O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0824U000869
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamnii: 09-02-2024

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. €ropos JImutpo BikTopoBuy

2. Dmytro V. Yegorov

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa//IOKTOpPaHTypa: Hi

IIndp HayKoBOi ceniaJabHOCTI: 102

Ha3Ba HayKOBOIi CIIeNiaJIbHOCTI: Ximis

FaJIy3b / ra.nysi 3HaHb. NpUPOIHUYI HAYKN

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: opraxiyna ximis

JlaTa 3axHcCTy: 18-01-2024

CreniaJbHICTh 32 OCBITOIO: Ximis

Micue po6oTH 3400yBaya: Inctutyrt opranivnoi ximii HauionanbHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 05417325

Micuesnaxo,szeHHa: ByJI. AKaziemika Kyxaps, 6yq. 5, Kuis, 02094, Ykpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CIelliai30BaHOI BYEHOI paju). 47679
TloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: [HCTUTYT OpraniuHOi ximii HanjoHanbHOi akanemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05417325

Micuesnaxo,zm(emm: ByJI. AKazemika Kyxaps, 6yz. 5, Kuis, 02094, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOH: [HCTUTYT OpraniuHOi ximii HanjonanbHoi akanemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417325

Micue3Haxoa>KeHHS: By/. Akanemika Kyxaps, 6yz. 5, Kuis, 02094, Vkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koy TeMaTHYHUX PYyOPHK: 31.21

Tema guceprauii:
1. Migp-KaTanisoBaHUM CMHTE3 KOHJEHCOBAHUX MiPUIMHIB i3 IUKIIYHUX KETOHIB Ta IIPONaprijlaMiny

2. Copper-catalyzed synthesis of fused pyridines from cyclic ketones and propargylamine

Pedepar:

1. Incepraniiina po60Ta IpucBsIYeHa BUKOpUCTaHHIO coseil Kynpymy(Il) sk KaTani3aTopiB AJ1s1 CUHTE3Y
CKPVHIHT'OBUX CIIOJIYK Ha OCHOBi aHeIbOBaHUX MipUAMHIB. MOAEIbHOIO peakilielo cTaB cuHTes 5,6,7,8-
TeTparigpoxiHojiH-6-Kap6oKCUIaTy 3 IIporaprisiaminy. s crosyka mMicTuia ecTepHy IpyIly, 110 403BOJIUIIO
BM3HAUUTHU TOJIEPAHTHICTh YMOB PeaKLii 10 YyTAMBUX (PYHKLIOHAJIbHUX TPYIL. B nepmux ekcriepumeHTax
IIPOBOAMJIY ONITHMI3alliI0 MacITabyBaHHS peakLii 7o 1.5 I BUXiZHOTO KETOHY 3 BUKOPUCTAHHSIM aBTOKJIABY Ta Pi3HUX
coneit Kynpymy(Il) six karanizaTopa. Buxia npogykry 6yB €m0 HUKYMM MOPIBHSIHO 3 BUKOPUCTAHHSIM KaTajizaTopa
NaAuCl4°2H20, sxuit, ogHak, € 3Ha4HO AOPO>KYMM. ONTUMabHUN Yac peakuii (8 roguH) 6yB o6paHuil oAabIIo]
ONTMMi3aLii yMOB. MOJI€/IbHI €KCIIEPMMEHTH [10Ka3aJIH, 10 BUXil IIPOAYKTY 3a/IMIIABCS CTAJIUM IIicid 2 TOOMH
HarpiBaHHs B ipucyTHOCTI 1.25% Ta 5% Kynpymy(ll). Bysa npoBezieHa onTuMmisalisi yMOB peakliii, BKIIouaoyin

mocimkeHHs pizHux pxepes Kynpymy(ll), KinbkocTi katasnizatopa Ta Bubip po3urHHMKA. BcTaHOBIIEHO, 110



36i7bIIEHHS KiJIBKOCTI KaTalidaTopa IPU3BOUIIO JIMIIE IO 3MEHIIEHHS BUXOy IIPOIYKTY, [0 MOKe 6yTH MOB'SI3aHO
3 [1I06IYHMMU PeaKLisMu 3a yMOBH BUCOKOi KoHueHTpaii cosi Cu(Il). ITokazaHo, 1110 i30MPONaHOII € ONTUMATIbHUM
PO3YMHHUKOM 151 peakiiii, a nogaBaHHs K3[Fe(CN)6], rinpoxiHOHy a60 acKOpOiHOBOi KUCJIOTH HE IPUBEJIO JO
30iIbLIEHHS BUXOy IPOAYKTY. BctanoBneHo, mo 3amina CuCl2 Ha CuCl a6o Cul npusoauia 10 CXOXUX
PEe3yJIbTATIB, 10 Y3rOAKYETHC i3 3alIpDOIIOHOBAHMM MEXaHI3MOM peakliii, e y KaTaJliTUYHOMY LIMKJIi IIPUCYTHI
obupga rionu, Cu(Il) Ta Cu(l), a oT>ke MOXUINBUM € 3acTocyBaHHS TakoxX CuCl, iK1l MoXe MBUIKO MiJJaBaTUCh
okucHeHH10 110 Cu(ll), Ta Cul - 3anumaeTbcs cTabiibHUM Ha NOBIiTPi. ONTUMaNIBHUM HAOOPOM YMOB BUSIBUJIOCH
KUIIHHS y IPUCYTHOCTI 5.0 MoJib. % CuCl2 Ta [oCTyIy KUCHIO MOBITPS, 10 3a6€3M1e4YnyI0 HABULII BUXIT,
MOJEJIbHOTO MPOJYKTY — 5,6,7,8-TeTparinpoxiHosiH-6-kapbokcunary (75%). [IpoBeeHo OLiHKY MeX 3aCTOCYyBaHb
JIAHOTO MigXo4y Ha NpUKJIafi cepii pi3BHOMaHITHUX KETOHIB, IepeBa’kHA OiMIbIIICTD SIKUX BUSIBUJIACH IPUAATHOIO 1715
OKMCHOTO aHeJIIOBAaHHS 3 BUXOIAMU MTPOLYKTIB Bifi 5% 110 65%. KpiM TOro, MpoieMOHCTPOBAHO MOXKJIUBICTb JIETKOTO
macmTabyBaHHs 3 BUKOPUCTaHHSM 0.15-0.4 MOJIb BUXiIHOTO KETOHY 3a OJMH MiAXiA i3 IepCrIeKTUBHUM MOAAbIINM
30iJIbIIEHHSIM 10 TPOMUCIIOBUX MacIITa6iB. 3HaAEeHO 3aKOHOMIPHICTD JJ151 EeCTUYJICHUX KeTOHIB, SIKi
[IepeTBOPIOBAJIMCH Y BiINOBiHI KOHJIEHCOBaHI NipUAVHY 3 HANOINIbIIMMY BUXOJAMU. 3arajabHa TEHAEHILis
3MEHIIEeHHS BUXO/iB IIPONYKTIB OyJia HACTYIIHOIO: NIECTUYJIEHH] > BOCbMUYJIEHH] > [I'SITUYJIEHHI = CEMUYJIEHHI
KETOHU. JIOBEIEHO PETiOCEIEKTUBHICTb IEPETBOPEHHS, OCKIJIbKY y BUMNAAKAX i3 MOKJIMBUM YTBOPEHHSIM
perioizoMepiB peakuis BifjdyBasacs CeJeKTUBHO 110 6inbil KucaoTHoMy CH-1ienTpy. Ha nincrasi Hamumx
CIIOCTEPEKEHD TA JAHUX JIITEPATYPU 3alIPOIIOHOBAHO aJIbTEPHATUBHUNI MEXaHi3M 14 Liei peakuii, BigMiHHNI Bif
OPUTiHAJIBHOTIO, 3aIIPOIIOHOBAHOIO IHIIMMU TOCHiAHUKAMU. Takuil MexXaHi3M BKJII0YAE MOCIiLOBHI CTaAii
aMiHyBaHHS KapOOHIIbHUX CIIOJIYK Ta LMKJi3auii N-niponaprisieHaMiHOBUX iHTepMeZiaTiB i3 HaCTYIIHOIO

apomaru3saljie€ro.

2. The dissertation is devoted to the use of copper(II) salts as catalysts for the synthesis of screening compounds
based on annelated pyridines. The model reaction relied on the synthesis of 5,6,7,8-tetrahydroquinoline-6-
carboxylate from propargylamine. Notably, this compound contained a reactive ester group, which could be used
to study the tolerance of the reaction conditions to functional groups. In the first experiments, optimization was
carried out on a scale of up to 1.5 g of the original ketone using an autoclave and various copper(ll) salts . The yield
of the product was lower compared to the NaAuCl4¢2H2O catalyst, which is however much more expensive. The
chosen reaction time (8 hours) was standardized to further optimize the conditions. Model experiments showed
that the yield of the product remained stable after 2 hours of heating in the presence of 1.25% and 5% copper(Il).
Next, optimization of the reaction conditions was carried out, including the study of different sources of
copper(Il), the amount of catalyst and the choice of solvent. It was established that an increase in the amount of
catalyst led to a decrease in product yield, which may be referred to side reactions in the presence of of Cu(II) salt
in the high concentration. It was shown that isopropanol was the optimal solvent for the reaction, and the addition
of K3[Fe(CN)6], hydroquinone, or ascorbic acid did not increase the yield of the product. It was found that the
replacement of CuCl2 with CuCl or Cul led to similar results, which was in consistence with the proposed reaction
mechanism, where both Cu(ll) and Cu(l) ions participated in the catalytic cycle, and therefore CuCl (quickly
underwent oxidation to Cu(Il)) and Cul (remained stable in the presence of air) could be used. The optimal set of
conditions turned out to be boiling in the presence of 5.0 mol.% CuCl2 and air oxygen access, which provided the
highest yield of model 5,6,7,8-tetrahydroquinoline-6-carboxylate (75%). The limits of application of this approach
were evaluated on the example of a series of various ketones, the majority of which were suitable for oxidative
annealing with product yields from 5% to 65%. In addition, the possibility of easy scaling using 0.15-0.4 mol of the
starting ketone in one approach with a promising further increase to industrial scales has been demonstrated. A
regularity was found for six-membered ketones, which were converted into the corresponding condensed
pyridines with the highest yields. The general trend of decreasing product yields was as follows: six-membered >
eight-membered > five-membered ~ seven-membered ketones. The regioselectivity of the transformation was
proved, since in cases with the possible formation of regioisomers, the reaction took place selectively at the more
acidic CH-center. Based on our observations and data from the literature, we can propose an alternative
mechanism for this reaction, different from the original one proposed by other researchers. Such a mechanism



includes successive stages of amination of carbonyl compounds and cyclization of N-propargylenamine
intermediates with subsequent aromatization.
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