O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHUH 00J1iIKOBHH HOMeP: 0823U100755
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpaunii: 03-10-2023

Craryc: 3amaHoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Okcrora Osnekcaunp B'ayeciaBoBuy

2. Oleksandr V. Oxyuta

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocosyerbcs

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi ceniaJabHOCTI: 102

Ha3Ba HayKOBOIi CIIeNiaJIbHOCTI: Ximis

FaJIy3b / ra.nysi 3HaHb. NpUPOIHUYI HAYKN

OcBiTHBO-HayKOBa IIporpama 3i cneniajgbHOCTi: Opraniyna ximis
JaTa 3axHcTy: 26-10-2023

CreniaJbHICTh 32 OCBITOIO: Ximis

Micue po6oTH 3400yBaya: Incrutyr opranivHoi ximii HauionanbHoi akagemii Hayk Ykpainu
Kopg 3a €IPIIOY: 05417325

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

Cdepa ynpaBiriHHS: HaujoHanbHa akaziemist HayK YKpaiHu
ImenTudikarop ROR:

CeKTop HayKH: AkafeMivHui1



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYUEHOI pagH (Pa30Boi Cleliai30BaHOi BYEHOI paju). 2172
TloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: [HCTUTYT OpraniuHOi ximii HanjoHanbHOi akanemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05417325

Micuesﬂaxo,lpKeHHﬂ: ByJI. AKazemika Kyxaps, 6yz. 5, Kuis, 02094, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [HCTUTYT OpranivHOi ximii HanjoHanbHoi akanemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05417325

Micueanaxo,zm(eﬂm[: ByJI. AKazemika Kyxaps, 6yz. 5, Kuis, 02094, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkagemivyHui1

V. BimoMocTi npo gucepraniio
MoBga guceprTaliii: Vkpaincbka
Koau TemaTHYHHUX PYOpPHK: 31.21

Tema gucepranii:

1. BuB4YE€HHS XiMIYHOTO ITPOCTOPY KOMEPLINHO AOCTYIIHUX CIIOJIYK Ha BiIIOBIIHICTh Cy4aCHUM KPUTEPIIM MEIUYHOI
XiMil

2. Examining the chemical space of commercially available compounds to assess their compliance with
contemporary medicinal chemistry criteria

Pedepar:

1. Incepranifina po60Ta IPUCBIY€HA BUBYEHHIO XIM{YHOTO IIPOCTOPY KOMEPLINHO NOCTYIIHUX CIIOJIYK Ha
BiJTOBigHICTh CyYaCHUM KPUTEPisIM MeIUYHOI XiMii. B rpouieci nucepTaniiiHoOro AOCHiI)KeHHs pO3p00IEHO HOBUM
Habip IHCTPYMEHTIB i3 BiTKPUTHUM BUXiTHUM KOJOM, 110 MOK€ BUKOPHCTOBYBATUCS [ [TPOBeJeHHs Kiacudikarii
KOMEPLIiHO AOCTyHUX Oy[iBesbHUX 0J10KiB (BB), reHepyBaHHS 3 HUX BiJITIOBIIHUX CUHTOHIB Ta [IPOEKTyBaHHS

CKPUMHIHTOBUX 6i6J1i0TeK, Mg Ha3Bow Synthons Interpreter abo Synthl (mi3Hime Ha3By 3MiHeHO Ha Synt-On 4yepes



Ipo6JsieMU 3 TOBAPHUM 3HAKOM, ajle B PyKOIUCi BUKOPUCTOBYEThCS Ha3Ba Synthl). Lleit Habip iHCTPyMEHTIB
BCTAHOBJIIOE 3B’sI13KU MiX BB i pparmeHTamMu, OTpUMaHMMMU IIJISIXOM TICEBIOPETPOCUHTETUYHOI hparMeHTallii
BEJIMKUX MOJIEKYJI i3 BUKOPUCTAHHSIM KOHLEMNLii CMHTOHIB. B ocHOBY Synthl noknazeHo 38 peTpOCUHTETUYHUX
IIpaBUJI peakliil [ pO3PMBY XiMiYHUX 3BS13KiB, Y P€3yJIbTATi YOTO YTBOPIOETHCS Psif CUHTOHIB, KOXKEH i3 SIKMX
OTPUMYE YHIKaJIbHi MiTKY, SIKi TOB'A3YIOTH iX i3 moHax 150 Tunamu BB. MiTku KOZIyIOTh IIOJIOKEHHS Ta XiMiuHi
XapaKTepPUCTUKY PeaKLifHUX LIeHTPiB, 30epiraiouu Ipu LIbOMY CTPYKTYPHY LiICHICTb, 10 JJa€ 3MOTY PO3IJISIATU
CHHTOHH $IK IOBHOLIiHHI XiMiuHi criosyKu. Lleit nifgxiz, cripyusie CTBOPEHHIO CUHTETUYHO MOXJIMBUX 6i6JioTexk i
NoKpaillye aHasi3 BB 3 Touky 30py cy4acHUX BUMOT Menn4Hoi Ximii. E¢pexrusHicTs Synthl 6ysa nepesipeHa Ha
KOMEPLIiTHO AOoCTyHiN 6i6ioTewi BB komnanii Enamine nyis xnacudikanii pearenTis, ¢inpTpanii Ta aHanizy
ckadosaHOoro pi3HOMaHITTS. ByJio npoBeneHo pparMeHTallilo CIIOJYK 3i CIIMCKY HELOJJaBHO CXBaJIEHUX JIiKapChKUX
npenapartiB. OTpMMaHi CMUHTETUYHI MIJIAXY [TOPIBHIOBAJIN 3 HAABHYMMU B JIiT€PATyPi JAaHUMHU, SIKi TPOLEMOHCTPYBAJIN
BipHicTb Synthl y 6ib10CTi BUNa/IKiB 32 BUHSTKOM €TalliB reTepoLuKIisalii, siki He peasnizoBaHi B JaHill Bepcii
IIPOrPaMHOro NPOAyKTy. Takoxk Oysin cTBOPeHi 6i61i0TeKU aHasIoriB 1J1s1 BUGpaHUX JIiKapChKUX ITperapariB.
XapakTepHOI0 0COOJIMBICTIO CTBOPEHHS 6i0J1i0TEK i3 BUKOpUCTaHHIM Synthl e ixHs cusbHaA 3a71€XXHICTD Bifl HASIBHUX
BB. BukopucTaHHs fu3aiiHy 6i61i0TeK Ha OCHOBI CUHTOHIB /1a€ 3MOTY CTBOPIOBATU KOJIEKIii CIIOJYK, SIKi BiTHOCHO
JIETKO MO’KHA CMHTE3YBaTH Ta sKi 30epiraloTe CTPYKTYPHY HOIIOHICTb 4O BUXiTHOI MOJIEKYJIN, OTHOYACHO
I€MOHCTPYIOUM XiMiUHYy Pi3HOMaHITHICTb. Y poO0Ti NpOBEJEHO AeTalbHUI aHali3 KOMEPLiHO JOCTynHuX BB,
IIpeJCcTaBIeHUX KOMIIaHieo eMolecules, 3 TOUKM 30py IXHBOI JOCTYIIHOCTI, SIKOCTi, PI3HOMaHITHOCTI Ta
BiATIOBITHOCTI CyyaCHUM BUMOTaM MeIn4yHOi Ximii. OLiHKa SKOCTi Ta HAsIBHOCTI [IpeICTaBJIeHUX CUHTOHIB OyJIa
IOCSITHYTA LJISIXOM pparmMeHTaliii 6ioj1orivyHo pesieBaHTHUX MOJIEKYJl, OTPUMAaHUX i3 6a3u JaHux 6i0JI0riyHO
akTuBHUX pedoBuH ChEMBL, 3a gonomoroto Synthl - 3acHOBaHOT0 Ha 3HaHHSIX HAOOPY iHCTPYMEHTIB [J14
IIPOEKTYBAHHS Ta aHasi3y 6i6ioTek. OTpMMaHi CUHTOHM [IOPiBHIOBAJIM 3 CUHTOHAMU, 3r€HEPOBAaHNUMU i3
KOMEPLIiTHO JOCTYIHUX Oy iBesbHUX 6J10KiB (PBB), 110 prBesio 4o KOMIIIEKCHOTO aHaidy PBB y KoHTeKCTi
MeJIUYHOI xiMii. AHaJIi3 MoKa3as, 110 HAUMOWMMPEHIMUMU KjlacaMu BB e amiHu, KucioTty, apuiranoreHigy ta
aniaTuyHi CIMPTU, HASIBHICTD SIKUX KOPEJIIOE i3 MOMYJISIPHICTIO BiIOBiAHUX peaKliili, TaKUX sIK yTBOPEHHSI aMifliB,
Pd-karanizoBaHoro Kpoc-crnosy4eHHs1, aminyBaHHs byxBasibfa-XapTsira Ta askinoBaHHs. OJIHaK HasiBHICTb Jo6pe
BMBYEHUX peaklliil He € eJUHNUM BU3HAYJIbHUM (PAaKTOPOM IIPUCYTHOCTI PeareHTiB Ha puHKy. Hanpukiag,
cysb(oHOBI eipy, BTOPHHHI Ta (TeTE€pPO)6EH3€HOB] IEPBUHHI aJIKiJIrajloreHili MeHII [I0IINPEHi 4epe3 KOPOTKUI
TepMiH IXHbOI IPUAATHOCTI, a AePiuuT S-HyKJIeodisiB MOSICHIOETbCS CKIATHUMU YMOBaMU 30epiraHHs TaKux
peareHTiB. [lediunTt neBHUX peareHTiB, Takux Kk SUFEX i nosyidyakuionansaux BB, nop’a3anuii i3 ixHiM BiTHOCHO

He/laBHIM BIIPOBAI’KEHHSIM.

2. The thesis focuses on investigating the chemical space of commercially available compounds to ensure their
compliance with contemporary medicinal chemistry standards. In this research, a novel open-source toolkit for
designing compound libraries, named Synthons Interpreter or Synthl, was developed (later the name was changed
to Synt-On due to trademark issues, but for convenience the name Synthl is used in the manuscript). This toolkit
establishes connections between building blocks (BBs) and fragments, obtained through pseudo-retrosynthetic
fragmentation of larger molecules, using synthon-based representation. It relies on thirty-eight reaction rules for
breaking chemical bonds, resulting in a range of synthons, each associated with unique labels that link them to
approximately 150 types of BBs. These labels encode the position and chemical characteristics of reactive centers
while maintaining structural validity, allowing synthons to be treated as actual compounds. This approach not only
facilitates the creation of synthetically feasible libraries but also enhances BBs analysis within the context of
medicinal chemistry. The efficacy of Synthl was evaluated on Enamine's in-stock BB library for reagent
classification, filtration, and scaffold analysis. The fragmentation of compounds from a list of recently approved
drugs was conducted, and the resulting synthetic pathways were compared with existing literature, demonstrating
the accuracy of Synthl in most cases, except for heterocyclization steps that were not yet implemented. Libraries
of analogs were also generated for selected drugs. Notably, the distinct characteristic of SynthlI's library design lies
in its strong reliance on available BBs. The utilization of synthon-based library design enables generation of
collections comprising synthesizable compounds that retain structural similarity to the original molecule while



displaying diversity. This work extensively analyzed commercially available BBs from eMolecules in terms of
market availability, quality, diversity, and their relevance to current medicinal chemistry demands. The evaluation
was achieved by fragmenting biologically relevant molecules sourced from the ChEMBL database using Synthl. The
resulting synthons were compared with those generated from PBB (Purchasable Building Blocks), leading to a
comprehensive analysis of PBB within the context of medicinal chemistry. The analysis revealed that the most
prevalent classes of BBs, such as amines, acids, aryl halides, and aliphatic alcohols, correlate with the popularity of
corresponding reactions, like amide formation, Pd-mediated couplings, Buchwald-Hartwig amination, and
alkylation. However, the availability of well-studied reactions is not the sole determinant of reagent market
presence. For instance, sulfonate esters, secondary and (hetero)benzylic primary alkyl halides are less common
due to shorter shelf-life, and the deficit of S-nucleophiles is attributed to challenges in storage conditions. The
scarcity of several reagents like SuFEx and polyfunctional BBs is linked to their recent introduction.

Jep>kaBHHHM peecTpaniiiHuii Homep JiP:

IIpiopuTeTHHUH HANIpSIM PO3BHTKY HayKH i TEXHIKHM: OyHIaMeHTasbHI HAyKOBI HOCIIIKEHHS 3 HANGLIbII
BOXJIMBUX IIPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOTO, COLiaIbHO-€KOHOMIUYHOrO, CyCIiIbBHO-MIOJiTUYHOTO,
JIIOJICbKOTO IIOTEHLiay 1715 3a6e3re4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOTO PO3BUTKY

CYCIIiJIbCTBA i Aep>kaBu

CrpareriyHuil NPiOPUTETHUH HANIPSIM iHHOBALLiMHOI Ais1JIbHOCTI: BripoBa/yKeHHs HOBUX TEXHOJIOTIH

Ta 06J1aAHAHHS 1151 IKICHOTO MeIUYHOTO OOCIIyTOBYBAHHS, JIiKyBaHHS, (papMalleBTUKU
ITizcyMKH BOCIiI>KEHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIAHHS
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HaykoBa (HayKOBO-TE€XHiYHa) MPOMYKILisl: nporpamHi pO/yKTH, IPOrPaAMHO-TEXHOJIOTIIHA JIOKYMEHTaLList
ConiasibHO-€KOHOMIYHA CIIPSIMOBaHIiCTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCePTanii: [IianyeTses 10 BIPOBaIKEHHS

3B'S130K 3 HaYyKOBHMH TeMaMH: 0116U008797 0114U003956

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpizBuie Im'sa ITo-6aTbKOBI:

1. BosouHIOK JIMUTpO MuxainioBuy



2. Dmutro Volochnyuk

KBasigikanis: 1. x. u., npodecop, 02.00.03

ImenTudikarop ORCHID ID: He zactocosyetbcs

JoparkoBa iHdopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpPI,I[H‘IHOi 0COoO0M: [HcTUTYT OpraniyHoi xiMii HarlionasnibHOI akagemii Hayk
YKkpainu

Kopg 3a €IPIIOY: 05417325

Micue3HaxoaKeHHS: ByJI. AKazemika Kyxaps, 6yg. 5, Kuis, 02094, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafieMivHui1

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta PEelleH3€HTiB
OdiuiiiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Ye6aHoB BaseHTH AHATOJIIIOBUY

2. Valentun Chebanov

KBasigikanis: n. x. u., wien-kop., 02.00.03
Imentudikarop ORCHID ID: 0000-0001-7564-778X
HoparkoBa indopmamnist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0CO00H: Jlep>kaBHa HayKoBa ycTaHOBa HayKoBO-TeXHOJIOTIYHMI

KOMIIJIEKC "[HCTUTYT MOHOKpUCTaiB" HalioHanbHOI akageMii Hayk YKpainu

Kopg 3a €IPIIOY: 23759880

Micuesnaxo,u)KeHHﬂ: npocnekT Hayku, 6ya. 60, XapkiB, XapkiBcbkuii p-H., 61072, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiriHHS: Haujonanbna akaziemis HayK Ykpainu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkafemiyHui1

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. BpoBapenp Bonogumup CeprinoBuy

2. Volodymyr Brovarets

KBasigikamis: n.x.u., npodecop, 02.00.08
Inentudikarop ORCHID ID: 0000-0001-6668-3412



JoparkoBa iHdpopmamnist:

IToBHe HaliMEeHYBaHHSI IOPHAUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

PeuenseHtu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Yepenok Cepriit OnekciiioBu4

2. Sergiy O. Cherenok

KBasigikanis: k. x. n., c.z., 02.00.03
InenTudikarop ORCHID ID: 0000-0003-1736-3062
JoparkoBa iHdpopmamuist:

IloBHe HaHMEHYBaHHS IOPHIHYHOI 0COOH:

Kop 3a €IPIIOY:

Micue3Haxoa KEeHHSI:

dopma ByTacHOCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH: He 3aCTOCOBYETHCS

Baacwue IlpizBumie Im's I1o-6aTbKOBI:

1. Kyzinid Aunipiit BosioguMuposuy

2. Andrii Kylinich

Keasmigikanis: 1. x. v, c.1., 02.00.03

Imentudikarop ORCHID ID: 0000-0002-0857-6632

JonaTkoBa iHdopmarist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: IHCcTUTYT OpraniuHoi ximii HarjionanbHoi akamemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417325

Micue3HaxoaKeHHS: ByJI. Akazemika Kyxaps, 6yg. 5, Kuis, 02094, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu



InenTudikarop ROR:

CeKTop HayKH: AkafemiyHui1

VIII. 3aKkJII04Hi BiZOMOCTi
Biiacue IlpisBumie Im's ITo-6aThKOBI Kocriok Onexcanap Mukonainosmy

TOJIOBH paju

Biacue IlpisBume Im'st I[To-6aThKOBI Kocriok Onekcanap Mukonanosu

TOJIOBYIOYOTO Ha 3acCiiaHHi

Bi,zmoni,ua JIBHUH 32 Hi,ILI‘OTOBKy BacinbeBa TersgHa AHaTosiiBHa

00JIiKOBUX JOKYMEHTIB

Peecrparop VkpIHTEI

KepiBHuKk Bigainy YKpIHTEI, mpo €
BiZINOBiZaJIbHUM 32 peeCTpallilo HayKOBOi IOpuenko TeTsna AHaTosiiBHA

OisSIIBHOCTI




