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1. CuHTE3 HOBUX MYJIbTU(]PYHKLIOHATIbHUX CIIPOLMKIIYHUX a3€TUAVHIB METOIOM [2+2] HUKJIONIPUENHAHHS Ta iX

3aCTOCYBaHHS B MEJUYHIN XiMii.

2. Synthesis of new polyfunctional spirocyclic azetidines using the [2+2]cycloaddition method Tta their application

in medicinal chemistry.

Pedepar:

1. Inceprarist npucBsiueHa po3pob1ii IpernapaTuBHUX METO/IB CUHTE3Y HOBUX MYJIbTU(QYHKIIOHAIBHUX
CIHiPOLMKJIYHUX a3€TUAUHIB LISIXOM [2+2] LUKJIONpUEAHAHHS Ta iX 3aCTOCYBaHHIO Y po3po06Lii (papMaKoIoriyHUX
npenapartis. [lepmuii po3gin JoCimKeHHS ONMCY€E CUHTEe3 2-3aMillleHUX a3acnipo[3.3]renTaHiB K CHipOLUKIIiYHUX
aHaJIOTIB 2-3aMillleHUX MiNepUAMHIB Ta iX Baslifaliio y BifKpUTTi JIiKiB. |11 CUHTE3Y 11i/IbOBOi CITipOLMKIIIYHOI
crionyku 6yJsio BUKopucTaHo mopudikanito peakuii lllTayginrepa mixx kerenamu ta N-TMS-iminamu g1
NHazetuauHoHiB. KoMepuiiiHO AOCTyNHA LUKJIO0yTaHKaPOOHOBA KUCJIOTA OyJIa JIETKO IepeTBOPEHa Ha
BiATIOBITHNMIT XJIOPAHTUIPUT, i AaJli Ha KeTeH msixoM 06pooku DIPEA. Y cBoto uepry 6eH3anbaeris 6yB
nepetBopeHui in situ Ha TMS-imiH giero LiIN(TMS)2. HactynHa Tepmiuna peakuist lltayninrepa Mixk KeT€HOM i



TMS-imiHOM flasa 6a>kaHu CIPOLUKIIIYHUN a3eTUIMHOH (3-deHin-2-azacnipo[3.3]rentan-1-oH) 3 Buxogom 81%.
[MTopanbiue BinHOBIEHHS aMinHOI rpynu mano nisboBuit amil (1-denin-2-azacnipo[3.3]rentan) 3 Buxonom 76%.
O6upBi BUXifHI pe4oBUHM (LUKJIO00yTaHKAPOOHOBA KMCJIOTA i 6€H3a/bETi/) — € JOCUTh HEJOPOTUMMU i JOCTYITHUMU
peareHTamuy, 110 J03BOJIMJIO 3/iCHATY MacIITabyBaHHs peakuii i orpumaTil 50 T KII0Y0BOTO aMiHy 3a OJUH
CHHTeTUYHU niaxin. Jasi 6ys0 JocmigkeHo MeXi 3aCTOCYBaHHS Peakliii, a came IIpoBeJeHO BapiloBaHHS
asbJerinHoi CKIaioBOi IepeTBOPEHHS: Psif, sIK aDOMATUYHUX (Y TOMY YKCJli reTepoapoOMaTUYHUX), TaK i
anidpaTnyHUX anbAerifiB OyB yCHIiLIHO NepeTBOPEHUH Ha BifNIOBiNHI criipounkiiyHi noxigHi. CTpykTypy ofHiei 3
oJlep>KaHUX CIIPOLUKIIIYHUX MOXiTHUX, a came 1-(nipuaun-3-in)-2-azacnipo[3.3]renTtany 6yJ10 MiATBEPIKEHO 32
IOTIOMOTOI0 PEHTT€HOCTPYKTYPHOTO JocinkeHHs. [lani 6ys1o BuUBYeHO (i3uKO-XiMiuHI XapaKTeprUCTUKU
CHHTE30BaHUX CIIipOLMKJIIYHUX OyliBeJIbHUX OJIOKIB i IOPiBHSIHO OflepyKaHi JaHi 3 JaHUMU [1J1s BiIOBiIHUX
MOXiTHUX NMiNepUrHIB. YCi CHHTE30BaHi CHipOLMKIIiYHI MOXiTHI Maiy HaJIeXHi (i3uKo-XiMidHi B1aCTUBOCTI 115
BUKOPUCTAHHS y po3po61i JIiKiB: BOHM Oy/M XiMiYHO Ta METa00JIiYHO CTAbIIBHUMU in Vitro, Majyiu HajlexXHy
Jino@iNpHICTD i XOpOolly PO3YMHHICTD y BOZi. [y JeMOHCTpaLlil I0TeH1ialy CHHTe30BaHUX CIiPOLUKIIIYHUX
aHaJIOriB 2-3aMillleHUX MiNePUIHIB 111 pO3pOOKH JIiKiB 6yJ10 CUHTE30BaHO CHiPOLMKIIIYHUI aHaIor OyliBakainy
(MicueBoro aHecTeTHKa, cxpajieHoro FDA) 3 3anumkom 2-azacnipo|[3.3]renrany 3amicTe Hinepuguny.
CriponukiiyHa noxigHa IpogeMOHCTPYBaJla aHAJIOTiYHy TPUBAJICTD, ajle BOJHOYAC MIBUINN ITOYATOK Aii in vivo
IIOPiBHSIHO 3 6yniBakaiHom. Kpim Toro, criipolinkiliyHa CroJlyka 1okasaja Jielo HUK4Mil piBeHb CUCTEMHO]

TOKCUYHOCTI y MUIIEHN in Vivo.

2. The dissertation is devoted to the development of preparative methods for the synthesis of new multifunctional
spirocyclic azetidines by [2+2]cycloaddition and their application in drug discovery. The first chapter of the study
describes the synthesis of 2-substituted azaspiro[3.3]heptanes as spirocyclic analogs of 2-substituted piperidines
and their validation in drug discovery. A modification of the Staudinger reaction between ketenes and N-TMS-
imines for NH-azetidinones was used for the synthesis of the target spirocycle. Commercially available
cyclobutane carboxylic acid was readily converted to the corresponding chloro anhydride and then to the ketene
by treatment with DIPEA. In turn, benzaldehyde was converted in situ to TMS-imine by LiN(TMS)2. A subsequent
thermal Staudinger reaction between ketene and TMS-imine afforded the desired spirocyclic azetidinone (3-
phenyl-2-azaspiro[3.3]heptan-1-one) in 81% yield. Further reduction of the amide group gave the desired amine (1-
phenyl-2 azaspiro[3.3]heptane) in 76% yield. Both starting substances (cyclobutane carboxylic acid and
benzaldehyde) are quite inexpensive and available reagents, which made it possible to scale up the reaction and
obtain 50 g of the key amine in one synthetic run. Next, the scopes and limitations of the reaction were
investigated, namely, the variation of the aldehyde component of the transformation was carried out: a number of
aromatic, heteroatomic, and aliphatic aldehydes were successfully transformed into the corresponding spirocyclic
derivatives. The structure of one of the obtained spirocyclic derivatives, 1-(pyridin-3- yl)-2-azaspiro[3.3]heptane,
was confirmed by X-ray diffraction. Further, the physicochemical characteristics of the synthesized spirocyclic
building blocks were investigated and the data obtained were compared with the data of the corresponding
piperidine derivatives. All synthesized spirocyclic derivatives had appropriate physicochemical properties for use
in drug discovery: they were chemically and metabolically stable in vitro, had appropriate lipophilicity and good
solubility in water. To demonstrate the drug discovery potential of the synthesized spirocyclic analogs of 2-
substituted piperidines, a spirocyclic analog of bupivacaine (an FDAapproved local anesthetic) with a 2-
azaspiro[3.3]heptane residue instead of piperidine was synthesized. The spirocyclic derivative showed a similar
duration, but at the same time a faster onset of action in vivo compared to bupivacaine. In addition, the spirocyclic
compound showed a slightly lower level of toxicity in mice in vivo.

Jep>kaBHH peecTpaniiiHuii Homep JiP:

IIpiopuTeTHHH HaNpsSIM PO3BUTKY HayKH i TEXHIKHU: OyHgamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGIIbII
BaXXJIMBUX IIPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLiaJIbHO-€KOHOMIUHOr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 1151 3a0e311e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY

CyCIIiIbCTBA i Jep>kaBu
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