


























hwwnyneyniutbphg,  huy  98-100  dhwgnipjnitubpp odnjwd  Bu  Jun
wpwnwhwjnywd hwwutuwiht hwwnlnygmutbpny:

GRPULUSNRGE3NRLLEN

1 1,2,4-nphwgn-3-phnubpp, Ywpdwd EGYnpndhth  Yunnigwdphg,
wnwowgunud GUu N- Yuwd S-wbnuiwywsd  wdwugjuiubp:
Uwubtwynpwwbu, nnnpnwé qnignpnid niitignn C=C - Juy
wwpniwwynn - EEYunpndhubph hbnn wnwowgund  Bu dhuyt N-
wbnuiwyws wdwugjwiubp, hul hwingbu wwpniuwyny EEYunpndhiubph
htitn wnwowgunid U S-inbnuiuywd wdwugjwiubp:

2 Uihjwiht funwp wwpniiwlynn 1,2,4-nphwgnihiwypnwywuwpepyh tupbpubpp
onh wnlwjnpyudp hhnpwaptnihgh Bupwpltihu pugh tupbipwjht fudph
hhnpwghtnihghg wtinh k£ nubund bwb whuwht judph JEpwlwugunud'
dhug wpnwhip, hul pRYwdUh pugwluynipiwt nhwpnd nbwlghwl
pupwunwd £ dhwyu hhnpwghtunthgh ninnnipjwdp:

3 Uihjwiht junudp wwpnitwyng 1,2, 4-nphwgnihypnuywtwepdh b npw
wdwugyuubph dnun wihpwihu fudph ppndwgdwt wpryniipnid wbinh |
niubunwd ghlwgnid’ phwgniwiht ghyh wnwewgdwdp:

4. 1,2, 4-nphwgnuihtt onul wwpniiwlnn YuppnUwppeniubph  wdwugjwi-
ubpp  hwunhuwund  Bu  qwy  Guiunebp'  wphwgnpuphwgniubph,
wphwgninopuwnhwqniutiph, wnphwgnnwhpwaniuph U wphwgniwhl
onwly wwpniiwlynn whwwhnubiph uhtpbgh hwdwp:

5 huswbu in silico, wjuwbiu k in vivo dbpnnubph Yhpwndwdp wwwgmgyby k,
np uhupbqud 1,2,4-nphwagnjuiht onwly wwpniiwlnn npng wdwligyubp
odndwd Gu  gwdwqgpynn, Ubdwwnnwiht, ubdwwnnghnwiht L
hwwutuYwiht hwwnynipjniuttipny:
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PAHIAiH BAPATEC PYBUKOBUY
HOBBbIE NPEBPALLEHUA 4,5-AU3AMELLEHHbIX-4H-1,2,4-TPUA3ON-3-TUOJIOB

PE3HOME

Ouccepraumonnas  pabota  MOCBALLIEHA  U3YYEHUIO csoiicts 4,5-
Av3ameleHHbIx-4H-1,2,4-Tpuazon-3-TMONOB, CUHTE3Y HOBbIX Mpou3BoAHbIX N- n S-
3aMELLIEHHbIX MCXOAHbIX TPUA3ONoB, paHee HeomucaHHbix B nutepatype. C uensio
hyHKUMOHANM3aL MM 1,2,4-tpuazon-3-TMOHOB rocnegHue BBE/IEHbI BO
B3aUMOAENCTBME C aneKTpounamm pasnnyHoro Tmna.

B 4actHOCTH, UccnenoBaHo noseaeHue 4,5-ausamelertbix-,2,4-auruapo-3H-
TPMa3on-3-TMOHOB B peakuuu NpUcoeaMHeHHUA no Mwuxasmo. YCTaHOBREHO, 4TO
peakuua NPOTEKAeT B MATKMX YC/IOBUAX, B CPele aueToHuTpuna, B npucytcraum 10
MOnb/% MeTunata Hatpua. B yKasaHHbIX yCNOBUAX INEKTPOOUI aTakyeTCA aTomoM
a30Ta B NEPBOM MONOKEHUN TPUA30NBbHOrO KONblia C obpa3oBaHuemM 3-3aMeLLiEHHbIX
NPONUOHATOB WA  HUTPWIOB  COOTBETCTBYIOWMX  [ETEPOLMKNO3aMELLIEHHbIX
MPOMUOHOBbLIX KUCIOT. YCTAHOBNEHO TaKXe, YTO 3aMECTUTENU B TPUA3ONBHOM LUKNe
HE BAIMAIOT HA HanpasneHue Xoaa peaKLmu.

B kauectee HyKkneounop ObiiM NpUMEHEHb! TaKKe 3TUAXOpauerar,
metunxnopcopmmar u metun-3-6pomnponuonar. [anneimu AMP 'H, BC u PCA
[I0Ka3aHOo,4TO B NEPBbIX ABYX Cnyqanx 06pPasyloTCA NPOAYKTLI HyKNeOo(UIbHON aTaku
aToMa Cepbl, a B TPETbem cyyae 0bpasyeTcA Hepasienaeman CMeChb ABYX MPOLYKTOB.
BepoaTHee BCero, B YCIOBUAX PEaKLMN NPOMCXOaUT aeruapobpomuposanne metun-3-
6pomMnponMoHaTa, nony4aeTca METUAAKpUnarT, KoTopbiii obpasyet N-nponssoaHoe.

Ha ocHoee Tpua3ononponaHoBbiX KMCIOT paspaboTaH cnocob noayyeHuA
AVNENTU0B HOBOrO CTPOEHMA, COAEPMALIMX OCTATKM MPUPOAHBLIX U CUHTETUHECKMUX
aMUHOKUCIOT,
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WccneposaHa — peKuMA  TMAPa3sMHONM3a  CIOMHbIX aupos  B-
TPUa30NONPONaHOBbIX KUCAOT, YCTAHOBEHO MTO rMAPAsUHONMI npoTeKaer rnaako,
€3 OCNONKHEHWI, OAHAKO NPU HANMYMU HEHACILLEHHbIX PaAUKaNoB B TPUAsONIbHOM
Konble 06pasyeTcA CMeChb HEPAa3AENAEMbIX MPOAYKTOB. B yacTHOCTHM, B Cllyyae MeTH-
noBbix(3TMNOBbIX)  3chMpoB B—iamemenHblx-4—annunnponauosb|x KWCNOT ~ Mmocne
rMAPa3MHOTN3a B CMecH OOHapyMeHbl Kak 4-annun-1,2,4-Tpuaszon, Tak v NpOAyKT
BoCTaHoBneHuAa nocneaHux - 4-nponun-1,2,4-Tpuason. Pa3pabotaHbl  ycnoBuAa
NpoBeAeHNA MONHOTO TMAPOAU3a U 3aBEPLLIEHUA BOCCTaHOBNEHWA KPaTHOW CBA3M,
TaKke yCIOBUA 3aBEPLUEHNA TMAPA3NHONU3A U COXPAHERNA anaMnbHOM rpynnbl.

Ha OCHOBE CMHTE3WpPOBAHHBIX FMAPA3MAOB MOMyYeHbl BUreTepoLMKnnyecKne
COEIMHEHWA — TPUA30/OTPUA30Nbl, OKCOAMA30NOTPUA3ONbI U NMpPasonoTpuasosibl.
Mpu NofydeHMM NEPBbIX ABYX CUCTEM peakuuu MpOTEeKaloT rNafjko U KoHe4Hble
NPOAYKTbI MONYYATCA C BLICOKUMU BbIXOAAMM. B ornuuMe OT HUX BbIXOAb!
NWUPa3oNOTPUasONoB HU3KKE. MpuUunHOI 3TOrO ABNEHWA, NO-BAAMMOMY, ABNACTCA
[O4YTM NONHOE OTCYTCTBUE COMPAKEHMA MEMAy atomom asota u KapBOHMABbHBLIM
KMCNOPOAOM B  MUPA30NbHOM  LVKAE. MNos BoO3pelicteueM 3TaHONa MpPOTEKAET
pacKpbITUe NMPa3sosbHOTO LKA ¢ 06pa3soBaHMeEM HCXOAHOIO CIIOKHOTO acpupa.

Ina  dynkuvoranmzaummu  N,N-aM3amellenHbIX  NPOM3BOAHDBIX B-ananuHa
uccnegoBaHa peakumA OpommupoBanuA  N-animanpou3BOAHBIX CIOMHbIX acupos,
HATPWIOB M COOTBETCTBYIOUIMX MPOMUOHOBLIX  KUCIIOT. YcTaHOBNEHO, HTO B
pesynbTarte peakumu obpasyloTCcAa COEMHEHUA B cnextpax AMP H u 3C kotopbix
obHapyMeHbl CUTHanbl, CBUETENbCTBYIOLNE O BHYTPUMONEKYNAPHOI LMKM3aLmMu C
06pa3oBaH1eM TMa3oNbHOMO LUKNA.

Takum obpasom npu Opomuposanuu, pae TMOAMU-MMUHOTUONOBOE
TayTOMEpHOe  COCTOAHWE He  MeLaer 5-aksoumknusaunn.  CneposarenbHo,
06pa3oBaHyMe TUA3ONa U TEPMOANHAMUHECKH, U KUHETUNECKM HAMHOTO BbIFOJHEE YeM
obpazoBaHue AMGPOMNPON3BOAHBIX.

Yactb AMNENTWAOB MCCMeaosaHa Ha Kacpeppe hapmaxonoruu EpesaHckoro
rOCYJAPCTBEHHOTO MEAULIMHCKOTO yHUBEpcuTeTa, a HeKoTOpble OUreTepOLMKIN-
yecKue coenvHenna B [epmaHuu (yHusepceTuT 3aapnaHaa, Kacdpeppa Gruoxummn, 3as.
kacpeppoit npodp. £.Knayc).

[na  BbiaBneHuA  BUoNOrUHECKMX CBOMCTE AMMENTUAOB WUCCNEAOBaHUA
NpoBefieHbl Kak in silico, Tak w in vivo. MonekynApHbIi  LOKUHT coeauHeHni
NpoBefeH Kak B AKTUBHOM LEHTpEe (nAChR (PDB  ID:  2WNC)), TaK o
annocrepuueckom uexTpe (PDB ID: 7EKT) ¢ nomouysto nporpammbl GOLD 2020.2.0.
IKCNepUMEHTANbHO  AOKA3aHO, 4TO BHOBb CKOHCTPYKTUPOBaHHbIE  COEAMHEHNA
MaNOTOKCUYHBI 1 NPOABNAIOT 06e360NMBAIOLLYIO AKTUBHOCTD.

C uenblo W3yueHMs B3aUMHOTO BNUAHWA (hyHKUMOHANBHBIX  TPYNN  Ha
BO3MOXHbIE Buonoruueckue ceoiictea Gbin paspaborad cnocob nonyuenna 1,2,4-
Tpuasono-1,2,4-1puasonos, COTNACHO  KOTOPOMY nBa rerepouukna ceAasadbl €
TvoMeTuneHoBbIM (-S-CHz-) MOCTUKOM, B OTAMuYME NpeAbiiyLUero CTpoeHUA, B
KOTOPOM TPUa3OnbHble WMKNbI CBA3AHBI METUNEHOBBIMU rpynnamu  (-CHaCH2-).
MoKa3aHO, YTO B MEPBOM Cy4ae U3OMEPHbiE COEJMHEHUA NPOABAAIOT HEMATOAHYIO
AKTMBHOCTb (MHMLMPYIOLLME MUSHEAEATENBHOCTL HEMATOA Ha 3-5%), a Bo BTOPOM
HEMATOLMHYIO aKTUBHOCTb (MHrU6MPYIOT MU3HEAEATENBHOCTL HEMATOA, Ha 30-40%).

o

WcxopA M3 JaHHbIX WCCNEAOBAHUM HA 3ProTUEHOHE NPUYUHON TaKOro MOBEAEHNA
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ABNAETCA COCTOAHME aTOMa Cepbl B WCCEAYEMbIX MOMEKyNax: B OAHOM cnyyae atoM
cepbl MOAHOCTBIO 3abnoKNpOBaH (-S-CHz), a BO BTOpOM TWOHOBAA dropma(=9),
KoTopan obnagaet aHTUOKCUAAHTHOWN aKTUBHOCTbIO.

UsyueHa NpoTMBOrpuBKOBaA aKTUBHOCTL 1,2,4-tpuasono-1,2,4-1p1a3onos. Ye-
TAaHOBMIEHO, YTO yKa3aHHbe OGUreTepOLMKNUYECKIUE COEANHEHUA NPOABNAIOT BbiPa-
JEHHYIO NPOTMBOrPUBKOBYIO aKTUBHOCTb, €CIM B MoneKynie MMeeTcA TMONOBaA Gopma
aToMma cepbl.

FRANGYAN YARDGES RUBIK :
NEW TRANSFORMATIONS OF 4,5—D|SUBST|TUTED4H—1,2,4—TR|AZOLE—3—
THIOLS

SUMMARY

The dissertation work is devoted to the study of the properties of 4,5
disubstituted-4H-1,2 4-triazole-3-thiols, the synthesis of new derivatives of N- and S-
substituted initial triazoles, previously undescribed in the literature. In order to
functionalize 1,2, 4-triazole-3-thions, the reactions with various electrophiles were
utilized.

In particular, the behavior of 4 5-disubstituted-,2,4-dihydro-3H-triazole-3-
thions in the Michael addition reaction was investigated. The finding was that the
reaction proceeds in mild conditions, using acetonitrile as the solvent, with 10 mol/%
of sodium methylate. Under these conditions, the electrophile is attacked by a
nitrogen atom in the first position of the triazole ring with the formation of 3-
substituted propionates or nitriles of the corresponding heterocyclosubstituted
propionic acids. At the same time, it was also shown that the substituents in the
triazole cycle do not affect the direction of the reaction.

Ethyl chloroacetate, methyl chloroformate, and methyl-3-bromopropionate
were used as nucleophiles. The data obtained from the NMR 'H, *C, and X-ray
analysis showed that in the first two cases, the products of the nucleophilic attack of
the sulfur atom are formed, and in the third case, an inseparable mixture of the two
products is formed. Most likely, under the conditions mentioned above,
dehydrobromination of methyl-3-bromopropionate occurs, and methylacrylate is
formed, which forms an N-derivative.

Based on triazolopropanoic acids, a method for obtaining novel dipeptides
containing natural and synthetic amino acid residues has been developed.

The reaction of hydrazinolysis of p-triazolopropanoic acid esters was
investigated, and it was found that hydrazinolysis proceeds without complications;
however, in the case of the presence of unsaturated radicals in the triazole ring, a
mixture of inseparable products is formed. In particular, in the case of methyl (ethyl)
esters of 3-substituted-4-allylpropanoic acids after hydrazinolysis, both 4-allyl-1,2,4-
triazole and the reduction product of the 4-propyl-1,2 4-triazole were found in the
mixture. Conditions for the complete hydrolysis and completion of the reduction of
the multiple bonds, as well as conditions for the completion of hydrazinolysis and the
preservation of the allyl group, have been developed.
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Biheterocyclic compounds - triazolotriazoles, oxodiazolotriazoles, and
pyrazolotriazoles - were synthesized based on obtained hydrazides. In the case of
obtaining the first two systems, the reactions proceed without complications and with
high yields. In contrast, the yields of pyrazolotriazoles are low. This phenomenon is
caused by the nearly complete absence of contact between nitrogen and carbonyl
oxygen atoms in the pyrazole cycle, which, when attacked with ethanol, opens the
cycle with the formation of the initial ester.

The bromination reaction of N-allyl derivatives of esters, nitriles, and
corresponding propionic acids was studied to functionalize N, N-disubstituted p-
alanine derivatives. The 'H and 3C NMR spectra of obtained compounds showed
findings corresponding to the intramolecular cyclization with the formation of a
thiazole cycle.

Thus, even the thicamide-iminothiol tautomeric state during bromination does
not interfere with 5-exocyclization. Consequently, thiazole formation is both
thermodynamically and kinetically much more advantageous than the formation of
dibromic derivatives.

Some dipeptides were studied at the Department of Pharmacology of Yerevan
State Medical University, and some biheterocyclic compounds in Germany (Saarland
University, Department of Biochemistry, Head of the Department Prof. Y. Klaus).

In silico and in vivo studies were conducted to identify the biological activity of
dipeptides. Molecular docking of compounds was carried out both in the active site
(nAChR (PDB ID: 2WNC)) and the allosteric site (PDB ID: 7EKT), using the GOLD
2020.2.0 software. It was experimentally proved that the synthesized novel
compounds exhibit analgesic activity and have low toxicity.

A new method was developed to examine the dependence of the potential
biological activity and the nature of the bridge, which connects two heterocycles,
allowing the synthesis of 1,2,4-triazolo-1,2,4-triazoles linked with thiomethylene (-S-
CHy-) linker instead of methylene (-CH2CHa-) bridge. The study showed that isomers
containing (-S-CH2-) bridge demonstrate nematicidal activity by decreasing the
viability of nematodes by 30-40% in contrast with isomers containing (-CH.CH2-)
linker, which increase the viability of nematodes by 3-5%. The effect mentioned
above can be explained by the fact that the sulfur atom, blocked in the thiomethylene
bridge, cannot form additional interaction with a target in contrast to isomers
containing thione (=S) groups, demonstrating antioxidant activity.

The same research center also investigated the antifungal activity of 1,2,4-
triazolo-1,2,4-triazoles and found that these bi-heterocyclic compounds exhibit
significant antifungal properties when the molecule contains a sulfur atom in the thiol
form.
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