (C"), 156.43
(€*"),170.88 (C'%)

1.01 t (3H, CH;”, *J 7.0 Hz), 1.24 t (3H, CH5"', 1 7.0
Hz), 2.35 s (3H, CH;'"®), 3.87-3.98 m (4H, CH,”,
CH,™), 6.11 s (1H, H®), 6.50 dd (1H, H", *J 82, 1.8
Hz), 6.64 d (1H, H", 1 8.2 Hz), 6.72 s (1H, H'"), 6.96
t (1H. H”, °J 7.3 Hz), 7.20 t (2H, H***, °J 7.8 Hz),
7.48 d (2H, H**, *J 7.8 Hz), 8.90 s (1H, OH??), 9.66
s (1H, NH*). 10.10 s (1H, NH’)

14.49 (C®);-15.21 (C™), 18.88 (C™).
59.62 (C%), 59.82 (C*), 64.41 (C*),
98.08 (C7), 113.41 (C'), 115.91 (C"),
119.80 (C"), 133.70 (C'%), 146.70 (C*®),
147.09 (C'%), 147.41 (C"), 150.45 (C°),
165.75 (C'%)

1.16 t (3H, CH;™, °J 6.9 Hz), 2.26 s (3H, CH;'®), 3.99
k (2H, CH,*, 1 7.0 Hz), 6.76 d (1H, H", °J 8.8 Hz),
6.80 s (1H, H), 6.93 t (1H, H”, °7 6.3 Hz), 7.06 t (1H,
H"Y, °J 7.3 Hz), 7.68 d (1H; H", °7.8:2 Hz), 9.38 s
(1H, OH"), 9.65 s (1H, NH®)

1432 (C™), 19.18 (C™), 44.87 (C°),
61.06 (C*"), 98.67 (C%, 120.01 (C"),
122.79 (CP), 125.44 (C'%), 127.07 (CP),
128.87 (C'), 147.60 (C°), 150.20 (C°),
151.19 (C), 156.42 (C'), 165.39 (C'°)

Conclusions

The studies carried out for the first time the synthesis of novel 7-aryl-5-methyl-N-phenyl-4,7-dihydro-
[1,2,4-triazolo][1,5-a]pyrimidine-6-carboxyethylamidesi and 7-aryl-5-methyl-4,7-dihydro-[1,2,4-triazolo]
[1,5-a]pyrimidine-6-carboxylates::On basis of analysis of spectral data of their structure and methods NMR
'H- and "C-spectroscopy-as well as two-dimensional spectra data COSY ('H-'H) and HMQC ('H-"C) pro-
vided a mechanism of the reaction whereby the formation of the final product takes place through the inter-
mediate step of reacting 1,3-dicarbonyl compounds with molecules of aromatic aldehyde.

The source of research funding. The work was carried out with the financial support of the Committee
of Science and the Ministry of Education of the Republic of Kazakhstan on «Program-Targeted Financingy,
No. Registration.0115PK01782.
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O.A. Hypkenos, C.J1. ®a3puioB, T.M. Ceitnxanos, A.E. Apunosa,
A.K. Ucaesa, K.b. CatnaeBa, I'.K. Kapumnosa

3-AmuHo-1,2,4-TpHUa30J1 Heri3iHae
KOH/IEHCHPJIEHTeH OMTeTePOUUKIIePAiH CUHTE3I MeH KYPbLIbIMbI

Makana 3-amuno-1,2,4-Tpua3onablH JKaHa TYBIHIBUIAPBIH CHHTE3ZCYJe MpenaparThl TUIMIOI OaicTepiH
JAMBITBIN, OH/IPICKE KAKETTI jKaHa KOHACHCHPJICHIeH XyHenepAi Kypy MakcaTbiHa apHairaH. 1,3-mu-
KapOOHMIIAI  KOCBUIBICTApABbIH  (AleToCipKe KBIIIKBUIBIHBIH aHWIUAI JKOHE alleTOCIpKE KBIIIKBLIBI),
OpBIHAYBICTHIPBUIFAH ~ apOMATTBIK ~ albJCTHATED JKOHE 3-aMHHO-1,2,4-TpHa3oibIMEH  YIIKOMIIOHEHTTI
KOHIEHCAIIMSCHI apKBUIBI aIbIHATHIH TPHA30JI0-MHPUMHINHICPAI CHHTE3/ICY Typalbl MAJIIMETTep KeNTipiiai.
EpiTkinici3 S5KBIMOJIEKYIAPIIBIK MOIIIIEpe alleTOCipKe KBIIIKBUIBIHBIH aHMIH/I MEH alleTOCIpKe KBIITKBUTBIH
KocIlachIMeH 3-aMHHO-1,2,4-TpHa30oi oHEe OpBIHAYBICTHIPBUIFAH apoOMAaTTHIK anpaeruarep (3-3Tokcu-4-
THUIPOKCHOCH3AIbIETH, CATHIMI anbaerun) KocmackiMeH 120-140 °C-ma OanKbITy apKbUIBI COHKeCiHIIe
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7-apun-5-metun-N-pennn-4,7-guruapo-[ 1,2 ,4-tpuazono][1,5-a ] nupumMuann-6-kapOokcaMuaATep MEH ITUI
7-apun-5-metui-4,7-muruapo-[ 1,2,4-rpuazono][ 1,5-a]nupumuana-6-kapOOKCHIATTap  ajdbIHYbl KOPCETiIi.
CHHTE3/Ie/ITeH KOChLTBICTAPABIH KypbutbiMbel SIMP 'H- men'*C-criexrpockomnus, exi kerictixri COSY (‘H-'H)
xone HMQC ('H-"C) onicrepimen 3eprrenini. bip kemicrixti SIMP criekTpiepinae XHMUAIBIK KO3FAIbIC-
TapbIH CAHIBIK MOHJIEpi, MyNTHIUICTTiNri skone 'H, '*C cHrHAmmapblHbIH HHTErpanibl KapKbIHIBUIBEFbI
aHBIKTANIBL 3epTTeNred KOochUIbicTapisiH Kypsutbiel COSY (‘H-'H) u HMQC ('H-"*C) cmexrpnepi
KOMETiMEH r'OMO- U TeTePOSAPOIIBIK APAKATHIHACKIH aHBIKTAY apKbLIBI TQJICIACH .

Kinm ce3zdep. 3-amuno-1,2,4-tpuasomn, 7-apun-5-metun-N-denui-4,7-gurunpo-[ 1,2,4-rpuazono][1,5-a]nupu-
MUIHH-6-KapBOKCAMIITED, ApOMATTHIK anbaernarep, AMP'H- i *C-crexrprep.

O.A. Hypkenos, C.J1. ®a3puioB, T.M. Ceitnxanos, A.E. ApuHosa,
A.K. Ucaesa, K.b. Catnaena, I'.K. Kapumnosa

CuHTe3 U CTPOEHHEe KOHAEHCUPOBAHHBIX OMIeTEePOIUKIOB
Ha OCHOBe 3-amuHO-1,2,4-Tpua3zona

CraTbs HOCBsIILEHA pa3pabOTKe MpenapaTUBHO YAOOHBIX CIIOCOOOB CHHTE3a HOBBIX IPOU3BOIHBIX 3-aMUHO-
1,2,4-Tpuazona ¢ 1enplo MOCTPOSHHUSI HOBBIX KOHJEHCHPOBAHHBIX CHCTEM NPOMBIIIIEHHO BaKHBIX BEIIECTB.
IIpuBeneHs! JaHHBIE 110 CHHTE3Y TPHA30JOMMPUMUANMHOB, MOTYYEHHBIX TPEXKOMIIOHEHTHON KOHIEHCaIMeH
1,3-ankapOOHMIBHBEIX COSMHEHN (aHIIN alleTOyKCYCHOHM KHCIOTHI M alleTOYKCYCHBIN 3(hup) ¢ 3aMelleH-
HBIMHM apOMaTHYECKUMU albJerunamMu U 3-amuHO-1,2.4-tpuasonom. IlokasaHo, uro. crasiaeHue npu 120-
140 °C B oTCyTCTBHE PACTBOPUTEN HKBHUMOJICKYJIPHBIX KOJIMYECTB AHWINAA AlleTOYKCYCHOH KHCIOTBI U
aIeTOYKCYCHOTO 3(Hpa co cMechio 3-aMuHO-1,2,4-Tpra3oa 1 3aMEIIeHHBIX apOMATHIECKHUX albAernaoB (3-
ITOKCU-4-THAPOKCHOCH3AIbICTH ], CATMIMIOBBIA albIeTH) MOPUBOAMT K 7-apui-5-metuin-N-penuia-4,7-
muruapo-[ 1,2.4-tpuazono][1,5-aluupuMuanH-6-kapOokcamMuiaM M 3THIL  7-apui-5-MeTui-4,7-Auruapo-
[1,2,4-tpuazono][1,5-a]nupumuans-6-kapOOKCHIaTaM COOTBETCTBEHHO. VICeaen0BaHO CTpOCHHE CHHTE3UPO-
BAHHBIX coemuHeHmi Meromamn MP 'H- u 13C-CHCKTpOCKOHI/II/I, a TaKXe JJTaHHBIMHU JABYMEPHBIX CHEKTPOB
COSY (IH—IH) u HMQC (1H-13C). OmnpenesieHbl 3HaUSHMsE XUMUYECKUX CABUTOB, MYJIbTUIIJIETHOCTD U UHTE-
rpajibHAs MHTEHCHBHOCTH CHrHaI0B 'H 1 °C B onHOMepHBIX criekTpax SIMP. C OMOIIBIO CIIEKTPOB B (op-
marax COSY (‘H-'H) u HMQC ('H-">C) ycraHOB/ICHBI FOMO- M IeTepOsiepHbIe B3aHMOICHCTBYS, IIOATBED-
JKAIOIINE CTPYKTYPY UCCIEyEMBIX COCUHCHUN.

Kniouesvie cnosa: 3-amuno-1,2.4-tpuazon, 7-apui-S-merun-N-enun-4,7-nuruapo-[1,2,4-tpuazono][1,5-a]
THPHMUIMH-6-KapBOKCAMIIEL, apoMaTHIeckie anbaerinasl, IMP'H- i C-criextpsi.
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