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KUPHUII (¢pan noxropu (DSC) nuccepTraumsic aHHOTALMSICH)

Juccepranuss MaB3yCHHUHUT 10J13ap0Juru Ba 3apypatu. byryHru kyHnaa
)KaxoHAa ¢apMalleBTHKa CaHOATH TOOOpa PUBOXKJIAHUO OopaérraH Oup BakT/a,
THOOMETMA, KyMJIaJlaH OHKOJIOTHSAA MaBXyJ MyamMMoOJIap XaMOH ¥y3 €UYMMUHU
TYIUK TonMarad. Macaian, TyHéna xap Wi ypra Xxuco01a Oup Heya YH MUJUTUOH
WHCOHJIAPHUHT YJIMMHUTa ailHaH capaTOH KAaCaJUIMTMHUHT y €ku Oy TypJiapu cabad
6yaMokna. Y3 HaB6aTHIa YOy XOJaT TYpIM XM SIHIEMHONOTHK Ba3UATIAPIA
BUpYCJap, MAaTOTeH MHKpoOiap Ba OOIIKa TypJaarn IOKyMJIM Ba CapaToOH
KacaJUIMKJIapura Kaplid JOpU JapMOHJAp Ba BaKIMHAJApHU KUCKAa MyJ7aTna
UIUIad YMKApUIIHK CcOXa OJUMJIapH OJiMra aoji3apd Ba yikaH Basuda Kuinb
roknanu. 1y makcanna cenekTuB mpenapariap CUHTE3 KWIWII, MOTeHIHal (Ghao
OMpUKMaTapHU MOAU(PUKALMIIALL, YIAPHUHT OMOJOTUK XOCCAIapUHU aTpodianya
ypranumn Ba yilapHu THOOMET amanuérura Te3 (dypcariapia eTrkazubd Oepwii
MyXHUM XHUCOOJIaHATH.

ByryHru KyHJa >kaxoHJa CHUHTE3 KWJIMHAJWTaH aHTHOUOTHUK Ba OHKOJIOTHK
npenapariapHUHT  aKcapusTH MNUPUMHIWH XaJIKacu cakjaraH Oupukmaiap
xucoOnanaan. JKymiagaH, 1muaoQoOBHp Ba NHUPUMETAMHH Mpenapariapu
BUpYyCJapra Kaplii caMmapaid HaTWKalap KypcarraH. YJap acocuaa sSpaTWiraH
mpenapariap BUpPyClapra, MHKpoOiapra, IamoJulamira, KaHAiaul auadeT Ba
capaToHTa KapIiu, IIIYHUHTACK, AaHTHOKCHIAHTIAP, YCHUMIWKIAD VCHUIIH
peryiaaropiapu Ba repOuruiap cudaruaa KyJJIaHUIMOKAA. YOy Jaopu
JTAPMOHJIAPHUHT (papMareBTUKa COXACHAArd HMCTUKOOW, TUPHUMHINH XaJKach
cakjiaraH SHTM OMpHUKMajapHH MaKCaJJld CUHTE3W Ba MOJU(DUKAIMICUHUA amalira
OLIMPUIN, YyJIAPHUHT TY3WJIUIIMHU 3aMOHABUU yCyJUlap acocuja aHUKJIall,
OJIMHTaH OWpPUKMAJapHU TYpJH OWMOJOTUK XOCCAJapUHM TEKIIUPHII, TaHIa0
OJIMHTaH OMOJOTHK (haosi MOJAANIAp acOCUJAa SIHTU JOPU BOCHUTAIAPWUHU SPATHUII
Oyiiya WIMHH TagKMKOT HWIUIAPUHU aMalira OIIUPHIN aJloXUJa axaMHuAT KacO
AT/,

PecnyOnukamusna (QapmanieBTMKa Ba arpap COXaJapuHUA TaOuui Xamjaa
CHHTETUK MaxXCyJOTJIap acocuna OOMUTHIN Ba TabMHHJIAII MaKCaIuaa MaxXalui
JOpY JapMOHJap WIUIa0 YuKwiraH. Maskyp #HyHanumaa y30eK onumiapu
TOMOHHMJIAH spatuinrad  «J/lezokcuneranmna», «AmmanuHus», «lluTu3uny,
«[anmantamuny, «Pozanma» Ba Oolnka mpemapaTiap MmIyjaap >KyMIacHIAHIHD.
V36ekucTon PecryOnukacMHM SHATAa PUBOMKIIAHTHPMIN Oyiimua Xapakatiap
crparerusacuaa’l  «vukM Ba Tamky 0Oo30piapaa Maxauldi  TOBapJapHUHT
paKoOaTOAPJONIIUTHHY ~ TabMUHJAWAUTAH MaxCyJOTJIADHUHT TyOJaH SIHTH
TypJAapyuHU UNUIA0 YUKAPUIIHYU  Y3IAMITUPUIINTA WYHAITHPUITAH MYyXUM
Basudanap Oenrmwiad Oepwiran. by Oopama mammakatumus Tabumii OowIMTA
CaHAJIMHIN JOPUBOP YCUMIIMKJIApU TapKuOwmaru Ouonoruk ¢daon Tabuwmii
Oupukmanap, yJapHUHT YMyMHUH CHHTE3W Ba MOIU(DUKANMICH HATIKACHA
OJIMHAJUTAH SIHTU CHUHTETUK TMpenaparjiapHd UIUIad YUKApUINTra >KOPHM STHII
MYXHUM axaMUsT KacO dTaju.

1¥36exncron Pecny6nukacu Ilpesumentunuar 2017 imn 7  despangarn  11dD-4947-con  «Y36eKnCTOH
PecnybnikacHy siHaa pUBOKIIAHTHPUII OYiHYa XapakaTiiap CTpaTeTusCcH TYFpUCHIanTH (hapMOHH.



V36exucron Pecniy6mukacu Ilpesunentunuar 2017 dimn 7 ¢espangaru
[ID-4947-con «V30ekucTon Pecrny6IMKacHHM sHANA PHBOMKIAHTHPHII OYifrda
Xapakatnap crparerusicu Tyrpucuga»ru ®apmonu, 2018 iwwun 17 sHBapmaru
[1K-3479-con «Mamnakar UKTHCOJIUETH TapMOKJAPUHUHT Tajlad FOKOpHU OYiraH
MaxcyJIOT Ba XOM amé€ TypJiapu OwsiaH Oapkapop TabMHHIIAILI Yopa-Taadupiapu
tVrpucuaanru  Kapopnapu, 2019 i#wmn 10 anpengarm  I1®-5707-con
«Pecniyommmkamuzna  2019-2021 #Hunnapaa  QapmaneBTHKa COXACHMHHU  JKajaall
PUBOKIIAHTUPUIITHUHT KEHUHTH Yopa-TaaOoupiapu TYFpucuaantu (HapMoHU Xamia
Mazkyp (aommsTra Terunum  OOmMKAa < MEBEPHM-XYKYKHH  XyKoKaTiaapa
OenrmnadraH BasudaliapHU aMalira OIHMPHUIIAA Ym0y AWCCepTanus TaaKUKOTH
HaTHXKaJIapy MyaisH Japakaja Xu3MaT KAIaam.

TaakKMKOTHUHT pecny0juKka ¢GaH Ba TEXHOJOTHSJIAPH PHBOKJIAHUIIN
YCTYBOp #yHAJMILJIAPUra MOCJIUIH. Ma3Kyp TaaKuKOT pecmybOiuka (an Ba
TexHoJorusiap puBokiaaHumMHUHT V1. «Tubouér Ba dapmaxonorus» Ba VII.
«KuM€ TexHONOTHsUIapM Ba HAHOTEXHOJOTHSUIApU» YCTYBOp HYHalUIIapura
MyBOGUK OakapuJIraH.

Jlucceprauusi MaB3ycH OyinH4a XOPHKHH WIMHA-TAIKHKOT/IAP WIAPXHZ,
AHHENVpJIaHTaH MHUPUMUJIMHIIAP CUHTE3U, KUMEBHM Y3rapuiuiapu Ba OHMOJIOTHK
Xoccajapy MYHamuIMAa TaAKUKOTIAp JKaXOHHUHI €TaKud OJHM  TabliuM
Myaccallapy Ba WJIMHE Mapkasmapunaa, xymiaanad: Peking University (Xwutoit),
Russian Academy of Sciences (Poccus), Waseda University (Smonus), University
of Mississippi (AKILL), University of Wiirzburg (I'epmanms), Cairo University
(Mucp), United States Environmental Protection Agency (AKI), King Khalid
University (Cayaus Apa6uctonn), University of Tehran (Dpon) Ba YcuMimk
MOJTaNTapy KMMECH MHCTHTYTHAA (Y30€KHCTOH) 0M6 GOPHIMOKIA.

bunukiauk aHHETWpPIAHTaH TUPUMHUHIAP (TypWH, XWHA30JHMH, TTHPUIO-,
MUpaHo-, MUPPOJIO-, Gypo-, TUEHO-, MUPA3OJONMUPUMHINHIIAD Ba OOIIKanap) Ba
YJIApHUHT XOCWIAJIADUHU  OJIMIIAa KUMEBUM, OHWOJOTUK Ba OHOKUMEBUI
EHaamyBIap acocujia TypJid XWJ MakKCaJjid CHUHTE3 yCyJUlapura Ba amMau€éTura
KyJulamra OujJl JKaxOHJa OJu0 OOopuiTaH TaJKUKOTIIAp HATWXKacHUIa KaTop,
KyMIIaJiaH, KyWuaard WIMHN HaTWKajgap OJMHTaH: OMp OOCKUWIM, MKKH Ba KYTI
KOMITOHEHTJIM XaJKaJaHUII peakIusiiapy HaTWKacuaa OUITMKINK aHHEIWPJIaHTaH
nupumunaap cuaTe3 KuimHran (Cairo University, Mucp; Indian Institute of
Technology Ropar, Xunaucron; Islamic Azad University, Opon; Cardiff
University, Anrnusi; Heidelberg University, I'epmanusi; Ivan Franko National
University of Lviv, VYkpauna), Vycumnukinap TapkuOuma yupaiauraxn
aHHENWMpJIAHTaH THUPUMHIWHIAPHU OJKCTPaKIHsS YCYyIHAa aXpaTtud OJIMHTaH
(SJ’CI/IMJII/IK Mo 1anapu KUMECH WHCTUTYTH, §’36eKI/ICTOH), OUILINKITHK
aHHEJIMPJIaHTaH MUPUMUHIIAP TOTal cuHTe3u ycyau spatuiaran (Chinese Academy
of Sciences, XwuToi), TympoK Ba YCHMIMKIApJard MHKPOOpPraHU3MIIAp
(oHDO(HTIAP) SKCTPAKIIUACH OPKAIM CHHTE3 KUJIMII YCyad uiuiad unkunrad (The
Scripps Research Institute, AKII; Institute of Oceanology, Chinese Academy of

2JluccepTalys Map3ycu OYiinda Xoprxuil MIMHUI-TaAKUKOTIAp Iapxu WWW.sciencedirect.com, www.scopus.com,
www.webofknowledge.com, www.scholar.google.com, www.nchi.nlm.nih.gov Ba Gorka ManGaanap Marepuaiiapu
acocujia TaiépaHraH.
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Sciences, Xwutoii); onuuran “hit” OupHKManap capaToH XyXaipanapura,
BUpyCJIapra Ba TIAaTOreH MUKpoOyapra kKapmu ¢oiigananwiran  (Shenyang
Pharmaceutical University, Xwutoit; University of Catania, Wrammus; Triplex
Pharmaceutical Corporation, AKIII), ¢epment wunruouropiapu cudaruia Ba
AJplreiMep KacaJulrura Kapind mnpenapatiap sparwiaran (University of
Wiirzburg, I'epmanus).

JlyHéna sSHTM aHHENUpJIaHTaH MUPUMUJMHIIAP CUHTE3U, MOJIU(]UKALMIACH Ba
Owonornk  Qaoyuru  OyWmda  KaTop, OKyMJagaH, KyWHIard — yCTYBOD
HyHaNMIapaa TaaKAKOTIap oau0 OOpMIMOK/IA: KUYHK MOJICKYJISIP OFUPJIMKAArd
aHHENHMPJIaHTaH MUPUMUIMHIAPHA KyJaii Ba Oup OOCKHYIN CEJICKTHUB CHHTE3HW Ba
“SImmI”’ CMHTE3 CTPATeTHsCHHH KyJulall, TaOuuid OmpukMmajap cuH(ura mMaHcyo
Oononoruk (aon aHHENWPIAHTaH TUPUMHUAWHIAPDHU YMYMHA CHHTE3WHHU amalira
omMpuIl; Typau Xxuin (apmakopop XycycusTiapra sra (GparMeHTIIapHU
aHHEeNMpJAHTaH  TUPUMHJMHIAD  CKeJleTUra  OUPUKTUPHIL,  MOJICKYJISP
MOJCIJIAIITUPUIIT ~ XUCOOJIallUTlapd  acocuaa  MUPUMUAUMH-(GEPMEHT  OOFIn
WHTHUOUTOP XyCYyCHUSITra 3ra Oyiran OupukMaiap CUHTE3 KUJIHIIL

MyaMMOHMHI VpPraHWJIrahjJiukK Jaapaxacud. bem Ba onatu  ap30oiu
reTepoluK/yiap OWiaH aHHENUpJIaHTaH NUPUMHAWHIAD KUMECH Ba yJapHU
THOOMET KUMECUIArU TAIAKUKOTIAp OuiaH OUp KAaTOp XOPMXKHUM OJuMIIap Y30K
Hutapaan Oy€H myryiuiaHuO y3ura xoc mMaktad siparraniap. Kymmagan A.L.
Jackman, K.A.M. Abouzid, A. Gangjee, B.H. Hoff, H.A. Aisa, V.P. Litvinov, S.S.
Bhagwat, A. Saeed, C.H. Oh, K. Kumar, N. Klempier, A.S. Noravyan, G.H.
Hitchings, G.B. Elion ka6bu onuviap ymoOy WyHamUIaa u3IaHuIn 00 OOpHUIIIa Iy,

Tabuuii Ba CHHTETUK MUPUMHUAMHIAD UYHaIMIIuAa y30€K oJumiIapu XaM y3
rypyxJjiapu OujiiaH Kymiad uiMui TaaAKUKOTIIap oubd Oopraniap: xycycaH 0y cuHg
OWpUKMaTapuHA YCUMIIMKJIApJaH KPaTUIl, YMYMHA CHHTE3 KWJIHII, YJIapHUHT
KUMEBUHM Y3rapunuiapura Oarunuranrad unoiap akagemuk C.HO. FOnycoB Ba
morupanapu, coxa npodeccopiapu X.M. Illoxunosto, H.J{. Abnymnaes, b.2K.
OmmypanoB, B.M. Bunorpamosa, X.V. XomkaHus30B Ba OOINKa HOPTUMU3
OJIUMJIApY TOMOHUJIAH YPTaHHUIITaH.

JlekuH XO03Upr¥ KyHraya (hakaT XHHA30JIMH (eTapyiudya YpraHuiraH),
tueHo[2,3-d]mupumuann (arpopimya  YpraHwmiTaH) Ba  mupumo[2,3-
d]nupumunuanap (afipuM XOCHIIadapy OJMHTaH) YypraHuwirad OYauO, TPUIIMKIUK
Ba MOJUIMKINK aHHEIHUPJIaHTaH MUPUMHIAHIAPHUHT OOIIKA BaKWUJUIAPU CHHTE3H
eTapiuya YypraHuiaMarad. Typiaum rerepoxaikaiap OuilaH aHHEIMpJIaHTaH
MUPUMUAMHIAPHN TIapajuie] CHHTE3W Ba [Ty WYHAIWIAA TU3UMIIM TaJIKUKOTJIap
YTKa3UJIMaras.

JAucceprauuss MAaB3yCHHHUHI Jucepranusi OakapuiaaérraH MWJIMMH-
TAAKHUKOT MYaCCACACMHUHT WIMHI-TAAKUKOT pesKajapu OWiIaH OOFIMKJIMIH.
Jluccepramyst TAAKUKOTH Y CUMIIMK MOINANAPH KUMECH HHCTHTYTHHUHI M-
TaJKUKOT uiuiapu pexkacuHUHT No DA-D3-T047 «Ankanoujiap Ba yJIApHUHT
CUHTETHK aHanornapu katopuna saru C-C Oofmapu XOCWI KWJIHII YCYJIapUHU
Hazapuii acocmapu» (2007-2011 iit.), Ne ®OA-O7-T207 «buomoruxk daon
FeTePOLMKIMK ~ OMpHKManap —MOJCKyJlacula aCHMMCTPUK —MapKa3 — XOCHII

KWIMIIHUHT Ha3apuil myammodaapu» (2012-2016 iiii.), WIyHUHIAEK YCUMIIMK
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Moajanapu KUMECH UWHCTUTYTHHUHT Xutod Dannmap Axagemusicu OwuiaH
XaMKOPJIMKAry Kyima JIonuxanapu Jjoupacuaa oakapuiras.

TaagKMKOTHUHT MAKCA[AU SHIY aHHEIUPJIaHTaH MUPUMUIUHIAD, )KyMJIaJdaH:
TUEHO-, (Qypo-, MUPaA30J0- Ba MNUPUIAOTUPUMHUIUHIIAP SHTU XOCHJIAJAPUHUHT
CUHTE3 YCYJUIapUHU HWIUIA0 YUKHII XaMJa YJIapHUHT TY3WIUIIUHU, (HU3UK-
KUMEBUM Ba OMOJIOTUK XOCCAIapUHU aHUKJIalaH noopar.

TaagkuKoTHUHT Basudaapu:

TaOUMIA anKanouja JAe30KCUBA3ULIMHOHHUHT CHUHTETHK aHajoriapu cudaruga
SIHTH aHHEJIMPJIaHTaH TeTepOLUKIUIap CHHTE3 KWJIMIIAA aCOCUN XOM amménap: Oerr
ab30JIU aMUHOKapOOH KAciaoTta  ApUpIapuHH ONUII  YCYyJUIapUHU
TaKOMWIIAIITHPHIII,

CUMMETPUK 2,5-muaMuHo-3,4-kapOoH KUCIIOTa 3THI 3PUPU CHHTE3U Ba yHU
apoMaTHK aIJerujlap Ba apoOMaTHUK KHUCIOTa XJIOpaHTUApPUUIapu OumaH
peakIMsUIapUHU YpraHulll;

2,3-IuanMailtrag OUIINKIITUK tueHo|[2,3-d]nupuMuuHOHIapHA oup-
PEaKTOPJIA Y4 KOMIIOHEHTIIU OJIMHUII UYJUTApUHU YpraHull,

TPULUKINK THEHO[2,3-d]IMpuMHUINHOHIAp CHHTE3W Ba THO(EH Xasikacura
Oopaaural peakuusJapuHu amaira OWUPHUIN (unco-aJMallluHUII, OKCHUJIAHHIIL,
amuJIan, cyiadamuian Ba 0.);

SHIM TPULMKIUK Oeri/oiaTh ab30iu, OMTTa rerepoatomin (TuodeH, dypa,
NUPHUIVH) aHHETUPJAHTaH NUPUMHUIWHOHIAPHHA MYKOOHWJI CHHTE3WHU amaira
OIIPHIII;

SIHTY TPULIMKJIUK O€Il ab30J11, UKKH IeTepoaToMiIn (ITUpa30J1) aHHEIUPIIaHTaH
MUPUMUANHOHIAPHU PEAKITUSICHHN aMaJjira OIIHPHIIL;

SIHTH TPUIUKINK Oell ab30JH, OMp Ba MKKH T'eTepOATOMIIM aHHEIHpJIaHTaH
nupumuguHoHnapaaru  N-C=0 rypyxunu N-C=S ¢ynkumonan rypyxura
KOHBEPCHUS KHJIHIIL,

OJIMHTAH SIHTM J€30KCHUBA3UIIMHOH aHAJOTJapu Ba YJIAPHUHT XOCHUJIAIapu
opacujaH Ouonoruk (oan OUWpUKMaIapHU aHUKJIAII, (DAOJUIMKHU TY3WUJIMINTA
OOFJIMKJINTU, MOJICKYJISIP JOKUHT Ba YJIAPHUHT TAhCUP MEXAaHU3MHUHH YPTaHMIIL.

TaakuKOTHUHT 00beKTH cudaTua Typiau TeTepoaToM TyTraH Oell ab30Ju
aMUHOKapOOH KHCJIOTaJapy Ba YJIapHUHT 3UpIApH, Xap XUJI reTepoaToMin Oerl
ab30JIM JIE30KCUBAZUIIMHOHHUHT CHHTETHK aHAJIOTJIApH, Xam/ia YJIapHUHT THOHJIH
XOCHJIallapy, apoMaTuK aljeruanap, ThonaoBun pearentiap (P»Ss Ba JlaBeccon
peareHTH), KaTaiu3aropiap, apoOMaTHK aMHUHJIAP, apOMATUK CYI(POHUIXIOPUIIAP
Ba HUTPOJIOBYH pearcHTIap TaHJIaHTaH.

TaagkuKOTHUHI mpeaMeTu ['eBanyg peakuuscH, XaJKaJAHUII peakUUsIapH,
Troamuuiaml peakuusnapu, Kypuwuyc kaita rypyxianum, ‘“Scaffold-hopping”
EHIANTYBIIM PEaKIusl, JJIEKTPOPWIT aTMaIlWHUII, UNCO-aIMAIIUHUIL, CcapaToH
XyXaipanapura Kapmu (aouuk (Xykaiipa MUKW, alonTOCU3), MHUKpoOiapra
Kapm  GaoJUIMK, BUpychapra Kapmu  gaouink, ¢GepMeHT  (PaoJUTMTUHU
uaruoupnam  (PTP1B, anerunxonuHICTepasa Ba  OyTHPHIXOJIMHAICTEpasa),
ounonoruk ¢Gaon OMPUKMATAPHUHT TAhCUP MEXAHU3MU Kabu (PU3MK-KUMEBUIA Ba
OMONOTHK KapagHiap XHUCOOIaHaIH.



TaakuKOTHUHT ycyajapu. TagkMKoTiaapaa HO3WK OpraHUK CHHTE3,
xpomarorpapus (FOKX, KX, IOCCX-HPLC), Vb-, UK-, 'H- Ba B®C SIMP
crekTpockonus, macc-criekrpomerpusi (HR-MS), pentren Ty3mmumm taxammm (X-
ray) Ba OMOJIOTHK TaIKUKOT yCyJutapuaaH (GoiaaaaHuiras.

TaagKMKOTHUHT WIMMI SHIWINTH Kyiuaaruiaapaad uoopar:

Wik O6op Oemn ab30Jd TYpPJIM XU TeTepoxaikaiu (tuodeH, GypaH, mupaszonn)
aMUHOKapOOH KHUCJIOTa JTWI dSQupiapy KOMOWHATOp Ba Mapajuiesl CHHTE3
CTpaTerusiCu acoCH/Ia CHHTE3 KWJINHTaH;

WIK 00p CUMMETPHK 2,5-11aMuH0-3,4-1uKapOOH KUCIOTa 3TUI 3QHUpH, YHUHT
Moau(UKaIMSICH HAaTHKAacu1a a30METHHIIAp, MOHO- Ba OuUC-aMUAJIap OJIUHTaH;

SHTH 2,3-IuajaMaiirad OMIUKIMK THEeHO[2,3-0]|mupuMuIHHOHIApHUHT KyJ1ai
Ba y4 KOMIIOHEHTJIM CHHTE3 YCYJIH CUCTEMATAIITUPUIITaH;

Wik Oop amua- Ba cyinbdamMug QparMeHTIM TPUIUKIMK THEHO[2,3-
d]mupUMHUIMHOHIAP CHHTE3 KMJIMHTaH;

TPUIUKIUK Oerl ab30iiu, Oup EKM HUKKU TETepOoaTOMIIM aHHEJIHUpJIaHTaH
NUPUMUIMH XOCHIalapy Karopuaan Tiueno[3,2-d]-, bypo[2,3-d]- Ba nupaszomno[3,4-
d]nupuMUIMHOHIAp XaMa YJIApHUHT THOHJIAPH CHUHTE3U YCYJUTapH sSpaTHIITaH;

320 ra sKUH TeTeponuKiUIap, skymiagan 240 Ta sgHTM OuUpUKMalap:
a30MeTuHIIap, amujiap, OUIIMKITNK tueHo[2,3-d|nupuMurHOHIAP,
JI€30KCUBA3UIIMHOHHUHT CHUHTETHK aHajloriapu (TueHo-, ¢ypo-, MOHpas3odio-,
NUPHUI0-) CUHTE3 KWIMHIaH Ba yjap OHOJOTMK (PAOJUIMKHM HaMOEH KHJIMIIN
aHUKJIaHTaH.

TagKNKOTHUHT aMaJIMil HATHKAJIAPH KyHuaaruiapaad noopar:

240 Ta aHrM OMPUKMAJIAPHUHT OJIMHUII yCYJUIApU MILIA0 YMKWITaH, yiapJaaH
200 maH OpTUFUHUHT OMOJIOTHMK (DAOJUTMTH aHWKJIAHTaH Ba HaTwxkana 20 ra sKuH
UCTUKOOJUTA MOJIaIap TOMUIITaH;

WIK OOp aHHENIUpJIAHTaH TMUPUMHUJAMHOHJIAP/AA: OKCHUJJIAHUII, KaWTapuIIuII,
UNCO-HUTPOJIAI, KApOOKCWJUIAI, XAJIKAJTAHWI, OWUP-pPEaKTOPIH  peaKIius,
sTepuuKaIusi, OUPUKHUIIT PEAKIUACH, aMHUIJIAII, THOAMHUIJANI KaOW Typiau XWi
peakuusiiap oaud OopuiiraH;

CUMMETPHUK 2,5-nuamMuHo-3,4-1uKkapOoH KuciIoTa 3Tui 3dupu acocumga 5S-
HUTpO Qypdypun bparmeHTv Haon a30MeTHH, 00BEKT cudaruia Tanaad oIMHTaH
capaTtoH XyXaWpajlapura Kapmu “HOmM307 Oupukma” OVIHIIA MYyMKHHJIUTH
aHWKJIaHTaH,

JIe30KCHMBa3UIIMHOHAarn A-xajika wmoaudukamusicu acocuaa ‘‘scaffold-
hopping” cTparerusacu OpKajdu SIHIM TPUIUKIUK OCIl/0OATH-abh30u, OUp/UKKH
reTepoaToMIId aHHEJIHMPJIaHTaH MUPUMUAMHOHIAp: THeHo[2,3-d]-, Tueno[3,2-d]-,
bypo[2,3-d]-, nwmpazono[3,4-d]-, Ba mumpumo[3,4-dJnupuMUAMHOHIAD CHHTE3H
KWJIMHTaH,

THeHO[2,3-d[mUpUMUAMHOH XOCHIaIapy OpacuIaH HUCTUKOOUIH OMpHUKMAaIap
onmuHuO, ynapuuHr Bl6 xyxkaiipacuga (aonm MeTaHWH CHHTE3W TabCUPHU
MaBXXYJINTU aHUKJIAHTaH,

CUHTE3 KWJIMHTaH OMpHUKMasnap KaTOpUIaH capaToH Xy)Kailpajapura, maToreH
MUKpOOJIapra Kapi HOM307 OUpuKMaliap, XaMmjia TpUII BUpYyclIapu Ba auaberra
Kapi (aosn Moaganap OOpIUTH aHUKJIAHTaH.



TaakuKOT HATHKAJAPUHUHT  WIIOHWIMJurd. bapua  HaTmxamap
3aMOHaBHIl OpraHuK, GU3MK, AHAIATUK Ba OWOJOTHMK TAJKUKOT YCyJUIapu
épllaMu]ia OJIMHTaH Ba TaCAUKJAHTaH, IIYHUHTIEK OJIMHTaH HaTwXaiap acocuaa 1
Ta MAaTeHT, IOKOPU UMIAKT (akTopnu xopwxkui xypHaimapaa 10 ta (Scopus
0azacujaru ;KypHajjiap/ia) MakoJjanap YOI KHUJIUHTaH.

TagKUKOT HATHKAJIAPUHUHI WIMHHA Ba aMaJMil axaMHMATH. TaaKuKOT
HATWKAIAPUHUHT WIMHUN axaMUsITU CUHTE3 KWIMHraH TuodeH, pypaH, nupa3on Ba
MUPUINH Kabu Oem/0NTH ab30M XaMla OMpP/MKKH TeTePOATOMIIM aHHEIUPIIaHTaH
NUPUMUANH OWpUKMaiap OJIMHTAH Ba ylapAard TYpJId XWil peakiusiap,
KyMIIaJlaH XaJIKQJIaHWII, OWP-pEaKTOpiIM CHUHTE3, [eBama peaknuscHh, KauTta
TYPYXJIaHUII, THOAMUJJIAIl Ba OOIIKA XWJI PEakiusl yCyulapu Ba KOHYHHSTIAp
AHUKJIAHTAHJINTY OWJIaH M30XJIaHAIH.

TaaKUKOT HATWKATAPUHUHT aMalliii aXaMHsITH [TyHJaH WOOpPaTKH, CHUHTE3
KWIMHraH Oapya OupukManap “Makcajjid CUHTE3” CTPaTErusiCh acoCH/a OJMHIaH
Ba 20 ra SKuUH SHTM MOJalap TETUIUIM KacaJUTMKIApPHU KENTUPUO UYHUKapyBUYU
BUPYC, MUKPOO Ba 3apapiiu Xykaipaiapra Kapiiy CeJIeKTUB (PaoyuIuru aHuKIaHuo,
tonwirad ¢aon OupukMmanap (apManeBTHKa COXaCHM YUYyH TakIu( KUJIMHTaH,
IIYHUHTJEK  OHI  HMCTHKOOJUIM  MOJJAJapHUHT  TabCHUP  MEXaHU3MIIAPH,
Oupukmanapaarv GaoJUIMKHU Ty3UIUIITa OOFIMKIUTUTa SPUILIUIITAH.

TagkukoT HATHKAJTAPUHUHT JKOpPUH KWJIMHHUIIA. TpuuKIMK
aHHEJUpJIaHTaH MUPUMUINHOHIAP, YIAPHUHT XOCHIAIapy, Xama 1acTIa0Ku XOM
amé MaTepHAJJIApUHUHT CUHTE3W Ba OMOJIOTUK (Daouuru OYiiuda oJIMHraH WIMUN
HaTWXKajnap acocuaa:

2,5-mnamMuHO-3,4-1uKapOOH KHCTI0oTa ITHI dPUPH acocuaa OHOIOTHK (aos
Oynran azoMmeTuHiap onuil ycyiaura Xutod Xank PecnyOnukacu uxTtupora
nateHtn onmarad  (CN 104016963 B, 2016). Harmwkana 2,5-guamuno-3,4-
TUKapOOH KHUcioTa 3Twi ddupura OornaHraH S-HuTpo (Qypbypun dbparmeHTI
a30MeTHHJIap acocuaa aémiap KyKpak Oe3u capaToHu XyKailpamapura Kapuiiu
ceJIeKTUB (paos Oupukmaiap oIl UMKOHUHU OepraH;

AHHEJIMPJIAHTaH NHUPUMUIWHIADHUHT CUHTE3 KWJIMII YCYJIu XHWUTOW XalK
Pecnyonukacunaunar Topharman Shandong Co., Ltd. ¢apmarieBTrk komMnanuscuia
amanuérra skopuil kwiumHrad (Topharman Shandong Co., Ltd. dapmaneBtux
koMranusiciHuHT 2020 ¥iun  S5-HosiOpmaru  mabiymoTHomacw ). Hatwmxkana
KOHJICHCUPJIAHTaH  NUPUMHIWHJIAPHUHT  OWp-peakTopiu  Ba  OOCKUWIN
CHUHTE3JIAPWHY amaJira OIUPHUII IMKOHUHHU OepraH;

[UKJIMK JJaKTamiap acoCH/ia MOJUIMKINK TaOUUii OuprUKMasap CUHTE3 KUJIUII
yeyiu Xutor Xank Pecniyonukacununr Xinjiang Shafiya Biotechnology Co., Ltd.,
KOMITaHusicua >xopuil kuumHrat. (Xinjiang Shafiya Biotechnology. papmanenTuk
koMranusicuHUHT 2020 ¥un S-HosiOpaaru MabiaymotHoMmacu ).Hatwxkana taOuumii
OWpuKManap aHaJOTJAPWHM JIaKTamjiap UINTUPOKUAA OUp-pPEaKTOpiu ycysuiapaa
OJIUIII UMKOHUHU OepraH;

2- (4-dropdennn)-3-(4-ruapokcudenstn)-3,5,6,8-terparnapo-4H-nupamo-
[4',3"4,5]tneno[2,3-d[mupumunun-4-ou (95, CCDC 1813089); 2,4-Iudrop-N-(2-
MeTui-4-0kco-4,6,7,8-rerparunponuppoiio| 1,2-a]tueno|2,3-d jmupumuann-3-
wn)oensocyndonamuy (200, CCDC 1528441); 2-drop-N-(2-metmin-4-okco-

10



6,7,8,9-rerparunpo-4H-upuno| 1,2-a]tueno|2,3-d jmupumu - 3-1n)0eH30Cy -
donamug (208, CCDC 1528442); 1,2,3,6,7,8-I'ekcaruapo-10H-nukionenra-
[4,5]treno[2,3-dJmuppoio[ 1,2-aJmupumuaun-10-on (279, CCDC  961924)
JAPHUHT PEHTreH TY3WIMII TaxXJWIM HaTHXanapu xainkapo KemOpumx mapkazuid
Kpucramuiorpadguk Mabiaymotiap 6azacura kuputwirad (The Cambridge Structural
Database, https://www.ccdc.cam.ac.uk, CCDC 961924, 1528441, 1528442,
1813089). Hatmkana 6azara KHpUTWIITaH SHTH MOAaIap YXImam OupuKMajapHU
CUHTE3 KWIUII, TY3WIHIIWHA YPraHUuIl IMKOHUHU OepraH;

2-amuHOTHOGEH  KapOOH  KucinoTa  OSTWI  3dupnapu,  TPULHUKIUK
TUEHONUPUMHUJANHOHJIAP, a30jUlap Ba aHHEJIUPJIAHTaH NUPUMHUIHMHOHJIAPHUHT
TY3WIHIIY, CHUHTE3 YyCyJUlapu, KUMEBUHM Y3rapumuiapu Ba OHONOTHK (HaoJIuru
XaKAJard MabJIyMOTJApHU KYJUIAHWIMIIKA Ba TaXJWIM YYyH XOPHXKHA FOKOpU
uMnakT ¢aktopau 130 ra gxkuH KypHauiap Xamzaa 250 ta manOa Ba WIMHUA
makonanapna doinananmiarad: Chemical Engineering Journal (2020), 128115
(IF=10.65); Chemical Communications (2019), 55, 11115-11118 (IF=6.16);
Organic Letters (2020), 22, 2714-2719 (IF=6.09); Advanced Synthesis & Catalysis
(2020), 362, 160 (IF=5.85); Chemistry — A European Journal (2019), 25, 9419
(IF=4.85); The Journal of Organic Chemistry (2018), 83, 14688-14697 (IF=4.33);
Crystal Growth & Design (2020), 20, 5688-5697 (IF=4.08); Journal of Medicinal
Chemistry (2019), 62, 174-206 (IF=6.20); European Journal of Medicinal
Chemistry (2019), 161, 239-251 (IF=5.57); Bioorganic & Medicinal Chemistry
(2018) 26, 309-339 (IF=3.07); Expert Opinion on Drug Discovery (2020), 15, 603-
625 (IF=4.88); Dyes and Pigments (2020) 178, 108343 (IF=4.61) Ba Gomikaiap.
Hatmwkana C-H Oofu opkaiM NUPUMHAWH-4-OHJIAp CHHTE3Wra, apwi- Ba
reTepoapmil KUCIOTATAPHU UNCO-HUTPOJIAIITa, 2-aMUHO-3-apuiITHO(GEHITapHIUHT
MYKOOWJI OJIMHMIII YCYJUIAPU Ba CapaTOH Xy»KaipajapH, MaToreH MUKpoOsapra Ba
TepU KacCaJUIMKJIApUTra Kapiid (aoJUTMTMHU aHUKJIAITa, TUEHOMUPUMHIMHOH
CKEJIETUHUHT JonaMuH D, penentopu HEraTuB ajuIOCTEPUK MOIYJIATOPJIApU
OJIMHUIIIUTA, MHUPA30JIONMUPUMUTIUHIAPHUHT THOOUETIATH OTYKJIapy, Xamaa a3oT
CakjiaraH TEeTePOIUKINK OMpUKMaJIapHU alleTHIXOJMHACTEpa3a WHTHOUTOpPIIApU
cudaruaa Kyuian IMKOHUHU OepraH.

TaakukoT  HATHKAJTAPUHUHT  anpodamusick. Maskyp  TaaKUKOT
HaTwxkanapu 14 ta, sxymnamad 10 Ta xankapo Ba 4 Ta pecnyOiaMKa WIMH-aMalInii
aH)KyMaHJIapuaa MyXOoKaMaJiaH YTKa3uJIraH.

TaagkuKOT HATHKAJAPUHUHT JbJOH KWJIMHranauru. J[uccepramus
Map3ycu Oyitnda >xamMu 28 Ta WIMHUHN I YON STWJTaH, IIyJapaaH, | Ta Xopwxui
narent (Xuroit), ¥Y36exucron Pecry6iankacu OJuMii aTTecTanus KOMHCCHICHHIHT
JOKTOPJUK AUCCEPTALMSIIAPU ACOCUN WIMHUM HATHXKAJIAPUHU YOI 3THUILI TaBCHUA
ATWITAaH WIMHUH Hampiapaa 13 Ta Makosa I0KOpH UMIAKT (DAKTOPIU XOPHKHiL Ba 2
Ta pecmyOIrKa )KypHautapyaa HalIp dTHITaH.

JluccepTAaNMSIHUHT TY3WINIIN Ba XaXKMH. JluccepTanusiHUHT TapKuOH
kupui, 6emra 600, Xynoca, pornananwiran agabuérnap pyixaru, uioBaisapjaaH
noopar. {uccepranusaunr xaxmu 200 6eTHU TaIIKUI 3TTaH.
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JTUCCEPTALIMSIHUHT ACOCHUI MASMYHH

Kupum kKucmmaa auccepranys MaB3yCHHUHT J0J3apOJIMIY, 3apypuUsTH,
TaJKUKOT MakcaJu Ba Basudanapu xamja oOBEKT Ba MpeaMETIapu acoCIaHTaH.
V36exucron PecryGmukach (aH Ba TEXHOIOTHAIAPH TAPAKKUETHHHHT YCTYBOP
HYyHaIMIIIapura MOCIHUTH KYpCaTWITaH, TAaJKUKOTHUHT WJIMHAW SIHTHJIATH Ba
aManuil HaTwKalapu O0a€H KWIMHTAH, OJWHTAH HATWKAIAPHUHT WIIOHYIMIIATH
acocianu0, WIMHA Ba amMaluid axamMusaTH o0uub Oepwirad, TaIKUKOT
HAaTWKATAPUHUA aMauéTra >KOpUW KWIMHHUIIKM, HAImp OJSTWITaH WIDap Ba
JUCCepTaIs TY3WIUIIN OYiinya MabIyMOTJIap KEITUPHIITaH.

HuccepraisiHUHT « BUHIUKIMK aHHEJIMPJIAHTaH NMPUMMINHIAP CHHTE3H
Ba YJAPHMHI KY/UIAHWIHIIW» J1€0 HOMJIaHTaH OupuHYH O0oduaa anabuctiap
miapxy Kedatupuiran 0ynub, yuaa nuppod, GypaH, THOPEH, UMUIA30], TUPa30ll,
TPHA30JI, OKCa30JI, TUA30JI, U30KCa30Jl, U30THA30JI, celeHOpeH Kabu OMp Ba MKKU
rerepoaToMyid Oell ab30JM TETePOIMKIUIAp OWjiaH aHHEIUpJaHTaH OWIIMKINK
NUPUMUANHIAP, ITYHUHTJEK ITUKIOOKTaH, MUpaH, OCH30JI, MUPUIUH, TUPUIA3HH,
NUPUMUANH KaOW ONTH ab30Jid OUp Ba HMKKH TETEpOATOMIIM aHHEJIHUpJIaHTaH
OWIMKIINK THPUMUIUHIAP CHHTE3H Ba OMOJIOTHK (DAOUTUTH TaX U KAJTUHTaH.

HuccepranussHUHT  «BUIMKJIMK  Ba  TPUNUKJIMK  AHHEJIHPJIAHTaAH
THEeHO[2,3-d|MupuMHUINHOHIADP CHHTE3W Ba MOAM(UKAIMACH» J1c0 HOMIIAHTaH
UKKHHYM 000uMaa aHHEIUpJIaHraH Ou- Xamja TPULMKIUK  TUEHO[2,3-
d|nupuMUIMHOHIAp Ba YJIApHUHT OONUIAHFUY MAaTEpHUAUIAPUHUHT MYKOOWII
CHUHTE3U Ba MOAU(UKAIMACH OYiiMda OJIMHTaH HaTMOKallap MyXOKaMa dTHJITaH.

4.5-/luaamawican muoghen Kapoon Kucaroma IMun IQUPIAPUHUHL
Komounamop cunme3u: 2-Avunotuoden (2-AT) 11, I'eBana peakiusicu acocuaa-
OJTHHTYTYPT, 3T HuaHoaneTar (7), DUITHIAMHH Ba IMKJIOT€KCAaHOHHUHT (4)
oup-peaktopnu kyn komnoHeHtin (KKP) peakmusich acocuma XaJlKaJTaHWII
peakuusicu 3 coar 45°C na sraHonga Ku3aupubd onud Gopunranga xkytwirad 11-
oupukma xocun Oymamu. 2-AT mapuunr Oomka Bakwmiapu (8-10, 12, 13) xam
Ma3Kyp peakius IMapoOWTHIAa CUHTE3 KWIMHAW, JICKUH JTUITUIAMHUH YpHHTA
tpudTIIIaMuH (TOA) wmumarwnau. bapua Ttaxpubanapma 2-AT map 80% nan
IOKOpY yHymuapaa, xycycan 12-Oupukma 93% yHyM OunaH XOCWJI OYyiwid
Ky3aTWiau. 2-AMHHO-5-MeTuntnodeH-3,4-mukapOon kucimora 3tui ddupu (16,
81%) 6 coar kuzgupunaraHga xocun Oynau. ByHma peakuus KOMIOHEHTIApU
OJNTUHIYTYpT, 7-Oupukma, TOA Ba stun 2-okcodyranoarmap (15) 1/1/1.5/1.1
HucOatnapaa oiauHau. 15-bupukMa JUATHUIOKCATATHUHT ATUIMArHuii OpoMu

owmnan —10°C na y3apo TabCUpIIAIIMIIY HATHXKACUIA OJTUH/IH.
Sg, EtOH, TDA

iy i @
10°C,72c

R4 R ’
R12 NC\)kOEt L2 COEt L) E i ~MgBr i OEt

L 7 R 5/\ ool t%OEt - R EtO)S(

Sg, BtOH, TDA, 40-50 °C ST2 NH, s, EtOH, TRA 0 Tr'e, -10°C 0

O:OCHz)n 8-13,16,17 15 14

16 1,8, R-H, Ry=Me; 2,9, R,R;=Me; 3, X=CH,, n=0, 10, R+R{=(CH,)3; 4, X=CH,, n=1, 11, R+R;=(CH,),; 5, X=0, n=1,

) 12, R+Ry=(CH,)3; 6, X=CH,, n=2, 13, R+R,=(CH,)s; 16, R-CO,Et, R;=Me; 17, R-CO,Et, R;=NH,
2,5-Jluamuuotnoden-3,4-mukapoon kuciora 3t 3dupu (17) — cummerpuk

“omnpuHr 6510K” Xucobmanuod, C-2 Ba C-5 xonatnapuaa NH,, xamma C-3 Ba C-4
XoJIaTiiapua 3ca 3T A3UpU TypyxJjapu TyTraH OupukMaaup. ¥ OJTUHTYTYPT, /-
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oupukma, TOA (1/2/0.2 mmucbatma) Ba mumetmwipopmamumna 72 coar 10°C na
Tabcupiamranaa /3% yHyMm OujiaH OJUHIY.

A3omemunnap, mono- ea Ouc- amuonap cunmesu. CHUMMETPUK
nuamuHoTHopeHHuHr (17) asomermnnapu (19-46) cunTe3w, 17 HHMHI TETHIILIHA
apoMaTHK Ba rerepouukivk angerumiap (18a-ab) omman 40 nakuka #-BUOH na
(éxu 30 makuka Toiyosiga) Kuzaupwiranaa amanra omanu. lllynu tabkumnad
VYTHII JIO3UMKH, XaJKacuaa odJeKTpoHoakientop rypyxiaap (DAI) tyrran
peareHTIap OWaH OJWHTAH peakmus Maxcyioriaapu 15 makwkaga 65-94%
yHYMJIapAa XOCHJI OYIaau.

o 0 Q OEt  Ar xucrora xnopanrmmpmwmapn  AT- aternuap 18a-ab, EtOﬁOEt ;g: }Fij-NOZ-CeH‘;
18ac-ah, a6c. C¢Hg éxu CHCly TOIYOJI, KH3TUPHIL, 30 MUH. 7\ 21, R=4-CI-C¢H,

I\
HN"Ng” ~NH 17 N 22, R=4-F-C4H,

TOA, xu3aupum, 2-3 ¢ S ‘ 23, R=4-Br-CgH,
o) A yeyn Ar- KuCI0Ta XJIOPaHTHAPUUIAPH 24: R=4-OCH3-CgH,
47-49 ° Iupunus, x.X. 4 coat, B ycyn 19-46 25, R=4-CH3-CgHy4

26, R=4-N(CH3),-CgHy

Ar o0 o s oo oo 27, R=3-OCF3-CgHy
- ! 00 00 28, R=3,5-Cl-CgH
NO [¢] | s s 613
2 , /N EtO OEt ; EtO OEt EtO OEt 29, R=3.5-F-CqHs
-4 - o -3 cl A w B i 30, R=3,5-CF3-CgHs
HN-Ng”~NH | HNTRs™N NN 31, R=2-CI-5-NO,-CgHs
a7 48 O— 49 I 19-36 \GR 45 N 32 R=2-F-5--CeHs
° o O ~ - 2N 33, R=3-F-4-CI-CgH3
| 34, R=3,4-0-(CH,),-O-CgH
| [eXe) 00 2)2 6113
A 50-53 ! E0 OEt EtO OFEt 35, R=2-F-3-CI-5-CF 3-CgH,
r ; = — 36, R=2,3,4,5,6-F-CqHq
CFs F o— D HNSg N HN"g” N 37, R,=H; X=0
/ ! L X LA 38, Ry=5-NOy; X=0
4 4 4 Fo d | 3744 LR 46 LN 39 R-H; X=S
o ! N 40, Ry=4-NO,-CgH,; X=0

50 51 CF3 52 F 53 41, Ry=5-Me; X=0

42 R,=4,5-Me; X=0; 43, R;=5-NO,; X=S
44, R,=4,5-Me; X=S

Omunran OGupukmanapaunr (19-46) 'H SIMP cnexrpnapuma N=CH rypyxura
TErUIUIM CUHIJIETAapHUHT 7.77-8.08 m.y. mapma Ba *C SIMP cnekrpmappa sca
N=CH rypyxunmaru yriepoa atomuapu curHamuiapu 137.65-153.86 coxamapaa
HaMO€H Oynumm Ky3atunaaud. bynnan tamkapu, 19-46-OnpukManapHUHT WKKaa
'H Ba 13C SIMP cnekrpnapuaa MOJATApPHUHT OMP DTOKCHM- TyPyXUra Mancy0
CUTHaJUIap KyUYCH3 coXara CHJDKUIIM Ky3aTWiau. YOy HaTuxkanap Oapua CHHTE3
KWJIMHTaH OWpUKMaapJard aMUHO TYPYXWHUHT MPOTOHJIAPY ajMalllMHTaHUIaH
nanonat Oepaau. 17-bupukma Terumnumm apoMaTWK KHCJIOTa XJIOPaHTUAPUIIIApU
(18ac-ah) ounan umkopuii myxutaa (A Ba B ycysmap) peakiusira KupuIrasia
dakat cummerpuk Ouc-amumaapauar (50-53) xocun OyaumM Ky3aTuiaaan. Yoy
xapa€H apomatuk Xankamgaru 3-C atomura tyramrad CHs (50), 3- Ba 5-C
aromnapura Oornanran CFs (51), Ba 3,4,5-C atommapunaru F (52) aromu Tytran
apoMaTUK KHUCJIOTa XJIOpAHTUApUAJIapu OusiaH oJu0 OopwiraH peaxkuusuiap
HaTwkacuaa coaup oynau. Iy Omnan 6upra cummerpuk tTrodeHuunr (17) mono-
amuuiapu (47 Ba 49) xaM TErHIIUIM KKCIIOTA XJIOPAHTUAPUIApU OWJIaH MIIKOPUH
MyXUTAa, peakuusuiap xJjopodopm €Exu OeH3omma oaubd OopwiiraHjga CHUHTE3
kumuaan (A yeyn). 3,4,5-TpuMeTokcnOeH30MIXIOpy ] OnlaH HKKana mMoHo- (48)
Ba cuMMeTpuk 6Ouc- (53) maxcymorimap XOCHJI OYIWINM Ky3aTHIAU. A ycynja
onuHran 48-6upukmanunr ynymu 53% Hu, B ycynaga Xxocun Oynran oOuc-
MaxcynoTHUHT (53) yHymu 3ca 92% Tallkui1 KAIIH.

Buyuxknux mueno(2,3-dlnupumuounonnap: Tueno[2,3-d][1,3]okcasun-2,4-
JMOHIAp, OMOOTUK (haosl OMIUKIMK THEeHO[2,3-0|mupUMUIMHOHIADHUHT CHUHTE3
KWIMHUIINAA MyXuM CHHTOH Basupacunu yravau. Iy makcamma, mactiad
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TpudocreH Ba 54-49-KUCIOTANApUHUHT ¥y3ap0 TabCHUPJALIYBUJAH TETUIIUIN
okcazuunap 60-65 omuuau. Iynunrnek, 54-49-xucnortanap terunuim 2-AT
gapuuHr (8-13) NaOH umtupokuia CupTia KA3JUPUII OPKAIH CUHTE3 KUIHH/IH.

. . o)
! A ' _COOH O
813 EtOH, NaOH Aq tpudocren " A(/fko
Kkuszaupwuil, 4-8 c. S NH, abc. aquokcan, 20 coar S N/go
54-59 60-65 "

i oy O g (U

"""" 54,60,68  55,61,69-72 56,62,73-75 57,63,76-89  58,64,90-98 59,65,99-103

Cyurpa, onmHran okcasuniap (60-65) wmtupokuna 2,3-auaamaimrad THeHo[2,3-
dmupumugunonnapauar  (68-103)  Oup-peakTopim, HMKKA  OOCKUWIH, Y4
KOMIIOHCHTJIM CUHTE3W YCTHJa TaAKUKOTIap onud Oopwinu. JlacrasBai, 5,6,7,8-
teTparuapo-2H-6enso[4,5]tueno[2,3-d][1,3]okca3un-2,4(1H)-quon (63; 1.5
mmod), 4-xnopoensangerun (66¢; 1 mmon), Ba pennnmermnamun (67a; 1.5 mmon)
MUCOJIH/IA peakius mapoutiapu ypranwiau (1-XKamsan).

1-KangBan. 2,3-/luanvamrad  THeHo|[2,3-0|mMpUMUIMHOHIAPHUHT  OUP-PEAKTOPIH, HKKH
OOCKHYIN, Y4 KOMIOHEHTJIM CHHTE3H.

o) ; o) ;
f< > + OHC@CI — N N
& H,N :/ | X :/ L
s S
67a 66c N“@\ N
78a Cl 78 Cl

Karop OpuryBun Karaauzarop Bakr (coar)  Xapopat Yuym (%) ?
1 EtOH KAI(SO4)2-12H,0 20 KH3MPHIIT b
2 EtOH p-TsOH 20 KH3IUPHIIL b
3 MeOH K2COs3 24°¢ 80°C 34%
4 EtOH Cs2CO; 24 ¢ 25°C "
5 EtOH Cs,CO3 25¢ KHU3IUPHIIL 51%
6 MeOH Cs,COs 25¢ 80°C 43%
7 MeOH NaOH 3¢ 80°C 48%
8 EtOH TOA 20°¢ KU3UPHILL b
9 EtOH N,N-/Iuu3onponuiaMuH 20°¢ KHU3IUPHIIL b
10 EtOH KOH 2°¢ KH3TUPHIIT 62%
11 H.O KOH 20¢ KH3IUPHII b
12 DM® KOH 3¢ KH3IUPUII 46%
13 TTo KOH 3¢ KU3TUPHUIL b

a b

QKpaTHO OJIMHraH YyHYM; ° MaxcyJoT onuHMarad; ¢ 63, 67a Ba 66C yapHHHT apanammacy KaTajlu3aTop
KYIIMIHIIHIaH OauH 12 coat Ku3qupuiiim.

Yoy Oup-peaktopnu peakuusiiapaa karammzaropiaap KAI(SOg4),-12H,0 Ba
bpéucren xucnoramapuman pP-TSOH wunuiatunranga aHHETUPIAHUIT — COIUP
Oynmanu. Peakuusi mapouTIapyuHU CHUCTEMATHK TaAO0WK KWIWIIAA TYPJIA XU
MPOTOH Ba ampPOTOH PUTYBYHIIAP, XaM/Ia aCOCIAPHUHT XaM TabCUPH YPTaHWIIIH.
Kywm anopranuk acocnap, kxymnanan Cs;COs;, NaOH Ba KOH wmnatunranna
KyTWITaH aHHEIHMpJIaHTaH MaxCyJoTJIap XOCHJI OVIIIH, JISKHH OpPTaHHK acociap
TOA Ba N,N-mumzonpomnmiamun OuiaH ogub OopwiraH TaxpuOanap HaTHXKa
oepmaaun. Ym0y yu komnoneHTid peakius 12 coar KOH umtupokuna EtOH na
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KU3AUPUITaH/Ia MaxCyJIOT SHT IOKOPY YHYM OWJIaH CUHTE3 KUIUHAU. PeakussHuHr
ymlOy oOnTUMaln apoOWTH TONMWITAHWJIAH CYHT, TypJd XWJI TypyxXjJap TyTraH
cyOcTpaTiapHUHr (OKCa3WHJIap, aMHHJIAap Ba ajjerujiap) 2,3-auanMaiira
THEeHO|[2,3-d [MupUMHIMHOHIAPHUHT Ma3Kyp OWp-peakTOpJI CHHTE3HMIa TabCHUPH
XaM ypranwian. DnekTponoaonop rypyxiap () cakmaran annernanapaa DAT
TYTraH ajfeTuajapra KaparaHjaa IOKOPHUPOK YHyMJIap/a peakiusi MaxcyloTH
xocun Oymummm  kysarwiaau  (1-)Kagsan). Macaman, F aromu Tytram 79-
oupukmanuar (51%) yaymm 76 wmopmanukura (65%) HucOaraH mTacTpok, V3
Yypuuna ymoy 76-xocunanuar yanymu CH;O-rypyxu cakiaran 80-OupukmMaHUKUTa
(86%) kaparania aH4a NaCTJIMTMHU Ky3aTHII MyMKHH.

o

‘I’—A>\\‘ o o m 1) EtOH, xusaupumr RN Q R 63 yuyn
Nz vy m
| + \\*Ar(Het) *HN 2) KOH, EtOH, ku3xupumr NV ‘ N cHO
S o] /)\
R S

A
N |
H N Ar(Het) |
60-65 66a-k 67a,b i 1) EtOH,
1 KUA3UpHUII,

68, m=2, R=OH, Ar=4-CI-CgH, 86, m=1, R=H, Het=5-Me-furyl-2 | 2) KOH, EtOH
69, m=1, R=H, Ar=4-CIl-CgH,4 87, m=1, R=H, Het=4,5-Me-thienyl-2 | 66a
70, m=1, R=H, Ar=4-F-C¢H, 88, m=2, R=OH, Het=4,5-Me-thienyl-2 !
71, m=2, R=0OH, Ar=4-CI-CgH,4 89, m=2, R=OH, Het=thienyl-2 1
72, m=1, R=H, Het=4,5-Me-thienyl-2 90, m=1, R=H, Ar=2-CI-CgH, }
73, m=1, R=H, Ar=CgHs 91, m=1, R=H, Ar=4-F-CgH, \
74, m=1, R=H, Ar=4-CI-CgH, 92, m=2, R=OH, Ar=CgHs |
75, m=1, R=H, Ar=4-F-C¢H, 93, m=2, R=0OH, Ar=4-Me-CgH, ;
76, m=1, R=H, Ar=CgHs 94, m=2, R=0OH, Ar=4-CI-CgH, i
77, m=1, R=H, Ar=2-Cl-CgH, 95, m=2, R=OH, Ar=4-F-CgH, L !
78, m=1, R=H, Ar=4-CI-CgH, 96, m=1, R=H, Het=5-Me-furyl-2 v e T }
79, m=1, R=H, Ar=4-F-CgH, 97, m=1, R=H, Het=thienyl-2 oy o g d: |
80, m=1, R=H, Ar=4-OMe-CgH, 98, m=1, R=H, Het=4,5-Me-thienyl-2 \ AN |
81, m=1, R=H, Ar=4-OH-CgH, 99, m=2, R=0H, Ar=CgHs Eagr- S T |
82, m=2, R=OH, Ar=CgHs 100,m=2, R=OH, Ar=4-CI-CgH, e
83, m=2, R=OH, Ar=2-F-CgH, 101,m=1, R=H, Het=5-Me-furyl-2 e O
84, m=2, R=0OH, Ar=4-Me-C¢H, 102,m=1, R=H, Het=thienyl-2 95-motaHuHT KpHETAT Tyxn;mm':m 1
85, m=2, R=0OH, Ar=4-F-CgH, 103,m=1, R=H, Het=4,5-Me-thienyl-2 (CCDC 1813089) | 104

bynman Ttamkapu, THO(DEH XaJdKacuaa TeTpa- Ba IEHTAMETWICH TypyXJjapu
Oynranga, Xamjaa peaknuara (peHWIITWIAMUH YYMHYH KOMIIOHEHT cudaTuaa
OJIMHTaHIa IOKOpH YHYMJIM TueHO[2,3-d]mupuMuauHoHIap Xocui  Oynaau
(oupuxmanap: 84 (81%), 85 (77%), 99 (77%) Ba 100 (84%)). Illynnait kumoO,
ternnu  68-103  OupukMamapHUHT OUp-peakTOpid, HKKM OOCKWWIM, Y4
KOMITOHCHTIM PEaKIHUsUIapH acOCH/Ia CHUCTEMATUK CHUHTE3W amalira ONIMPHIIIH.
FOxopunaru ycinyonm kymiab cyocrparinap 63-Oupukma, OceHzanbaerun (66a) Ba
sTrieHAMaMHHHUHT (67C) 3:3:1 HucOarnapgaru peakuuscd HaTwkacuga 3,3'-
(atan-1,2-muun)ouc(2-pennn-5,6,7,8-rerparuapodensol4,5 |tueno[2,3-d | mupumu-
nuH-4(3H)-on (104) rudpua OuprkMa X0CHIT OYIUIIN Ky3aTHIIIH.

Tpuyuknux - muenof2,3-d[nupumudounonnap; - memu 6a  3up
2ypyxaapunune okcuoranumwu. It tHeHo[2,3-d[mupuMuanH KapOOKCUIaTIap
(105-107), 2-AT 16 Ba UMKIHK JIAKTaMJIapHUHT (2-TIMPPOJIUIOH, 2-TTMIIEPHINHOH
Ba kampoiakrtaM) 45°C ma muxmopmeranma (JAXM) kusaupubd, xamma ¢ocdop
okcuxjopun (POCI3) wumTupokuga KOHIEHCAIMS PEAKIHSICH OPKaad CHHTE3
ke, 105-107-D¢upnapaunr ruaponusu H,O/CH3OH apanammvacuna LiIOH
uirrupokuaa Terunui kucnotanapau (108-110) 6epau. Iy Ouman Oupra ymoy
KUCJIOTAJIAPHA MYKOOHJI CHHTE3 yCYJIM TaKJM( STHIIN: arap ajMallrad JUMETUI
tueHo[2,3-d[mupumuaunonnap (111-113) konnentpianran HNOs/H;SO4, Ounan
TabCHUpJIAIlca S5-X0JaTJAard METHI TYPYXHHHUHT KyTHJIMAaraH OKCHUTAHUIIN COIMP
OVn0 ceneKTHB reTepouKiInK kapooH kucioTanap (108-110) xocun 6ynanu.
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....................

. o) | L0 ' Me |
16 — /S | /N (CHyn /S | /)N\/(CHz)n DI mcm)n ~

N N N
105-107 108-110 n=1.23 111-113 105,108,111, n=1;
106,109,112, n=2;
Peakius mapountn (i) Huknuk nakrkmiap, POCl;, DXM; (ii) LiOH, MeOH; (iii) HNO;, H,SO, 107,110,113, n=3

Amuonawm peakuyuscu. Awvmpnap cuHTesuga jgactimad  109-Gupukma
MHUCOJIHJIa PEAaKIUSHUHT onTuMan mapowtn Ypramwiaa. byama COOH
byHKIIMOHAN TypyXHM (aoJjuloBYM areHTiap cudaruaa: 1-3tnn-3-(3-
JTUMETHIIaMUHOIIpoi )KapOoauumuy  Ba TuapokcubOenzotpuazon  (EDCI  Ba
HOBt), (1-[ouc(mumermnamuno)-metrieH]|-1H-1,2,3-tpuazomno-[4,5-b|mupu it
3-okcua rekcadropdocdar) (HATU), xamaa okcannia XJI0puaIap TaHIad OJTHH/IH.
n-byrtunamun (114a) Ba 4’-amunoanerodpenon (114) — anmudaruk Ba apoMaTHK
amuninap Bakwm cudatuga onuaau. EDCI Ba HOBt  umrupoxumaru
peakuusiaapaa, xam amudaruk (135, 65%), xamma apomaruk (144, 53%) amun
yU4yH ypTada yHymJapja aMuiap xocui oynau (2-)Kaasan).

2-7KaaBan. AMujyiaii peakiyscH mapouTIapH.

H O R NP
~o~uN 0 NN NH HOOC o >—©7 NH; >—Q N 0
2
s N PeaKius mapouTn S N/ Peakius mwapouTH S N

135 109 144
Cy6crpar Pearent Peakuusi mapoutu Maxcyiaor  Yaym (%)
109 H-ByTriamun EDCI, HOBt, TDA, 25°C 135 65
109 H-bytnnamua HATU, TDA, 25°C 135 88
109 H-ByTHIaMuH (COCI),, TOA, 25°C 135 78
109 4'-Amunoaneropenon  EDCI, HOBt, TDA, 25°C 144 53
109 4'-Amunoaneropenon  HATU, TDA, 25°C 144 74
109 4'-Amunoarieroperon  (COCI),, TDA, 25°C 144 90

HATU wunuiatunranna sca apoMatuk amuHra HucbOatan (74%) anudaruk amuH
Oowran 1okopu yHymaa (88%) terunum amup onwHan. AkcuH4Ya, 109-mommanu
OKCallMJI XJIOpUA OuiaH TabCUPU HATIDKACHAA aBBal XJIOPAHTUIPUI - OPAJIHK
maxcynot (116), cyarpa 116-Oupuxkmanuar 4'-amuHOaneTOPEHOH OWIaH

peakuusicu HaTmkacua 1okopu yHyM (90%) Ounan 144-amun xocut 6yau.
118, 135, 152, R=-C4Hq

H o
N o} 0o 119, 136, 153, R=-CH(CH3)Et
R HATU, avmnzap - HOOG 120, 137, 154, R=N,N-CH(CHs),
Y N (114a-¢), TDA, x.X. / N/B _
‘ )\ ‘ /L 121, 138, 155, R CgH17
S N/ (CHap)n anudaTHK Ba UKIHK S N/ (CHy)n 122, 139, 156, R=-(CH,)g-
118168 aMMHIap yuyH 123, 140, 157, R=2-CHPh-
108-110 124, 141, 158, R=4-CHzPh-
apoMaThK 125, 142, 159, R=4-OCH3Ph-
n=123 1) oxcamn X”"P“ﬂl amunnap yayn 126, 143, 160, R=2,4-(CHs),Ph-
127, 144, 161, R=4-COCH3Ph-
a-L o 128, 145, 162, R=4-CIPh-
2) amunnap (114f-q), 129, 146, 163, R=2-CIPh-
TRA, IXM, x.X. a N 130, 147, 164, R=4-BrPh-
S N//L(CHZ)n 131, 148, 165, R=2,6-(C|)2Ph-
132, 149, 166, R=-CH,Ph
118-134, n=1; 135-151, n=2; 152-168, n=3 115-117 133, 150, 167, R=2-Py-

134, 151, 168, R=2-(4-CH3)Py-

[yngait ko, Terunum anudaruk amuamap 118-122, 135-139 Ba 152-156 yuyn
HATU wumrupokuna, Ba apomatuk amumiap 123-134, 140-151 Ba 157-168 yuyHn
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3ca OWp PEaKTOpiM, UKKH OOCKWWIH, opanuk Maxcyrnornmap (115-117) xocun
Oymumm OunaH 60paauraH yCcysuiap OpKaiv CHHTE3 KAJTUH/IH.

unco-Humponaw:. Tpunukiuk S5-kapOokcu TtueHo[2,3-d]mupuMuguHoHIap
(108-110) cuntes3u 5,6-mumetmitneno|2,3-dmupuvuauaonnap (111-113) opkanu
amMaira omumu fokopuaa kenrtupwirad. JlacraBBam 111-113-monnamapuu
HUTPOJIOBYH apayiaiiMa TabCUPHUJIA UNnCcOo-HUTPOJIAII Ky3/la TYTHITaHIN, HATIKAIa
5-xonmatnarn CH3; rypyXWHHHT aHOMaJl OKCHJJIAHUIIH comup Oynau. buz ymOy
peakiusHu  gaBoMm OTTupu6® 111-113-Oupukmanapgan yd OocKUYga S-HHUTPO
MaxcynoTinapau (172-174) cunte3 Kwinuk. bupumaum Oockuuma xocun OyiraH
KHUCIIOTaNap 3TepuUKaIUsa PeaklMsICH OpKaIM TErWIIM KHUCIIoTa 3(upiapura
(169-171) Tpanchopmanms kuauHad. Omwarad 3¢upaap  HNOs/HSO4
apanammMacy OujaH WIJIOB OEpHiIraH/a CEJICKTUB HUTPO MaxcyhoTiap 172-174
xocun O0yiamu (1-ycyn). Tuoden xankacumaru COOH rypyXxHH TYFpHIaH-TYFpH
HUTPO TypyXra ammamitapuin makcamuna (2-ycyn, 3-xkansan), 108-Oupukma
oonutanrny Moaa cudaruaa, Cu(OAC), Jlsrouc kucioracu (50, 70 Ba 100 moa%
napaa) cudaruaa, Ba AGNOs, NaNO;, Ca(NOs),; metan Ty3napu 3ca HUTPOJIOBYH

are’tiap cudaTuaa unco-HATPOJIAII PEAKIUACH YUyH TaHIa0 OJUH]IN.
1-Yeya

| l

j;fi HO,C ] MeO,C % O.N O

a8 N/\(CH n o L, JfLN/\(CH n i 4 NS i, 4 NS
CHy)n CHy)n

S N/)\/ 2 S N/)\/ 2 S ‘ N/)\/( 2) S ‘ N/)\/( 2)

111-113 108-110 169-171 172174

| 2-Veyn (i) i
| 169,172, n=1; 170,173, n=2; 171,174, n=3

3-Yeya (iv)

Peakimst mapontu: (i) HNO3/H,SOy; (ii) H,SO4, MeOH, ku3aupum; (iii) Cu(OAc), / AgNO;, EtOH; (iv) HNO5 -20 - 10 °C
TankukoT HaTkacuaa HuTposoBun areHT AgNO; (0y epma Cu(OAC),=70 mon%;
xapopar=80°C; sputyBun=EtOH) ummaTmirana IOKOpy YHyMIa HUTPO MaxCyJIOT
172 (3-xanBai, 4-xatop, 85%) xocwi Oyinu Ba ymOy peakius y4yH ONTHMAI
mapouT cudaruaa Kadyn KummHan, xamaa 173 Ba 174 mMonmanapHUHT CHHTE3HIA
xaM (poiiraaHuIIIN.

3-Kaasan. Cu(OAC)2 HIITHPOKHUIA UNCO-HUTPOIALI PEAKIMSACH MIAPOUTIAPH.

| HO,C ' ON |

O ! O
N Cu(OAc),, HutponoBuu arent > N
ey o
SN EtOH, 80 °C S “
108

'
'
i

N
172

Karop  Kartamuszatop / (Mo %)  HwutposoBuu arentiaap  Bakr (coat) Yuym (%)

1 Cu(OAC)2/50 AgNO3 5 65
2 Cu(OAC)2/50 NaNO; 5 45
3 Cu(OAC)2/50 Ca(NOs), 10 48
4 Cu(OAC)2/70 AgNOs3 10 85
5 Cu(OAC)/70 NaNO; 10 65
6 Cu(OAC)2/70 Ca(NOs), 10 62
7 Cu(OAC)2/100 AgNO; 15 85
8 Cu(OAC)./100 NaNO; 15 68
9 Cu(OAC)./100 Ca(NO3). 15 66

108-bupukma HNO3/H,SO,4 apanammvacu OuiaH y3apo TabCHpIALITaHIa HHTPO

MaxCyJloTiIap XOCus Oyiumm Ky3aTuiMaai. unco-Hurponamna, HNO; aunr 108-
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cyoctpat 6mnan 2 coat —25°C man 10°C xapopartna Tabcupiamranga 172-momna
15% Owunan onuuau (3-ycyn).

Kaiimapuw peaxuyusanapu ea Kauma 2ypyxaanuui. AMUHO MaxcCyJoTIap
178-180 wukku ycyn oOpKadud CUHTe3 KuiluHau: 172-174-HuTpo XOCHiIalapHH
SnCl,+2H,0 UIITHPOKHUIA KaiTapuo, KapOOKCH-OMpUKMaIapHU aca
mudpenmndochopunazug (DPPA) Epmamuaa TYFpUAAH-TYFPH OJUHAX. VKKHHYM
ycylila MYKH MOJIEKYJISIp KadTa TypyxJaHull coaup OYynangu Ba OyHuai
TpaHcopmalysi aMHHO-OMpUKManap Xocui Oynuiuaa OUpUHUM ycyira Hucoaran
aH4a ceylekTuB xucoOnaHanu. IIyHHHT y4yH TErMIuIM 5-aMHHO- XOCHJIAJapuHU
IOKOpH YHYMJIapJla CHHTE3 KWJIMII YYyH KaTop KaiTa rypyXJaHUII HIapOUTIapu
ypranunau, xyminanad Jloccen, llImuar Ba Kypunyc KaiTa rypyxJaHHUII PEAKLIHs
mapouTiapu ymoy Taxkpubanapaa tagouk kummHau. 109-Kucnora Jloccen kaiita
TYPYXJIAaHUII ~ pEaKUWoOH Myxutuaa, sSpHH 150°C nma  ruapokcuiaMuH
TUAPOXIIOPUTHUHT Ttosudocdop KUcIoTaaaru apajanmacy OWiaH oaud Gopuiran
peakiysiia KyTuiaraH amMmuHo oupukma 179 ypraua ynymma (58%, 4-xkansan, 1-
KaTOp) CUHTE3 KUJINH/IH.

S o - (T o 4 —T )
2n —— | (CHo)n —— | (CHo)n
S N/)\/ S N/)\/ S N/)\/
108-110 172174 178-180
»/~N O

t-BuOH, DPPA, o/\

TDA, EtOH-HCI, Vi | N\ ) Kypuuyc

\v4 (CHy)n | xaiiTa rypyxnanum

S N/)\/

175-177
Peaxuus wapout: (i) Cu(OAc), / AgNO;, EtOH; (ii) SnCl, o 2H,0, HCI, EtGH; n=1-3

[Imuar Kaita rypyxJjanuin ycyauaa (HaTpuit asuj Ba cyiadat kuciaora) 109 HuHr
179-amuno wMaxcynotra Tpancopmanuscu JlocceH KalTa TypyXJaHUIIUTA
HUCOATaH ce3wIapiii apakaJa IOKOPUPOK, STIbHU PeaKlMs XOHa Xapopatuia oJno
oopuwiranma 70% yaymra kyrapuiaau (4-kanBai, 2-Katop). DHT FOKOPH YHYM
(91%) Kypumyc kaiita TypyXJaHHII PEakiysi NIAPOUTIAPHIIA CUHTE3 KHJIUHJIU.
bynna 109-momma DPPA épnamuaa, xamma t-Oyranonaa Ba a3ot atmocdepacuaa
CEKUHJIMK OuiaH KUCJIOTAIIN TUAPOIU3/IaH CYHT 179-6upukmara
TpaHchopmanuscu amanra owad. busHuHr ¢ukpumuzya DPPA umtupokuna
Kypuuyc kaiiTa rypyxjaaHuIl KyiHuaara MexaHusm acocua oopaau: aBai docdar
KHCIIOTa CyOCTpargard KapOOKCHUJI TypyXH XucoOWra yJIapHUHT —apajiaiima
aHTUIPUIN XOCHIT OYIKO0, a3u] STUMUHALMIIaHAH.

4-Kanpau. Kaiita rypyXJaHuin peakius apouTIapH.

Peakuus mapoutu

109 > 179
Katop Cyoctpar Kaiita rypyxjianum mapouTu MaxcyaoT Yuym? (%)
1 109 NH2OH-HCI, PPA, 150°C 179 58%
2 109 NaN3, H2SOs, x.x. 179 70%
3 109 DPPA, TOA, Toxyoa, 110°C 179 59%°
4 109 DPPA, t-Byranou, 85°C 179 91%"

2 a5kpaTUO ONMHIaH yHYM, ° THAPOJIM31aH KeHMHIY YHYM
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Xocun Oynran anruapua A a3u aHMOHWHU alWIIIAI HAaTWKacuaa amwi azus B
HU XOCWJI KWJaau, ymi0y amwil a3uad KU3TUPHIN HaTiKacuaa OeKapop Opamk
armim HUTpeH (C) Xocwi OYIMIIM OpKaidu Teruiuid usonuoHarra (D) yramw.
Tepmomu3 >xapaéHHIa MOJEKYJIApP a30T SIUMHUHANMIAHAAN Ba Iy BAaKTHUHT
y3uaa KapOOHMI TypyXxra Oupukkan ypunoocapaa [1,2]-cumkuin coqup 6yaaam.

o.. o co:
N CBE/:Q S PhoyP-0-02) o =N=N 0
DPPA (nudenunpochoprr asum) (PhO)zl‘T—" + / ‘ N [©) /_A ) ‘ J\l\/j ) ‘ J\l\/j
N:;) s N/ Ns s N/ s _

anruapua (A) i
O .e
N® o 0=c=N o P o 58P
o‘<N DS N=N-N o
H* t-BuOH N
m ot TR D — S0 = 10
—
S N/ S N S N L S N/ |
nsouuanar (D) asen (C) anua asujg (B)

Cynrru 6ocknuna CO, MONEKYIaCHHUHT aXXpain0 YMKHIIK Ba OyTaHON €pAamMua
XUMOsIIaHTaH (hparMEeHTHUHT THAPOJIU3U HaTkacuaa 179-amun xocu 6yianu.
Cyagpanunamuonaw:. Taakukotnap 178-180-O6upukmanapuun cyndaHwi-
aMUJIalll OpKAJIA JaBOM OTTHpWiIAH. Makcammu cyndarmiamumaap 182-253
terunuii aMmuaaapHuHT (178-180) apomatuk cyndonmmxmopuaiap (181a-x) ouman
peakuusicu opkainu JIXM nspurmacuma XoHa Xapoparujia KaTaJuTUK TUPHUIANH
UIITUPOKKIA 0JTMO Oopriirania Kopu yHymitapaa (72—-92%) xocun 6yam.

RisZ N\ Q
HN O &‘7 S-NH o ©
o
R, 7

2
7T N TlcHgn s —gka/\(CH n
m i s N/)\/ ’

178-180 182-253
Peaxuus mapout: (i) Apomartuk cyidonmxnopun (181a-x), mupuaun, XM, X.X.

200-MoaaanuHr kpuctaj Ty3uaumu (CCDC:1528441)

182-205, n=1; 206-229, n=2; 230-253, n=3 228-Momnauuur kpucrai tysuianum (CCDC: 1528442)

182, 206, 230, R4=H, Ry=H 190, 214, 238, R,=H, R,=2-CF; 198, 222, 246, R(=2-F, R,=6-F

183, 207, 231, Ry=H, Ry=4-Me 191, 215, 239, Ry=H, R,=3-CF; 199, 223, 247, R4=2-F, Ry=5-F

184, 208, 232, Ry=H, Ry=2-F 192, 216, 240, R,=H, R,=4-CF4 200, 224, 248, Ry=2-F, R,=4-F

185, 209, 233, Ry=H, Ry=3-F 193, 217, 241, R4=H, R,=2-OCF4 201, 225, 249, R=3-F, Ry=4-Me

186, 210, 234, Ry=H, Ry=4-F 194, 218, 242, R,=H, R,=3-OCF, 202, 226, 250, R,=4-F, R,=2-Me

187, 211, 235, Ry=H, Ry=4-Br 195, 219, 243, R;=H, R,=4-OCF; 203, 227, 251, R4=3-NO,, R,=4-Cl
188, 212, 236, Ry=H, R;=4-NO, 196, 220, 244, R,=3-F, R,=5-F 204, 228, 252, Ry=3-Cl, R,=5-Cl

189, 213, 237, R4=H, Ry=4-OMe 197, 221, 245, R=3-F, Ry=4-F 205, 229, 253, R{=H, R,=4-CgH5

JluccepraiusiHUHT  «JI€30KCMBA3MIIMHOH  AJIKAJOWAM Ba THEHO[2,3-
dlmupumuauHOHIapaa A-xajdka MoauduKamusicw» J1¢0 HOMJIAHTAaH YYHMHYH
000maa TaObuMil ankagou] JAE30KCUBA3ULIMHOHHUHT «A» xankacuHu «scaffold-
hopping» crparerusicu acocuna tTuodeH, ¢pypaH, nupa3o, NUPUAUH Kadu Oel Ba
OJITW ab30JiM, OMp Ba HMKKHTA TETEPOATOM TYTTaH TPHUIMKIUK aHHETUpPJIAHTaH
MUPUMUANHOHIAD Ba YJIApHUHT OOIUIAHFUY MOJTAIADUHUHT MYBO(QHUK CHUHTE3U
Oyiiu4a OJIMHTaH HaTHXKaJlap MyXOKama dTHJITaH.

Tpuunkimk tUeHo[2,3-d|nupumMuanHOHIAp N€30KCUBA3ULIMHOH

(OeH30MMPUMHUIMHOH )HUHT TUO(MEHIN CUHTETHK aHAJIOTIapy XUCOOIaHa 1.
o) o

A-xajika MoaupuKanusi
N/C\(CHz)n N N/C\(CHz)n

N

n=0, le30KCMBa3ZHIIMHOH

n=1, MaKHHA30IMHOH Tueno[2,3-d|nupuMuINHOH

. A-xanka THo(eH OmIaH MOTU(pUKANNIIaHTaH
Tabuwnii OuprukmMaap
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Tueno[2,3-d|nupumunuHonIap OwiaH TagKUKOTIApAaH CYHTr, ymoy
TPULMKIMK CUCTeMaJard A-XajJkaHH Typiaud Xuid — Oem/onTh ab30M Ba
Oup/MKKHTa TETepoaToM CakjaraH TeTEPOIMKIUIAp OWaH aJIMaIlTHPHUO, SHTU
aHHENUpJIaHTaH TNUPUMHUIWHOHIAD CHHTE3W Ba MOAUDHUKAIMAICH YPraHWIIH.
Kymnagan,  tweno[3,2-djmupumuaunonnap,  ¢ypo[2,3-djnupumuauHonIap,
nupazono[3,4-djnupumuaunonnap,  nupuao[3,4-dnupuMmuauHoHIap,  Xamaa
tueHo[3,2-dmupumuuaTHonaap, Gypo[2,3-d|nupuMUANHTHOHIAP, HPa30JIo-
[3,4- d]HI/IpI/IMI/II[I/IHTI/IOHJ'Iap CHUHTE3H aMalra OIJ_II/IpI/IJ'I):[I/I

Gemr abp3011H GUP Ba MKKH o

; reTepoaToM CakjiaraH aHajiorjiap
" Hees GosrliGesy
4 \ P
, A

n=0, /le30KCHBAa3HIIHHOH Tueno[2,3-d|nupuMuIHHOH Tueno|[3,2-d|nupuMUINHOH
n=1, MaKHHa30JIMHOH

OJITH ab30J1U OUp reTepoaToM
o cakJlara aHajoriap l o n=0,1,2 o
i

X N/\(CH n | (ﬁNA(CHz)n //ka/\(CHz)”
\ 2 ‘ N
N~ /)\/ ! O | /)\/ N | /)\/
’ /

Justicia adhatoda N n=1,2 N N

R
Mupuo[3,4-djuupumnnnon ®Dypo[2,3-d|nupUMHAHHOH TIupa3zo.io|3,4-d|nupuMUAMHOH

Tueno[3,2-d[nupumuounonnap ea muenof3,2-dlnupumudounmuonnap. 3-
Awmunotnodenmapaunr (258-260) aHHEIMPIAHUIINA KUCKA BaKT OPAUFUIA, SbHH
KOHJIeHcalusl auxyopatanaa (X)) onmub Oopunranma, peakius OONUIAHTaHIAH
Oup Heya JaKuKa YTHO coaup OVIIM Ba KyTWiraH TUeHO[3,2-d|mupuMuganHOHIap
xocunl OYynnu. ly Ouman Gupra TypiM XWI PEaklMOH IIAPOUTIAPH XaM Mas3Kyp
peakuusi yudyH TeKmupub kypunau. Macaman, 258-moqna 2-nuppoiauaoH OusaH
POCI; nmrrupokuna JIXM naa (5 coar), nuokcana (8 coat) Ba Toimyosna (20 coart)
KOHJICHCAITS peaknuscura Kupumranaa 261-maxcynor mMoc pasumina 42, 77 Ba
28% ynymap Ounan onuHau. byHaaan Tamkapu, cyocTpariap sputyBurcu3 100°C
na  Km3aupwiragmga 68% OwimaH  XanmKalaHWIT MaxCyJOTH XOCHI  OViw.
OpuryBuncus 140°C nma (81%) 2 coar Ku3gMpWIraHga peakiys MaxXCyJOTHHUHT
VHYMHU ce3wiapid Japaxana omjad. Jlekun Oy ycynjga oOJMHTaH TEXHUK
apajialiiMaHu To3aJlall xkapa¢Hu HucOaTaH MypakkaOpOK OYJIraHu y4yH, S9pUTYBUU

XD Ounan onub Oopwiran peakius Makyn ae0 Tanmanau. OIWHraH
NUPUMUANHOHIIAD THUOHJIOBYM areHT — JlaBeccoH peareHtn &€paamuaa 2 coar
TOJNyOJIJa KH3JUPWICA THUPUMHUIUH XaJKAaCUIaru KHUCJIOPOJ OJTHHTYTYPTTa
KOHBEpTalMsJIaHa 1 Ba Teruuui Tuornap (270-278) xocun Oyiaam.

myzpu()aH-myzpu OJIUHUWU

| }
o S
o cl s
i N iR COOMe jji S N iv S N
R)K/F% - R)ﬁ/ - W TR _L_(CHain TR _L_(CHan
R Ri  NH, N N
1,2,254 255-257 258-260 Ri 261- Ri 270278
269 ]
254, 255, 258, 261, 264, 267, 270, 273, 276, R, Ry=H; 261-263, 270-272, n=1; | 258-260 — > | 261-269| —!
2,256, 259, 262, 265, 268, 271,274,277,  R=Me, Ri=H;  264-266, 273-275, n=2; |
1, 257, 260, 263, 266, 269, 272, 275, 278, R=H, R;=Me 267-269, 276-278, n=3; | v

6up-peakmopiu peaxyus

Peakuus mapoutu: (i) IM®, POCl; NH,OH; (ii) metun 2-mepkanroanerar, NaOMe, MeOH; (iii) uukmuk nakramnap, POCls, 1X3;
(iv) JIaBeccoH pearenTH, abc. TOIYOI EKH AUOKCAH

270-278-TuoHnmapHUHT OUP-PEAKTOPIM CHHTE3M XaM amMajra OIIMPUIAN: 3-
amuHoTHoermap (258-260) POCI; wumrmupokuma nakrammap Owman 3-4 coar
TUoKcaHna Kuznupuica 261-269-momnmanap opanuk MaxcysloT cudaTuaa XOCHI
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Oynanu Ba peakiMoH apanammara JlaBeccoH peareHTH Kymu0 peakuusHu siHa 2-3
coat ku3aupuiranaa 270-278-tuonnap 88-99% ynymnap OuinaH ONUHIN.

Dypo|2,3-d]nupumuounonnap ea pypo|2,3-dinupumuounmuonnap. 2-
Amunodyparmap (301-302) xam wkkm OOCKMY/Ia ONWHIW: JacTiad ITUI
muaHoaneraT (7) Terumuim XJop-ketoH &kum amgerumiap (297,298) Owinan
peakmusicuaan 299, 300-opamk MaxcyaoTiap XOCHI OYJIIM Ba KEUUHTH OOCKUY/IA
ym0y WHTepMeauaTiapjaan TpudTopcupka KHCIOTa EpaamMuia XaldKajdaHTaH
dbypannmap — 301 Ba 302 moc paBumga 78% Ba 86% yHymuap Ouiad cWHTE3
keI,  Tpunukimuk - Gypo[2,3-dnmupumuannonnap (303-308) — Tueno|2,3-
d|IMpUMUIMHOHIAPHUHT OJMHHII YCYJIM acoCHJa CHHTE3 KWIMHAW, SbHU
cyOcTpariap d3puUTyBUMCH3 Ku3aupuwiaragaa 51-55% ywymmapaa peakius
Maxcynotiaapu omuHAau. Jlekwn, JXM, JIXD, nuokcaH Ba TOJyoJ KaOu
PUTYBUYMIApIA KU3aupuO onubd Oopmiaran koHaeHcanus peakuusutapuaa 303-308
Jap mact yHymiapaa xocwia Oyimu. Omnuaran ¢ypo[2,3-d]nupuMuInHOHIapHHA
(303-308) TroHMama XaM MKKH XU yCyJiaaH (HGOMIamaHuIIn: THPUMHIAHOHIAP
opkanu onuuumy Xamaa 301 Ba 302 nap opkaiu TYFpUAAH-TYFpU OUpP-peaKkToOpiIu
yCyJI acocuaaru CUHTEe3W. VKkaya ycynma XaM JTHOKCAH PEAKIUs SPUTYBUYHCH Ba
JlaBeccon xamma P,Ss peareHTnapI/I TaHJIAHIH.

myapuoan-myapu OIUHUUU

R S

o COzEt
Cl i OEt _iii iv N\
P e A Jﬁ Jﬁ enan 2= ]
2 1 (CHgz)n
)\/ o) N/)\/

R4
297,298 299, 300 301,302 303- 308 309-314
301, 303-305, 309-311, R=H, Ry=Me; l iii iv T
302, 306-308, 312-314, R=Me, R1=Me; [303-308}
303,306,309,312, n=1; 304,307,310,313,
n=2; 305,308,311,314, n=3
Peaxuus mwapouti: (i) EtONa/EtOH, 0 °C - x.x.; (ii) TDA; (iii) uukank nakramuaap, POCs, 3 ¢; (iv) JlaBeccon pearenty, aGce. AHOKcaH, 6 ¢

Oup-peakmopiu peaxyus

. 311-Monna

Tuoamun- pparmentiu ¢pypo[2,3-d]mupumunuatronnap (309-314) JlaBeccon
peareHTH wunuiaTwiIragma 65-89% yaymiapma, P,Ss umTHpokuga 3ca  mact
yaymiiap (18-45%) Owian xocwn Oymau. Dypo[2,3-d|mupuMUIHHTHOHIAP
tyswmamy ~ 311-mMomma  MuconMaa  peHTreH  TY3WIWIN — TaxJWIH — acocHia
UCOOTIIaHIN.

Iupaszono|3,4-dlnupumuounonnap éa nupaszono|3,4-dlnupumuoun-
muonnap. Tlupazon Oupukma — 317, POCIl; umrupokuaa Teruunumm JiakTamiiap
ounan JIXM na (40-45°C), AXD na (80°C) éku sputyBuncus 100 °C na 6-7 coar
JTaBOMHMJIa KU3AUpHiIranaa mupaszono|3,4-d]nupumuaunon 319 xocun 6yamann (5-
*anBain). Peakiusi mapoutiapu arpodinua ypraHWITaHIaH CYHT, (pakar WUKKd
XOJIaT/ia KyTHJITaH aHHEJIMPJIAHUII COMUP OYIN: CyOCTpaTIapHUHT SPUTYBUUCHU3
2 coar 145-155°C na xmsnupwiranaa (319-maxcynor ynymu 75%) Ba KyTOCu3
APUTYBUM JUOKcaHAa 24 coaTt kusaupwiranaa 319-maxcynor 69% yHym Ouinan
omuaan. Moananap (319-324) 90% raua yHyMnap)Ia xocpm oynau.

HN
)\/(CHZ)n COOEt )\/(CHz)n
O 74
VI
N

N T lcHy) N/ T lcHon
n

N )\/ 2 POCIs, xu3anpum, 2 coart, ! NH, POCIs, muoxcan, kn3aupuu, N )\/ 2

F\; 75-87% R 24 ¢, 69-79%

319-324 317,318 319-324

319, 322, n=1; 320, 323, n=2; 321, 324, n=3 319-321, R=Me; 322-324, R=Ph

(0}

D
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[Mupumuaun xankacumarn € —CHy— Typyxmapu COHUHUHT OPTHUINM PEAKITUS
MaxCyJIOTJIapu YHYMUHHUHT OPTHUIINra TYFpU NponopuroHan oynau. AlHukca Oy
nupaszoil xajgkacuaaru l-xomatgaru ypunoocap R=CHs; o6ynran Oupukmanapna
319-321, R=Ph 06ynran oupukmanapra 322-324 nucOartaH SKKOJI HaMOEH OYIIIu.
bynu CH3 Ba —CHy— rypyxjapuHUHT 37€KTPOHOJIOHOPIUIU OUJIaH TYITYHTHPHIII
MYMKHH.

S-Kansas. AHHENUpPIAHUILI PEAKIUSACH LIAPOUTH.

o)
COORt HN AQHHEIMPIIaHHLI IAPOUTH //\/6\ N
NF& : )3 N /)3
N~ NH, o /N N
| 319
317
Karop Cy6cTpar Hukau3zanusi IAPOUTH MaxcyJioT Yuym® (%)
1 317 POCIs, XM, 45°C, 5 ¢ 319 Peakuusira kupuimarad
2 317 POCIs, IX3, 80°C, 2 ¢ 319 Peakuusira kupuimMarad
3 317 POCls, duokcan, 100°C, 6 ¢ 319 Peakuusra kupuiimaras
4 317 POCIs, duokcan, 100°C, 24 ¢ 319 69
5 317 POCls, spurysuncusz, 100°C, 3 ¢ 319 Peakuusira kupuimarad
6 317 POClIs, spuryBuncus, 150°C, 2 ¢ 319 75

[Mupazono[3,4-d|nMpUMUIMHOHIAPHU ~ THOHJAIIA  HMKKajga  yCyjiga  XaM:
nupasoiio[3,4-d|nupumunuatronnapan (325-327) 317 Ba 318 napaan TYFpuiaH-
TYFpU OHUp-peakTOpid Ba UKKH OOCKMYIM CHUHTE3 YyCYyJUIlapu KyTWITaH
maxcynotiapau 80-90% ynymutapaa Xxocuin OYVIMIIMHA TAbMUHIAIH.

a) UKKH OOCKHYIN CHHTE3H

S

HNT o)
COOEt )\/(CHz)n
N//\/|[ o) / CH JlaBeccoH peareHTH N//fj\ N/\CH
N AL AL Jeran (L L era
/
R

1 NH, POClI;, AnoKcaH, KM3AUPHIL, JMOKCaH, KW3AUPHILL, N N
R 24 ¢ 4 c, 78-88% F\;
317,318 320-322 325-327
B) OMpP-peaKkTopyIv CHHTE3U HN o
S
COOEt PRy
N//\/|[ o) % N\ JlaBeccoH peareHTH % N\
N N, | /)\/(CHZ)n JIMOKCaH, KH3UPHUIILI, N, | /)\/(CHZ)n
J NH, POClI;, anokcaH, KM3AMPHLI, N N N N
R 18¢ RI 4 ¢, 80-90% R;
317,318 320-322 325-327

325, n=2, R=Me; 326, n=3, R=Me; 327, n=1, R=Ph

Hupuoo|3,4-dlnupumuounonnap. Iupuno[3,4-dlmupumMuarHOHIAp — ONITH
ab30M AHHEIMPJIAHTaH NUPUMUIMHIAp cuHGura Mmancy6. 2018-Munma X.V.
XOIKaHUA30B TPHULUKINK MHPpUa0[2,3-0]mupumMuarHOHIap OWIaH TaaKHUKOTIIAp
o0 O6opraH Ba IUKIUK Maxcynoriaap 150-170°C kuzaupunranga XoCui OYJiras.
Ma3kyp TagKMKOTIAa XaM YOy peakius IMapouTiIapyd KyJ/UTaHWJITaHAa —
nupuao|3,4-dmupumuauaonnap (329 Ba  330) 328-mMomma  Ba  IMKIIHK
JaKTamiap/aH OCOHJIMK OuiaH cuHTe3 KuauHau. Peakuus 150 °C xapopatiaa 01ub
oopuiy, quKI/I 100 °C ;1a yi0y KOHJICHCAIUs PEAKIUICH COIUP 6}”/JIMa)1H

H
Cﬁk COOH Cﬁl\
//C> Poc13 150°C, 1 ¢ ’\O: POCI; 150°C, 1 ¢ )\/j
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[[lynn TabKuam KepakKd, aHHEJIWpJIaHraH NUPUMUIMHOH cuctemacura N-
reTepoaToOMH KHUPHIIM OWIaH HadakaT peakiusiap IOKOPH Xapoparaa OOopuIy,
Oanky OoIKa XWJ aHOMaJl JkKapa€HJIap XaM Ky3aTWiau. Macajiad, TPHUIIUKIUK
NTEPUANHIAP Ba U300KCA30JONMMPUMHUIMHOHIIAP CUHTE3U/1a AaHHEIUPJIAHUIIT COJIUP
OY1Iu, aMMO MaxcCyJIOTJIapHU cod XojaTaa aXpaTuO OJIUIITHA UMKOHHU OYJIMaJIu.
Ymly MyHanuimia TaaKuKoTiaap 1aBOM dTTUPHUIMOK/IA.

HN 0 ! HN" o)
N_COOH A [CHan N | COOEt A (CHan
X ° “ Y lcran | | g N ) en
N/ \N N/)\/( 2)n e} N/)\/( 2n

NH, POCI;, nnoKcaH, KN3IUpPHIL, l N‘ N NH; POCI;, nMoKcaH, KH3IHPHIL,
4c ; ~0 8c
331 332-334 ' 335 336-338

S-Amuno-umuoazon-4-xapoon kucaroma mun Ipupnapu. 342-375-
“bunauHr OJ0K” nap sSTwinHa”oareTataan (7) yd Oockuyaa OnMHAN. Arap
Hutpwi / Hatpuili HUTpUT Omwian 10—40°C nma ¢ocdar kucioTa apanammacuia
tabcupiamranaa Ba HCl unutoB Oepuirania STHIT 1IMaHOTHAPOKCHMMHUHOAIIETAT
339 xocmn Oymamu. Cyur okcum (CNOH) dparmMeHTHHH ZN HMINTHPOKHIA
KaWTapuiranaa terunumm aMuHo MaxcynoT (340) xocun OViau. Onuaran 340 Hu
terunuik amumiaap (34la-ah) Ba TpudTHIIOpTOdQOpPMHAT OWMIIAH Y4 KOMIIOHEHTIIN
peaknusicuaan 342-375-umMuaa3omiap CHHTE3 KAIUO OJTMH/IH.

o , Q 342, R=-C;3H, 354, R=3-CH;-Ph 366, R=4-CI-Ph
NC\)J\O/\ — NC%O/\ 343, R=-C,4Hg 355, R=4-CH3-Ph 367, R=3-Br-Ph
Nl 344, R=-C;H5 356, R=2-CH3CH,-Ph 368, R=4-Br-Ph
~OH 345, R=-CgH g 357, R=4-Bu-Ph 369, R=4-COCH;-Ph
7 339 | . 346, R=-C,H15 358, R=2-OCH5-Ph 370, R=2,6-CH;-Ph
$ I 347, R=-C4Hq 359, R=3-OCH4-Ph 371, R=2,4,6,-CH5-Ph
N__COEt o 348, R=-C4gH33 360, R=4-OCH5;-Ph 372, R=2,4-Cl-Ph
¢ I i NG . 349, R=-C4gH57 361, R=2-F-Ph 373, R=3,4-CI-Ph
N - (0) 350, R=cyclopropyl 362, R=3-F-Ph 374, R=Bn
A NH; NH, 351, R=cyclopentyl 363, R=4-F-Ph 375, R=F-CH,Ph
352, R=cyclohexyl 364, R=2-CI|-Ph
342-375 340 353, R=2-CH3-Ph 365, R=3-CI-Ph

Peaxuus mapowurn: (i) NaNO,, H;PO,4, HCL, H,0, 10-45 °C; (ii) cupka kucnota; Zn, 25-30 °C; (iii) HC(OEt)5,
anudaTtuk Ba apomatuk amuniap (341a-ah).

Y0y onMHTraH 5-aMUHO-UMHIa30J1-4-KapOoH kuciaoTa 3tui dupiapu (342-375)

MypUHJIAp CUHTE3U A “OMIauHT 070K’ Iap BazudacuHu Oaxapuilyd MyMKHH.
0

N N CO,Et (0]
¢ | /)N " «NI ’ HJ\NHZ
S-amuHo-1H-umunaszon-4-  popmamuz

1.9-murunpo-6 H-nypuH-6-on KapOOH KUCI0Ta ST 3QUpU

HuccepranussHuHr «CHHTE3 KHJIMHIAH OMPHUKMAJIAPDHMHI OHOJIOTMK
¢aosmrn Ba TY3WIMIIHHHT (A0NJIMKKA OOFJIMKJIUIW» Je0 HOMIIaHTaH
TypTUHYM 0O00maa 220 Ta SHIM CUHTE3 KWIMHIaH aHHEeJWpJjaHraH Ou- Ba
TPULUKIUK OUPUKMAIAPHUHT TYpJIM XUJ OHMOJOTMK (haoJUIMIH HaTHXKallapyu Ba
TY3WIUIIHUHT (DaosuIMKKa OOFIMKIIUTY MyXOKaMa KUJIMHIaH.

Capamon Xyxycaiupanapuza kKapwiu ¢paonnuk. Ymymuin xucobma 101 Ta
mMonnanap: 17-OupukMa Ba YHMHI a30METHHIIApH, MOHO- Ba Ouc- aMuaJIapH,
onnuknuk TtHeHo[2,3-d|mupumugunonnap (69-72, 76-80, 82-103), xamma 5-
aMHHO-UMHUAa30utapHuHr (342-375) capaToH XysKaipangapura Kapiiv Xoccalapu

texkmmpwian. 17, 19-26, 37-39 Ba 45-Xocunanapausr in Vitro antunponudepaTus
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daommmru T47D Ba MCF-7 (kykpak 6e3u caparonn), Hela (6auanon capatonu), Ba
Ishikawa (sHgomerpuwan capaton) xyskaidpamapura kapmu MTT ([3-(4,5-
JTUMETHIITHA30JINN )-TUEHIITETPA30Iuil OpoMul]) YCYIM OpPKAIH TEKITUPHUIIIH,
Ba fokcopyouriud (DOX) mo3uTuB KOHTpOd cudaTuaa unatwiad. OauHran 27-
36, 40-44, Ba 46-53-6upuxmanap typt xui: PC-3-npocrara capatonu, AS549-ymka
capatonu, HCT-15-iiyron wuuak capatronu Ba [47D-xykpak 0e3u capaToHu
XyXadpagapura Kapiiy (aoJUIUTd TEKIIMPUIIU. S5-AMHHO-uMHaa3ouiap (342-
375) 6em xun: Hela (6auamon), HT-29, HCT-15 (uuak), A549 (Yynka) Ba MDA-
MB-231 (xykpak 6e3u) capatonu Xyxanpanapura kapmu MTT ycynuma CKpuHUHT
KHWJIAHTH.

Axkcapusit azomerunnap 147D Ba MCF-7 xyxaiipanapuHu YCHIIUHU
cekunrnamtupau: 20- (2.3 uM), 21- (12.1 uM), 23- (13.2 uM), 37- (14.9 uM), 38-
(16.0 uM), 39- (7.1 uM), 45- (8.6 uM) monanap mo3utuB KoHTpoara (DOX=15.5
uM) HucbataH Ky4id HUTOTOKCUK (aoJTuKHU Hamo€H Kuimunau. MCF-7
xyxkaipacura kapmmu 19, 20, 21, 26, 38-6upukmanap 1Cs0=6.1 uM, 1.3 uM, 6.8
uM, 5.7 uM Ba 2.4 uM xuiimatnapaa ¢gaoyuiMKHUA Kypcatau, 0y epaa DOX 6.75
uM kuitmatra sra. @ypdypon pparmenTuHUHT S-xomatunaru OTA xoccacura sra
NO; rypyxiu 38-moj1a TaHgaHral 0apya capaToH Xy»Kadpanapura Kapiid Ky4Jid
IIUTOTOKCUK (haosutukHu kypcatan. Paon oupukmanap (36, 43 Ba 46) kyiin 1Cso
KUMaTIIapHu HaMOEH KWITAHJIUTH y4yH HOpMaj 3MOpuoHan Oyiipak Xyskaiipa
HEK-293 ra, myHuHrAexk, ylapHUHT XyKaipa IMKINra TapKajiWlld Xamaa
amonTocu3 WHAYKIusAcura Tabcupiapu DOX Owmiman Takkociaad TEKITUPIIIH.
OnuHran HaTvxanap 0y OMpUKMaIapHUHT celeKTUBIMK uHaekcaapu (CH) rokopu
AIMACIIMTHHH KypcaTau, JekuH 43-6upukma yayH AS549 sa HEK-293 xyxaiipanapu
opacumarn CU xucobOnaranma ymoOy mozaa erapiuda CUuu (47.3) kaitn atau (6-
xanBan). bynman tamkapu, 43-momma A549 Xxyxkaiipanapuw OWIaH KUYUK
kouneHrpammsiapaa (0.1, 0.25, 0.5 uM) wumnutoB Oepwiaranga HMHIYKIHOH
arornrrocus 8.4 nan 12.6% raua orau.

6-Kansaa. ®aon GupuKMaTapHUHT CENIEKTUBIIMK UHIEKC KUWMaTIapu.

bupukmaiap I1Cs0 (£SD, uM) CH°e3 CHU™* CH"cT5  CH™P
36 33.443.7 2.7 7.2 12.8 5.2

38 111.3£2.8 nd 4.9 11 24.1
43 66.2+3.4 5.6 47.3 10.3 3

49 160.0+£2.3 23 2.4 22 7.1

5-Amuno-umugasomtapaunar  (342-375) Hela Ba HT-29 xyxaiipamapura
Kapim ckpuHuHruaa 346-moxma Hela Ba HT-29 xyxatipamapu yuyn [Csg
KUWMaTiIapy TypJid KOHIICHTpaIMsuIapAa Ba BaKTJIapAa TEKIIUPWIAM Ba 72 coar
ytu6: 1Cs xuiimaTiap Hela yuyn 0.737+0.05 pM, HT-29 yuyn 1.194+0.02 uM
napra sra 6ynau (1-pacm).
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Hela HT-29
120 Bakr (coar)

9 £ 120 Baxr (coar)
= -0~ 24c (ICq: 11.03 pM) = -0~ 24¢ (ICq: 1043 pM)
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= ~0- 48€ (ICq: 8.34 M) 2 -0~ 48€(ICg: 3.62pM)
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1-Pacm. 346-bupuxkvanunar Hela Ba HT-29 xyxkaiipamapura kapim aHTHIponudepaTHB
daoosury.

[llynunarnex, 346 HUHT TaHJaHTaH XyXaWpangapaa KOJIOHUS XOCHJ KHJIUIII
napaxacura tabcupu 0.1, 1.0, 1.5 Ba 2.0 uM koHI1eHTpanusiapaa TEKIUPUIII. 2-
Pacmpan (A Ba B) kypuimr MymKuHKH, uUMHAa301 Oupukma 346 KOHTposra
TaKKOCJaHTaHJa KOHIICHTpaIusAra OOFJIUK XoJda XyXKahpajaapaa KOJOHHS XOCHII
KVWJIMIII JJapakacura TabCup dTaIau.

(A) KonTtpon 0.5 1M 1.0 pM 15uM 20 M (B)

C3KonTtpoa
=3 05pM
=3 1.0pM
=3 15
= 20pM

Hela
-
S

w
S

HT-29

Koaouus X0CHJ1 KHJH I
napaskacu (%)

2-Pacm. 346-bupukmanunr Hela Ba HT-29 xyskaiipanapuia KOJIOHHS XOCHIT KHJIHII Japaskacura
tabcupH (A Ba B).

Nmvunazon 346 vy murpanvs KOOWIMSITHTA TYCKUHINK KWW JapakacHHU
anukiam yayH Hela Ba HT-29 xyxaiipanapuma »apoxaTHH OUTHII YCyJIU XaM
taxjaun Kuauaad. 3-Pacmaa (A, B) 346 aunr 1 Ba 3 uM konnenTparmsuiapaa Hela
Xy’Kaipacu OWJiaH WIUIAHTaHAArd, XYyXaWpaJapHUHT OWTHIIM Ba MHUTpaIUs
Te3nuru kenatupuirad. bynna 12 Ba 24 coarnapaan CYHT KOHTPOJHUHT MHUTPAIUs
te3nmuru Moc pasumiaa 43.51 Ba 61.1% wvm, xynanu mry Baktiaapaa 3.0 uM na 346
Huku dca 18.08% Ba 41.31% Hu TalIKWI KAJIIH.

ynunaraek, 346 nunr Hela Ba HT-29 xyskalipaiapuaa anonTocus KeaTHpUo
YUKAPUIITMHU ~ 0axojam ydyH (QYHKIIMOHAT METaXOHIPHS yCyJduaa Xam
TEeKIMUPWIAN Ba KapOoHun 1maHua-u-xjaophenmwiruapason (CCCP) mo3utus
KOHTpPOJI cudaTrIa OJTUHIH.

A)

KonTtpoa 1.0pM 3.0uM
T s, R0

o
L N ~ Hela

24 coat

80- 12 coat
|

“4i. *

SO A &S N

12h §

24h

JKapoxar 6urnimn w3acu (%

346 xoEneHTpanHESICH

3-Pacm. 346-bupukmanunr Hela xyxaiipacu/ia ;xapoXaTHUHT OUTHIINTA TAbCUPH.
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CCCP o6unan takkocnaranna 346 uu 1.0 Ba 3.0 uM koHUEHTpaumsiapia Sl
dyopectieHT XyKaiipamap yJAyNIMHA OIIMPTaHIWNTA HaMo€H Oynau, Ba
KOHIICHTpaIusra OOFIMK paBHUINIa XyXKaHpaHWHT METaxOHIpHal MeMOpaHa
CAIOXMATHHU Ce3WIapiu Japakanaa Kamaitupauw, xamaa Hela Ba HT-29
Xy KaipaJapuHUHT 5pTa HOOY X OYIUIIMHNA TabMHUHIAIN (4-pacm).

KonTpoa 346-1.0 yM 346-3.0 yM CCCP-10pM

o Kontpod  mmm 346-3.0 pM
= M6-10pME=m CCCP-10 pM

Hela
S = N W &,

HT-29

DuyopecuenT HHTEHCHBINIH
Ku3ua Ba smnn wuncdarnap

4-Pacm. 346-Bupukmanunr Hela Ba HT-29 xyxaiipamapugard MeTaxoHApHad MemOpaHa
CaJIoOXHUATUIAa TAbCUPH.

Muxkpoénapza Kapwu ¢aonnuk. XKavu 136 ta oupuxkmanap (17, 19-26, 37-
39 Ba 45; 118-168 Ba 182-253) maroren mukpoopranusmiap Staphylococcus
aureus ATCC 6538 (I'pam mosutuB Oaktepms), Escherichia coli ATCC 11229
(I'pam neratuB Oakrtepus) Ba Candida albicans ATCC 10231 (3amOypyr) ra
Kapuu daosuuru 6axonanau. Hurpodgypdypon dparmentiu 38-mo/i1a TaHIaHTaH
naToreHsapra Kapiiy FoKOpY HHrHOupiaHrad 3oHagapau (16-22 MM) kypcatau.

Bupycnapea kapwiu ¢paonnux. YMymuil xucodma 24 cuHTE3 KWIMHTaH
moanap (27-36, 38, 40-44, Ba 46-53) A-tunura MaHcyO TPHINT BHPYCHHUHT
FM/1/47/HIN1, Hanfang/359/95/H3N2 typaapura Ba B-tunmparm Jifang/13/97
(CPE) Bupyc Typmapura oceaTaMHBUP Ba pHOABUPHHJIAPHU TaKKOCIa0
tekmpmwian. bynaa azometnn 38 (1C50=0.94+0.35 uM) HIN1 Typmaru Bupycra
KapIlli OCeITaMUBUP Ba puOaBUpUHIIApra HUCOaTaH IOKOPH (HaoJNIMKHU KYpCaTIu.

Monexynap Ooxkune. bup Hedra OMnMKIMK THEHO[2,3-d]mupuMuIUHOHIAP
DNA-Topo Il na DOX ra Hucbaran (—6.22 kkan/mMoi) IOKOpW OOFIaHHUII
DHEPTUSCHTA ATA SKAHJIUTH aHUKJIAHIU. BOFIaHUII S3HEPTUsACH I0OKOpH OYnraH ¢ao
xocunanap opacuna 2D coxamapuaa y3apo MOIYKYJSp TapMOKJIap XOCWi Oyiau:
macanan 100-6upuxkma Topo Il HuHr daonm mapkazmapu Owinan H-Oor Ba 7-
apoMaTHK OOFJIap XOCHIT KWIMIIH Ky3atuiau (5-pacwm).

> [
=/ =/
&) ~

5-Pacm. 100-Bupukmanuar H-6or Ba m-apomartuk Ooriapu (A) Ba Qaon mapkasnmap OwiaH
tabcupu (B).

Anumuouabemnu ckpunune. 13 ta oupukmanunar (17, 19-26, 37-39 Ba 45)
PTP-1B depmertunu In Vitr0 uHruOuWpiam XoccacHd TEKIIUPWIAd. bab3u
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moamanap, xxymnagan 20, 23, 26, 38 Ba 39 koHueHTparusara OOFIMK paBHINIA
PTP-1B depmentunu 1C50=6.43 uM, 6.54 uM, 7.32 uM, 7.12 uM Ba 14.76 uM
KUiMatiapja HHrHOUpIaIu.

Menanun cunmesu ¢paonnuzu. Xamu 123 ta monga (118-168 Ba 182-253)
B16 xyxailpamapuga MeJaHWH CHHTE3M KOOWIMSATIAPUHM aHMKJIAIl YYyH
CKPUHHMHT KWIMHIA Ba 8-METOKCUIICOpPAJICH TIO3UTHB KOHTPON cHdaTHia
unuiatwiaa. CKpUHUHTIAH CYHT TeTpaMmMeTWieH €H XalkKacura ara cyidaMu
¢parmentin TneHo[2,3-dJmupumuaaonnap — 209 (448.2% + 0.8%), 220 (570.5%
+ 10.1%), 228 (658.3% + 8.7%) rokopu (paoTMKHE HaMOEH KWIH. TpuMeTHIeH
¢H XanKajau NUPUMUIUHOHJApAaH, OeH3ocyndaMu] XaJIKaCUHUHT 4-xolaTuaa —
CF3 (192, 329%), -OCF; (195, 367%), Ba -Ph (205, 329%) ypunbocapiapu TyTran
OupuKManap UCTUKOOJUIA HATHKaIap KypcaTau.

AChE/BUChE unzubumopnux ¢aonnueu. Anerunxonunscrepasa (AChE)
Ba Oytupmixonundcrepasa (BuChE) koOunuarnapyuHu TEKIMUPUIT Makcaauaa A-
XaJlka MOJU(PUKALUICH OpKAJIM CHUHTE3 KWiIuMHraH 29 Ta aHHeIupiIaHraH
TPUIMKJIMK TUPUMHIUHOHIAp TaHnad onuaan. OIMHTaH HaTWKaJapHUHT
KU3MKAPJIA OJKUXATH IIyHJaKd, Ocmi/oNITH ab30Jd TeTepoXajkachaa a3oT
reTepoaToOMH CaKJiaraH TPHUIMKINK aHHETUpJaHTaH TUPUMUAIUHOHTIAD SXIIN
daomummkan  Hamo€H  kwiauingd.  [lupumao[3,4-d]nupumuauHonnu  cepusaan
TpuMeTWIIeH €H Xxanmkacura odra 329-Ompukma 70.3542.72% g AChE
UHruOUTOpIMK  paonmkan  kypcarmu. OHr (aon AChE  uHrHOuTopiuk
npazosio[3,4-d]mupumunuaonnapaa 319-324 kysatwiau. Yiapnan Oab3uiiapuia,
Macanan 323 Ba 324 napaa yprada ¢aosuk Ky3aTuiran oyncana, 319, 320 Ba 322
dapaa Moc pasuiia tokopu AChE unrnouropiuk daommukaun 79.42+0.39%,
77.14+£0.22% Ba 82.48+0.76% xypcatau.

HucceprauussHunr «TaxpudaBuii Kucm» 1e0 HOMJAHTaH OemMrHYMA 600uaa
CUHTETHUK Ba OHOJIOTHMK TaJKUKOT yCYJUIapu, TaKPUOAIAPHUHT YyCIyOJapH,
OJIMHTAH STHTH OUPHUKMAIAPHUHT UACHTH(DUKAIVS HATHKAIAPH KEITHPHUIITaH.

XVYJIOCAJIAP

1. MHcruxbommm Oem ab30dM OWp Ba HMKKH TETEPOATOM  CakKJjaraH
rerepoxaikaiapaad (tuoden, Qypan, mupaszosi, UMUIA3071) HOOpPAT aMHHO
KapOOH KucjoTa >(pupiapuHu KOMOMHATOp — Tapajijiesl CHHTE3 yCyJulapu
TaKOMUWJIIAIIITUPUIITaH.

2. MHnx 6op cummeTpuk 2,5-auamMuHo-3,4-1uKapOOH KHUCIOTa 3THI 3(PUPUHUHT
CHHTE3H, YHH  apoOMaTUK  ajAeTuajIap Ba  apoOMaTHK  KHUCIOTa
XJIOpaHTUAPUATIApH OWJIaH peakiusIapy HaTHKACHla aMalliil axaMHsITra sra
Ouonoruk (aon azoMeTHHIAP Ba MoHo/Ouc-aMuIap CHUHTE3W amalira

OLLIMPUJITaH.
3. 3aMoHaBUW KYIl KOMIIOHEHTIM CHUHTE3 yCyiu €paamuaa 2,3-auanmaliraH
OUITMKITUK treHo[2,3-d|nupuMUIHHOHIaApHH Oup-peakTopiu y4

KOMIIOHEHTJIM CHHTE3U SApPATWIraH Ba PEaklus Y4YyH MabKyJl IIapOUTIap
TaBCUS STUJIAN.

4. Cucrematuk Tap3na THO(EH Xankara aMmuj] Ba THOaMuJ (GparMeHTIn
THeHO[2,3-d|[MIUpUMUAMHOHIAPHUHT CHHTE3W YpraHuwiraH Ba KapOOKCHII
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10.

(COOH) rypyxununr amuuo (NH) rypyxura tpancopmarus KaIHIa
Jloccen, llImuar Ba Kypuumyc KaiiTa TypyXJaHUII peakius IIApOUTIApU
kyutanuwinranaa Kypruyc kailta rypyxJaHUIIKA SHT IOKOPM YHYM OWIlaH
MaxcCyJIOTJIap OJIUII TABCHUS ATUIITAH.

Wnk ©Oop tueno[2,3-dJmupumuaunonnapaaru COOH rypyxuHu unco-
HUTpOJANIa ap30H Ba camapanu - Cu Ty3napu KaranuzaTtopiap cudaruaa
UIUIATUIIUIT  HATUKACU  CEJIEKTUB HUTPO-MAxXCyJOTJIap OJUIN  OuiaH
W30XJIaHA]IN.

TaOuuit ankamoun Je30KCUBA3MIMHOH A-XalkKach acocuaa Moaudu-
KaIMsUTAaHTaH STHTH TPHUIMKINK OCI/ONTH abh30u, OMp Ba MKKH TeTEPOATOM

(tmeno[2,3-d]-, Twmeno[3,2-d]-,  dypo[2,3-d]-, mmpasono[3,4-d]-, Ba
nmupuo[3,4-d]-) cakimaran aHHEIWpIIAHTaH MHPUMHUIAWHOHIAPHU MYBOQUK -
KOMOWHATOpP CHHTE3M TaBCHUS KHJIMHIH.

Tueno[2,3-d]-, tueno[3,2-d]-, dypo[2,3-d]-, mupazono[3,4-d]nupumuans-
TUOHJIAPHUHT OMP-PEaKTOPJIA UKKU OOCKUYJIM CUHTE3U 1a JIaBeCCOH peareHTH
9HT MYBO(MUK THOHJIOBYM areHT cudaruia TaBCUst STUIIIU.

Maskyp TagkukoT umuja xamu 320 Ta reTepolMKINK OUpHKMaap, Kym-
nagad 240 Ta SHTA a30METUHIAp, aMuaiap, cyiadamuaiap, OUIUKIUK
TUeHO[2,3-d[mupUMUIMHOHIAp,  HUTPO  OWpHKMaiap,  HMMHIA30JUIap,
TPUIUKIIUK JI€30KCUBA3UIIMHOH aHAJIOIJIApU: aHHEJMPJIAHTaH TUEHO-, (ypo-,
MUPa30JI0- Ba MUPHIOTUPUMUJIMHIAPHUHT CUHTE3 YCYJIapH HILIA0 YHKHII
OMJIaH U30XJIaHAIH.
2,5-JIlnamunO0-3,4-1uKkapOboH KHCIOTa 3T d(dupura OOFIaHTaH S-HHUTPO
bypbypus dhparMeHTIN a30METUHIIAD CUHTE3U Ba yJap acocuia KyKpak 0e3u
capaTOHM Xy»Kalpajapura Kapliy ceJeKTUB “HOM30]1 Oupukmanap” cudaruaa
TaBCHsI TUJITAH.

AHHENUpJIaHTaH TMUPUMUJIUHIAPHUHT  OUP-PEAKTOPIU Ky  OOCKUWIN
CUHTE3JIapHu Ba TaOMHUIl OMpUKMaap aHAJIOTJIApUHU JIAKTaMmJiap MINTUPOKUIA
oup-peakrtopnu onmuuil ycymnapu Topharman Shandong Co., Ltd. Ba
Xinjiang Shafiya Biotechnology Co., Ltd. unad yukapuin kKopxoHajgapuia
amManuéTra TagouK dTUIITaH.
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INTRODUCTION (abstract of DSc dissertation)

The relevance and necessity of the dissertation topic. The pharmaceutical
industry is global in scope, and is engaged in developing novel drugs and assays
for the majority of diseases. However, many diseases, including cancer, still lack
curative medicines. These combined crises have made the development of drugs
and vaccines against viruses, pathogenic microbes, and other types of disease an
urgent and far-reaching task for scientists and medical professionals. Based on
these factors, the targeted selection and synthesis of safe and effective drugs,
modification of potentially effective chemical compounds and natural products,
and the comprehensive study of their biological properties and applications in
medical practice constitute an urgent scientific need.

Most antibiotics and oncologic drugs are composed of compounds comprising
one or more pyrimidine rings. For example, Cidofovir and Pyrimethamine are
effective antiviral drugs used to combat pneumonia in HIV-infected patients. Other
examples of pyrimidine ring-containing drugs demonstrated ant-inflammatory,
antimicrobial, anticancer, antidiabetic and gerbicidial properties. Further prospects
for pharmaceutical use of these pyrimidine-related drugs point to the need for
extensive further research on the unique heterocycles bearing a pyrimidine scaffold
structure.

Uzbek scientists have been highly resourceful in development of natural and
synthetic products, and have successfully enriched the pipeline of natural and
synthetic products for the Uzbek pharmaceutical and agricultural sectors. Among
these are Deoxypeganine, Allapinin, Cytisine, Galantamine, Rosalin and other
drugs created by Uzbek scientists. The Strategy of Actions for the Development of
the Republic Uzbekistan® outlines important tasks aimed at developing the
production of innovative products and technologies, and ensuring the
competitiveness of domestic goods in foreign and domestic markets. Medicinal
herbs containing biologically active natural compounds are a part of the natural
wealth of our country, and the total synthesis and modification of these compounds
has the potential to yield new and exciting synthetic drugs. Bringing such drugs to
the market would help place Uzbek science and technology at the forefront of
modern medicine.

The research described in this dissertation fulfills the tasks stipulated in the
Decree of the President of the Republic of Uzbekistan in the Presidential Decree
UP-4947 of February 7th, 2017 titled “About the strategy of actions for further
development of the Republic of Uzbekistan™, as well as the additional Decrees UP-
3983 of October 25th, 2018 titled “On Measures on the Accelerated Development
of the Chemical Industry in the Republic of Uzbekistan”, UP-3479 of January
17th, 2018 titled “On Measures for the Stable Provision of the National Economy
Sectors with Demanded Types of Products and Raw Materials”, and UP-5707 of
April 10th, 2019 titled “On further Measures on the Accelerated Development of

! Strategy of Actions for the Development on five priority directions of the Republic Uzbekistan in 2017-2021 years,
The Presidental Decree of the Republic of Uzbekistan, dated February 7, 2017, Ne UP-4947.
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the pharmaceutical industry in the Republic for 2019-2021”. Other normative and
legal documents have also been adopted in this field.

Relevant research priority areas of science and technology of the
Republic of Uzbekistan. This research was carried out in accordance with the
priority directions of development of science and technology of the Republic: VI:
“Medicine and pharmacology” and VII: “Chemical technology and
nanotechnology”.

A review of foreign research on the topic of dissertation?. Research in the
fields of synthesis, chemical modification and biological properties of annulated
pyrimidines has been conducted in leading universities and research centers
worldwide, including Peking University (China), Russian Academy of Sciences
(Russia), Waseda University (Japan), University of Mississippi (USA), University
of Wiirzburg (Germany), Cairo University (Egypt), United States Environmental
Protection Agency (USA), King Khalid University (Saudi Arabia), University of
Tehran (Iran) and Instite of Chemistry Plant Substances (Uzbekistan) and others.

A variety of targeted synthetic pathways have been developed and put into
practice using chemical, biological and biochemical approaches to the sythesis of
annulated pyrimidines (purines, quinazolines, pyrido-, pyrano-, pyrrolo-, furo-,
tieno-, pyrazolopyrimidines, etc.) and their derivatives: including one-pot, two-
and multi-component cyclization reactions of these scaffolds (Cairo University,
Egypt; Indian Institute of Technology Ropar, India; Islamic Azad University, Iran;
Cardiff University, UK; Heidelberg University, Germany; Ivan Franko National
University of Lviv, Ukraine), synthesis under solid-phase and sample conditions;
method of extraction of annealed pyrimidines from medicinal herb (Instite of
Chemistry Plant Substances, Uzbekistan), total synthesis (Chinese Academy of
Sciences, China), or synthesis from the soil microorganisms and plants endophytes
(The Scripps Research Institute, USA,; Institute of Oceanology, Chinese Academy
of Sciences, China); the obtained “hit” compounds against cancer cell lines, viruses
and pathogenic microbes (Shenyang Pharmaceutical University, China; University
of Catania, Italy; Triplex Pharmaceutical Corporation, USA), also exhibited as
enzyme inhibitors and against Alzheimer's disease (University of Wiirzburg,
Germany).

Examples of basic and translational research on the synthesis, modification
and biological activity of novel annulated pyrimidines was carried out in the world
toward the following areas, including one-pot selective synthesis of low molecular
weight annulated pyrimidines using a "green" synthesis strategy; total synthesis of
biologically active annulated pyrimidine natural products, introduction of different
pharmacophore fragments to an annulated pyrimidine skeleton.

Problem development status. The chemistry and medicinal chemistry
applications of annulated pyrimidines containing five- and six-membered
heterocycles have been studied by a number of international scientists for many
years, resulting in de facto creation of an important field of study within medicinal

2 The review of foreign scientific research on the topic of the dissertation is prepared based on the dates from
databases www.sciencedirect.com, www.scopus.com, www.webofknowledge.com, www.scholar.google.com,
www.nchi.nlm.nih.gov and along with other sources.
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chemistry. Internationally recognized scientists such as A.L. Jackman, K.A.M.
Abouzid, A. Gangjee, B.H. Hoff, H.A. Aisa, V.P. Litvinov, S.S. Bhagwat, A.
Saeed, C.H. Oh, K. Kumar, N. Klempier, A.S. Noravyan, G.H. Hitchings, and G.B.
Elion have made substantial contributions to research in this area.

Uzbek scientists have conducted a large body of research on natural and
synthetic pyrimidines. Examples include the investigations of academician S.Yu.
Yunusov and co-workers, and professors Kh.M. Shakhidoyatov, N.D. Abdullaev,
B.Zh. Elmuradov, V.I. Vinogradova, Kh.U. Khodjaniyazov and others on the plant
isolation, total synthesis and chemical transformation of these compounds.

To date only quinazolines, thieno[2,3-d]pyrimidines and derivatives of
pyrido[2,3-d]pyrimidines have been studied in detail. Other tricyclic and
polycyclic condensed pyrimidines have not been studied extensively. No
systematic studies have been reported on the parallel synthesis of annulated
pyrimidines containing various heterocycles and heteroatoms.

Relevance of the dissertation research with the plans of the scientific
research works of scientific research institutions. This research was carried out
within the framework of state fundamental research projects of the Institute of the
Chemistry of Plant Substances: FA-F3-T047 Theoretical aspects of new C-C bonds
formation in the series of alkaloids and their synthetic analogs (2007-2011), FA-
F7-T207 Theoretical problems of formation an asymmetric center in the molecules
of biological active compounds (2012-2016), the project plan established by the
Institute of the Chemistry of Plant Substances and the Chinese Academy of
Sciences.

The focus of this research is synthesis and development pathways of the
novel derivatives of annulated pyrimidines such as thieno-, furo-, pyrazolo-,
pyridopyrimidines, and determination of their structural, physical, chemical and
biological properties.

The tasks of the research work are:

synthesis of starting materials toward the novel annulated pyrimidines based
on the natural alkaloid deoxyvasicinone: development of the five-membered amino
carboxylates;

synthesis of symmetrical 2,5-diaminothiophen-3,4-dicarboxylates and study
its reactions with the aromatic aldehydes and aromatic acid chlorides;

one-pot, three component synthesis of 2,3-disubstituted bicyclic thieno[2,3-
d]pyrimidinones and condition developments;

synthesis of tricyclic thieno[2,3-d]pyrimidinones and to study their reactions
at the thiophene ring (ipso-nitration, oxidation, amidation and sulfonamidation);

convenient synthesis of novel tricyclic annulated pyrimidinones tethared a
five/six-membered ring with single heteroatom (thiophene, furan, pyridine);

total synthesis of novel five-membered annulated pyrimidinones containinng
two heteroatoms (pyrazole) via one-pot strategy;

thionation of novel five-membered annulated pyrimidinones containing
one/two heteroatoms: conversion of N-C=0 fragment into N-C=S group;
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biological evaluation, structure—activity relationship (SAR), molecular
docking of the potential target annulated pyrimidinones and their mechanism of
action.

Important chemical subclasses of this research include five-membered
amino carboxylates and their esters containing different heteroatoms, synthetic
analogues of deoxyvasicinone, as well as their thiones, aromatic aldehydes, thionic
reagents (Lawesson’s reagent and and P,Ss), catalysts, aromatic amines and
nitration reagents.

Innovative chemical approaches to this research include the Gewald
reaction, cyclization reactions, thioamidation reactions, Curtius rearrangement,
one-pot strategies, Scaffold-hopping approach, electrophilic substitution, ipso-
nitration, anticancer activity assays (cell cycle, apoptosis), antimicrobial activity,
enzyme inhibition (PTP1B, acetylcholinesterase, butyrylcholinesterase), and
assessing mechanism of action of biologically active compounds.

Experimental Research Methods include: fine organic synthesis and
chromatography (TLC, CC, HPLC), and structure determination synthetic
compounds using applied spectroscopy (UV, IR, 'H- and *C NMR), mass
spectrometry (HR-MS) and X-ray analysis and biological research methods were
used.

Novel scientific approaches were employed in much of this research:

a set of aminocarboxylates of five-membered (thiophene, furan, pyrazole)
were synthesized based on a parallel and combinatorial strategy for the first time;

a synthetic pathway was designed to produce symmetrical 2,5-diamino-3,4-
dicarboxylate and form their azomethines; as mono/bis-amides were investigated
for the first time;

a systematic approach was used to produce the novel bicyclic 2,3-
disubstituted thieno[2,3-d]pyrimidinones via a one-pot/three component reaction
strategy.

for the first time amide- and sulfamide-fragmented tricyclic tieno[2,3-
d]pyrimidinones were synthesized,;

a convenient methods were found for the synthesis of five-membered
annulated pyrimidines with one/two heteroatoms, such as thieno[2,3-d], thieno[3,2-
d]-, furo[2,3-d]-, and pyrazolo[3,4-d]pyrimidinon(thion)es using thionation agents;

more than 320 heterocyclic compounds were synthesized, including 240
novel azomethines, amides, bicyclic thieno[2,3-d]pyrimidinones, tricyclic
deoxyvasicinone analogues (thieno-, furo-, pyrazolo-, pyrido-) and identified their
biological activities.

Practical results of the research include the following:

synthetic methods have been elucidated for 240 newly synthesized
compounds; more than 200 derivatives were evaluated using target bioassays
resulting in nearly 20 potentially active hits;

several reaction types were applied toward the annulated pyrimidinones.
These include oxidation, reduction, ipso-nitration, carboxylation, cyclization, one-
pot reaction, esterification, coupling reaction, amidation, and thiomidation;
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based on the symmetric 2,5-diamino-3,4-dicarbonic acid ethyl ether,
bioactive azomethine with a 5-nitro furfuryl fragment was identified as a "lead
compound" against human cancer cells lines;

combinatorial methods were used on the five/six-memberad tricyclic
annulated pyrimidinones containing one/two heteroatoms including thieno[2,3-d]-,
thieno[3,2-d]-, furo[2,3-d]- and pyrazolo[3,4-d]-, pyrido[3,4-d]pyrimidinones
under a scaffold-hopping strategy;

prospective bioactive compounds were obtained from the tricyclic tieno[2,3-
d]pyrimidinone derivatives. These displayed melanin synthesis activity in B16
cells;

promising anti-cancer, antimicrobial, antiviral and anti-diabetic compounds
were identified among the synthesized compounds.

Authenticity of the research results. All results were obtained and
confirmed using modern organic, physical, analytical and biological research
methods. A patent was awarded from China, and 10 research articles have been
published in peer-reviewed international journals with high impact factors.

Scientific and practical value of the research results. Synthesis of
annulated pyrimidinones based on the five/six-membered rings, such as thiophene,
furan, pyrazole and pyridine has enriched the scope of novel heterocycles and
literature sources in the burgeoning field of organic chemistry. In addition,
combinatorial synthesis and scaffold-hopping strategies were applied to various
annulated pyrimidinones. A variety of reaction types were investigated including
one-pot, cyclization, Gewald synthesis, oxidation, nitration, thionation, reduction
and others. Optimal reaction conditions were suggested for these reaction types
using annulated pyrimidinone scaffolds.

The practical significance of this research is revealed in part through the
synthesis of compounds obtained on the basis of a “target synthesis” strategy,
resulting in about 20 new heterocycles potentially useful as pharmaceutical lead
compounds against viruses, microbes, human cancer cell lines and other harmful
disease causing agents. The SARs and molecular docking approaches were used
for biological screening of potentially useful compounds.

Implementation of the research results. The patent from the People's
Republic of China was obtained based on results of the synthesis, modification and
biological activity of annealed pyrimidinones, in particular preparation and
biological application of 2.5-diaminothiophene-3,4-dicarboxylic acid ethyl ether
derivatives (CN 104016963 B, 2016). Selective drug-candidates against breast
cancer cell lines were created as a result, and these were based on the azomethines
where 5-nitro furfuryl fragment was tethered to 2.5-diaminothiophene-3,4-
carboxylic acid ethyl ether;

these pyrimidine synthetic pathways were employed by Topharman Shandong
Co., Ltd., a pharmaceutical company in PR China (Topharman Shandong Co.,
Ltd., a pharmaceutical company, Reference November 5", 2020). This allowed
one-pot, efficient synthesis of annulated pyrimidines through five-memberad
heterocycles. In another example of the utility of these methods, Xinjiang Shafiya

Biotechnology Co., Ltd. PR China (Xinjiang Shafiya Biotechnology Co., Ltd.,
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Reference November 5%, 2020) used cyclic lactams for preparation of polycyclic
natural-based compounds via one-pot synthesis of natural product lactam
analogues.

X-ray structure analysis of four new compounds: 2-(4-Fluorophenyl)-3-(4-
hydroxyphenethyl)-3,5,6,8-tetrahydro-4H-pyrano[4',3":4,5]thieno[2,3-d]pyrimidin-
4-one (95, CCDC 1813089); 2,4-Difluoro-N-(2-methyl-4-oxo0-4,6,7,8-tetrahydro-
pyrrolo[1,2-a]thieno[2,3-d]pyrimidin-3-yl)benzenesulfonamide (200, CCDC
1528441);  2-Fluoro-N-(2-methyl-4-0x0-6,7,8,9-tetrahydro-4H-pyrido[1,2-a]thi-
eno[2,3-d]pyrimidin-3-yl)benzenesulfonamide (208, CCDC 1528442); 1,2,3,6,7,8-
Hexahydro-10H-cyclopenta[4,5]thieno[2,3-d]pyrrolo[1,2-a]pyrimidin-10-one (279,
CCDC 961924) have been added to the Cambridge Central Crystallographic
Database (The Cambridge Structural Database, https://www.ccdc.cam.ac.uk). The
addition of these new compounds to the database aided synthesis and structural
analysis of novel analogues;

synthetic methods, chemical modification and biological application of the 2-
ATs, bi- and tricyclic thienopyrimidinones, azole-containing heterocycles and
other annealed pyrimidinones have been cited more than 200 times in 130
scientific journals with high impact factors. For example, Chemical Engineering
Journal (2020), 128115 (IF=10.65); Chemical Communications (2019), 55, 11115-
11118 (IF=6.16); Organic Letters (2020), 22, 2714-2719 (IF=6.09); Advanced
Synthesis & Catalysis (2020), 362, 160 (IF=5.85); Chemistry — A European
Journal (2019), 25, 9419 (IF=4.85); The Journal of Organic Chemistry (2018), 83,
14688-14697 (IF=4.33); Crystal Growth & Design (2020), 20, 5688-5697
(IF=4.08); Journal of Medicinal Chemistry (2019), 62, 174-206 (IF=6.20);
European Journal of Medicinal Chemistry (2019), 161, 239-251 (IF=5.57);
Bioorganic & Medicinal Chemistry (2018) 26, 309-339 (IF=3.07); Expert Opinion
on Drug Discovery (2020), 15, 603-625 (IF=4.88); Dyes and Pigments (2020) 178,
108343 (IF=4.61) and others. As a result, these synthetic methods have been
applied to synthesis of pyrimidin-4-ones through C-H bond formation, ipso-
nitration of aryl- and heteroaryl acids, methods for obtaining of 2-amino-3-
arylthiophenes. Other applications include assessment of activities against human
cancer cell lines, pathogenic microbes and skin diseases, dopamine D2 receptor
negative allosteric modulators on the thienopyrimidine skeleton, advances of
pyrazolopyrimidines in medicinal chemistry, and the the use of nitrogen-containing
heterocyclic compounds as acetylcholinesterase inhibitors.

Approbation of the research results. The results of these studies have been
presented at 14 meetings, including 10 international and 4 domestic conferences
and symposiums.

Publication of the research results. In total 28 scientific works have been
published on the findings covered in this dissertation. These include 1 patent, 13
scientific research articles in international peer-reviewed journals, and 2 articles
published in national scientific journals recommended by the Supreme Attestation
Commission of the Republic of Uzbekistan.
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The outline of the dissertation. The thesis comprises 200 pages of
typewritten text, and consists of an introduction, five chapters, conclusions,
references and attachments (supplementary materials).

MAIN CONTENT OF DISSERTATION

In the introduction the relevance and necessity of the dissertation topic,
research aims and tasks, as well as the object and subjects of research were
justified. The relevance of the research to the priorities of science and technology
of the Republic of Uzbekistan, the scientific novelty and practical results of the
research, the authenticity of the results, the scientific and practical significance, the
implementation of research results, published works and outline of dissertations
were described.

The first chapter of the dissertation, which entitled "Synthesis and
application of bicyclic annulated pyrimidines™ provides a literature review,
where were discussed the synthesis and biological activities of bicyclic
pyrimidines with a one/two heterothoms containing five-membered heterocycles
such as pyrrole, furan, thiophene, imidazole, pyrazole, triazole, oxazole, thiazole,
isooxazole, isothiazole, selenophene, as well as bicyclic pyrimidines based on the
six-membered heterocycles with a one/two heteroatoms, including cyclooctane,
pyran, benzene, pyridine, pyridazine and pyrimidine.

The second chapter of the dissertation, which entitled "Synthesis and
modification of annulated bycyclic and tricyclic thieno[2,3-d]pyrimidinones"
discusses the obtained results of the synthesized and modified bycyclic and
tricyclic thieno[2,3-d]pyrimidinones, their derivatives and starting materials.

Combinatorial synthesis of the 4,5-disubstituted thiophene carboxylates: 2-
Aminothiophene (2-AT) 11 was cyclized per the Gewald reaction via a one-pot
multicompomponent reaction from elemental sulfur, ethyl cyanoacetate (7),
diethylamine and cyclohexanone 4. Cyclization was performed in EtOH by heating
at 45 °C, and was completed in 3 hrs leading to final product 11. These conditions
were found to be optimal and used to form the 2-ATs 8-10, 12 and 13, however
trimethylamine (TEA) was used instead of diethylamine. In all cases 2-AT yields
approached 80%, although notably the yield of 12 was 93%. This cyclization
method was also used for preparation of diethyl 2-amino-5-methylthiophene-3,4-
dicarboxylate (16, 81% vyield); a minor difference was reaction time, i.e.
cyclization, which was shortened to 6 hrs. In this reaction the components were
sulfur, 7, TEA and ethyl 2-oxobutanoate (15) in a 1/1/1.5/1.1 ratio.

o Sg, EtOH, TEA
O
{ 10°c,72h
R)K/Fh NC\)kOEt e CO,Et i A~ 7
LT
12 7 R, @ y} Et%OEt MgBr Eto)S(OEt
Sg, EtOH, TEA, 40-50 °C ST2 NH, s, EtOH, TEA, 1t o THF, -10 °C 5
o (CHz)n 8-13,16,17 15 14

1,8, R-H, R;=Me; 2,9, R Ry=Me; 3, X=CH,, n=0, 10, R+R;=(CH,)s; 4, X=CH,, n=1, 11, R+R4=(CH,)s; 5, X=0, n=1,

36 12 R+R,=(CHy)s; 6, X=CHy, n=2, 13, R+R;=(CH,)s; 16, R-CO,Et, R;=Me; 17, R-CO,Et, R;=NH,

Derivative 15 was obtained by the reaction of diethyl oxalate (14) with Grignard
reagent (in our case ethylmagnesium bromide) at —10 °C. Another building block,
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diethyl 2,5-diaminothiophene-3,4-dicarboxylate (17), contains symmetrical NH; at
C-2 and C-5 and ester groups at C-3 and C-4 positions. This compound was
formed in 73% vyield when a mixture of sulfur, 7, and TEA in a 1/2/0.2 ratio was
added to DMF (25 mL) and the reaction mixture stirred 72 hrs at 10°C.

Synthesis of azomethines, mono- and bis amides of 17: Azomethines (19-46)
of symmetrical diaminothiophene 17 were prepared from 17 and appropriate
aromatic or heterocyclic aldehydes (18a-ab) by refluxing in n-BuOH or toluene for
30 to 40 mins. The reaction with aldehydes where the ring contains electron-
withdrawing groups (EWGS) results in final product formation within 15-20 min
with a yield of 72-94%.

O O O O

19, R=H

Et© OBt Ar- acid chiorides 18ac-ah, Ar- aldehydes 18a-ab,  ETO OFt 20, R=4-NO,-CgH,
7\ Dry benzene or chloroform 17 toluene, reflux 30 min. 7\ 21, R=4-Cl-CgH,4

HoN NH HoN N 22, R=4-F-CgH,

TEA, reflux 2-3 h. . , s | 23, R=4-Br-CgH,
o (Method - A) J Aromatgya(;;.d :Elondes, 24, R=4-OCHj;-CgH,4
47-49 '° ’ 19-46 25, R=4-CH3-CgH,
(Method - B) 26, R=4-N(CHj),-CgH,
Ar e e e m e 27, R=3-OCF3-CgH4

0Q ‘
= 00 00 28, R=3,5-CI-CgH
NO, O EtO OEt | g NI i
i EtO OEt EtO OEt -
, /N * 29, R=3,5-F-CgHj
-4 - o < Y- I L A 30, R=3,5-CF5-C¢Hs
_ HN" >~ ~NH IRECAS 2N 80 0 31, R=2-CI-5-NO,-CgH3
a7 48 O 49 ! 19-36 \©R 45 \G 32, R=2-F-5-I-CgHj
° o O ? g N 33, R=3-F-4-Cl-CgHj
; 00 00 34, R=3,4-0-(CH,),-0-CgHs
A 50-53 | EtO OEt EtO OEt 35, R=2-F-3-Cl-5-CF3-CgH,
r ; m i 36, R=2,3,4,5,6-F-CgHy
CF; F Oo— 1 HN"Sg™N HoN"Sg” N 37, R4=H; X=0
/ I (X A 38, Ry=5-NO,; X=0
§ 4 4 F oS d | 3744 LR 46 LN 39 R;=H;X=S
* N 40, Ry=4-NO,-CgH,; X=0

41, Ry=5-Me; X=0

| 42,R,=4,5-Me; X=0; 43, R;=5-NOy; X=S
44, R,=4,5-Me; X=8

The 'H NMR spectra of compounds 19-46 show characteristic singlets in the
region 7.77-8.08 ppm, accounting for N=CH protons and carbon signals for N=CH
in the range of 137.65-153.86 ppm in 3C NMR spectra. In both *H and C NMR
spectra of compounds 19-46 signals of the one ethoxy group are shifted downfield.
The data confirm substitution of amino group protons in all synthesized
compounds.

This work revealed that reaction of 17 with various aromatic acid chlorides
(18ac-ah) under basic conditions (methods A and B) resulted exclusively in
symmetrical bis-amides of 17 (compounds 50-53) as final products. Importantly,
this was observed with aromatic acid chlorides having a -Me group at position C-3
(50), -CF;3 at positions C-3 and C-5 (51) and -F group at positions C-3, C-4, and C-
5 (52) in the aromatic portion. Mono-amides of 17 (47 and 49) were obtained in
two cases using method A. It was also possible to yield mono- (48) and
symmetrical bis- (53) amides of 17 with 3,4,5-trimethoxybenzoyl chloride. For
compound 48, the product yield was 53% using method A. Applying method B,
the symmetrical bis product 53 was obtained in excellent yield (92%).

Bicyclic thieno[2,3-d]pyrimidinones: Thieno[2,3-d][1,3]oxazine-2,4-diones is
one of the major synthons toward the preparation of bioactive bicyclic thieno[2,3-
d]pyrimidinones. In this regard, oxazines 60-65 were prepared from the reaction of
triphosgene with acids 54-49 obtained by the 2-ATs 8-13 and NaOH solution using
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EtOH as reaction solvent. We next carried out the one-pot, two-step, three
component reaction of 2,3-disubstituted thieno[2,3-d]pyrimidin-4-ones (68-103)
from intermediates 60-65. Initially used oxazine-2,4-dione (63; 1.5 mmol), 4-
chlorobenzaldehyde (66¢; 1 mmol) and phenylmethylamine (67a; 1.5 mmol) to
investigate the reaction conditions (Table 1).

. o)
A _COOH e
613 EtOH, NaOH A J | triphosgene A(ﬁo
reflux, 4-8 h. ST “NH,  drydioxane, 20 h. S N/go
54-59 60-65 H

- oy p O g Uy

------- 54,60,68  5561,69-72 56,62,73-75 57,63,76-89  58,64,90-98 59,65,99-103

Catalysts like KAI(SO,),-12H,0 or p-TsOH did not promote the fusion reaction. In
order to systematically explore reaction conditions, different solvents and bases
were screened. Stronger inorganic bases such as Cs,COsz;, NaOH, and KOH also
promote the formation of desired product. Organic bases such as TEA, DIPEA are
insufficient for the conversion. The best yields were obtained when the three
components were heated in EtOH for 12 hrs, followed by the additional stirring at
reflux in the presence of KOH. After determination of optimal reaction conditions,
we explored the scope of various substituents of this one-pot protocol for the
synthesis of 2,3-di-substituted thieno[2,3-d]pyrimidinones. Usually electron-
donating groups (EDGs) of the aldehyde would improve the yield compared to the
EWGs.

Table 1. Optimization of the conditions for the one-pot synthesis of 2,3-disubstituted thieno[2,3-
d]pyrimidin-4-ones.

o) ; o) ]/:
. /—< > . OHC@CI K \>\/[‘N - . < ?I N
& H,N a8 A 8 P
S S
67a 66¢c N/\©\ N
78a Cl 78 cl

Entry Solvent Additives Time (hrs) Temperature Yield (%) 2
1 EtOH KAI(SO4),- 12H,0 20 reflux b
2 EtOH p-TsOH 20 reflux —b
3 MeOH K2COs 24 ¢ 80°C 34%
4 EtOH Cs2CO4 24 ¢ r.t b
5 EtOH Cs,COs 25¢ reflux 51%
6 MeOH Cs2CO4 25¢ 80°C 43%
7 MeOH NaOH 3¢ 80°C 48%
8 EtOH TEA 20°¢ reflux —b
9 EtOH DIPEA 20°¢ reflux b
10 EtOH KOH 2°¢ reflux 62%
11 H,O KOH 20°¢ reflux —b
12 DMF KOH 3¢ reflux 46%
13 THF KOH 3¢ reflux b

21solated yield; ® No product obtained; ¢ The mixture of 63, 67a and 66¢ was refluxed for 12 hrs before the addition
of catalyst.
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For example, the yield of compound 79 (with a -F substitution) was lower (51%)
than that of compound 76 (65%), while the yield of 76 was far lower than that of
80 (with a -OMe group) (86%).

m 1) EtOH, reflux o H—@R for 63
VA m
/& + \—Ar Het) + m 2) KOH, EtOH, reflux (/\/\HBN\ CHO

I
N
z

~
H R ST N7 DAr(Het)
60-65 66a-k 67a,b 68-103 1) EtOH, reflux
68, m=2, R=0OH, Ar=4-CI-CgH, 86, m=1, R=H, Het=5-Me-furyl-2 2) KOH, EtOH 66a
69, m=1, R=H, Ar=4-CI|-CgH, 87, m=1, R=H, Het=4,5-Me-thienyl-2
70, m=1, R=H, Ar=4-F-CgH,4 88, m=2, R=0OH, Het=4,5-Me-thienyl-2 +
71, m=2, R=OH, Ar=4-CI-C¢H, 89, m=2, R=OH, Het=thienyl-2 ‘
72, m=1, R=H, Het=4,5-Me-thienyl-2 90, m=1, R=H, Ar=2-CI-CgH, ; H N/\/NH2
73, m=1, R=H, Ar=CgHs 91, m=1, R=H, Ar=4-F-CgH, ; 2
74, m=1, R=H, Ar=4-Cl-CgH, 92, m=2, R=OH, Ar=CgHs | 67c
75, m=1, R=H, Ar=4-F-CgH, 93, m=2, R=OH, Ar=4-Me-CgH, |
76, m=1, R=H, Ar=CgHs 94, m=2, R=OH, Ar=4-CI-CgH, i
77, m=1, R=H, Ar=2-CI-C¢gH, 95, m=2, R=OH, Ar=4-F-CgH, ; N_ s
78, m=1, R=H, Ar=4-CI-CgH,4 96, m=1, R=H, Het=5-Me-furyl-2 i - ‘
79, m=1, R=H, Ar=4-F-CgH, 97, m=1, R=H, Het=thienyl-2 ! N /
80, m=1, R=H, Ar=4-OMe-C¢H, 98, m=1, R=H, Het=4,5-Me-thienyl-2 e | o J/
81, m=1, R=H, Ar=4-OH-CgH, 99, m=2, R=OH, Ar=CgHs | N ¢
82, m=2, R=OH, Ar=CgHg 100,m=2, R=OH, Ar=4-CI-CgH, o a
83, m=2, R=OH, Ar=2-F-CgH, 101,m=1, R=H, Het=5-Me-furyl-2 Crystal structure of 95 I STNNT
84, m=2, R=OH, Ar=4-Me-CgH,4 102,m=1, R=H, Het=thienyl-2 (CCDC 1813089) ,em !
85, m=2, R=OH, Ar=4-F-CgH, 103,m=1, R=H, Het=4,5-Me-thienyl-2 ! 104

When phenylethylamine was used as third component this reaction system gave
high yields for derivatives such as tetramethylene- and pentamethylene-containing
substituents at the thiophene side (compounds 85 (77%), 84 (81%), 99 (77%) and
100 (84%)). Obtained result revealed that based on the above mentioned strategy
and conditions from 63, benzaldehyde (66a) and ethane-1,2-diamine (67c) (in a
3:3:1 ratios), a hybrid compound 3,3'-(ethane-1,2-diyl)bis(2-phenyl-5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)-one) (104) was formed.

Tricyclic thieno[2,3-d]pyrimidines; an oxidation of methyl and ester groups:
Ethyl thieno[2,3-d]pyrimidine carboxylates (105-107) were prepared through the
condensation of compound 16 and cyclic lactams (2-pyrrolidone, 2-piperidinone
and caprolactam) in the presence of phosphorus oxychloride (POCI3) i
dichloromethane (DCM) at 45°C. Hydrolysis of esters 105-107 was completed in a
mixture of H,O and MeOH in the presence of LiOH to yield the acids 108-110. We
also suggested an alternative method for formation of 108-110. If dimethyl
substituted thieno[2,3-d]pyrimidin-4(3H)-ones 111-113 react with concentrated
HNO3/H,SO,, unexpected oxidation of the methyl substituent at position C-5 was
observed, which gave selective carboxy products 108-110.

....................

EtO,C :\ HO,C \ Me !
i 7 N i 74 N iii 74 N i
16 —> I (CHyn Lo I (CHpn <L I (CHan < o
105-107 108-110 n=1.2.3 111-113 105,108,111, n=1;
106,109,112, n=2;
Reaction conditions: (i) Cyclic lactams, POCI3, DCM; (ii) LIOH, MeOH; (i) HNO3, H,SO,4 107,110,113, n=3

Amidation reaction: In order to determine the most facile synthetic route as
well as to obtain amidation products in good yields, reaction conditions must be
optimized with acid 109 under different conditions using a mixture of 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide and hydroxybenzo-triazole (EDCI and HOBL),
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(1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo-[4,5-b]pyridinium  3-oxide
hexafluorophosphate (HATU) and oxalyl chloride as activating reagents.
Table 2. Optimization of the conditions for the amidation reaction.

Q o}
H o NP
N 0 0 VN, >\—QN 0
AN N NH2 HOOC
A /,\O 114a a /I\O 114 /N
S “ reaction conditions S “ reaction conditions S N/
144

N N

135 109
Entry Substrate Reagent Reaction conditions Product Yield (%)
1 109 n-Butylamine EDCI, HOBt, TEA, 25°C 135 65
2 109 n-Butylamine HATU, TEA, 25°C 135 88
3 109 n-Butylamine (COCI), TEA, 25°C 135 78
4 109 4’-Aminoacetophenone EDCI, HOBt, TEA, 25°C 144 53
5 109 4’-Aminoacetophenone HATU, TEA, 25°C 144 74
6 109 4'-Aminoacetophenone (COCI),, TEA, 25°C 144 90

n-Butylamine (114a) and 4’-aminoacetophenone (114j) were selected to represent
aliphatic and aromatic amines, respectively (Table 2). Using the coupling reagents
EDCI and HOBt, the yields were only moderate for both aliphatic amine (135,
65%) and aromatic amine (144, 53%). HATU provided a good yield for the
reaction of aliphatic amine (88%), slightly better than that for aromatic amine
(74%). The conversion of acid 109 to carboxylic chloride intermediate (116) and
then condensation with amine provided excellent yields with the aromatic amine
(90%), much better than for the aliphatic n-butylamine. Therefore we decided to
synthesize the target compounds 118-122, 135-139 and 152-156 bearing the
aliphatic amino moiety in the presence of HATU, while preparing the compounds
123-134, 140-151 and 157-168 with aromatic amine moiety by the one-pot, two-
step reaction via intermediates (115-117); this allowed synthesis of final products

in high yields.
H o 118, 135, 152, R=-C4Hjq
=N o} HATU, amines  HOOC @ 119, 136, 153, R=-CH(CH3)Et
y N (114a-e) TEA rt ) N 120, 137, 154, R=N,N-CH(CH;),
| g | Iy 121, 138, 155, R=-CgH7
S N7 (CHo)n for aliphatic and ST >NT (CHy)n 122, 139, 156, R=-(CH>)¢-
118.168 cyclic amines 123, 140, 157, R=2-CH4Ph-
108-110 124, 141, 158, R=4-CH,Ph-
| foraromatic 125, 142, 159, R=4-OCH3Ph-
n=1,2,3 1) oxalyl chloride l amines 126, 143, 160, R=2,4-(CH3),Ph-
127, 144, 161, R=4-COCH3Ph-
a-2 o 128, 145, 162, R=4-CIPh-
2) amines (114f-q), TEA, 129, 146, 163, R=2-CIPh-
DCM, rt am 130, 147, 164, R=4-BrPh-
S N/)\(CHZ)n 131, 148, 165, R=2,6-(C|)2Ph-
132, 149, 166, R=-CH,Ph
118-134, n=1; 135-151, n=2; 152-168, n=3 115-117 133, 150, 167, R=2-Py-

134, 151, 168, R=2-(4-CH3)Py-
ipso-Nitration: The formation of thieno[2,3-d]pyrimidinone synthons 108-
110 from 111-113 were described above. Proceeding from this research we have
shown that it is possible to obtain ipso-nitration products via a three-step reaction.
By this means compounds 169-171 can be functionalized by the esterification
reaction from acids 108-110. Treatment of esters 169-171 with HNO3/H,SO, gave
the selective ipso-nitration products 172-174 (Pathway 1).
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Pathway 1

| '

P W o e 4 W own e 0T N e T 1
)N \ (CHyn i _ \ (CHa)n I \ (CHg)n
S N/)\/ S N/)\/ s N/)\/ S N/)\/
111-113 108-110 169-171 172-174
| Pathway 2 (iii) A
169,172, n=1; 170,173, n=2; 171,174, n=3 Pathway 3 (V)

Reagents and condition: (i) HNOa/H,SOy; (ii) H,SO,, MeOH, reflux; (i) Cu(OAc),and AgNO,, EtOH; (iv) HNO; -20 to 10 °C

The, thieno[2,3-d]pyrimidinone moiety has m-excess electrons, therefore the
reactivity of the thieno[2,3-d]pyrimidin-4(3H)-ones are higher in the ipso-nitration
reactions. In order directly to convert the carboxylic moiety into a nitro group
(Pathway 2, Table 3), we have selected derivative 108 as the starting material,
Cu(OAC); as Lewis acid (in ratios of 50, 70 and 100 mol%), and metal salts such
as AgNOs, NaNOs;, Ca(NOs), as nitrating agents for the ipso-nitration reaction.
The best results were obtained with AgNQO3, (Cu(OACc),=70 mol%; temperature=80
°C; solvent=EtOH), which was also used for synthesis of the corresponding nitro
derivative 172 (Table 3, entry 4, 85%), as well as compounds 173 and 174. No
selective nitro product was formed if substrate 108 was interacted with
HNO3/H,SO,. Pathway 3 was used to directly convert -Me substituents into nitro
groups. However, when HNO3 and substrate 108 interacted at —25 to 10 °C for 2 h,
derivative 172 was obtained in 15% yield (Pathway 3).

Table 3. Optimization of the conditions for the ipso-nitration reaction.

HOG! € LON: @
Me‘g/fj\D Cu(OAc),, Nitrate sources Me%f‘\D
ST EtOH, 80 °C ST N7
108 172

Entry Catalyst / (mol%) Nitrate sources  Time (h) Yeild (%)
1 Cu(OAC)2/50 AgNO; 5 65
2 Cu(OAC)2/50 NaNOs 5 45
3 Cu(OAC)2/50 Ca(NOs), 10 48
4 Cu(OAC)2/70 AgNO:3 10 85
5 Cu(OAC)2/70 NaNOs 10 65
6 Cu(OAC)./70 Ca(NQOs) 10 62
7 Cu(OAC)./100 AgNOs3 15 85
8 Cu(OAC)2/100 NaNOs 15 68
9 Cu(OAC)2/100 Ca(NOs), 15 66

Reduction reaction & rearrangement: NH, derivatives 178-180 can be
synthesizing via 2 pathways: reduction of NO, compounds 172-174 using
SnCl,+2H,0 and directly from COOH compounds using diphenylphosphoryl azide
(DPPA) where intramolecular rearrangement occurs and the transformation allows
more straightforward preparation of NH, compounds. A number of rearrangement
conditions such as Lossen rearrangement, Schmidt rearrangement and Curtius
rearrangement were attempted in order to improve the yield of target amines.

Lossen rearrangement of the corresponding acid 109 in the presence of
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hydroxylamine hydrochloride in polyphosphoric acid at 150 °C gave compounds
179 in moderate yield (58%, Table 4, entry 1).

7T Y ichan ‘%ka/\ i 7N
n —— | (CHpn —> | (CHz)n
108-110 172174 178-180

/~N O
t-BuOH, DPPA, 2
TEA, EtOH-HCI, Y N\ Curtius
reflux | /)\/(CHz)n rearrangement

STON
175177

Reagent and conditions: (i) Cu(OAc), and AgNO3, EtOH; (ii) SnCl, 2H,0, HCI, EtOH; n=1-3

The Schmidt rearrangement method (NaNsand H,SO,) converted acids 109 into
amine 179 in 70% yield at room temperature (Table 4, entry 2), slightly better than
Lossen rearrangement. The best yield (91%) was achieved using the Curtius
rearrangement in which compound 109 was smoothly transformed to 179 with
DPPA in t-BuOH under N, atmosphere followed by deprotection with HCI in
EtOH.

In our opinion the Curtius rearrangement using DPPA occurs by the following
mechanism: first, a mixed anhydride of carboxylic acid/phosphoric acid is formed
and azide is eliminated.

Table 4. Optimization of the conditions for the reduction reaction.
condition study

109 179
Entry  Substrate Rearrangement conditions Product Yield? (%0)
1 109 NH.OH-HCI, PPA, 150°C 179 58%
2 109 NaNs, H2SOy4, r.t. 179 70%
3 109 DPPA, TEA, Toluene, 110°C 179 59%"
4 109 DPPA, tert-Butanol, 85°C 179 919"

2 jsolated yields, ® the yield after hydrolysis

Anhydride A then acylates the azide anion providing acyl azide B which is
converted by heating into the corresponding isocyanate (D) through an acyl nitrene
intermediate (C).

o (0]
.. O i r\Co:
Ny cbz/:g o (PhO),P-0—¢) O =N=N o
105 _DPPA (diphenylphosphoryl azide) (ph0)2|"‘-" © M D ﬁ/“/‘ N /] )N\/j
3
N;) s N/ s N/ s P

anhydride (A) ¢
O .s
A( NP o 0=C=N o NV° o 0 SP
o~ RS N=N-N o]
170 H o ) N t-BuOH /7N as Ny Y N
-— L) ) P J ) |
S N S N S N L S N/ ]

isocyanate (D) azene (C) acyl azide (B)

During the thermolysis molecular nitrogen is eliminated and at the same time a
[1,2]-shift of the substituent attached to the carbonyl group takes place with
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retention of configuration. The resulting amine 179 has one carbon less because the
last step of the reaction entails the loss of a molecule of CO,to form 179.

Sulfonylamidation: The next step in the modification of thienopyrimidinones
was to carry out the sulfonylamidation of 178-180. The target sulfonamides 182-
253 were synthesized by condensation of amines 178-180 with appropriate
aromatic sulfonyl chlorides (181a-x) in DCM resulting in good to excellent yields
(72-92%).

R \ (H)
e e T
O
(T ) loHgn A
S /)\/ 2

N S
178-180 182-
253
Reagent and conditions: (i) Aromatic sulfonyl chlorides (181a-x), pyridine, Crystal structure of compounds 220 (CCDC:1528441)
DCM, rt. and 228 (CCDC: 1528442)
182, 206, 230, R,=H, R,=H 190, 214, 238, R,=H, R,=2-CF3 198, 222, 246, R{=2-F, R,=6-F
183, 207, 231, Ry=H, R,=4-Me 191, 215, 239, Ry=H, R,=3-CF; 199, 223, 247, R=2-F, Ry=5-F
184, 208, 232, Ry=H, R,=2-F 192, 216, 240, R;=H, R,=4-CF; 200, 224, 248, Ry=2-F, Ry=4-F
185, 209, 233, Ry=H, R,=3-F 193, 217, 241, R4=H, R,=2-OCF3 201, 225, 249, R=3-F, R,=4-Me
186, 210, 234, R{=H, Ry=4-F 194, 218, 242, R4=H, R,=3-OCF3 202, 226, 250, R =4-F, R,=2-Me
187, 211, 235, Ry=H, Ry=4-Br 195, 219, 243, R4=H, R,=4-OCF3 203, 227, 251, R4=3-NO,, R,=4-CI
188, 212, 236, Ry=H, R,=4-NO, 196, 220, 244, R=3-F, Ry=5-F 204, 228, 252, R,=3-Cl, R,=5-CI
189, 213, 237, R4=H, R,=4-OMe 197, 221, 245, R(=3-F, R,=4-F 205, 229, 253, Ry=H, R,=4-CgH5

182-205, n=1; 206-229, n=2; 230-253, n=3

The third chapter of the dissertation entitled A-ring modification of
deoxyvasicinone alkaloid and thieno[2,3-d]pyrimidinones discusses A-ring
modification of deoxyvasicinone and synthesized tricyclic thieno[2,3-
d]pyrimidinones using a scaffold-hopping strategy.

The tricyclic thieno[2,3-d]pyrimidinones are synthetic analogues of the
deoxyvasicinone alkaloids where a thiophene is substituted for the benzene ring
(A-ring).

O (0]

A-ring modification
N/C\ (CHy)n 9 N N/C\(CHz)n
N/)\/ S N/)\/

n=0, Deoxyvasicinone

n=1, Mackinazolinone Thieno[2,3-d]pyrimidinones

Natural compounds A-ring modified (by thiophene) series

We have provided robust synthetic methods for members of the annulated
tricyclic pyrimidinones and their thiones bearing five/six-membered rings and
one/two  heteroatoms, including  thieno[3,2-d]pyrimidinones,  furo[2,3-
d]pyrimidinones,  pyrazolo[3,4-d]pyrimidinones,  pyrido[3,4-d]pyrimidinones,
thieno[3,2-d]pyrimidinthiones, furo[2,3-d]pyrimidinthiones and pyrazolo[3,4-
d]pyrimidinthiones.
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five-membered, one/two o

7 g4 Q heteroatom containing 2

CERR” Ty -~ analogues N N
FARY ) ©\)kN (CHo)n C(/\/\HLN (CHz)n C&N (CHa)n
P —> A A A

.x
\‘7}‘ =

vy

n=0, Deoxyvasicinone . P . L
n=1, Mackinazolinone six-membered, one Thieno[2,3-d]pyrimidinones  Thieno[3,2-d]pyrimidinones

o heteroatom containing \ o) n=0,1,2 o)

analogues ! PN -~
‘\ N/\(CHz)n ? /‘ N~ (CHy)n N/\ N” (CHy)n
| pZ \ _
Justicia adhatoda N~ N/)\/ n=1,2 ; o N)\/ N N)\/
. - \ R
Pyrido[3,4-d]pyrimidinones ' Furo[2,3-d]pyrimidinones Pyrazolo[3,4-d]pyrimidinones

Thieno[3,2-d]pyrimidinones and thieno[3,2-d]pyrimidinthiones:  The
annulation reactions of 258-260 occurred rapidly, and formation of 261-269 were
observed after only a few minutes when the reaction was performed in
dichloroethane (DCE).

Several reaction conditions were investigated for the synthesis of 261-269.
When compound 258, 2-pyrrolidone and POCI; were subjected to cyclization by
refluxing in DCM (5 h), dioxane (8 h) and toluene (20 h), the desired product 261
was produced in 42, 77 and 28% vyields, respectively. The desired cyclization
product 261 was isolated with a yield of 68% when the annulation reaction was
carried out in the absence of solvent at 100°C. The highest product yield occurred
after 2 hours upon reflux of substrate and reagents without solvent at 140°C (81%).
However, because the workup procedure was more difficult, we chose to use DCE
as solvent. Under these conditions’ product began to form after 10 minutes, and to
ensure complete reaction we decided to increase the reaction time to 3-4 hrs.

direct formation

‘ o) ¢ S
o o s
i N fr R COOMe S ; S
R i S P ii iii N iv N
R)K/ | — R/‘\'/ LN \ / — R S ‘ /)\/(CHZ)FI — R \ ‘ /)\/(CHZ)H

Ry Ry  NH, N N

1,2,254 255-257 258-260 R1 261-269 Ri 270278
254, 255, 258, 261, 264, 267, 270, 273, 276, R, Ry=H; 261-263, 270-272, n=1; .258.260L{261.269Jj
2, 256, 259, 262, 265, 268, 271, 274,277, R=Me, R;=H;  264-266, 273-275, n=2; !
1, 257, 260, 263, 266, 269, 272, 275,278, R=H, R;=Me 267-269, 276-278, n=3; | N

one-pot reaction

Reagent and conditions: (i) DMF, POCI3;, NH,OH; (ii) methyl 2-mercaptoacetate, NaOMe, MeOH; (iii) cyclic lactams, POCI3, DCE;
(iv) Lawesson's reagent, dry toluene or dioxane

Reflux of the pyrimidinone products for 2 hrs in the presence of Lawesson’s
reagent in toluene resulted in conversion of the oxygen of the carbonyl group to
sulfur to form products 270-278. The direct one-pot formation of 270-278 was also
investigated. Subjecting thiophenes 258-260 to condensation in the presence of
lactams and POCI; in dioxane lead to intermediates 261-269 after 3-4 hrs, and
subsequent addition of Lawesson’s reagent into the reaction mixture for 2-3 hrs
produced thiones 270-278 in satisfactory yields (88-99%).

Furo[2,3-d]pyrimidinones and furo[2,3-d]pyrimidinthiones: 2-Aminofurans
301-302 were also prepared through the two-step process: ethyl cyanoacetate (7)
was subjected to a coupling reaction with chlorine ketones or aldehydes (297,298)
to yield intermediates 299 and 300, which were then treated with TFA to give
cyclized furans 301 and 302 in 78% and 86% yields, respectively.

45



Similarly, thieno[2,3-d]- analogues of the target tricyclic furo[2,3-
d]pyrimidinones 303-308 were synthesized under these conditions using solvents
such as DCM, DCE, dioxane and toluene resulting in only trace or lower desired
products yield. Performing the reaction under solvent-free conditions led to 303-
308 in moderate yields (51-55%). To synthesize -thiones from the resulting
furo[2,3-d]pyrimidinones, two-step (from 301 and 302) or one-pot (from 301 and
302) syntheses were performed. Both pathways used dioxane as reaction solvent,
as well as Lawesson’s reagent and P,Ss as thionation reagents, respectively.

direct formation
S

(0] COZEt
Cl i OFEt |||
TR T R CN - 4“ wMCHZ )\/CH
2)n

R4

297,298 299, 300 301,302 303- 308 309 314
301, 303-305, 309-311, R=H, R,=Me; | i iv i
302, 306-308, 312-314, R=Me, R;=Me; | 303-308)]

303,306,309,312, n=1; 304,307,310,313,
n=2; 305,308,311,314, n=3

Reagent and conditions: (i) EtONa/EtOH, 0 °C - rt; (ii) TFA,; (iii) cyclic lactams, POCl3, 3 h; (iv) Lawesson's reagent, d
dry dioxane, 6 h an

one-pot two step reaction

The thioamide fragment-related furo[2,3-d]pyrimidinthiones 309-314 are
produced in 65-89% yield when Lawesson’s reagent is used, while use of P,Ss
results in lower yields (18-45%). Thus, reactivity of the 2-aminofuran and 2-ATs
with lactams in the presence of POCI; in non-polar solvents are similar. However,
differences are observed when compared with the benzo analogues. In addition, it
was reported earlier that the above reaction is much more difficult using
pyridopyrimidinones. The structures of furo[2,3-d]pyrimidinthiones were
confirmed for 311 using X-ray diffraction analysis.

Pyrazolo[3,4-d]pyrimidinones and pyrazolo[3,4-d]pyrimidinthiones: The
annulations of pyrimidinones tethered with a pyrazole were not similar compare to
their furo- and thieno- analogues, i.e. the reactions were not very fast and vice
versa failed at the above performed conditions.

Table 5. Optimization of the conditions for the annulation reaction.

COOEt
HN annulation condition 7 N
U \ + N\ ‘
N N =

‘N7 NH, G NTON
! 319
317

Entry Substrate  Cyclization conditions Product  Yield?® (%)
1 317 POCI;, DCM, 45°C, 5 h 319 No reacction
2 317 POCIs;, DCE, 80°C, 2 h 319 No reaction
3 317 POCIs, Dioxane, 100°C, 6 h 319 No reaction
4 317 POCIs;, Dioxane, 100°C, 24 h 319 69

5 317 POCIs, solvent-free, 100°C, 3 h 319 No reaction
6 317 POCIs, solvent-free, 150°C, 2 h 319 75

No target pyrazolo[3,4-d]pyrimidinone 319 was formed when pyrazole ester
317 was heated with the appropriate lactams along with POCI; in DCM (40-45°C),
DCE (80°C) or without solvents at 100 °C, even after 6-7 hrs (Table 5). Only two
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reaction conditions resulted in compound 319. The first was performed without
solvent at 145-155°C and reflux for 2 hrs (up to 75% vyield), and the second using
the non-polar reaction solvent dioxane resulting in yields of 319 of up to 69% after
24 hrs; the polar solvent toluene was unsuitable for condensation.

We have demonstrated annulation of 317 and 318 with 2-pyrrolidone, 2-
piperidinone and caprolactam using methods entry 6 (with POCIs, without solvent,
at 150°C, and refluxing 2 h). Yields of the final compounds 319-324 were up to
90%. It was also observed that by increasing the methylene number yields of final
derivatives also increased.

/\
it ll(cHz)n COOE CH2
N//\/\’)kN/\(CHz)n ° N\//\/( /\/\Hk (CHz)n
\N N/)\/ POCIs, reflux 2 h, :N NH, POCI3 dioxane, reflux 24 h, )\/
F\; 75-87% R 69-79%
319-324 317,318 319-324
319, 322, n=1; 320, 323, n=2; 321, 324, n=3 319-321, R=Me; 322-324, R=Ph

Particularly it was notable for the formation of 319-321, where at position 1 on the
pyrazole ring R is a methyl group. Furthermore, 1-Me- containing pyrazolo[3,4-
d]pyrimidinones 319-321 formed in higher yield than 1-Ph- tethered pyrazolo[3,4-
d]pyrimidinones 322-324. This observation can be explained the electron-donor
properties of methyl and pentamethylene rings.

In our research we also used other thionation agents to convert C=0 to C=S,
for example with P,Ss. With this reagent all reactions were performed in ethanol or
pyridine. Unfortunately, all efforts to introduce the thion functionality into tricyclic
annulated pyrimidinones failed, or the desired thiones formed in low vyields.
Workup procedures were also more challenging. As a result the Lawesson’s
reagent was more suitable for thionation of pyrazolo[3,4-d]pyrimidinones when
using dioxane or toluene.

a) two step synthesis

HN 0 S
COOEt _(CHan
N//\/I[ ) / (CH ) Lawesson's reagent / (CH )
1 2)n 2)N
N™ “NH, POClI3, dioxane, N )\/ Dioxane, 4 h, reflux, N )\/
R reflux 24 h R 78-88% 5
317,318 320-322 325-327

b) one-pot synthesis s

COOEt CHz
N//I O Lawesson's reagent & N\
N CH N CH>)n
N POCI3, dioxane, reflux 18 h ‘ )\/ 2)n Dioxane, 4 h, reflux, ‘N N/)\/( 2)
/

4 NH; I 0
R A 80-90% g

317,318 320-322 325-327

325, n=2, R=Me; 326, n=3, R=Me; 327, n=1, R=Ph

Dioxane was used in the one-pot formation of thiones directly from amino esters.
Increased yields were observed in the thionation reaction both for the one-pot
synthesis of pyrazolo[3,4-d]pyrimidinthiones (325-327) directly from 317 and 318,
and two step synthetic pathways giving isolable products in 80-90% yield.
Pyrido[3,4-d]pyrimidinones. The pyrido[3,4-d]pyrimidinones are six-
membered annulated pyrimidinones. In 2018, Khodjaniyazov investigated
pyrido[2,3-d]pyrimidinones, with the desired cyclic products formed at 150-170
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°C. Our experiments were performed under identical conditions, resulting in facile
production of pyrido[3,4-d]pyrimidinones 329 and 330 upon the interaction of 328
with the cyclic lactams. The reaction temperature was 150 °C, and at 100 °C we
observed no reaction

//Q POCl3 150 °C, 1 h POCI3 150°C, 1h /O

The mtroductlon of a N—heteroatom to a condensed pyr|m|d|none system
resulted in other notable observations. For example, during synthesis of tricyclic
pteridines or isooxazolopyrimidinones we observed that final products were
formed when cyclization was performed under the above used conditions, although
we failed to isolate pure product.

o}

HN/\(CH )n Q : HN/\(CH )n
COOH 2 | COOEt 2
[ I O)w [/kaN/\(CH )n ; O)w N//\/\HkN/\(CH )n
POCI;, dioxane, SN N/)\/ 2 i N‘ N NH, POCIj, dioxane, ko) N/)\/ ?
|
I

reflux 4 h ~0 reflux 8 h
331 332-334 335 336-338

An additional difficulty was encountered related to solubility of pteridines or
iIsooxazolepyrimidinones in polar or non-polar solvents. Research in this area is
continuing.

5-Amino-imidazole-4-carboxylates. 5-Amino-imidazole building blocks 342-
375 were synthesized via 3 steps from ethyl cyanoacetate 7. After reacting nitrile 7
with sodium nitrite in the present of phosphoric acid at 1040 °C, subsequent
workup with hydrochloric acid led to ethyl cyanohydroxy-iminoacetate 339.
Conversion of the oxime (CNOH) fragment into an amino group (compound 340)
was performed by the Zn-mediated reduction reaction.

Q _ Q 342, R=-C;H, 354, R=3-CHs-Ph 366, R=4-Cl-Ph
NC\)J\O/\ S NCﬁ)J\O/\ 343, R=-C4Hy 355, R=4-CH;-Ph 367, R=3-Br-Ph
| 344, R=-C;H5s 356, R=2-CH,CH,-Ph 368, R=4-Br-Ph
“OH 345, R=-CgHg 357, R=4-Bu-Ph 369, R=4-COCH;-Ph
7 339 | . 346, R=-C;;H;5 358, R=2-OCHs-Ph 370, R=2,6-CH;-Ph
¢ i 347, R=-C4Hyq 359, R=3-OCH5-Ph 371, R=2,4,6,-CH;-Ph
CO,Et o 348, R=-CigHs3 360, R=4-OCHs-Ph 372, R=2,4-CI-Ph
¢ I " NG o 349, R=-C;gHs; 361, R=2-F-Ph 373, R=3,4-CI-Ph
N NH - (0) 350, R=cyclopropyl 362, R=3-F-Ph 374, R=Bn
o 2 NH, 351, R=cyclopentyl 363, R=4-F-Ph 375, R=F-CH,Ph
352, R=cyclohexyl 364, R=2-CI-Ph
342-375 340 353, R=2-CHs-Ph 365, R=3-CI-Ph

Reagents and conditions: (i) NaNO,, H3PO,4, HCI, H,0, 10-45 °C; (i) acetic acid; zinc at 25-30 °C;
(iii) HC(OEt)s, aliphatic and aromatic amines (341a-ah).

Treatment of intermediate 340 with appropriate amines (34la-ah) and
triethyl orthoformate gave imidazoles 342-375. These 5-amino-imidazoles may

serve as a building-block for synthesis of purines.

o)
CO,Et o

N
</ ) </HI * H)J\NHZ

NH,

etyl 5-amino-1H-imidazole- formamide

1,9-dihydro-6 H-purin-6-one 4-carboxylate
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The fourth chapter of this dissertation entitled "Biological activity and
structure—activity relationship (SARs) of the synthesized compounds”
discussed synthesis of these compounds in the context of their biological
potentials. These include in vitro anticancer activity, antimicrobial activities,
antidiabetic screening, anti-influenza virus activity, effect on melanin synthesis in
murine B16 cells, molecular docking and SARs, as well as acetylcholinesterase
and butyrylcholinesterase inhibition studies.

Anticancer activity. 101 compounds were selected for further study of their
potential as anticancer agents. These include compound 17 and its azomethines,
mono- and bis-amides, bicyclic thieno[2,3-d]pyrimidinones 69-72, 76-80 and 82-
103, as well as 5-amino-imidazoles 342-375.

In vitro antiproliferative activity of compounds 17, 19-26, 37-39 and 45 were
determined against the following human cancer cell lines: T47D and MCF-7
(breast), Hela (cervical), and Ishikawa (endometrial) by MTT ([3-(4,5-
Dimethylthiazol-yl)-diphenyl tetrazoliumbromide]) assay method. The potent
anticancer drug doxorubicin (DOX) was used as positive control. Other
synthesized derivatives 27-36, 40-44, and 46-53 were also evaluated for their
antiproliferative activity toward four human cancer cell lines, e.g. PC-3 prostate
cancer cells, A549 lung cancer cells, HCT-15 colon cancer cells and T47D breast
cancer cells, all of which are recognized models in drug discovery. 5-Amino-
imidazoles 342-375 were evaluated toward five human cancer cell lines, such as
Hela (cervical), HT-29, HCT-15 (colon), A549 (lung) and MDA-MB-231 (breast).

Many azomethines potently inhibited the growth of breast cancer cell lines
T47D and MCF-7: compounds 20 (2.3 uM), 21 (12.1 uM), 23 (13.2 uM), 37 (14.9
uM), 38 (16.0 uM), 39 (7.1 uM), 45 (8.6 uM) all exerted strong cytotoxicity
compared to DOX (15.5 uM). ICso values of compounds 19, 20, 21, 26, 38 against
MCF-7 were 6.1 uM, 1.3 uM, 6.8 uM, 5.7 uM and 2.4 uM respectively, compared
to an ICs of 6.75 uM for DOX. Compound 38, which has the EWG NO; at the 5-
position of the furfural ring, has shown potent activity on all four cancer cells
concurrently and ICs, values were considerably lower in comparison with the
positive control DOX.

Compounds 36, 38, 43 and 49, which had lower 1Cs, values with human
cancer cell lines, were chosen for selectivity screening on normal human
embryonic kidney (HEK-293) cells, as well as studied the influence of these two
compounds on A549 cell growth vis-a-vis their cell cycle distribution and
induction of apoptosis in comparison to DOX. Our studies revealed that the
selectivity index (SI) of these candidates was relatively low when compared to
known anticancer drugs. However, when the SI of A549 cells were calculated for
derivative 43, satisfactorily high Sl (47.3) spurred further investigation. (Table 6).
In addition, if A549 cells were treated with compound 43 at low micromolar
concentrations (0.1, 0.25, 0.5 uM), and the induction of apoptosis increased from
8.4 t0 12.6%.
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Table 6. 1Cso values on HEK-293 cell and Sl values of antiproliferative compounds.

Compounds I1Cs0 (£SD, uM) S|Pe3 SA%49 SIHCT-15 S|P
36 33.4+3.7 2.7 7.2 12.8 5.2
38 111.3£2.8 nd 4.9 11 24.1
43 66.2+3.4 5.6 47.3 10.3 3

49 160.0+£2.3 23 2.4 22 7.1

In the synthesized 5-amino-imidazoles 342-375, the treatment of Hela and HT-
29 cell lines with compound 346 at 20 uM reduced cell growth 85 and 82%,
respectively. As a result compound 346 was further investigated in detail, and the
ICso values for 346 was calculated for Hela and HT-29 cell lines, where the effect
of 346 as a function of concentration (0, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4 and 12.8
uM) and treatment time (24h, 36h, 48h, 60h and 72h). Derivative 346 also exhibits
tumor cell proliferation in a concentration- and time-dependent manner with
significant reduction in the growth of tumor cells. A large effect was observed
when 346 was treated for 72 h, with an ICsy value for Hela of 0.737+0.05 uM as
compared to a value for HT-29 was 1.194+0.02 uM. (Figure 1).
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Figure 1. Dose and time effect of compound 346 on proliferation of Hela and HT-29 cells.

In order to evaluate the effect of 346 on cell proliferation, a colony formation
assay was carried out at concentrations of 0.1, 1.0, 1.5 and 2.0 uM. As shown in
Figure 2 (A and B), 346 has ability to significantly inhibit colony formation in
Hela and HT-29 in a concentration-dependent manner as compared to control.

(A) (B)

Control 0.5 pM 1.0 pM 1L.5puM 20puM

£33 control
=1 05uM
=3 LopM
=3 1SpM
=m 2.0pM

Hela

HT-29

=5 ‘\/ -
Figure 2. The effect of 346 on the colony formation rate (A and B) in Hela and HT-29 cells.
In order to evaluate the inhibitory effect of 346 on migration ability, a wound

healing bio-assay was performed on Hela and HT-29 cell lines. As shown in Figure
3 (A, B), when Hela cells were treated with 346 at 1 and 3 uM concentrations, the
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healing and migration speed of the cells is slowed. Migration rates of the control
were 43.51% and 61.1% after 12 and 24 h, respectively, while the respective rates
for these timepoints at a 346 concentration of 3.0 uM were 18.08% and 41.31%.

Hela

(A)

Control LOpM KXY |

L Hela

12h

would healing rate (%)
E 2 =
L Il 1
£
.
; :
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& W ﬁ.“ & W -53\

Concentration of 346

Figure 3. Effect of 346 on wound healing of Hela cells.

In order to understand whether 346 can induce apoptosis of Hela and HT-29
cells we assessed mitochondrial function (mitochondrial membrane potential
assay) in the selected cells treated with 346 at various concentrations. In this
assay carbonyl cyanide-m-chlorophenylhydrazone (CCCP), which causes
depolarization of mitochondria and mitochondrial damage, was used as a positive
control. Figure 4 shows that compound 346 at 1.0 and 3.0 uM demonstrated a
significant increase in the proportion of green fluorescent cells compared to control
and significantly reduces the cell mitochondrial membrane potential in a dose-
dependent manner, and induces early apoptosis of Hela and HT-29.

Control 346-1.0 yM 346-3.0 yM CCCP-10pM

ST]== Control =N 346-3.0 uM
= 346-1.0 pME=T CCCP-10 pM

Hela

Fluorescence intensity
(red / green ratio)

HT-29

Figure 4. Effect of compound 346 on mitochondrial membrane potential of Hela and HT-29
cells.

Antimicrobial activity. In total 136 compounds: compounds 17, 19-26, 37-39,
45, all amides and sulfonamides of tricyclic thieno[2,3-d]pyrimidinones (118-168
and 182-253) were evaluated in vitro for their antimicrobial activities against
Staphylococcus aureus ATCC 6538 (Gram positive bacteria), Escherichia coli
ATCC 11229 (Gram negative bacteria) and Candida albicans ATCC 10231
(Fungi) strains.

Compound 38, which contains nitrofurfural fragment in its ring, showed the

highest effect of the three species of microbial pathogens (16-22 mm), while
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tricyclic thieno[2,3-d]pyrimidinones 118-168 and 182-253 were inactive or weak
activity against selected strains.

Antiviral activity. In total 24 target compounds (27-36, 38, 40-44, and 46-53)
were screened against influenza A virus subtypes FM/1/47/H1IN1,
hanfang/359/95/H3N2 and influenza B virus subtype jifang/13/97 (CPE) using
MDCK cells with oseltamivir and ribavirin (RBV) as positive controls. Compound
38 (1C5=0.94+0.35 uM) was more active against the HIN1 subtype than
oseltamivir and RBV.

Molecular docking studies. A molecular docking study was performed for the
most active bicyclic thieno[2,3-d]pyrimidines compounds, and for DOX as a
control DNA intercalator into the DNA binding site of topoisomerase II. With
respect to the interaction results, several active derivatives showed high binding
energies with the DNA-Topo II target, displaying energies (—6.25 to —6.92
kcal/mol) similar to that of DOX (—6.22 kcal/mol).

Among the high binding energy derivatives forming a network of molecular
interactions in 2D plots, compound 100 forms H-bonds and w-aromatic interactions
with the active site of Topo Il. The planar aromatic system of 100 was involved in
a hydrophobic interaction with Glu870, Asn786 (thieno-pyrimidine) and Arg945
(C=0) residues (Figure 5).

Figure 5. Bond interaction (A) and prevalent binding mode (B) of compound 100.

Anti-diabetic activity. It was determined the effect of the 13 compounds (17,
19-26, 37-39 and 45) on in vitro inhibition of the enzyme PTP-1B. Compounds 20,
23, 26, 38 and 39 induced a PTP-1B enzymatic inhibition in a concentration-
dependent manner with ICs values 6.43, 6.54, 7.32, 7.12 and 14.76 uM
respectively. Other samples had no effect on PTP-1B inhibition.

Melanin synthesis evaluation. In total 123 compounds (118-168 and 182-
253) were screened for their activity on melanin synthesis in murine B16 cells. 8-
Methoxypsoralen was chosen as a positive control. Among the sulfonamide-
containing thieno[2,3-d]pyrimidines, 209 (448.2%+0.8%), 220 (570.5%+10.1%),
and 228 (658.3%+8.7%) with a six-membered ring displayed the highest activities.
In addition, among the five-membered side-ring, compounds containing related
substituents such us trifluoromethyl- (192, 329%), trifluoromethoxy- (195, 367%),
and phenyl- (205, 329%) at position 4 of the benzensulfonyl ring exhibit the
highest potency.
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Screening of AChE/BuUChE inhibition. 29 derivates were selected for further
studies of acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE)
inhibition.

Tricyclic annulated pyrimidinones were obtained using the A-ring
modification strategy. The results demonstrated good inhibition using tricyclic
annulated pyrimidinones containing nitrogen heteroatoms at the five/six membered
heterocyclic moieties. The pyrido[3,4-d]pyrimidinone series, including compound
329 with its trimethylene side-ring, exhibited satisfactory AChE inhibitory activity
of 70.35+£2.72%. The highest AChE inhibition was observed with the pyrazolo[3,4-
d]pyrimidinones 319-324. Although derivatives 323 and 324 revealed only modest
inhibition, compounds 319, 320 and 322 demonstrated promising AChE
inhibitions of 79.42+0.39, 77.14+0.22 and 82.48+0.76, respectively.

The Attachments and the fifth chapter of this dissertation entitled
"Experimental section” present synthetic and bio-assay methods. In addition,
physical and chemical characteristics along with NMR, mass spectrometry images
and other experimental data are provided.

CONCLUSIONS

1. A set of aminocarboxylates of five-membered heterocycles (thiophene, furan,
pyrazole, imidazole) have been obtained based on parallel and combinatorial
synthesis strategies.

2.  Systematic research to obtain the symmetrical 2,5-diamino-3,4-dicarboxylate
was performed, where formation and biological application of azomethines,
as well as mono/bis-amides were investigated for the first time.

3. One-pot, three component synthesis of bicyclic 2,3-disubstituted thieno[2,3-
d]pyrimidinones was investigated, and more convenient and efficient reaction
conditions were found and suggested.

4. Synthesis of amide- and sulfamide-fragmented tricyclic tieno[2,3-
d]pyrimidinones were studied systematically, and Curtius, Schmidt, and
Lossen rearrangement conditions were investigated toward the conversion of
the carboxyl (-COOH) group into the amino group (-NH,), where via Curtius
rearrangement condition a final products formed in high yields.

5. ipso-Nitration of the carboxylic group in the tieno[2,3-d]pyrimidinone scaffold
were provided using Cu salts for the first time and convenient conditions
(type of nitrating agents, reaction time and temperature) were suggested.

6. A systematic research approach was applied to deoxyvasicinone alkaloid
analogues for the first time by modification of the A-ring with various
five/six-membered heterocyles, and a convenient one-pot synthesis for the
thieno[2,3-d]-, thieno[3,2-d]-, furo[2,3-d]-, pyrazolo[3,4-d]-, and pyrido[3,4-
d]pyrimidinones were studied using a combinatorial strategy.

7. One-pot and two step synthetic pathways were identified for synthesis of the
thieno[3,2-d]-, furo[2,3-d]-, furo[3,2-d], and pyrazolo[3,4-d]pyrimidinthiones
using a combinatorial strategy, and Lawesson's reagent was suggested as a
convenient thionation agent.
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8.

10.

Present research describes more than 320 heterocyclic compounds synthetic
methods including 240 novel azomethines, amides, sulfamides, nitro
compounds, imidazoles, bicyclic thieno[2,3-d]pyrimidinones, tricyclic
deoxyvasicinone analogues (thieno-, furo, pyrazolo- and pyrido) and others.
Based on the symmetric 2,5-diamino-3,4-carboxylic acid ethyl ether, where
bioactive azomethine with a 5-nitro furfuryl fragment was found as a "leading
compound” against human breast cancer cells lines.

Annulated pyrimidine synthetic pathways were employed by Topharman
Shandong Co., Ltd., while Xinjiang Shafiya Biotechnology Co., Ltd.
implemented one-pot synthesis of natural product analogues via lactams.
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BBEJIEHUE (anHoTanmsi auccepranuu 10KTopa Hayk (DSc))

Leabio uccjienoBanus sBIsICTCS KOMOMHATOPHUM CHHTE3 U MOIUDUKAIINS
HOBBIX MPOMW3BOJHBIX TSATH/IICCTUWICHHBIX AHHEIWPOBAHHBIX MMHUPUMUTAHOHOB
coJiepKallue OANH/ABa TeTepoaToMa, YCTAHOBJICHUE UX CTPOEHUS U ONpeliesieHue
OHOJOTUYECKON aKTUBHOCTH.

O0bekTamMH HCCJIEI0BAHMS SIBJISICTCS MSATUWICHHbIE aMHUHOKApOOKCHUIATHI
coJiepKaliue paznu4HbIC reTepoaToOMBbl, CUHTETUYECKHE aHaJIOTH
JIE30KCBA3UIIMHOHA, a TaKXE€ WX THUOHBI, apOMATHYECKUE allbJIETUAbI, aMUIbl U
CYJb()OHUIIXIIOPUIBI, THOHUPYIOIIHME PEareHThl, peareHTbl HUITPOBAHUS U JIP.

HayuyHasi HOBH3HA HCCJIeI0BAHMSA 3aKIIIOYAETCS B CIIEAYIOIIEM:

CEHTE3UpPOBaHbl HAOOP aMUHOKApOOKCHIIATOB MATUWICHHBIX TE€TEPOIUKIIOB,
coJieprKaIlie pa3IudHble TeTePOIHKIbI (THO(EHOBBIN, ()ypaHOBBINA, TUPA30IHHBIN)
Ha OCHOBE CTPATErHH MMapajuIeIbHOrO U KOMOMHATOPHOTO CUHTE3A;

BIICPBBIC TOJMYyYEHBI CUMMETPUYHBIA OJTUIOBBIA >Qup 2,5-muamuHo-3,4-
JTUKapOOHOBOM KHUCIIOTBI, B PE3YyJIbTaTe €ro MOAU(DHUKALMU TOTYyYE€Hbl a30METHHBI,
MOHO- U Ouc- aMUJIbI;

CUCTEMATHU3UPOBaH YIOOHBIM TPEXKOMIIOHEHTHBIN METOJI CUHTE3a HOBBIX 2,3-
JMATM3UPOBAHHBIX OUIMKINYECKUX THeHO[2,3-d|[mupuMuInHOHOB;

BIICPBbIC CHHTC3UPOBAHBI TPUIMKINYECKUE TUEHO[2,3-d]|MupUMUINHOHBI,
coJeprKalire aMuHbIe U CyIb(paMUIHbIE PParMeHTHI,

pa3paboranbl MeTOIBI cuHTE3a THeHO[3,2-d]-, bypo[2,3-d]- u nmupazosno[3,4-
d]nIMpUMUIMHOHOB U WX COCIWHEHWH M3 YUCIIA TPUIHMKINYCCKUX TMATHUICHHBIX,
OJTHO- WJIA JBYXKOMIIOHEHTHBIX T€TepOaTOMHbIC aHHEIMPOBAHHBIE MPOW3BOIHBIC
MUPUMUINHA,

CUHTE3UpPOBaHO OKoJI0O 320 reTepouukioB, B TOoM uuciae 240 HOBBIX
COCTMHCHHMIA: @30METHHBI, aMHJIbI, OMIIUKIINYECKUE TUEHO [2,3-d] mMUpUMHUINHOHBI,
CHHTETHYECKUE aHAJIOTH JIE30KCHBA3UIIMHOHA (THEHO-, (Gypo-, MUPa30JI0-, IIUPHIO)
Y BBISIBJICHA UX OMOJIOTHYECKasi aKTUBHOCTb.

BHenpenue pe3yiabTaToB HccjaeqoBaHus. Ha ocHOBe HayyHBIX pe3ysbTaTOB
N0 CHHTE3y, MOAU(PUKAUUU M OHOJIOTMYECKOM AaKTHUBHOCTH AaHHEIMPOBAHHBIX
NUPUMUIUHOB:

MOJIy4eH TaTeHT Ha u3o0perenue Kwuraiickoit Hapomuoit PecryOnuku 1o
MOJyYEHUU U OMOJOTMYECKOro MPUMEHEHUS! MPOU3BOAHBIX ATHIIOBOrO 3¢upa 2,5-
nuamMuHoTHO(eH-3,4-kapoonoBoi kucioTel (CN 104016963 B, 2016). Pe3ynbTath
Jan  BO3MOXKHOCTh TIOJIYYEHHMIO CEJIEKTUBHOTO COEIMHEHUsS (KaHIHUJAThI-
JeKapCcTBa) MPOTHB KICTOYHBIX JIMHUM paka MOJIOYHOM JKejIe3bl, Ha OCHOBE
a30METUHOB, B KOTOpPBIX S-HUTPOYpPYypUIIbHBIM (parMeHT, CBSI3aHHBIM
ATUIIOBBIM 3(UPOM 2,5-TMaMUHOTUOEH-3,4-TMKAPOOHOBOI KUCIOTHI;

METOJIbl CHHTE3a MUPUMHIMHOB OBUIM MCIOJIb30BaHbl T0opharman Shandong
Co., Ltd., dapmanerTrueckoit kommnanuei Kwuraiickoit HapomHoit PecnyOimku
(Topharman Shandong Co., Ltd., cipaBka ot 5 Hos0pst 2020 rona). B pe3yibrare
pa3paboTaH  OJHOPEAKTOPHBIA  A(PPEKTUBHBIA  CHUHTE3  AHHEIMPOBAHHBIX
NUPUMUIUHOB IS TUYWICHHBIX T€TEPOLIUKIIOB,;
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WCIIOJIb30BaHUE IUKIMYSCKUAX JIAKTAMOB JIJISl TTOJTYUYCHHS MOJHIMKIMISCKUX
NPUPOIHBIX  COCIMHEHHH  peanm3oBaHo  kommanueidr  Xinjiang  Shafiya
Biotechnology Co., Ltd., Kuraiickoit Haponuoit Pecnyomuku (Xinjiang Shafiya
Biotechnology Co., Ltd., cmpaBka ot 5 HosiOps 2020 roma). B pesymbraTe
pazpaboTaH OJHOPEAKTOPHBIH CHHTE3 aHAJOrOoB MPHUPOJHBIX BEIIECTB C
UCIIOJIb30BaHUEM JIAKTAMOB;

pe3yabTaThl  PEHTITCHOCTPYKTYpHOTO aHanmu3a 4  coenuHenudd  2-(4-
dropdenmn)-3-(4-ruapokcudenatun)-3,5,6,8-rerparuapo-4H-nmpano-[4',3"4,5]-
tueHo|2,3-dmupumuaun-4-on (95, CCDC 1813089); 2,4-/Iudrop-N-(2-meTnn-4-
okco-4,6,7,8-rerparunpormppodo| 1,2-a]tueno|2,3-d jmupumuanH-3-1i1)0eH30-
cyabporamun (200, CCDC 1528441); 2-drop-N-(2-mernn-4-okco-6,7,8,9-
teTparuapo-4H-mmpuno[ 1,2-a]rueno| 2,3-d mupumuaua-3-ni)0eH30Cy T OHAMU
(208, CCDC 1528442); 1,2,3,6,7,8-T'ekcaruapo-10H-nukionenra-[4,5]rueno|2,3-
dJmuppono[1,2-aJmupumuauna-10-on (279, CCDC 961924) BkiIOYeHBI B
ICHTpaJIbHYI0 0a3y Kpucramiorpadpudyeckux aanueix Kemopumka (The Cambridge
Structural Database, https://www.ccdc.cam.ac.uk). B pesynbTare BHECEHHBIC B
0a3y coemMHEHUS WCIOJB3YIOTCS TPU CUHTE3€ U OINUCAHUH CTPYKTYP
AHAJIOTUYHBIX TETEPOIUKINYCCKUX COCTMHCHHMIA;

Pesynpratel TO ompenelnieHUss CTPYKTYpbl, CHHTETHYECKHX METOJIOB,
XUMHUYECKOW MoAudUKaluu W Ouojorudeckoro mnpuMeHeHus 2-AT, Ou- u
TPUIMKIMYECKUX AHHEIUPOBAHHBIX MHUPUMHUIUHOHOB IUTHpOBAIHCH Oojiee 250
pa3 B pa3auubbix 130 Hay4dHBIX JKypHAJIaX C BBICOKHM HMIIAKT (aKTOPOM:
nanpumep Chemical Engineering Journal (2020), 128115 (IF=10.65); Chemical
Communications (2019), 55, 11115-11118 (IF=6.16); Organic Letters (2020), 22,
2714-2719 (IF=6.09); Advanced Synthesis & Catalysis (2020), 362, 160 (IF=5.85);
Chemistry — A European Journal (2019), 25, 9419 (IF=4.85); The Journal of
Organic Chemistry (2018), 83, 14688-14697 (IF=4.33); Crystal Growth & Design
(2020), 20, 5688-5697 (IF=4.08); Journal of Medicinal Chemistry (2019), 62,
174-206 (IF=6.20); European Journal of Medicinal Chemistry (2019), 161, 239-
251 (IF=5.57); Bioorganic & Medicinal Chemistry (2018) 26, 309-339 (IF=3.07);
Expert Opinion on Drug Discovery (2020), 15, 603-625 (IF=4.88); Dyes and
Pigments (2020) 178, 108343 (IF=4.61) u ap. Pe3ympTaThl majgu OCYIIECTBUT
CUHTE3a MUPUMUIMH-4-0HOB ¢ oOpa3zoBanueM C-H cBs3u, unco-HUTpOBaHUE apHJI-
U TeTEepPOAPUIIOBBIX KHUCJIOT, METOIbl TOJYYCHHUS 2-aMHUHO-3-apUITHO(EHOB,
OTIpe/ICICHNEe aKTUBHOCTH COCIMHCHUN TIPOTUB JIMHUMA PAKOBBIX KJIICTOK YCIIOBEKa,
MaTOreHHbIX ~MHUKPOOOB UM  KOXHbIe 3a00JeBaHMWi, OBUIM  IPUMEHEHBI
OTpHUIIATEIBHBIC AJUIOCTEPHUCCKUE MOIYJISATOPHI HohaMrHOBOTO perentopa D2 Ha
THCHONUPUMHUJINHOBOM CKEJIeTe, a TaKKe Ha OCHOBE a30TCOJCpIKaIIUX
TeTEPOIUKITNICCKUX COCTUHCHUI B KauyecTBe UHTHOUTOPOB
AT THITXOJTMHACTEPA3HI.

Ctpykrypa u o0bem auccepramum. Jluccepraiusi COCTOMT W3 BBEICHUS,
IISITH TJIaB, BBIBOJOB, CITUCKA UCIIOJL30BAHHOM JTUTEPATYPhI U IpriiokeHus. O0beM
nuccepranuu coctaiseT 200 crpaHUIIbL.
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