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ABTOpedepaT pa3ocnaH 27-oro noHsa 2025 r.

YueHblil  CekpeTapb  CreLmanM3MpoBaHHOro
COBETa, A. X. U., AOLEHT



LEMUONRe3NKL

Uzjuwwmwiuph wpnhwlwonyeymup: Ysuuwpwunpbiu wlwhy dhwgnuyegnisutiph qqwih
dwup wwpnwwynd £ pppwy YEumpnuubp, U undnpwpwp, npwug  htwpwynp
unbtipbinhgndbipubphg  dhwju dGyu £ gmnigwpbpnd  gwulwih  wlynhynyepniup:  Ujn
wwwnbwnny owywnhlwwbu dwpnip dhwgneymuubph uptupbqn Ywplnp U wpnhwlwu
fjuunhp £ dwdwuwlwlyhg opquuwlywt phdhwnd, b wn ninnnewdp  wwpynn
w2tuwwnwupubipt niuku UGS ghunwlwu hEnwpppnnyeniu:

Uupdbiwnphy opquuwlwwnwhgnpnubpp $bpdbunutpp L  dEwnwnulwu
Juwwihgqnpnubpph ufuwdwdp nwbu dh owpp wnwybingynitutip: bpdGumutpp wy
wpryniupubp skt gnigupbpmd - $hghninghwlwuhg  wwppbpnynn wwpdwuubpnut® ng
opwiht  dhowdwyptipnd, pwpép L gwdp sbipdwuwmpbwuubpnd W wyu: Uhlunyu
dwdwtwl npwug unwgnuip dwiuuwwnwp t, huy Yppwnnygindup' fuhun uwbigh$hy:
THhwup  wpluwnnd Bu o dpwyu dBY unpunpwnh hwdwp,  hGwbwpwp  nwku
uwhdwuwihwy Yhpwnbhnypna: Uknwnulwu Yuwwihgnpnutiph phpniyeniup npwug
wnpuhulniggnitit £: Gpwug  Unyupuy  hGnpwht pwuwlubpny  wnuinnjwd
dtpswunyebiph  ogunwgnpdndt npwtiu  nbnwunyetip Ywpnn b pbptp wunwnuwh
htiinlwupubiph: Ybpswuynebnnid wyn htnpwjhu pwuwyubiphg dwppnudp pwuljwpdtp W
pwpry gnpdpupwg bt UG wy pbpnygnit £ npwug  qquiniungeniup onh  Yuid
funtwynipjuu ujwwndwdp, husp ppnud £ oguwgnpddwu ne wywhwwudwu pwgnighs
nddwpnggmuubiph:  Wuwhpund,  opgquunfuwuwwihgnpnubph  Yppwnnwit  wybih
twywunwlywhwpdwp | U ghnwyuwu, W wprynivwpbpulut twiuwgdtip hpwwuwgubihu:

Jdbpoht nmwutwdjwlubpnud dh swpp hGnwgnuinnubip twfuwqgdk] W wuhdbnphy
upupbgnud  thnpdwplyp Gu 1,2,3- b 1,2 4-nphwgnuihtt - onuwlyy  wwpniuwlnn
opgqwunywwwihgnpnubin, npnup ogunwgnpdynid Gu hwdwlygdwu, ghypdwu, dphnbi-
Ypwnuh, Yuppnuhy fjudph a-nppph nbnwlwdwt b wy whwh wuhdbnphy Yunwihnhly
nbwlghwubp ppwlwuwgubhu:

Opuphpwuubpp wwppbn Yurnigwsdph opgquuwlwiu dhwgnyeniuubiph  unwgdwu
wdtuwhwpdwp Guunyebphg Gu: Tpwug hnfuwgnbigneniup wwppbp unytinphjutiph
htwn phipnud £ ghyh nbghn- b unbpbnubywnhy pwgnwing nwppbp Yunnigusdpubiph
owyunhwwbu wlwnhy dhwgneniubph unwgdwu: woghg Bu phpw nhnjubipp,
wdhunuwhpwubpp, p-jwlwnwdubpp, opuwgnihnhunuubpp b wyu:  Opuhpwuubipp
hwunhuwund GU owwn ptwlwu dhwgneniuubph Jwu b mubt Jd6d Yhpwnnipgnid'
ghinnpjwu b wpryniwpbpnyejut nwpptp puwqwywnubpnud: “hwnpgbuup niwlghwu
(wjunpbu oquwgnpdynud | opuhpwtiubph unwgdwu hwdwn:

<wodh wnubin “Gtwpgbuup nbwlghwih Ywplnpnygniup  upupbnhy  phdhwnud,
huwbu twl L-wpnihuh hkupny Yuwwnwihgnpnubph wpryniuwybunngeniop, npw hbupny
wnunbkughwy unp Ywwwihgnprubinh upupbgp W thnpdwnynuip wupdbnpphy Ywpgbuuh
nbwlghwynui hnwuljwpwihtu b ghnwlwunpbu hGunwppphp ninnnyeyniu £, npp Yupnn £
uwwuwnb) opnquuwlwu phihwih dwdwuwlwyhg b wpwg qupgugnn nuinnneniubbiphg
dbyh' wuhdbnphly opguiunywwnwihgh wnwypupwghu:

Wluwwmwuph tywwnwlp b juunhpubpp: Ugluwwnwuph tywwwlu b L-wpnhup
htupny uhupbqb] nphwgnpuiht onwly wwpnitwlynn dhwgnyesniutulp, npnup Yupnn Gu
gnigwpbpb]  opquunwwwihwhly  hwwynyeniutp,  dwubwynpuwtu  Ywpgbuuh

3



1,23-

« »
ECD
HPLC
, HPLC

- 12,4-

99%-

HPLC

2 : Yeganyan T.H., Galstyan
A.S., Ghochikyan T.V // Synthesis of (S)-3-(1-benzylpyrrolidin-2-yl)-5-(substitutedthio)-4-
phenyl-4H-1,2 4-triazoles as a potential asymmetric catalysts for Sulfa-Michael reaction / 2022
/ Advances in Synthesis and Complexing / Moscow / Russia: Yeganyan T.H., Petrosyan A.V.,
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Harutyunyan M.A., Jilikyan A.A., Aghekyan H.A., Shahkhatuni A.A., Ayvazyan A.G., Samvelyan
M.A., Ghochikyan T.V., Galstyan A.S. // Synthesis of potential asymmetric organocatalytic
systems on the base of azoles / 2023 / «New Emerging Trends in Chemistry» Conference
(NewTrendsChem-2023) / Yerevan / Armenia:
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1 lJilikyan, A. A, Harutyunyan, M. A., Yeganyan, T. H., Davinyan, A. M., Galstyan, A. S.
(2025). "Click™ and "Click by Click". Synthesis of Enantiomerically Pure New Derivatives
of (S)-Proline Containing 1,2,3-Triazole Ring. ChemistrySelect, 10, e02362.

2. Galstyan, A. S., Grigoryan, S. V., Samvelyan, M. A., Frangyan, V. R., Yeganyan, T. H,,
Ayvazyan, A. G., Ghochikyan, T. V. (2022). On Features of Halocyclization of 4-Allyl-5-
substituted-2,4-dihydro-3/-/-1,2,4-triazol-3-thiones and Synthesis of New Derivatives of
1,2,3-Triazoles. ChemistrySelect, 7, €202201283.

3. Yeganyan, T. H., Shahkhatuni, A. A., Davinyan, A. M., Karapetyan, H. A., Galstyan, A. S.
(2025). Synthesis of Chiral Pyrrolidine Derivatives with Promising Pharmacological
Activity. Chemistry of Heterocyclic Compounds, 61.
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4. bqwuywu, S. <. (2025): Lhpwjwiht Yeuwmpnuh ywhwywudwdp (S)-5-(1-(2-pnp-6-

dunpptughpwhpnipnht-2-hy)-4-pth-2,4-nhhhnpn-34-1,2,4-nphwgn|-3-phntp
uhtptiq: <wjyulywu phihwlwu hwunbu, 77, 355:

ETAHSH TUTPAH ATKOBHY

CHUHTE3 HOBBIX ACUMMETPHYECKHX OPTTAHOKATAJIM3ATOPOB
HA OCHOBE A30JIOB Y OIIPEJIEJIEHUE UX KATAJIMTHYECKON AKTUBHOCTH

PE3IOME

3HaunTeNbHAS 4acTh OHOJIOTMYECKH aKTHUBHBIX COEIMHEHHUI COIEPKUT XUPAIbHBIE IIEHTPHL, U, KaK
TIPaBUIIO, TOJIBKO OJIMH U3 BO3MOKHBIX CTEPEOU30MEPOB IIPOSBISIET JKENAaeMYIO aKTUBHOCTH. 1 1o 310l
[IPUYMHE CUHTE3 OIITUYECKU UYMCTBHIX COEJUHEHUN SBILIETCS BAKHOM U aKTyalbHOM 3ajaveit
COBPEMEHHOHN OPraHUYECKON XMMUH, IIPUBJIEKAIOIIEHN 3HAUNTEbHBIN HayYHbIA UHTEPEC.

AcUMMETpUYECKUE OPraHOKATAIM3aTOPhl 00NafaoT PsJIOM IIPEUMYINECTB II0 CPABHEHHUIO C
depMeHTaMI M MeTaIDIOCOAepKamMy KaTanm3atopamu. DepMeHTHl YacTo INIOXO JEHCTBYIOT B
HEECTECTBEHHBIX YCIIOBHUSX, TAKUX KaK HEBOIHBIE CPEJIbL, SKCTpEMAaIbHBIE TeMITEpaTyphl U T. 1. Kpome
TOTO, MX IIPOU3BOJICTBO JOPOTOCTOMIIEE, a TIPUMEHEeHe BechMa CIeIMIIHO, TaKk KaK OHH, Kak
MPaBWIO, JIEUCTBYIOT TOINBKO Ha OJUH CyOCTpaT, YTO OrPaHUYMBAET WX YHUBEPCAIHLHOCTD.
Merarocoiepkaniye KaTtaiu3aTophl, ¢ JPYrod CTOPOHBL, TOKCHYHBL. Jlaxke cliefloBble KOIUUECTBA
3TUX KaTaau3aTOpPOB B KOHEUHBIX IPOAYKTAX, WCIONB3YEeMBIX B KauecTBe (apMarieBTHIEeCKUX
CPEJICTB, MOTYT IIPHUBECTU K HEOOPATUMBIM IIOCTIEICTBUSIM. Y JIAJICHUE STUX CIIEJOBBIX KOJIUYECTB —
JIOPOTOCTOANIMNA U CIIOKHBIA IIpoliecc. J[pyruM HEJOCTATKOM SBIISIETCS MX HyBCTBUTEIBHOCTH K
BO3/IyXy WM BJIare, YTO BBI3BIBAET JIOIIOJHUTEIBHBIE TPYIHOCTH IIPH UCITOIh30BAHUH U XPaHEHUH.
Taxum 0Gpazom, UCTIONBH30BaHUE OPraHOKATATIM3aTOPOB SBISIETCS OoJiee IPAKTUIHBIM JIIS HayYHBIX
U IIPOMBITUICHHBIX IIPOEKTOB.

3a mocnejHUe JecATWIETHS ObUIM pa3paboTaHbl W IIPOTECTUPOBAHBI OPraHOKATaIM3aTOPBL,
cogepxane 1,2,3- u 1,2 4-rpruazoiabHble IUKIIBL, JJI UCTIONIBL30BAHUS B ACHMMETPUYECKOM CHHTESE.
Omr mpumensforess B peakiusix  Opunens-Kpadrea, koHAeHcarmy, ITHKIOTPUMEPH3aIIH,
3aMEIEHNS. B O-IIOJIOKCHUU KapOOHMIIBHBIX COCJMHEHWM W JIPYTUX TUIIAX aCUMMETPUYECKUX
KaTaMTAYECKUX PEAKIIUHN.

OIOKCHJIBI OTHOCATCS K YHCIYy HauOollee YIOOHBIX HCXOJNHBIX MATePUAIOB JUIS ITOTYUYECHUS
Pa3TIYHBIX OPraHYecKUX coeHeHMH. VX B3anMoieiicTBre ¢ HyKIIeoQIaMA TIPUBOJUT K PErro-
U CTEPEOCEIEKTUBHOMY PACKPBITUIO KOJIbIA, ¢ o0pa3ysl ONTUYECKU aKTUBHBIE COCIMHEHUS, TaKue
KaK XHpalTbHBIe JUOIBI, aMUHOCIPTEI, [-TaKTaMbl, OKCA30MUINHOHBI U Jp. DIOKCHJBI BXOJST B
COCTaB MHOTHX IIPUPOJHBIX COCIUHEHUNM WM HaxoJHT NMIMPOKoe INpuMeHeHue. Peaxims JlapseHca
IIMPOKO UCIIOIB3YETCS IS CUHTE3a SIIOKCUIOB.

YunrteBas 3HaueHWe peakimy JlapzeHca B CHHTETHUSCKOM XuMuU ¥ AOQPEKTHBHOCTH
KaTalu3aTopoB Ha OCHOBe [L-IIpolIMHA, CHUHTE3 M TECTUPOBAaHHE IIOTEHITMAIBHBIX HOBBIX
KaTaJlu3aToPOB Ha €ro OCHOBE JUISl aCHMMETPHUYECKHUX peakivit Jlap3eHca SBIsieTcs EPCIIEKTUBHBIM
M UHTEPECHBIM HAalIPaBICHHUEM. JTO MOXET CIOCOOCTBOBATh PAa3BUTHIO OJHOTO U3 OBICTPO
Pa3BUBAIONIMXCS ITyTEH COBPEMEHHOM OpraHUIECKOH XUMUH — aCHMMETPUYECKOTO OpraHOKaTaIn3a.

Iermbr0 paoTHI ABJISETCS CUHTE3 U TECTUPOBAHUE COCTUHEHHIA, COJIEPKAIX TPHA30JILHOE KOJIBIIO
Ha OCHOBE L-TIpOJIMHA, KOTOPBIE MOTYT 00JIa1aTh OPraHOKAaTATUTHIECKUMU CBOMCTBAMU, OCOOEHHO B
acUMMeTpUUeckoil peakimu Jlap3eHca. IM3BecTHO, UYTO acHMMETpUUECKHE KaTalld3aTophl,
HCIIONIb3yeMble B peakimu Jlap3eHca, 00ecIIeHHBaOT BHICOKYIO SHAHTHOCEIEKTUBHOCTD TOIBKO JUIS
OIIpEJIENICHHBIX CYOCTPaTOB WIA B YCIOBHUSX, KOTOPBIE JIOPOTO IOJJICPKUBATH B IIPOMBITUICHHOM
Macirade, TakUX Kak HU3KUE Temrleparypbl. Taxum o0pa3oM, CYIIIECTBYET HEOOXOHUMOCTh B
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CHUHTe3e coejuHeHnH, 3()QEKTUBHBIX B CTaHJAPTHBIX YCIOBHSAX W JUI1 IIUPOKOIO JHMalla30Ha
cyOcTparoB.

PazpaGotana cTpaTerust IpoBeICHNS JBYX «KJIMK» PEaKIMii B OJJHOM COCY/I€ ¢ HUCIIOIb30BaHUEM
METoJja «KIMK 33 KIMKOM» I TIoNy4deHus 1,2.3-Tpua3olioB W3 aMMHOB M L-IIpoIMHAa,
obectieunBaroiast 60j1ee BHICOKHE BBIXOIBL.

IIpemioskeH HOBBI METO/I OTIpe/IeNeHHsT KOH(UIypaIiy COEIMHEHHI Ha OCHOBE CXO/ICTBA MEXTY
crektpamid ECD coejHEHMST ¢ M3BECTHON KOHQUTYpalmel acuMMETPHYEcKOTo IIeHTpa U €ro
aHanoroB 06e3 HEOOXOJMMOCTH IIPOBEICHUS PEHTTEHOCTPYKTYPHOIO aHaIM3a, IIPU  YCIOBUH
M3BECTHOCTH a0COIIOTHOM KOHQUTypaITiy OJIHOTO U3 COSMHEHUN. TOYHOCTh MeTOo/1a IO ATBEPK/IeHa
paz/ieleHneM SHaHTHOMEPHOM cMecH coeIMHeHuUH ¢ roMorpio HPLC-anamisa.

IIpemtoxkeHHplit MeTOJ cuHTe3a 1,2.4-TpHa30lIoB, IIONYYEHHBIX HA OCHOBE [-IIpOJIMHA,
cojiepkanux N-(3amelieHHoe GeH3W)IMPPOIMMHOBOE KOIBIIO, II03BOJLIET COXPAHUTH CTPYKTYPY
HCXOJIHOTO XUPAJBHOTO IIEHTpa.

KocBeHHO TIPOIEMOHCTPUPOBAHO, YTO JHACTEPEOMEPHl HMEIOT pa3MyHble KO3()OUITMEHTH
TIOTJIOIIEHHSI, UTO JIeaeT pacueThl acTepeoMepHOro U30bITKa Ha OCHOBE Imtorma el mkos HPLC
HETOYHBIMH. JlHacTepeoMepHBIH U30BITOK MOKET OBITh TOUHO OIIPEJIENEH ¢ HcTioibzoBanueM HPLC
¢ TIOMOTIILIO KoAGPUITMEHTa KOPPETIIHT, PACCUUTAHHOTO Ha ocHoBe MeTo1o0B NMR u HPLC. Jlns
3THII-3-PEeHITOKCHpeH-2 -KapOoKcHaTa »ToT kosddurment coctaister 0,91.

JlnactepeocenekTHBHOCTD peakimy Jlap3eHca 3HAUUTENBHO 3aBUCUT OT PACTBOPUTENSI U HATHUYMS
B peakioHHOM cmecu TEBAC. B 3aBucUMOCTH OT 3THUX YCIOBHM peakiUsl MOKET
OnarolpuaTCcTBOBaTh 00pazoBanuio yuc-uomepa (ITEBAC, DMSO) wm mpanc-uzomepa (B 1.4-
Juokcane win THE).

CHHTE3UpOBaHHBIE HA OCHOBE L-TIpoiuHa 1,2, 4-TpHa3olbl, a Takke HEKOTOPhIe IIPOMEKYTOUHBIE
COEIMHEHMS, SABISIEOTCS 3G )EKTUBHBIMU OpraHOKaTaIN3aTopaMy UL peakimu Jap3eHca, qocTuras
SHAHTUOCENIEKTUBHOCTH Oojiee 99% gaxe IIpU KOMHATHOM TeMIIeparype, 4To HMeeT OOJbIIoe
3Ha4YEHUE JUI CHHTe3a CHOTOTHYECKU U (hapMarieBTHUECKH aKTUBHBIX COeMHEHMM. | [pe/1osKeHHbIiH
MeTojl oOeclieurBaeT BBICOKYIO SHAHTHOCEIEKTUBHOCTH, B IIPOCTBIX U YAOOHBIX YCIOBHSIX
IIPOBEJICHYS PEAKIINH.

YEGANYAN TIGRAN HAYK

SYNTHESIS OF NEW ASYMMETRIC ORGANOCATALYSTS BASED ON AZOLES AND
DETERMINATION OF THEIR CATALYTIC ACTIVITY

SUMMARY

A significant portion of biologically active compounds contains chiral centers, and typically, only
one of their possible stereoisomers exhibits the desired activity. For this reason, the synthesis of
optically pure compounds is a critical and relevant task in modern organic chemistry, attracting
significant scientific interest.

Asymmetric organocatalysts offer several advantages over enzymes and metal catalysts. Enzymes
often perform poorly under non-physiological conditions, such as non-aqueous environments,
extreme temperatures, etc. Additionally, their production is expensive, and their application is highly
specific, as they typically function for only one substrate, limiting their applicability. Metal catalysts,
on the other hand, are toxic. Even trace amounts of these catalysts in final products used as
pharmaceuticals can lead to irreversible consequences. Removing these trace amounts is a costly and
complex process. Another drawback is their sensitivity to air or moisture, leading to additional
difficulties in use and storage. Thus, the use of organocatalysts is more practical for scientific and
industrial projects.
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In recent decades, several researchers have designed and tested 1,2,3- and 1,2,4-triazole ring-
containing organocatalysts for asymmetric synthesis. These are employed in Friedel-Crafts, coupling,
cyclization and other types of asymmetric catalytic reactions.

Epoxides, the smallest oxygen-containing heterocycles, are among the most convenient starting
materials for obtaining various organic compounds. Their interaction with nucleophiles leads to regio-
and stereoselective ring-opening, producing optically active compounds such as chiral diols, amino
alcohols, P-lactams, oxazolidinones, etc. Epoxides are integral to many natural compounds and have
broad applications across science and industry. The Darzens reaction is widely used for epoxide
synthesis.

Given the importance of the Darzens reaction in synthetic chemistry and the efficiency of L-
proline-based catalysts, synthesizing and testing potential new catalysts based on it for asymmetric
Darzens reactions is a promising and scientifically interesting direction. This could contribute to the
advancement of one of the rapidly evolving fields of modem organic chemistry - asymmetric
organocatalysis.

The objective of this work is to synthesize compounds containing a triazole ring based on L-
proline, which may exhibit organocatalytic properties, particularly in asymmetric Darzens reactions,
and to test them. It is known that asymmetric catalysts used in Darzens reactions ensure high
enantioselectivity only for specific substrates or under conditions that are costly to maintain on an
industrial scale, such as low temperatures. Thus, there is a need to synthesize compounds that are
effective under standard conditions and for a broad range of substrates.

A strategy has been developed to conduct two click reactions in one vessel using a "click by click"
method to obtain 1,2,3-triazoles from amines and L-proline, ensuring higher yields.

A new method for determining the configuration of compounds was proposed, based on the
similarity between the ECD spectra of one compound with known asymmetric center configuration
and its analogs without requiring X-ray crystallographic analysis. This method's accuracy was
confirmed by separating two possible configurations of a compound mixture using HPLC analysis.

The proposed method for synthesizing N-(siibstitutedbenzyl)pyrrolidine-ring-containing 1,2,4-
triazoles from L-proline preserves the structure of the initial chiral center.

It was indirectly demonstrated that diastereomers have different absorption coefficients, making
calculations of diastereomeric excess based on HPLC peak areas inaccurate. Diastereomeric excess
can be accurately determined using HPLC with the aid ofa correlation coefficient derived from NMR
and HPLC methods. For ethyl 3-phenyl-oxirane-2-carboxylate, this coefficient is determined as 0.91.

L-proline based synthesized 1,2,4-triazoles and some of their intermediates serve as
organocatalysts for the Darzens reaction, providing enantioselectivity of over 99%.

The diastereoselectivity ofthe Darzens reaction is significantly influenced by the solvent and the
presence of TEBAC in the reaction mixture. Depending on these conditions, the reaction may favor
the formation of the cA-isomer (TEBAC, DMSO) or the trans-isomer (1,4-dioxane or THF).

The 1,2,4-triazoles synthesized based on L-proline, along with some of their intermediate
compounds, act as efficient organocatalysts for the Darzens reaction, achieving over 99%
enantioselectivity even at room temperature, which holds great significance for synthesizing
biologically and pharmaceutically active compounds. The proposed method ensures high
enantioselectivity and straightforward, in convenient reaction conditions.
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