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KHWPUI (¢pan noxropu (DSc) nuccepranusicd aHHOTAIUSICH)

Muccepranusi MaB3yCHHUHUT /J0J13ap0JIMra Ba 3apypatu. byryaru kyHna
)axoHAa ¢apMalleBTHKa CaHOATH TOOOpa pUBOXJIAHUO OopaérraH Oup BakTaAa,
THOOMETHA, KyMJIaJlaH OHKOJIOTHSAA MaBXyJ MyaMmMMoJiap XaMOH Y3 €YMMUHU
TYJIUK TonMaraH. Macanas, myHéna xap Wiim ypra Xxuco0a oup Heya YH MUJUTHOH
WHCOHJIADHUHT YIIUMUTA aifHaH CapaTOH KACAJUIMTUHUHT y €ku Oy Typiiapu cabad
OoyIMoKaa. V3 naB6aruma yii0y X0JIaT Typiu XWJl SMHIEMHUOJIOTHK Ba3usATIapa
BUpYCJap, MAaTOTeH MHKpoOmap Ba OOmIKa TypJaarn IOKyMJIM Ba CapaTOH
KacaJUIMKJIapura Kaplld JOpU JapMOHJIAp Ba BaKIMHAJApHU KUCKAa MyJaaTna
UNUIad YUKApPHUIIHMA COXa OJMMIIApH OJIIMTa M0/13ap0 Ba yinkaH Basuda Kuiaub
foknaau. [y makcaana cenekTuB mpenapariap CHHTE3 KWJIHII, MOTeHIHa (Haos
OupukManapHu Moau(UKAIMIIAI, YIAPHUHT OMOJIOTHK XOCCAJTApHHH aTpodirnya
Ypranui Ba yjaapHu THOOMET amanuéTura Te3 dypcaTiapaa eTkazubd Oepuin MyxXum
XUCOOJIaHaIN.

byryHaru kyHma kaxoHAa CHHTE3 KUJIMHAIWTAaH aHTHOMOTHK Ba OHKOJIOTHK
npernapaTiapHiuHT  aKCapHWsITH TUPUMHIMH XalKach cakjaraH OupukMaap
xucobmanagu. KymmagaH, uuaogoBup Ba NUPUMETAMUH TMpenapariapu
BUpYyCJapra Kaplii caMmapaiyd HaTwkalap KypcarraH. YJap acocuaa spaTWiraH
npenapatiap BUpyciapra, MHKpoOiapra, iamMoJulalira, KaHaiaud auadeT Ba
capaToHra Kapiid, UIyHWHTJIEK, AaHTHOKCHUIAHTIAp, VCUMIUKIAD YCHINN
perynsTopiapu Ba repounumuap cudartuga  KYJDIAaHWIMOKAA. YOy Jopu
JAPMOHJIAPHUHT (papMarieBTUKA COXACHAard WCTUKOOTW, TMUPUMHIWH XaJKacu
cakjiaraH SHTU OMpPUKMAaJlapHH MaKCaJJId CHHTE3W Ba MOIUQPUKALMACHHU aMaira
OIIMPHIII, YITAPHUHT Ty3WIHIIUHU 3aMOHABHH yCYJUIap acOCUAa aHUKJIAIII, OJIMHTaH
OWpUKManapHd Typiau OWOJOTHK XOCCAJTapUHU TEKIIUPHUII, TaHIad OJMHTaH
ounonoruk (Gaoa MoamanIap acocuaa SHTH JOPH BOCHUTAIAPWHM SpaTHUIN Oyinua
WIMHNA TAAKAKOT MIIUTAPUHYU amalira OIIMPHII aJOXUIa aXxaMHsIT KacO dTau.

PecniyObnukamusna ¢apmameBTHKa Ba arpap COXaJlapuHU TaOWui Xampaa
CHUHTETHK MaxCyJoTjiap acocuaa OOMUTHIN Ba TabMHUHJIAII MaKcaauaa MaxXajului
I0opu JapMmoHiap wunuiad umkwirad. Maskyp HyHanumaa Y30eKk onumiapu
TOMOHHIAaH spatunrad  «J/lezokcuneranun», «Amnmanuauny, «llutusuny,
«lamaatamuny, «Po3amma» Ba OomKa mpenapaTiap IIyiap >KyMJacUIaHIHD.
V36exucton PecnyOnukacHHM SiHaqa PUBOXKIAHTHPHMIN Oyiimua Xapakatiap
crpaterusacuaal  «MYKM Ba TamKM 0O030piapAa Maxauldii  TOBapIapHHUHT
pako0aTOapONUIMTUHU  TabMUHJIAWIUTaH MaxCyJOTJIApHUHT TyOJaH SHTU
TypJAapuHU WNUIA0 YWUKAPUIIHUA  Y3JIAMITUPHUII»NTA HYHANTUPUITAH MYXHM
Bazu(amap Oenrunad Oepwiran. by Oopama MmamiiakaTUMU3 TaOUMM OOMIMTH
CaHAJIMUIII JOPUBOP YCUMIIMKJIApU TapkuOumaru Ouosoruk Qaos Tabuuit
OupukManap, yJapHUHT YMyMHH CHHTE3M Ba MOIU(MDUKAIWICH HaTHXKACHIA
OJIMHAJNTaH SIHTU CHUHTETHK MpenapariapHd HIUIA0 YUKAPHUINTa YXOPUU ASTHII
MYXUM aXxaMusT KacO 3Taju.

W36ekncron Pecny6mukacu IIpesunentunmar 2017 ifmn 7  despammarn  I11d-4947-con  «Y36ekucton
Pecny0Onmkacuny siHa/ia pUBOXKIIAHTHPHII OYiMYa XapakaTiiap CTpaTerusicu TyFpucuaantTu GpapMoHu.
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V36exucron Pecny6mukacu ITpesupentunuar 2017 i 7 despanmaru
[1D-4947-con «Y30eKHCTOH PecnybnukacuHu siHaja PUBOXKJIAHTUPHUIN OYiinda
Xapakatnap crtparerusicu Tyrpucuganru ®apmonu, 2018 iwumn 17 sHBapgaru
[1K-3479-con «Mamnakar MKTUCOAUETH TapMOKJAPUHUHT Tajad FOKOpH OYiraH
MaxcyJiOT Ba XOM ami€ TypJiapu OwiiaH Gapkapop TabMHUHIIAII Yopa-Taadupiapu
tyrpucuganru  Kapopnapu, 2019 iwwmn 10 anpengarm  [ID-5707-con
«Pecniyommukamuzna  2019-2021 #Hunnapaa  QapmaneBTHKa COXACHMHHU  Kajaall
PUBOIIAHTUPUTITHUHT KEHUHTH 4Opa-TaaOoupiapy TYyFpucuianTu (papMoHu Xamaa
Ma3Kyp (paonusTra TeruiIM 601Ka MEbEPUN-XYKYKUH XysKKaTIapaa OenruiaHran
BasuQalapHi amMaira OUIMpUIIa YmoOy AuccepTauus TaAKUKOTH HaTHKalapu
MyaiisiH Japakaja Xu3MaT KuJaau.

TaakuKOTHUHT pecny0auka (aH Ba TEXHOJOTHSJIAPH PHBOKIAHUIIN
YCTYBOp HyHATHILIAPUIa MOCJMIH. Ma3kyp TaaKUKOT pecryOnuka ¢aH Ba
TeXHOoJorusiap puBoXiIaHUMUHUHT VI. «Tub6mér Ba dapmaxonorus» Ba VII.
«KuM€ TexHoNOTHsUIapM Ba HAHOTEXHOJIOTHSUIApUW» YCTYBOp HYHaIMILIapura
MyBO(DUK OakapuiraH.

Juccepranusi MaB3ycH OyiHHYa XOPHKHH MJIMMI-TaAKUKOT/IAp IIApXu>,
AHHENUpJIaHraH MUPUMUIMHIIAD CUHTE3U, KUMEBHUM Yy3rapuiuiapy Ba OUOJIOTHK
Xxoccanapy MYHamIMImmMAa TaAKUKOTIAp JKAXOHHUHI €TaKud OJMM  TabiiuM
Myaccajlapd Ba WIMHH Mapkaziapuaa, skymnanan: Peking University (Xwutoit),
Russian Academy of Sciences (Poccus), Waseda University (SImonust), University
of Mississippi (AKII), University of Wiirzburg (I'epmanus), Cairo University
(Mwucp), United States Environmental Protection Agency (AKII), King Khalid
University (Cayaus ApaGuctonn), University of Tehran (Dpon) Ba Yceumimk
MoJIaIapy KuMEcH MHCTUTYTH A (Y 36€KHCTOH) 01HG GOPHIMOK/IA.

bunuknuk aHHEeNWpiaHTaH TUPUMUHTAP (MTypHH, XWHA30JWH, MUPHUJIO-,
UpaHo-, MUPPOJIO-, Pypo-, TUEHO-, MUPA3OJONUPUMHINHIAD Ba OOlIKanap) Ba
YIApHUHT XOCWJIAJJapUHU  OJIMIJIAa KUMEBUM, OHOJIOTMK Ba OHOKMMEBUM
¢HAalIyBIap acocuja TypJid XWJ MakcaJjd CHUHTE3 ycyJulapura Ba amMaiuéTura
KyJulamra Oujl JKaxoHJa oJu0 OopwiraH TaJKUKOTJIAp HATHXKacula Karop,
KyMIIaJlaH, Kyiuaard WiMHi HaTWKajgap OJIMHTaH: OMp OOCKUWIM, UKKH Ba KYII
KOMITOHEHTJIM XaJKaJaHUII peakusijapy HaTWKacuaa OMIUKIMK aHHEJIUpJIaHTaH
nupumuniap cuHte3 KuiuHran (Cairo University, Mucp; Indian Institute of
Technology Ropar, Xunauctown; Islamic Azad University, Opon; Cardiff University,
Awnrnus; Heidelberg University, ['epmanus; Ivan Franko National University of
Lviv, Vkpauna), YcuMIMKIap TapkuOuga yuypaliuran aHHETUpPJAHTaH
MUPUMUAHHIAPHA SKCTPAKLIHS YCyIuaa axpatu6 onunran (YCUMINK Moamatapu
KUMECH HMHCTHTYTH, Y30EKHCTOH), GUIMKINK aHHEIMPIAHTaH THPHMHUHIAP TOTA
cuntesn ycynu sipatwirad (Chinese Academy of Sciences, XwuTtoii), Tynpok Ba
YCUMIIMKIIapIard MUKpOOpranu3miap (3HA0(PUTIAP) SKCTPAKIUSCH OPKAJIA CUHTES
ki yeynu unuiad yukuirat (The Scripps Research Institute, AKII; Institute of
Oceanology, Chinese Academy of Sciences, XuTtoii); onunran “hit” oupukmanap

2Jluccepranus MaB3ycH OYilnda XOpWKHUI UIMHH-TaJKMKOTIAp mapxu www.sciencedirect.com, www.scopus.com,
www.webofknowledge.com, www.scholar.google.com, www.ncbi.nlm.nih.gov Ba 6ormika ManGaanap MaTepuaapu
acocu/a Tai€piaHraH.
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capaToH XyXKalipamapura, BHpyclapra Ba MaTOTeH MHKpoOiapra Kapiiu
dornananunran (Shenyang Pharmaceutical University, Xwutoit; University of
Catania, MWramus; Triplex Pharmaceutical Corporation, AKII), depment
uHruoutopnapu cudaruga Ba AJbUreldMep KacajUIMrura Kapiiv Mpernapatiap
sapatuira (University of Wiirzburg, I'epmanust).

JlyH€na sSHTM aHHENUpJIaHTaH MUPUMUJIMHIIAP CUHTE3H, MOJAU(PUKALUICH Ba
ouosioruk (aosmuru 6yiinda KaTop, Kymiiajaad, Kydujaard ycTyBop HyHaauapaa
TaAKUKOTIIap 0110 OOPUIMOKAA: KMYUK MOJIEKYJISAp OFUPIUKIArd aHHEIUpJIaHTaH
MUPUMUANHIAPHU KyJail Ba Oup OOCKHYIIM CEIEKTUB CHUHTE3W Ba “AIWI’ CHUHTE3
CTPATEeTUSACHHM KYJIJIall, Ta0unii OupukManap cuHdura MaHcyO0 Omosoruk ¢aoi
aHHENMPJAHTaH TMUPUMHUIWHIAPDHA YMYMHW CHHTE3WHHM aMalira OIIMPHII; TypIu
xun  ¢apmakodop XycycusTiapra odra (pparMeHTIApHU  aHHEJIWPJIaHTaH
NUPUMUANHIAD  CKEJeTHra  OWPUKTUPHUIN;  MOJEKYJIAp  MOJEIUIAIITHPHII
XucoOianuiapy acocuia MUPUMUINH-(DEPMEHT OOFIIM MHTHOUTOP XyCycHsiTra 3ra
Oynran OMpUKMaJIap CUHTE3 KHJIUIIL.

MyaMMOHMHI YPraHWwIraHJuK Japaskacu. bem Ba oatu  ab30iu
reTepoluKIIap OUIaH aHHEIUPIAHTaH MUPUMUIUHIAP KUMECH Ba yJIapHU THOOUET
KUMECUIArU TAIKUKOTIIap OWiIaH OMp KaTop XOPWKUN ONMMIIap y30K HuiapaaH
OyéH myryutanuO y3ura xoc maktad spatrannap. Xymmagan 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 xabu onumnap ymoly WyHanuIga u3IaHuI oau0 OopHIaIm.

TaOunii Ba CUHTETUK MUPUMHUAMHIIAP WYHATUIINAA Y30€K OJUMIIapu Xam y3
TypyxJiapu Ouiiad Kymiad uiMui TaIKUKOTIap oiub 6opraniap: Xycycan 0y cuHg
OMpUKMaTapUHA YCUMIIMKJIAPJAH KPATUI, YMYMHA CHUHTE3 KWJIHII, YJIapPHUHT
KUMEBMM Y3rapunuiapura Oarunuianran unuiap akagemuk C.JO. HOnycor Ba
morupiapu, coxa npodeccopiaapu X.M. IMloxumosros, H.JI. A6mymraes, b.K.
Onmypanos, B.1. Bunorpanosa, X.V. XomkaHus30B Ba O0IIKa FOPTUMHU3 OJIUMIIAPH
TOMOHH/IAH YPraHuJIraH.

Jlekun xo3upru KyHrada (akaT XWHA30JUH (eTapyiuya YpraHuiiras),
TUEHO[2,3-d|nupuMuIuH (atpoiua YpraHuirax) Ba nupuo[2,3-
d|nupumuauHaap (aipyuM XoCHIallapy OJIMHTaH) YpraHuirad 0Yiau0, TPUIIUKIUK Ba
NOJIMLIIMKJINK AHHEIUpPJIaHTaH MHUPUMUIUHIAPHUHT OOIlKa BaKWUIAPU CUHTE3U
eTapinya YypraHuwiMmarad. Typiau rerepoxajikaiap OWiIaH aHHEJIMpJIaHTaH
MUPUMUANHIAPHN TIapajuie]l CHHTE3W Ba Iy WYHAIWIIAA TU3UMIM TaAKUKOTIAP
YTKa3UJIMaras.

Juccepranmsi MaB3YCHHHHI JUCepTanMs OakapwiaéTraH MJIMUMIi-
TAAKMKOT MYaCCACACHHUHT WIMMA-TAAKHKOT pekajapu OuiaH OOFJTUKIUTHU.
Jluccepramysi TAAKUKOTH Y CHMIMK MOIIATAPU KUMECH MHCTHTYTHHHMHT HIIMHIi-
TaIKUKOT unuiapu pexkacMHUHT Ne DA-D3-T047 «Ankamoujiap Ba yJIapHUHT
CUHTETUK aHayiornapu karopuaa sHru C-C Oornapu XOCHUJ KWIMII YCYJUIApUHU
Hazapuil acocmapu» (2007-2011 iit.), Ne DA-O7-T207 «buonoruk daon
reTepOLMKIMK OMpUKMaap MOJIEKyJacuaa aCHMMETPUK MapKa3 XOCHJT KUIUIITHUHT
Hazapuii Myammonapuy» (2012-2016 iiit.), myHuHrIeK Y CHMINK MOIATapH KUMECH



UHCTUTYTUHUHT Xutoi @annap Axaaemuscu OWJIaH XaMKOPJIUKIArd KyliMa
Jolunxanapu fJoupacujia daxxapuira.

TaagKMKOTHUHT MAKCAAU SHIY aHHEIUPJIaHTaH MUPUMUIUHIIAD, KyMJIIadaH:
TUEHO-, QypO-, TUPA30JI0- Ba MUPUIONUPUMHUANHIIAP SHTY XOCHIATAPUHUHT CUHTE3
yCYJUIAQpUHM UIUIA0 YWMKHUII XamJa YJIapHUHT TY3WIMIIAHUA, (PU3UK-KUMEBHUI Ba
OMOJIOTHK XOCCAJIApUHU aHUKJIalgaH noopar.

TaagkuKoTHUHT Basudaaapu:

TaOUMIi aNKaJION] J€30KCHBAa3UIIMHOHHUHT CHHTETHK aHajoriapu cudaruga
SIHTY aHHEJUPJIAaHTaH TeTePOLUKIIap CUHTE3 KWIHIIAA acOCHil XoM aménap: Oer
ab30JI1 aMUHOKapOOH KUCIoTa  3(UpIapUHU OJIMII  yCYyJUIapUHH
TaKOMWIIAIIITHPHIII;

CUMMETPUK 2,5-n11uaMuHo0-3,4-kapOOH KUCIIOTa 3TUI 3PUPHU CUHTE3U Ba YHH
apoMaTHK alJerujjap Ba apoOMaTUK KHUCJIOTa XJOpaHTUIApUIJIapu OuilaH
peaKlMsUIApUHN YpraHul;

2,3-nuanMaiirad OMIUKIUK TUEHO[2,3-d |[MIupuMUIMHOHIIApHUA OUP-PEeaKTOPIIN
Y4 KOMIIOHEHTJIM OJIMHUII UYJUJITApUHU YPraHUIL;

TPULUKIUK THUEHO[2,3-d |IMpUMUIMHOHIAP CHUHTE3U Ba THO(EH XallKacura
Oopaauran peakuusJiapuHu amaira OLUPUI (unco-aJMalllUuHUIL, OKCHUJIAHHILL,
amuan, cyiadamupiani Ba 0.);

SSHTU TPULIMKIIMK O€II/0JITU ab30yik, OuTTra rerepoaromin (tuodeH, ¢Gypas,
NUPUIUH) AHHETUPJAHTaH NUPUMHUIAWHOHIAPDUHU MYKOOWJI CHHTE3MHU amajra
OTIIUPHIII;

SIHTY TPULUKITUK Oelll ab30JI1, HKKH FeTepoaToMIIH (TUpa30i1) aHHEIUPIaHTaH
NUPUMUTUHOHJIAPHU PEAKIUSICUHHI aMalra OIIHPHILL

SIHTU TPULUKIUK O€ll ab30J7H, OMp Ba MKKH TeTepOaTOMIIM aHHEIMpJIaHTaH
nupumuauHonnapaaru - N-C=0O rypyxunu N-C=S ¢yHKunMOoHanM TypyXxura
KOHBEPCHUS KUJIHIIL

OJIMHTaH SIHTM JI€30KCUBA3UIIMHOH aHaJoOTJapy Ba YJIApHUHI XOCUJanapu
opacujiaH OHOJOTUK (oan OWpUKMATapHU aHUKJAI, (PAOJUIMKHUA TYy3WUJIUIIra
OOFJIMKJIUTY, MOJIEKYJISIP JOKUHT Ba YJIApPHUHT TAhCUP MEXAHU3MUHU YPraHUIIL

TaakKMKOTHUHT 00beKTH cudaTuia Typiau TeTepoaToM TyTraH Oell ab30Ju
aMUHOKapOOH KHCJIOTalapy Ba YJIapHUHT 3(QUpIapHU, Xap XWJI reTepoaToMian Oern
ab30JI1 JIE30KCUBAZUIIMHOHHUHT CUHTETHK AHAJIOTJIApH, XaMma YJIapHUHT THOHIIU
XOcCujalapy, apoMaTuK anaerujuiap, TuonnoBun pearentiap (P.Ss Ba JlaBeccon
peareHTH), KaTaau3aTropiap, apOMaTUK aMHUHJIAp, apOMAaTUK CYI(POHUIXIOPUAIAP
Ba HUTPOJIOBYM peareHTap TaHJIaHTaH.

TankukoTHUHT npeaMeTH ['eBany peakuuscH, XaTKaJaHHII PEaKIHUsIapH,
THoaMu Iam peakuusiapu, Kypuuyc kaita rypyxianumu, “Scaffold-hopping”
EHIAUIYBIIM peaKuus, 3JIEKTPOPMI aTMalIUHULI, UNCO-ATIMAIIUHUIL, CapaToH
Xyxalpanapura kapimu ¢aoJuk (XyKailpa IUKIW, amnonTocu3), MHKpoOjapra
Kapiu $haosuIiK, BUpyciapra Kapiu (Gaouiik, GepMeHT (paoUIMTMHA HHTUOUPIIall
(PTP1B, amerwixonuHdcTepaza Ba OyTHPHIXOJWHACTEpasza), OMONOTUK (aoi
OMPUKMAIIADHUHT TabCHUP MEXaHW3MU KaOu (PU3NK-KUMEBUM Ba OHMOJOTHK
*apacHiap XxucoOIaHaau.



TaakuKOTHUHT ycyajaapu. TagkMKoTiIapaa HO3WK OpraHWUK CHHTE3,
xpomatorpadus (IOKX, KX, IOCCX-HPLC), Vb-, UK-, 'H- Ba ’C SMP
criekTpockonus, macc-criekrpometpus (HR-MS), pentren Ty3unum taxjauau (X-
ray) Ba OMOJIOTHK TJKUKOT yCyJulapuiad (o janaHuiIraH.

TaagKMKOTHUHT WIMMI SHIWINTH Kyiuaaruinapaan uoopar:

uiaKk O6op Oemr ab30Jd TYpaM XWil reTepoxaikanu (tuoden, GypaH, mupaszon)
aMUHOKapOOH KHUCJIOTa HJTWI dS(Qupiapy KOMOWHATOp Ba Mapajuiesl CHHTE3
CTpaTErusACH acocua CHHTE3 KUJIMHIaH;

WIK 00p CUMMETPHK 2,5-11uaMuHo-3,4-1UKapOOH KUCIOTa 3T 3PUPHU, YHUHT
Mou(UKAIMICH HaTHKACHIa a30METHHIIAP, MOHO- Ba OUC-aMUAJIap OJIMHTaH;

SHTU 2,3-TranMaiirad OUIMKINK TUEHO[2,3-d |[TMpUMUIMHOHIAPHUHT KyJIai
Ba y4 KOMIIOHCHTIIM CUHTE3 YCYJIN CUCTEMAJIAIITHPUIITAH;

wik Oop amuna- Ba cyiabdamun (parMeHTIM TPULUKIUK TUEHO[2,3-
d|MUPUMUIMHOHIIAP CUHTE3 KWIMHIaH;

TPULUMKIUK Oeml ab30iiM, OUp EKU HWKKUM TeTepoaToMIIM aHHEIHpJaHTaH
MUPUMUJIMH XOCUJIajgapyu Katopuaan tueno[3,2-d]-, dypo[2,3-d]- Ba nupa3zono|3,4-
d|nMUpUMUIMHOHIIAP XaM/1a YIAPHUHT THOHJIAPU CUHTE3U yCYJUIapy SpaTUIIraH;

320 ra sKuH rereporUKiLiap, >kymiaagaH 240 Ta sHru OupuUKMaap:
a30MeTuHIIap, amujiap, OUITMKITUK THUEHO[2,3-d|nupuMUANHOHIIAD,
JI€30KCUBA3UIIMHOHHUHT CUHTETUK aHajorjapu (TueHo-, (ypo-, mnupaszosio-,
MUPHUI0-) CUHTE3 KWIMHTAaH Ba yiap OWOJOTHK (HAOJUTMKHU HAMOEH KWIJIHIIN
AHUKJIAHTaH.

TagKNKOTHUHT aMaJIMil HATHKAJIAPH KyHuaruiapaad noopar:

240 Ta ssHTU OMPUKMATAPHUHT OJMHMII yCYJUIApH UILIA0 YUKHWITaH, ylapaaH
200 maH OPTUFMHUHT OMOJIOTHK (DAOJUTMTH aHWKJIAHTaH Ba HaTwkanga 20 ra sSKuH
UCTUKOOJUIA MOJIAIap TOMUIITaH;

WIK OOp aHHENIWpJIAHTaH NMUPUMUAMHOHJIAPAA: OKCUJJIAHUIN, KaWTapUIIMIILL,
unco-HUTponall, KapOOKCWIUIAlll, XaJKajaHWII, OUp-pEeakTOpiIu  peakuus,
yTepuuKaLnsi, OUPUKHUIIT PEAKIHUACH, aMHUIJIAII, THOAMUJIAI KaOu Typiau XWil
peakiusiap oJiud GOpuIIraH;

CUMMETPHUK 2,5-auamMuHo-3,4-1ukapOoH KuciioTa 3Tui 3dupu acocupa 5S-
HUTPO Gypdypui pparmMeHTIM Paost a30METHH, 00BEKT cudaTuaa TaHIa0 OJMHTaH
capaToH Xy)Kaipajmapura Kapumu “HOM30J OupukMa’ OYJIMIIM MYMKUHJIUTH
aHUKJIaHTaH;

N€30KCUBAa3UIIMHOHAAru A-xanka Monauduxamuscu acocuna “‘scaffold-
hopping” crpaTerusicu OpKajdu SHTH TPUIMKINK OCI/0NTH-abh30JIH, OUp/UKKA
reTepoaTOMIIM aHHEIUPJIAHTaH NUPUMUIUHOHIApP: TUEHO[2,3-d]-, Tueno[3,2-d]-,
bypo[2,3-d]-, mupazono[3,4-d]-, Ba mmpuno|3,4-d|MUpUMHUINHOHIAD CHHTE3U
KWIWHTaH;

TUEHO[2,3-d|MIupUMUANHOH XOCHJIAJIapy OpacuJaH UCTUKOOIIM OUpHUKMasap
onuHuO, ymapuuHr Bl6 Xyxailpacuna ¢aosi MeNaHMH CHUHTE3H TabCUPU
MaBKYJIUTH aHUKJIAHTaH;

CUHTE3 KWJIMHTaH OMpUKMaiap KaTOpUAaH capaToH XyXalpajiapura, HaToreH
MUKpoOJIapra Kapiid HoOM307 OUpuKMalap, XaMmJla TpUIIll BUpycllapu Ba Auaderra
Kapui ¢aosi Moaaanap OOpJIMry aHUKJIAHTaH.



TaaKuKOT HATHKAJAPUHUHT HITOHYWIMJIMIH. bapua HaTuXxanap 3aMOHABHUI
OpraHuk, GU3MK, aHATMTUK Ba OMOJIOTUK TAAKUKOT yCyJlapu €pJaMuia OJIMHIaH Ba
TaCIUKJAHTaH, IIYHUHTIEK OJIMHTaH HaTXKajap acocuja | Ta MmareHt, oKopu
uMIakT (akrtopau xopwxkuil kypHamiapaa 10 Tta (Scopus 0azacuparu
KypHaJUIap/ia) Makoaaap 40 KUJIMHTaH.

TagKUKOT HATHXKAJIAPUHUHI WIMHMHA Ba aMajJMil axaMuMsTH. TagKukoT
HATWKATAPUHUHT UIMUN axaMUATH CUHTE3 KWIMHraH Tuo(deH, pypaH, nupa3on Ba
NUPUIUH Kabu Oeml/oATH ab30JM Xamaa OMp/UKKU TeTepoaTOMIIN aHHEIUpPJIaHTaH
MUPUMUANH OUpPUKMAaJIap OJMHTAH Ba ylapJard TypJid XWI Peakiusiap, KyMmiIaaaH
XaJIKaJIaHUII, OUp-peakTopiu CUHTe3, ['eBanj peakiusch, KailTa TypyxJIaHUII,
THOAMM/IJIAII Ba OOIIKA XMJI PEAKIHs yCyJUIapy Ba KOHYHUSTIAP aHUKJIAHTaHIUTU
OuiaH U30XJIaHAIH.

TaaKUKOT HATMOKATAPUHUHT aMalliii aXaMHsITH [TyHIaH WOOpPaTKH, CUHTE3
KWIMHraH Oapya Oupukmanap “Makcajjid CUHTE3” CTPATErusiCk acoCH/a OJMHIaH
Ba 20 ra SKuH SHTM MOJJajap TETULUIM KAaCAJUTMKIAPHU KEITUPUO YMKapyBUd
BUPYC, MUKPOO Ba 3apapiu XyxKaipajapra Kapiiy CeJeKTUB (aoJuIUri aHUKJIaHHO,
tonwirad ¢aon OupukManap (apmaneBTHKa COXach Yy4YyH Takiaud KUJIUHTaH,
NIYHUHTJEK  OHI  HMCTUKOOJIM  MOJJAJaApHUHT  TabCUP  MEXaHU3MJIapH,
Oupukmanapaarv GaoJUTMKHUA Ty3UJIUIITa OOFIMKIUTUTa SPUILIMAIITaH.

TagkKMKOT  HATW/KAJIAPUHUHI  SKOPMM  KUWIMHMIIMA.  TPUIUMKIMK
aHHeNMpPJIAaHTaH TUPUMUIMHOHIIAP, YIAAPHUHT XOCUJIAIapH, XaM/la 1acTIa0Ku XOM
alé MaTepruaJUIapUHUHT CUHTE3M Ba OMOJIOTUK (aoJuTMru Oyinda OJIMHTaH UIMUN
HaTHKajJap acocua:

2,5-nuamuHo-3,4-1uKkapOOH KHCIIOTa ATUI AGUPU acocuaa OMOJIOTHK (ao
OynraH a3oMeTHHJIAp OJuIl ycyiura XuToil Xank Pecmybmukacu wuxrtupora
natenty onuHraH (CN 104016963 B, 2016). Hatmxana 2,5-nmuamuHo-3,4-1ukapOooH
KHCJIOTa TUJ 3¢upura O0ornaHrad 5S-Hutpo pypdypuin dbparMeHTIv a30MeTHHIIAp
acocusia aémiap Kykpak Oe3Mu capaToHU XyXadpanapura Kapiiu CEeJeKTHUB (aos
OupuUKManap OJIMII UMKOHUHU OepraH;

aHHEJNMpJIAHTaH MNUPUMHUIMHIAPHUHT CHHTE3 KWIMII YCylau XuTou Xaik
Pecnybnukacuauar Topharman Shandong Co., Ltd. dapmaneBTrk koMnaHusicuaa
amanuérra >xopuit kuiuHran (Topharman Shandong Co., Ltd. dapmanestux
koMmnaHuscuHUHT 2020 #un  S-HosOpjarm  MabiiyMoTHOMacw ). Hartwkana
KOHJICHCUPJIAHTaH  MUPUMHAWHIAPDHUHT  OUp-peakTopii  Ba  OOCKUWIN
CUHTE3JIApUHU amaJra OIUPHUIIT HMKOHUHU OepraH;

IIUKJIMK JIAKTaMJIap aCOCH/Ia MOHIINKINK TaOuuii OMprUKManap CHHTE3 KUJIHIII
yeynu Xuron Xank Pecny6mukacuausar Xinjiang Shafiya Biotechnology Co., Ltd.,
KoMnaHusicuaa xopuid Kununrat. (Xinjiang Shafiya Biotechnology. dhapmanestuk
komnaHusicuHUHT 2020 iun S-HosOpnaru mabiymoTtHomacu ).Hatwxkaga tabumii
OvpUKManap aHaJOTJIApPUHM JIAKTamjap UIITUPOKUAA OUp-peakToOpiu ycysuiapaa
OJIUIII UMKOHUHU Oepras;

2- (4-Dropdenmn)-3-(4-ruapokcudendtmn)-3,5,6,8-rerparuapo-4 H-nupaHo-
[4',3":4,5]tueno|2,3-d|nupumuaun-4-on (95, CCDC 1813089); 2,4-Hudrop-N-(2-
MeTui-4-okco-4,6,7,8-terparuaponuppoiio| 1,2-a|tueno[2,3-d jnupumuans-3-
un)oenzocyndponamun (200, CCDC 1528441); 2-drop-N-(2-meTun-4-oxkco-6,7,8,9-
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tetparuapo-4H-mupuno[ 1,2-a]tueno|2,3-d|nupumuann-3-un)0eH30cyn-poHaMuI
(208, CCDC 1528442); 1,2,3,6,7,8-T'ekcaruapo-10H-nuknonenrta-[4,5|tueno|2,3-
d|muppoo[1,2-aJmupumuaun-10-on (279, CCDC 961924) napHuHT peHTreH
TY3WIUII TaxJIWJIM HaTxKajgapu xankapo KemOpumx mapkasuii kpuctamiorpapuk
MabaymoTinap ©Oaszacura kuputwirad (The Cambridge Structural Database,
https://www.ccdc.cam.ac.uk, CCDC 961924, 1528441, 1528442, 1813089).
Hatmxana 0azara KUpUTWITAH SHTM MOJJANap yXiiam OWpUKMaapHU CUHTE3
KWIWII, TY3WIAITAHA YPraHUuIl IMKOHUHU OepraH;

2-aMuHOTHO(EH  KapOOH  KHCIOTa  3TWI  dQUpiapu,  TPHUIHKIUK
TUCHONMUPUMUJANHOHIIAP, a30JUlap Ba aHHEIWPJIAHTAH TUPUMHUINHOHJIAPHUHT
TY3WIUIIHN, CUHTE3 YCYyJIapW, KUMEBUU Y3rapuiiapu Ba OHOJOTHK (PaoyuIuru
XaKAJard MabIyMOTJIApPHU KYJUIAHWININKA Ba TAXJWIH YI9yH XOPDKHA FOKOpHU
umnakT (axtopnmu 130 ra axuH xypHamwiap xamaa 250 Ta manOa Ba wiIMuid
Makosanapaa ¢oupananunran: 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 Gomkamnap.
Hartmxkana C-H 60Fu opKamu mupuMuIuH-4-0HIap CHHTE3UTa, apHJI- Ba TETEPOAPHIT
KUCIIOTAIAPHU  UNCO-HUTPOJAITA, 2-aMUHO-3-aprITHO(EHIAPHUAT  MYKOOWII
OJIMHUII YCyJIJIapU Ba CapaToOH Xy)Kailpanapu, maToreH MHUKpoOiapra Ba Tepu
KacaJUTMKJIapura  Kapmd  (QaoJUIMTMHA — aHMKJAIIra, TUEHONUPUMHUIAMHOH
CKEJIETUHUHT JomamMuH D, pelnentopu HeraTuB ajUIOCTEPUK MOIYJSITOpiapu
OJIMHUILIUTA, MUPA30JONUPUMHUINHIAPHUHT TUOOMETAArU IOTYKJIApH, XaMJia a3oT
CakJlaraH TreTEepOLMKIUK OWPUKMaapHU aleTUIXOJIMHACTepa3a WHTHOUTOpIapu
cudaTuaa Kyuiam UMKOHUHUA Oepras.

TaakuKOT HATHKATAPUHUHT anpodauusacu. Ma3kyp TaJKUKOT HaTHXKaJlapu
14 Ta, xymmaman 10 Ta xankapo Ba 4 Ta pecnyOjiMKa WIMHH-aMalui
aHKyMaHJIapuaa MyXoKaMaJaH YTKa3uJITaH.

TaakuKOT HATHXKAJAPUHUHT JIBJOH KWIMHranauru. [uccepramms
MaB3ycu Oyiuya »xamu 28 Ta WIMHANA UII YOIl ATHITaH, IIyJapaaH, | Ta Xoprmkui
nateHT (XuTom), V36ekucron PecriyOmmkacu Onmit aTTecTamusi KOMUACCHUSICHHUHT
JOKTOPJUK JUCCEPTANMUIAPU aCOCUN WIMHM HATWIKAJAPUHUA YOI JITHIIN TaBCHUS
STWITAH WIMHI Hampaapaa 13 Ta Makosa IKOpY UMIAKT (GaKTOPIU XOPUKUIL Ba 2
Ta pecnyOiIrKa *KypHaulapyaa Hallp STUITaH.

JAuccepransiHUHT TY3WINIIN Ba XaXKMH. JluccepTalMsiHUHT TapKuOU
kupuii, Oemra 600, xynoca, Goiganmanwiran anaduérnap pymxaru, wioBajiapjaaH
noopar. Jluccepramusauar Xxaxxmu 200 OSTHU TAIIKWIT STraH.
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JTUCCEPTALIMSIHUHT ACOCHU MASMYHH

Kupnimn kucMuaa auccepranuss MaB3yCUHHMHI J10J13apOJIMTH, 3apypUsiTH,
TaAKUKOT MakKcaau Ba Basudanapu XamJa OObEKT Ba MPEAMETIApPHU aCOCIIAHTaH.
V36exucron PecryGmukacu (aH Ba TEXHOJOTHSIAPH TapAKKUETHHHMHT YCTYBOD
NYHAIUMIUIAPUIa MOCIHWIHA KypCaTWITaH, TAaAKUKOTHUHI WJIMHAW SHTUJIMIM Ba
amMaluid HaTikanapu Oa€H KWIMHIaH, OJMHTAaH HATWO)KAJAPHUHT WIIOHWINIUTU
acocjaHuO, WIMUHN Ba aMaluil axaMusATH 04M0 Oepuiran, TaAKUKOT HaTHKaJapuHU
aManuETra JKOpUil KWJIMHUIIM, HAIIp 3TWITaH MIUIAp Ba JUCCEepTalus TY3WJIWLIN
Oyiinya MabJIyMOTJIap KEATUPHUIITaH.

JuccepTraiusiHUHT « BHIUK/INK aHHEJIMPJIAHTaH NMPUMHIMHIAD CHHTE3H
Ba YJAPHUHI KYJJIAHWIHIIN» 1e0 HOMJIaHraH OupuH4M 0o0mpa anaOuérnap
HIapXH1 KEATUpWIraH 0ynud, yHaa nuppoi, ¢pypaH, THOPEH, UMHUIA30I1, TUPA30IL,
TPHA30J1, OKCa30Jl, THA30JI, U30KCA30J1, U30THA30J1, CeIEHOPEH Kabu OMp Ba MKKU
reTepoaroMyid Oeml ab30M TeTepOLUKIUIap OWIaH aHHEJIUpPJIaHTaH OWIMKIIMK
NUPUMUMHIAP, IIYHUHIJIEK [UKIOOKTaH, MUpaH, O€H30J1, MUPUANH, TUPUIA3HH,
NUPUMHUIMH KaOU ONTH ab30Jid OMp Ba MKKM TIeTepOaTOMIIM aHHEJIUpPJIAHTaH
OMLIMKIIMK MUPUMHUIUHIIAP CHHTE3U Ba OMONIOTHK (paOJUIUTHU TaX M KUJIHMHTaH.

JuccepraiiisiHUHT « BUIMKJINK BA TPUHUKJINK AHHEJIUPJIAHTaH THEHO[2,3-
d|NMPpUMHIMHOHJIAP CHHTE3W Ba MoguduKanuscw» 1e0 HOMIAHTaH MKKHHYHU
0o0uaa aHHenupiaHrad Ou- Xxamja TPULMKINK THEeHO[2,3-d |nupuMuINHOHTIap Ba
yIApHUHT OOLUIaHFUY MaTepUAJUIAPUHUHT MYKOOMJT CUHTE3U Ba MOIU(UKALUACH
Oylirya OJIMHraH HaTHKaJlap MyXOKaMa THJITaH.

4,5-luanmawcan  muogen kKapoon Kucioma 3Imun IPupPIAPUHUHL
Komounamop cunmesu: 2-AvuHotnoden (2-AT) 11, I'eBang peakiuscu acocuaa-
OJITUHTYTYPT, 3TWJI lInaHoanerar (7), AMITUIaMUH Ba IUKJIOTeKCAaHOHHUHT (4) Oup-
peakropan kyn komnoHeHTIU (KKP) peaknusicn acocua xankajlaHUII PEAKLUSICH
3 coat 45°C na sta”onna Ku3aupud oaud 6opuiaranaa kyruiarad 11-6uprkma Xocu
oynamu. 2-AT napuunr 6omka Bakwuiapu (8-10, 12, 13) xam Ma3kyp peakius
HIApOUTUAA CHUHTE3 KWIMHIMU, JIEKMH AUATWIAMHH YpHHUra TpusTWiamMuH (TDA)
unutatuiaan. bapua Taxxpubanapaa 2-AT map 80% maH rokopu yHymiIapaa, XycycaH
12-6upukma  93% yHym Ownan Xocwi OYiIMIINM Ky3aTWiau. 2-AMUHO-5-
metunTuoden-3,4-mukap0ooH kucimoTa 3Tri1 dpupu (16, 81%) 6 coat KuznupuiIrania
xocuna 0ynau. ByHna peakuus KOMIOHEHT/IApU OJNTUHTYTYPT, 7-Oupukma, TOA Ba
atun 2-okcobyrtanoatnap (15) 1/1/1.5/1.1 wucbarnapna onunau. 15-bupuxma
JTUATUIIOKCAIATHUHT TUAMarauii opomun o6unan —10°C ga ¥3apo TabcUpialIUIIg

HaTm»XacuJa OJIMHIHU.
b BT T8

]
] [—
G-, T2
H, . H
H)K/ \)kDEf

he: 4y [H1,Et i A~ o
1,2 o HTH, gk DE
,,,,,,, 7 H.—X/I Rk Ft DBt~ o EKJ)S(
e EROH TaA oS0 FTONH, e R 1A 0 Fhet -la-i 0
0 (CHAn 8-13,16,17 15 14

1,5 R H. H;=Me: 2.9, R.R =k 3, ¥=CH., n=0 10, B+H,=(CH. L 4, X=0H, n=1 11, B+H=i0H. L 5, =0, n=1
12, B+R =(CH b B, X=CH, n=2 13, R+H=1CH.) 16, ROOUEL K=l 17, RO4LEL B =NH.

2,5-lnamunotuoden-3,4-qukapbon kucinora 3tun >gupu (17) — cuMMeTpuk
“Omnauar 610K xucobmanu6, C-2 Ba C-5 xonatmapuga NH,, xamma C-3 Ba C-4
XoJaTiapuaa 3ca 3T 3QUpu TypyxJiapu TyTraH OupukManup. Y OJATHHTYTYpPT, 7-

35
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oupuxkma, TOA (1/2/0.2 mucbarna) Ba mumetundopmamuama 72 coar 10°C na
Tabcupamranaa 73% yHyM OWIIaH OJMUH/IN.

A3omemunnap, mono- ea oOuc- amuonap cunmesu. CUMMETPUK
nuamuHOoTHO(GEeHHUHT (17) azometunnapu (19-46) cuntesn, 17 HUHT TErHUIUIH
apoMaTHK Ba reTepolukiuk ampaeruaiap (18a-ab) owman 40 nakuka #-BuOH na
(éxu 30 makuka TosyoJiaa) Kuzaupuiragga amanra omaau. llyHu Tapkuaiad yTuin
JIO3UMKH, XaJKacuja aJIeKTpoHoakuentop rypyxjaap (DAI) Tyrran peareHtiap
OwaH OJMHIaH peakius maxcyioriapu 15 gakukana 65-94% ynHymnapaa Xocui
oynanu.

- _ 18 -k
Et 0zt Ar- AT A A M Ar- H-L-L'I.II.-HIH-.:' 13'-"_'-_'-_". EtD 0= 20, R=4-b O CHy
/A TSuc-uh_abe. Cpby, e ZEC L 17 AL SALAPHLL R e 7\ 21, R=4-CFC:Hy
HzM M- A o, HzM M 22 R=4-F-CcHy
5 [HEN ;.Jlll ...J,..q WL Pt =1 | 2E. R=4-Br-CoHg
fa] e AT I A A W 24, R=4-CCk s CoHy
A7-49 Lvpann, oo d et B 19-45 26, F=4-CHy CeHy

268, R=4-MiZks)s CaHy
Ar Prms s —-oTToTooooo oo 27. R=3-0CFa-TeHy

: . | o 78, R=55 0 CeH
My o] i : _ Rt =
EO EQ O H o KDJ D O =
i i o - ! 30, F=55 0y CoHe
- PHeN N HN"2g7 3. R=2.CH5-hOg CoHs
& % O | 19-36 \@H a5 N 32 R=2F-5 CoHy
! N oM 33 R=3-F-4-CHCgHs
| 34, R=3.4-0ni 0 Hg -0 G He
A 653 T s W S W=rh 36, Fi=2-F-3-CH-CFs GoHg
r ‘ B 36, R=2.3,4,5 B-F-CgHy
FFs F ol D HN TN Hen L 371, k. X=C
{ ? N 38, Ry=t-MCy. X=0
E k k F oo = I 744 VTP a5 390 koH=5
i a0, Ry 4-Noo-TpH. X0
L 61 CF: g2 F gz O 1 cHa

D42 LM Ke A% Ry=hNGg w=g - FesioMeeo

A4, Ry=4,5-hc. x=5

Osunran Oupukmanapauar (19-46) 'H SIMP cnexrpaapuna N=CH rypyxura
TErMUUIM CHHIIETIapHuHr 7.77-8.08 m.y. mapma Ba C SIMP cnekrpiapaa dca
N=CH rypyxugaru yriepona aromyapu curHaimiapu 137.65-153.86 coxanapaa
HaMO€H Oynuiu Ky3aTtwiaau. byHnan tamkapu, 19-46-OvpukmaiapHUHT UKKaia
'"H Ba *C SIMP cnexrpnapuga MOIJAJIAPHUHT OMP STOKCH- T'ypyXHIa MaHCYyO
CUTHAJJIAp KYyUCH3 coXara CWDKHUIIM Ky3aTWiau. Yoy HaTuxkanap Oapua CUHTE3
KWIMHIaH OMpUKManapJard aMUHO TYPYXMHHHI MPOTOHJIApH aJMalluHTaHWIaH
nanonat Oepaau. 17-bupukma Terunuid apoMaTvK KHUCJIOTa XJIOPaHTUAPUIIapU
(18ac-ah) Ounan umkopuid Mmyxutaa (A Ba B ycymnap) peakiusara KMUpUILNTaH/a
dakat cummeTpuk Ouc-amumapHuHT (50-53) xocun OynumM Ky3atuwiagu. Yoy
xapa€H apoMatuk xainkaaaru 3-C aromwmra tyramradn CHs; (50), 3- Ba 5-C
atomnapura 6ornanran CF; (51), Ba 3,4,5-C atomnapunaru F (52) aromu TyTran
apoOMaTHK KHCJIOTa XJOpaHTHIpHUATIapu OwiaH onub Oopuiran peaxusiap
HaTkacuaa coaup 6ynau. Uy 6unan Oupra cummerpuk TuodpeHHuHr (17) mowno-
amuuiapu (47 Ba 49) XaM TErvilUIM KUCIOTa XJIOPAHTUAPHUIIAPU OWJIaH UILKOPUI
MyXUTIa, peakuusuiap xjopodopm €Exu OeH3zonma onaud OopuiraHja CUHTE3
ke (A yeyn). 3,4,5-TpuMeToKcuOeH30MIXI0pU T OulaH uKKana mMoHo- (48)
Ba CUMMETPHUK Ouc- (53) maxcyinoTiap XOCWJI OYIWIIN Ky3aTWiaud. A ycyija
onuHran 48-6upukManunr yHymu 53% Hu, B ycynma xocun Oynran oOuc-
MaxCyJOTHUHT (53) yHyMu 3ca 92% Tamikui KAIau.

buyuknux mueno[2,3-d[nupumuounonnap: Tueno[2,3-d][1,3]okca3un-2,4-
TUOHIIap, OUoNoruK (Haoa OUIMKIMK THUEHO|[2,3-d |mupuMHUIMHOHIAPHUHAT CUHTE3
KAJUHUIIAAA MYXUM CHUHTOH Basudacuuu yrawau. Illy makcamnma, nactiad
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TpudocreH Ba 54-49-KUCIOTATAPUHUHT Yy3ap0 TabCHUPJANIYBUIAH TETHUIILIN
okcazunnap 60-65 onuumu. Illynunrnex, S54-49-xucnortanap terunum 2-AT
napauHr (8-13) NaOH umtupokuaa ciuptia KU3AUPUIT OPKAJIA CUHTE3 KWJIMH]IH.

X .- O
!4 _GOOH O
EtOH. NalH ' A J iy en N A J ]
8-13 , - < A
BIrsIOpo, -8 . 5 MH, uiic. HoELCiH. 20 eogT 2] N o
H
54-59 60-85

apio gy @ O Ly Uy

"""" 54,60,68  56,61,69-72 466,6273-76 &57,63,76-83  58,64,9098 59,66,99-103

CyHrpa, onunran okcasuuiap (60-65) umrupokuaa 2,3-nuanMaiiradn THeHo[2,3-
d|mupumuauHonnapHuar  (68-103)  Oup-peaktopiv, HUKKH OOCKHWIH, Y4
KOMITOHEHTJIM CUHTE3HM yCTHJAA TaAKUKOoTiIap onubd Oopuiau. [dactassai, 5,6,7,8-
terparuapo-2H-6en3o[4,5]tueno[2,3-d][1,3]okca3un-2,4(1H)-qnuon  (63; 1.5
MMoJ), 4-xsopoen3anaeruy (66¢; 1 Mmor), Ba denunmeTunamut (67a; 1.5 mmon)
MUCOJIHJIa peakuus mapoutiapu yprauwiau (1-XKansan).

1-Kansan. 2,3-/lnanmamran  THEHO[2,3-d|MMPUMHIMHOHIAPHUHT  OUP-PEAKTOPIH, HKKH
6OCKI/I‘IJ'II/I, Y4 KOMIIOHEHTJIM CUHTC3H.

0 ; ol ;
H: > N GHE@CI — M - . M
R j\</ I A j\</ I
: 5 5
872 Gc N/\©\ M
Tha rl [k rl

Karop OpwuryBun Karammzatop Bakr (coar) Xapopar Yuym (%) “
1 EtOH KAI(SO4),-12H,0 20 KU3TUPHII —°
2 EtOH p-TsOH 20 KU3JUPHIL — b
3 MeOH K>COs3 24 ¢ 80°C 34%
4 EtOH Cs:CO3 24¢ 25°C —?
5 EtOH Cs2COs 2.5¢ KU3UPUIL 51%
6 MeOH Cs2COs3 2.5°¢ 80°C 43%
7 MeOH NaOH 3¢ 80°C 48%
8 EtOH TOA 20°¢ KU3TUPHII b
9 EtOH N,N-[TuuzonponuiaMuH 20°¢ KU3IUPHIIL —
10 EtOH KOH 2°¢ KU3TUPHUILL 62%
11 H,O KOH 20 ¢ KH3IMPHIIT —b
12 DM® KOH 3¢ KU3IUPHIIL 46%
13 TT® KOH 3¢ KU3TUPHII b

3aKpaTHO OJIMHIaH YHYM; ® MaxCyJIoT oJiMHEMaran; €63, 67a Ba 66¢ TapHUHT apajialliMack KaTaau3aTop Ky IIMJIUIIHIaH
oyiauH 12 coaT KU3IUPUIAN.

Ymlby Oup-peaktopiau peaknusuiapaa kataauzatopiaap KAI(SOs),-12H,O Ba
bpéucren kucnoranapugan p-TsOH wunuiatuiaranga aHHENIMPIIAHUIT — COOUP
Oynmanu. Peakuusi 1mapoWTIapuHU CUCTEMATUK TaA0MK KWIMILAA TYPIAH XHUJ
IIPOTOH Ba anpOTOH APUTYBUMIAP, XaMAd ACOCIAPHUHT XaM TabCUPH YPraHWIIU.
Kyunu anopranuk acocnap, xyminagan Cs,CO;, NaOH Ba KOH ummarwirasaa
KyTWITaH aHHEIWPJAaHTaH MaxCyJOTJIap XOCWJI OVJaH, JISKHH OPTaHHUK acociap
TOA Ba N,N-gumzonponwiaMuH OuiaH onu® Oopwiran TaxpuOanap HaTHXa
o6epmanu. YOy yu komrnoneHtiu peakius 12 coar KOH unmtupoxuga EtOH na
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KU3AUPUITaH/Ia MaxCyJIOT SHT IOKOpY YHYM OMJIaH CHHTE3 KUIMHAM. PeakiussHuHr
yim0y ONTUMal IapOWUTH TONMWITAHWIAH CYHT, TYpJH XWJI TypyxXJjap TyTraH
cyOcTpartnapHUHT (OKCa3WHIAp, aMWHIap Ba aiuferujap) 2,3-auanMaiira
TUEHO[2,3-d |MTUpUMHUIUHOHIAPHUHAT Ma3Kyp OUpP-PEakTOpIM CHHTE3UTa TabCUPU
XaM Ypraauiaan. IiaeKTpoHomoHop rypyxmaap (D) caxmaran anperuanapaa AT
TyTraH ajieTujiapra Kaparasaa IOKOpUPOK YHyMIIapAa Peakius MaxCyJI0TH XOCHIT
oymumu ky3atwinu (1-Kanpam). Macanan, F aromu Tyrtran 79-OupukmMaHUHT
(51%) yaymu 76 mopnanukura (65%) HucbataH macTpok, y¥3 ypHuaa ymly 76-
xocwianuHar yaymu CH3;O-rypyxu caknaran 80-6upukmanukura (86%) Kaparanma
aH4Ya MacTIUTHUHYU Ky3aTUII MyMKHH.

[

'\,’ - / o o m SO, s RN 0 H@R B3 v
- + \ L.+ 1K, MM m
o | N/&D Nk IlyHH\Q\ LRI LIOH mi vy (/fj”\ ‘ GhO
I E BTN DenikE |
BD-BE BBua-k ETE.bB ke B
) ! M [,

BE, -i=7 13-0H, gr=g-C -Chl 1 BB =1, R=l _il=0-Rie-tund- 2 I K4, EICH
B8, =1, R=l | fa=eCl-gl | B7. =1, R=l | had=t Shk-thanyks | Gl
o=l Rel | Mi=dFCyl BB, ©mi=7 1=0H, | =2 S hdc-thianmy k2 i
71 m=e, 12-01H, ArzenCl-Cgl B8, =7 [1-01H, Het=ihisy-2 ! +
72 =1 R=l | [hl=2 Shkothianyh 00, =1 Rel | A=20 -yl !
T3 m=1R=l | Aol a1, =1, R=l | Ma=d-Fogylls i Hh >
T4 =1, R=l | Mi=e gl 8%, =2 11-UH, Ayl b, | BT
TE. =1, R=l | Mi=d-FoCyll: 83 =R 1-0H, M=dobdie-Cgl 1 !
TB. =1, R=l | A=yl ad. ri=p, 1-0H, A=e gl |
T =1 Rel | M=RClCgl L 86, =7, 1-0H, fi=d-FoCyl | !
TE. =1, R=l | Mi=e Sl 1 88, =1, R=l | | hal=o-batund.? [ M5
T8 i=1 Rel | Mi=dFCyll: a7, =1, R=l . Hatsthisi-2 i b |
B0, =1, R=l | Aize-Gho-Cul I 9B, =1 R=l | L=t Shke-trianyks | () I
B1.1mi=1, R=l | Ar=eaOH-Cyl am, =2, 1-0H, A=l |, | B
B2 =2 11-0H, A=l |, A0 =5 13-00H, A= oyl 1 %N
B2, 1mi=7 11-0H, Mi=PF-Cl 1 01 =1, R=l | | hl=-hde-tund-2 ! - P
B4, =2 1B-0H, M=t Sl | 1020 =1, R=l . Het=thisim-2 s . [ N
BB, mi=7, 11=0IH, A =2oFolyl I: WA=l Rl Led=e S hke-thianybs WA ERLCELL LrSLILUR 104

NET TRIACR

Bbynpgan Ttamkapu, THOodeH Xanmkacuia TeTpa- Ba IEHTAMETWICH TypyXJjapu
Oynaranga, xamjaa peakuusra (QEHWIITHWIAMAH YYMHYA KOMIOHEHT cudaTtuaa
OJIMHTAHJa IOKOPHM YHYMJIH THEHO[2,3-d|nMpuMUANHOHIAp XOCUl Oynanu
(oupuxmainap: 84 (81%), 85 (77%), 99 (77%) Ba 100 (84%)). lllynnaii kumo,
ternnuin  68-103  OupukManapHUHT OUP-pEaKTOPiH, HMKKM OOCKHWIH, Y4
KOMITOHEHTJIM peakUusylapd acocuja CUCTEMATUK CHUHTE3W amajra OIIWPHUIIIH.
FOxopunaru ycnyonu kymiad cyoctparnap 63-Oupukma, OceHzanbaerus (66a) Ba
sTUICHAUaMUHHUHT (67¢) 3:3:1 HucOaTIapaaru peakuuscu Hatwxkacuaa 3,3'-(aTan-
1,2-munn)ouc(2-penunn-5,6,7,8-terparuapodenso[4,5 [tueHo[2,3-d|nupumMu-1uH-
4(3H)-ou (104) rubpu OMpuKMa XOCHII OYJIMIIN Ky3aTUIIIH.

Tpuyuknuk  mueno[2,3-dfnupumuounonnap;  memun  ea  Iphup
2YPYXAAPUHUHZ OKCUOAaHUwiu: T TUEHO[2,3-d|mupumunnHa KapOOKCHiIaTaap
(105-107), 2-AT 16 Ba UMKJIMK JaKTaMJIAPHUHT (2-MUPPOJIHIOH, 2-TUIIEPUIMHOH Ba
kanponaktam) 45°C ma guxymopmeranna ([IXM) kuzmupud, xamma docdop
okcuxyopua (POCI;) wumTupokuaa KOHACHCAIUS PEAKIHAICH OpPKAIM CHUHTE3
kuwrHau. 105-107-D¢upnapausar ruapomnsun H,O/CH;0H apanammvacuma LiOH
umtupokuaa Terunuin kucnoranapau (108-110) 6epau. Iy 6wmnan 6upra ymoy
KHCIIOTAIAPHUA MYKOOWJI CHHTE3 YCYNH Takiaud STUIIW: arap ajJMailraH JAMETHII
tueHo|2,3-d|nupumuaunonnap (111-113) xonuentpiaanran HNOs/H,SO4, O6unan
TabCUPJIALLICA 5-XOJATAArH METHI TYPYXUHUHT KyTHJIMaraH OKCUJJIAHUIIH COIUP
OY0 ceneKTUB reTepPOLMKINK KapOooH kucimoTantap (108-110) xocun 6ynaau.
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(B0 HoG vl Q
i / N s i 2 N s i / N N i
CHin CHin CHAN <——
16 —— Slm/)\/l. b Slm/)\/l. b SlN/)\/l. b 9
105-107 108-110 n=12.3 111-113 10808111, n=1;
106,109,112, n=2;
Mearmd we powren (0 e e ap, PO 5 FIE, (00 D Aot 0L (i LD, 11250y 107,110,113, n=5

Amuonaw peaxkyusacu: Amunap cuaresuaa nactiad 109-6upukma Mmuconuma
peakuusHUHT onTuMal mapoutu ypranwinu. byana COOH ¢yHkIMoHan rypyxHu
daonnoBun areHriap cudarua: 1-3Tmn-3-(3-
JUMETHIaMUHOIPOIHIT )KapOoauumu Ba rusipokcudenzotpuason (EDCI sa HOBL),
(1-[6uc(mumernnamuno)-metuiieH |-1H-1,2,3-tpuazomno-[4,5-bmupuauHuii 3-
okcua rekcadropdocdar) (HATU), xamaa okcanuit Xjaopuajiap TaHiaad OJuHIU. H-
byrtunamun (114a) Ba 4’-amunoanerodperon (114j) — anudatuk Ba apomaTHK
amuniap Bakuiu cudaruaa omuaan. EDCI Ba HOBt umitupokuaaru peakuusiiap/a,
xam anudatuk (135, 65%), xamaa apomaruk (144, 53%) amuH yuyyH Yypraua
yHymIIapaa amuuiap xocun 6yiaau (2-Kansan).

2-Kansaj. AMuiail peakyscu IapouTIapH.

H 0 R N
~~_N (0] NSNH HOOC [e] >—©— NH, >_Q N O O
2
/ ‘ N 114a M N 114j / ‘ N
S N/ Peaxuus mapoutu S N/ Peakuus mapoutn S N/

135 109 144
Cyo0cTpar Pearent Peakunusi mapoutn Maxcyaor  YayMm (%)
109 n-byTnnamMuH EDCI, HOBt, TOA, 25°C 135 65
109 H-byTunamMux HATU, TDA, 25°C 135 88
109 H-byTuiaMuH (COCl),, TDA, 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’-Amunoarnieroperon  (COCl),, TOA, 25°C 144 90

HATU wmmatunranma sca apomaTuk amuHra HucOatad (74%) amudatuk aMuH
Ownan okopu yHymzaa (88%) rterunum amua oauHau. AxcuHda, 109-monnanu
OKCamJI XJIOpUJ OWiIaH TabCUPHM HATIDKACHIA aBBajl XJIOPAHTHUIPHUA - OPAJHK
maxcynor (116), cyarpa 116-Oupukmanunr 4'-amuHOarieToPpeHOH OwIaH

peaknusicu HaTmwkacuaa 1okopu yaHyM (90%) Ounan 144-amun xocwt Oy Iiau.
11&, 135, 182, R= CyH;

H o
P o ewanwen,  HOOOD 9 119, 136, 153, R=-CHICH,)F:
R HAT[I.: a.xl.m.'lt.]‘-' 120, 137, 154, F=N N-CH: CHejo
M [N L TER R E R Y M
(L _ I 121,138, 158, R= CeHys
= N/ I:C Hp]ﬂ CAIHOS WO SE ML AR = N/ |:|: H?]ﬂ 122' 139‘: 155. R=-':CH7]H
118158 EMHHIED LI 123, 140, 157, R=2 GHaP1-
108-110 124,141, 158, R=4 CHsl2-
- . EQIAATFR 125,142, 15%, R=4 QCH=M1-
=173 I cietsa xnasna EMHHIER v 126, 143, 180, R=ZA-CHe sl 1-
127,144, 181, R=4 COCH:M-
Gl & o 123,145, 182, R=4 CIP1
EIFAETRE RN E ST 129, 146, 1683, R=Z CIP 1
THa, 5.0 s 4 ‘ ] 130, 147, 164, R—4-RrPh-
=3 N//L[c Hsja 131, 143, 185, R=Z6-CluM1-
132, 14%, 186, R= CH:I"1
118-134, n—1- 135-1861, n—2> 182168, n=3 15117 133, 150, 187, R—5y-

134, 181, 183, R=Z-{1-CH:) Py-

[lynnait kom0, Terunuy anudatuk amuaiap 118-122, 135-139 Ba 152-156 yuyH
HATU umtupokuaa, Ba apomatuk amuaiiap 123-134, 140-151 Ba 157-168 yuyH sca
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Oup peakTopyid, UKKU OOCKUWIN, opanuk Maxcyrnoriap (115-117) xocwun 6ynuimm
Owtan OopajuraH ycyJiap OpKajau CHHTE3 KHJIMHIH.

unco-Humponaw: Tpuuukiuk 5-kapOokcu THEHO[2,3-d|mupuMUIMHOHIAD
(108-110) cuntesu 5,6-mumeruntueHo|2,3-d|mupumununonnap (111-113) opkanu
amanra omumM okKopuaa kentupuirad. [acraseanm 111-113-moananapHu
HUTPOJIOBYM apaljialiiMa TabCUpHUIa UnCO-HUTPOJAI Ky37a TyTUITaHI1, HaTHXKaia
S5-xonatnaru CH; rypyXuHHHT aHOMall OKCHUIaHUIIM comup Oynau. bus ymoOy
peakiusiHu  gaBoMm ATtupu6 111-113-Oupukmanapaan yu Oockuyna S-HUTPO
maxcynorinapau (172-174) cunre3 xunnuk. bupuHum Oockuyaa xocus OynraH
KHUCIIOTaNap 3TepuUKalis pPeaklMsICH OpKalM TErWIlId KUcioTa 3dupiapura
(169-171) Ttpanchopmanmss kuauHad. Onuearad  s¢upaap HNO;/H,SO4
apajalmMacu OWJIaH MIIJIOB OepuiiraHia CeNeKTHB HUTPO MaxcyhoTiap 172-174
xocwn Oynau (1-ycyn). Tuoden xankacumaru COOH rypyxHu TYFpUaaH-TYFpU
HUTPO TypyXxra ajaMmamTupuin Makcamuna (2-ycyn, 3-xkansan), 108-O6upuxma
oouutanruy moana cudaruaa, Cu(OAc), JIstouc kucnoracu (50, 70 Ba 100 mon%
napaa) cudaruna, Ba AgNOs;, NaNO;, Ca(NOs), meran Ty3jaapu 3ca HUTPOJIOBYH
areHTiap cudaTuaa unco-HUTPOJIAI PEAKIUACH YUyH TaH/Ia0 OJHH/IH.

T1-% ey

| !

me O Ho.o o B Mo © o b
(L e o T Yo e T Mo - 10
H — 5] — GH:1 — GH:M
3 N/)N 3 N/)N S‘N/)wi ' S‘N/)\/i ;
111-142 108-110 168-171 172-174
l -y nh T
| 188,172, n-1: 170,173, n-2: 171,174, n=2 T .
ARy [rvj
Prasaan vizm o inr HRO g LAk iV HaS0 Il <z s i Ceiie s Aol PIOHT fret HisOg M0 ks

TaakukoT HaTmwkacuaa HuTpodoBun areHT AgNOs (0y epaa Cu(OAc),=70 mon%o;
xapopat=80°C; s3putyBun=EtOH) ninaruiranga 1oKkopyu yHyM/1a HUTPO MaxcyJjoT
172 (3-xanBai, 4-xatop, 85%) xocua Oynau Ba ymiOy peakuus y4yH ONTHUMA
mapout cudaruaa Kadyn Kwmaa, Xxamaa 173 Ba 174 MoananapHUHT CUHTE3H 1A
xam GoiganaHuIan.

HoG Nt
J M LAz, | Lnpeeneaun arenr i/\/ﬁl\m
Maéﬁo EMOH, 80 °C e A | N//I:>
108 172

Katop Kartaau3saTop / (Moa %) HurtpoaoBuu arenrjap Bakr (coar) Yuym (%)
1 Cu(OAc)»/50 AgNO3 5 65
2 Cu(OAc)»/50 NaNO; 5 45
3 Cu(OACc)2/50 Ca(NOs), 10 48
4 Cu(OAc)/70 AgNO; 10 85
5 Cu(OAc),/70 NaNOs 10 65
6 Cu(OAc)»/70 Ca(NOs), 10 62
7 Cu(OAc)»/100 AgNO3 15 85
8 Cu(OACc)»/100 NaNOs 15 68
9 Cu(OACc)»/100 Ca(NOs), 15 66

108-bupukma HNO3/H,SO4 apanammMacu Owiad y3apo TabCUpJIAITaHIa HUTPO

MaxCyJoTiap Xocui Oynuium Ky3atunmanau. unco-Hurponamma, HNO; munr 108-
17



cyoctpat Ounan 2 coat —25°C gan 10°C xapopatna tabcupiamranga 172-momana
15% Ounan omuuau (3-ycyn).

Kaumapuw peaxyuanapu éa Kaiima 2ypyxjaanuut. AMuHo Mmaxcynotiap 178-
180 ukku ycyn opkanu cunte3 Kunuaau: 172-174-autpo xocunanapau SnCl*2H,0
UINTHPOKUJIA KauTapuO, kapOokcu-OupukmanapHu 3ca audenundochopunazu
(DPPA) épnamuna TyrpuaaH-TYFpu OJMHAM. VMIKKUHYK yCyJja WYKU MOJICKYJISp
KaiiTa rypyxJianuiu coaup 6yiaau Ba OyHaail Tpanchopmaius aMuHO-OMpUKManap
Xocua Oynummaa OMpUHYM yCyiara HucOaTaH aH4ya CENEKTUB XHCOOJIaHaIM.
[IyHUHT y4YyH TErWIUIM S5-aMHHO- XOCWIAJIAPUHU IOKOPH YHYMIIapJa CHUHTE3
KWINII YYyH KaTrop KalTa TypyXJaHUII I[IApoOUTIapH YpraHwiad, >KyMJiaJaH
Jloccen, lImunr Ba Kyprumyc kaiTa rypyXJaHHII peakius HIApOUTIApH yIIOY
Taxkpubanapaa taabuk Kuiuaau. 109-Kucnota Jloccen kaifTa rypyXJjaaHHII
peakuuoH Myxutuaa, sSpHU 150°C 1a TrUAPOKCHWIAMHH THAPOXJIOPUIHUHT
nonudocdop KHUCIOTaaard apajammacd OujgaH oJaud OopuiiraH peakiusia
KyTWIran aMuHo oupukma 179 ypraua yuymaa (58%, 4-xaasan, 1-kaTop) CUHTE3
KWJIAHIH.

Hoos Y o5 HNy O
74 N/\r‘ i Ag/f\w/\x ii %/fj\w/\x

iHn iHM 1iH,
mz}—» A Ao = T T Jern

]

108-110 172174 1T8-1B0

EGuall, 1EEA, =M o
Wen, oy

124, Tl H 1T,
'llfl

[N
; | ) L feHan| s popen
175177

Pttt -neeso T, 00 U [E0A S £ anMO, UL i SuC ] = 1100, TICT, Bt == 13
HIMuaT Kaita rypyxjaaHuil ycyauaa (HaTpuil a3un Ba cyigar kucnora) 109 HuHr
179-amuHo Maxcynorra TpaHcpopmauusacu JlocceH Kaiita TypyXJaHMILIUIA
HUCOATaH ce3WIapiiy apaxajia IKOPUPOK, SbHU PEAKIUsl XOHA XapopaTuaa oiauo
oopuiranga 70% ynymra kytapwiau (4-xanBai, 2-Katop). IHT 1okopu YHYM (91%)
Kypuuyc Kaiita rypyxJIaHHII peakius apouTiapuia cuares3 KwmHau. bynna 109-
momna DPPA €pnamuna, xamma ¢-Oyranonma Ba a3oT atMocdepacuaa CEKHHIIUK
OwiaH kuciIoTaM TuaAposm3aad cyHr 179-0umpuxkmara Tpanchopmaruscu amanra
oman. busnunr guxpumuzua DPPA umtupokuna Kypunyc kaiita rypyxjiaHuil
Kyliujgaru MexaHu3Mm acocuaa Oopaau: aBBan (ocdar kuciaora cyOcTpargaru
KapOOKCHJI TYPYXHU XUCOOUTa YJIapHUHT apajlaliMa aHTUAPUIU XOcua 0Yauo, a3un
IMMUHALUSATIAHAY.

4-KansaJg. Kaiita rypyxj1aHui peakiusi IapouTIapu.

Peartmg maponTA

109 179
Katop CyocTpar KaiiTa rypyxy1aHuII IIAPOUTH MaxcyJot Yuaym? (%)
1 109 NH,OH-HCI, PPA, 150°C 179 58%
2 109 NaNj3, HoSOy4, x.X. 179 70%
3 109 DPPA, TOA, Tonyomn, 110°C 179 59%°
4 109 DPPA, ¢-Byrano, 85°C 179 91%?"

4 @KpaTUO OJIMHTaH yHyM, ° THAPOJIM3/IaH KEHHHTY YHYM
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Xocun Oynran aHTHIpUA A a3u]l aHMOHWHU aIMIUIANIY HaTWKacuaa amn a3ua B
HU XOCWJI KWWY, YIIOY alyil a3u1d KM3AUPHUIL HATHKAacH1a OeKapop OpauK aru
HutpeH (C) xocun OYIUIIM opKaiu Terunuin uzonuonarra (D) yramu. Tepmonus
xapa€HUIa MOJIEKYJISIp a30T ANUMUHAIMSIIAaHAAM Ba 111y BAKTHUHT Y3114 KapOOHMII
rypyxra OupuKKaH }"pr/IH6ocapL[a [1,2]-cumxuin CO,Z[I/Ip 6}”/J1am/1.
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Cyurru 6ocknuga CO; MOJEKYTaCHHUHT aXXpanu0 YMKUIIU Ba OyTaHON €pAaammuia
XUMOSIJIaHTaH (hparMEHTHUHT THAPOJIN3U HaTkacuaa 179-amun xocu 6ynanu.
Cyagpanunamuonaw: Taakukotnap 178-180-Oupukmanapuu cyndanwi-
aMUJIalll OpKIM JaBOM OJTTHpuiaau. Makcammm cyndarmiamuamap 182-253
terunuiy amuniaapHur (178-180) apomatuk cyndonunxiopuaiap (181a-x) 6umian
peakuusicu opkanu JIXM nspurmacupa XoHa Xapoparuja KaTaduTUK MUPUANH
UIITUPOKKIa 0110 Oopuirania okopu yaymuapaa (72-92%) xocun 6}”/Jm1/1.
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Peite e samwanmie L Apooarrr i cendinn oo 1 1808-30 nprand, SN s s 2AH1- 10030 AIME BAETAN TYs AR T 152
182-205, n—1 206-228, n—2 230-253, n=3 Elﬂ-l'lu;mmmu EHICTLN 'I':\-'.*I-I.'IHI[II-I {r.r‘r. 1528124
182,206, 230, Ry~H R~H 190, M4, 238, Ry—H R—7-GF= 193, 222, 246, Ry—7-F, R—i-F
183,207, 231, Ry H Rp—d-hic 194, 25, 230, Ry—H Re—LCFs 199, 223 247, R—7-F, R.—5-F
184, 208, 232, Ry—H R—7-F 192, M6, 240, By—H Re—4-CFs 200, 324, 4%, Ry-7-F, Fp—4-F
185,209, 232 Ry~H R-1-F 193, M7, M1, Ry~H R.—7-QCF- 204, 225, 140, Ry—LF, Ry—d-ke
186, 210, 234, Ry~H R;—4-F 19d, M, 242, Ry~H Ra—-0CF- 202, 226, 250, Ry—4-F, Re—7-Mo
187, 21, 235, Ry~H Re—4-R- 195, 10, 243, Ry~H Ra.—d4-O0CF- 203, 227, 151, Ry-1-Ny, Ra—d-Cl
183, 212, 236, Ry—H Re—d-M: 195, 220, 244, Ry F, R.—&-F 04, 238, 252, Ry—1-Cl, R—5-0)
189, 13, 237, RyH Ra—4-Ohle 197, 221, M5, Ry--F, R:—4-F 205, 220, 353, Ry—H Re—d-CrH.
HMuccepraiisiHUHT  «/l€30KCHBAa3HIIMHOH AJIKAJOWAA Ba THEHO[2,3-

dlnupuMuUIUHOHJIApAa A-xajaka Moaupukamusicw» ae0 HOMIAHTAaH YYMHYH
000uaa TaObWMil amKamoua JE30KCUBA3UIIMHOHHUHT «Ay» XankacuHu «scaffold-
hopping» ctparerusicu acocuaa TuodeH, GypaH, Tupazoj, TUPUAUH Kabu Oelr Ba
OJITH ab30JI, OMP Ba WKKUTA TE€TEPOATOM TYTraH TPUIMKIUK aHHEIUpPJIAHTaH
MUPUMHIAHOHIIAP Ba yJAPHUHT OONIIAHFUY MOJJAIADHHUHT MYBO(PHUK CHUHTE3U
Oyiu4a OJIMHTaH HAaTHXaJlap MyXoKama dTHIJITaH.

Tpunmkmmk TUEHO[2,3-d |mupuMUTUHOHIIAD JI€30KCUBA3UIIMHOH

(6€H30NMUPUMUIMHOH )HUHT THO(EHIM CUHTETHK aHaJIoTIapy XHUCOOIaHaIH.
0 0
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Tueno[2,3-d|nupuMuanHOHIap OWIAH  TaAKUKOTIApAaH CYHr, ymoy
TPULIMKJIMK CUCTeMaaaru A-xajakaHu TypJu Xujl — Oel/onTH ab30JH Ba OUp/UKKUTA
reTepoaToM cakjaraH reTepolUKiuiap OWiIaH aaMalTHPUO, SHI'M aHHEIHpJIaHTaH
NUPUMHUIMHOHIIAp CUHTE3U Ba MoauduKkanusicy ypranwiau. XKymnanas, TueHo|3,2-

d |nmupuUMUUHOHIIAD, bypo[2,3-d|nupuMHuIMHOHIIAP, nupazono|3,4-
d|nupuUMUIUHOHIIAD, nupuao|3,4-dnupumMuauHOHIap,  Xamaa — TueHo[3,2-
d |MTUpUMUTUHTUOHIIAP, bypo[2,3-d|nupuMUAMHTHOHIAD, nupaszosno-|3,4-

d]HI/IpI/IMI/II[I/IHTI/IOHJIap CHHTE3U aMaJira OLIUPUJIIIN.
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Tueno/3,2-d[nupumuounonnap ea muenof3,2-d/nupumuounmuonnap: 3-
AvurOTHOGeHIapHUHAT (258-260) anHeMpIaHUIIN KUCKA BAaKT OpAJIUFUIA, SHHU
KOHJeHcarus auxiopatadna (JIXD) onub OGopuiaranma, peakiusi OONIaHTaHIaH
Oup Heua Aakuka yTuO coaup OYnaM Ba KyTHJIraH THEHO[3,2-d|MIUpUMUANHOHIAP
xocws1 Oynau. Uy Ounan Oupra Typiu XWjl peakiMOH IIAPOUTIIAPU XaM Ma3Kyp
peakius yuyyH TekmupuO kypunau. Macanan, 258-moana 2-nupponuoH OuiaH
POCI; nmrupokuma JIXM na (5 coar), aumokcanaa (8 coar) Ba Tomyonaa (20 coar)
KOHJIEHCAlMsl peakuuscura kupumranaa 261-maxcynor moc pasumiga 42, 77 Ba
28% ynymunap Ounal onuHau. bynaan Tamkapu, cyoctpariap sputyBurcus 100°C
na  km3aupuiarangaa 68% OunaH  XanmKalaHUII  MaxCyJoTH XOcwi  Oyiau.
OputyBuncus 140°C na (81%) 2 coaT Ku3aupwirasja peakiuss MaxCyJIOTHUHHHT
YHYMH ce3wiapiu jaapaxaaa oumad. JlekuH Oy ycyija OJMHTaH TEXHUK
apajlalliMaHu To3aJlall xkapa€¢Hu HUcOaTaH MypakkaOpoK OYiIraHu yuyyH, S3pUTyBUU
— XD Owran onub® OopwiraH peakius Makyn ne0 Ttanmanau. OJIMHTaH
NUPUMUAVMHOHJIAD THUOHJIOBYM areHT — JlaBecCOH peareHTH €paamuaa 2 coar
TOJIyOJIJa KHU3OUPHWIICA MHUPUMHUJUH XAJIKACUAArd KHUCJIOPOJI OJTHHIYTYpTra
KOHBEpTaIMsJIaHAIU Ba TeTUILIN THOHIAp (270-278) xocun Oymanu.
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1,2,254 255-25? 2ss-zau i 2g1. R 279278
264 ]
254, 255, 258, 261, 2684, 267, 270, 273, 278, R. H,=H; 281-263, 270-272, n=1 | 258-250 i, [251_239.} iv
2, 258, 259, 262, 2B5, 2688, 271, 274, 277, R=Me, H=H; 2B4-268, 273-275, n=2 !
1, 257, 2B0, 262, 266, 269, 277, 275, 278, R=H.H,=M= 2B7-269, 276-27B, n=3 | - Y
| FoIGRE AL AL P L
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270-278-TuonnapHuHT OHp-pEaKTOPIM CHHTE3M XaMm amajira OLupuiau: 3-
amuHoTroermap (258-260) POCI; wmrupokmma nakramiap Owran 3-4 coar
TUOKcaHaa Kuzaupuica 261-269-momnmanap opaivK MaxcysoT cudaThia XOCHIT

20



Oynanu Ba peakiMoH apanammMara JlaBecCoH peareHTu Kymmno peakiusHu siHa 2-3
coat Kuznupmiranga 270-278-tuonnap 88-99% yHymap Ouian oJMHIIN.

Dypo[2,3-d[nupumuounonnap ea Qypol2,3-d/nupumuounmuonnap:. 2-
Amunodypanmap (301-302) xam wuKku OOCKMYIA OJUHAM: JAacTiaad >THI
nuanoarierat (7) Terummim XJop-KeToH €xku  anmgerumnap (297,298) Owian
peakiusicuiad 299, 300-opaink MaxcyaoTiIap XOCui OYiiid Ba KEHMHTU 0OCKUY1a
ymdy HHTepMEAHaTiaapIaH TpUPTOPCHUpKa KUCIOTa EpAaMua XallKaJlaHTaH
dbypannap — 301 Ba 302 moc paBumga 78% Ba 86% yHymiap OuiaH CHHTE3
kumuHad.  Tpunukiuk  ¢ypo[2,3-d|nupumuaunonnap (303-308) — Tueno[2,3-
d|NMMPUMUIMHOHIAPHUHT OJIMHUILI YCYJIM acocuja CHUHTE3 KWIMHIHW, SbHU
cyOcTpaTiap dSpuUTYyBUMCH3 Ku3aupuiranaa 51-55% yHymnapaa peaxuus
Maxcynotiapu onuHau. Jlekun, JXM, JIXD, nuokcaH Ba TOJIyoJ KaOu
SpUTYBUYMIApIAa KU3aupub onubd Oopuiarad koHjeHcanus peakuusuiapuaa 303-308
Jap mact yHymuiapaa xocud OViaau. OnusHran ¢ypo[2,3-d|nupuMuanHOHIapHA
(303-308) TroHNaIIIA XaM UKKUA XWJ yCyiaaH (houaamaHuIau: THPUMUIUHOHIIAD
opkanu onuauiu xamaa 301 Ba 302 nap opkanu TYFpUIAH-TYFPU OUP-pEAKTOPIIN
yCyJl acocuaaru cuHTe3u. VMkkaia ycynjga XaM JTHOKCAaH PEeaKUus 3pUTYBUYUCH Ba
JlaBeccon xamaa P,Ss peareHTinapu TaHIaHaH.
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257,258 250,300 301,300 30330 300.314
30, 303305, 300-311. Rl Ry=hi: | . i }
302, 306-303. 312314, R=Mo Ry=Mi [SDE-EUE]
303,306,308, 312, n=' - 304,307, 310,313,
n=7: 305,306, 311,314, n=5%
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Tuoamug- pparmentinu ¢pypo|[2,3-dnupumununtuonnap (309-314) Jlaseccon
pearenTn nuutatwirasaa 65-89% ynymnapaa, P>Ss umrupokuaa 3ca nact ynymiap
(18-45%) Ounan xocun 6ynau. @ypo[2,3-d|nupumuanHTHOHIAp Ty3uaumu 311-
MO/1J1a MUCOJIM/IA PEHTI€H TY3WJIUII TaXJIWIM aCOCKIa UCOOTIaHAM.

IHupa3zonof3,4-d]nupumuounonnap ea nupazonof3,4-dJnupumuoun-
muonnap: Ilupazon oupukma — 317, POCl; umtupokuga TEruiuiM JjJakTamiap
ownan JIXM na (40-45°C), AXD na (80°C) éku spuryBuncus 100 °C ma 6-7 coar
JaBOMHIa KM3aupuiaranaa nupasono|3,4-dnupumuanson 319 xocun 6ynmanm (5-
xaasan). Peaknus mapoutnapu atpodinua YpraHwiranjiaH CYHT, (akaT HKKA
X0JIaT[a KyTHJITaH aHHEUPIAHUIIT COAUP OYIAN: CyOCTpaTIapHUHT SPUTYBUHCH3 2
coat 145-155°C na kuzpupunranga (319-maxcynotr yaymu 75%) Ba KyTOCH3
SpUTYBUM JIUOKcaHAa 24 coar ku3aupmwiranaa 319-maxcynor 69% yHym Ounan
onuau. Monnanap (319-324) 90% raua ynymnaapaa Xocui1 OyJiau.

W] ]

HHN M HHN
e JeHn C4IE . (CHan
N//IK N/\CH 8] N//I 0 N//t\’)k N/\CH "
Al . Al
[\.I N/)\/[ Al P sssmumin, 2 ol /N MH. PR naukinn, 53 3HpINL ,N N/)\/[ iz

H TR-ETh [~ 2], =T H

gan 17,31 319314

314, 322, n=1 320, 323, n=2 321, 324, n=3 38321, R=M=; 322-224, K=Fh

[Mupumuaun xankacugaru €H —CHo— rypyxjapu COHUHUHI OpPTUIIM pPEaKUus
MaxCyJOTJIapu YHYMUHUHT OPTUIIUIa TYFPHU NpOnopuuoHan 0ynau. AllHukca Oy
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nupa3out xankacuaaru 1-xonatmaru ypunoocap R=CH; 6ynran bupuxkmanapaa 319-
321, R=Ph 6ynran oupuxmanapra 322-324 nucbaTtan sSKKoJI HaMOEH Oyiau. bynu
CH; Ba —CH,— TypyXJapUHHMHI 3JIEKTPOHOJOHOPJWTH OWJIaH TYUIYHTHPHUII
MYMKHH.

5-Kansaj. AHHeNMpIIaHUII peakUsiCH IAPOUTH.
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Karop Cyo6cTpar Huxanzanys mapouTH MaxcyJior Yuaym? (%)
1 317 POCI;, IXM, 45°C, 5 ¢ 319 Peakuusira kupuimMaran
2 317 POCl;, XD, 80°C, 2 ¢ 319 Peaknusira kupuimMarad
3 317 POCIls, Juokcan, 100°C, 6 ¢ 319 Peaknusira kupuimMaras
4 317 POCI;, quokcan, 100°C, 24 ¢ 319 69
5 317 POCIs, sputyBuncusz, 100°C, 3 ¢ 319 Peaknusira kupuimmMaras
6 317 POCIs, sputyBuncusz, 150°C, 2 ¢ 319 75

[Mupazono[3,4-d|nupuMUIMHOHIAPHU  THOHJAIIAa  MKKala  ycyjlja  Xam:
nupazonio| 3,4-d|mupumuauntuonnapau (325-327) 317 Ba 318 napaan Tyrpuaas-
TYFpu OHp-peakTOpiu Ba UKKH OOCKMYIM CHHTE3 YyCyJUlapu KyTWJITaH
maxcynotiapHu 80-90% yHymuiapaa Xxocui OVIMIIMHA TAbMUHIAIH.
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325, n=2, H=Mg; 326, n=3, H=Msg; 327, n=1, H=Fh

Hupuoo[3,4-d[nupumuounonnap. lupuno|3,4-d|nupuMuIuHOHIAp — OJTH
aB30JIM AHHENMPJIAHTAH NHPUMMAMHIAp cuH(ura Maucy6. 2018-Mmnma X.V.
XOmKaHUA30B TPUIUKINK THUPUIO[2,3-d|nupuMuanHOHIAp OWlaH TaAKUKOTIIAp
ob OopraH Ba MUKIMK Maxcynoriaap 150-170°C kuzaupuiaranga XoCus OYyiras.
Ma3kyp TagKuMKOTIa XaM yHiO0y peakius MIapouTiapu KyJUlaHWIraHaa —
nupuao|3,4-dnupumuauHonnap (329 sa 330) 328-mo/1a Ba HUKIIKK JaKTamiIapiaH
OCOHJIMK OuJiaH cuHTe3 KmimHau. Peakius 150 °C xapopataa omub 60puiaun, YyHKA
100 °C na ym6y KOH,Z[GHC&I_II/I}I PEAKLMSCU COTUP 6}”/J1Mam/1

//O Pf_u\,lﬁ 150 le @E Pf_'k.,]v‘ 1507 e )\/j

HlyHn TtabKuayiamn KepakKd, aHHEIUpPJaHTaH MUPUMHUAMHOH cucTeMacura N-
reTepoaToMu KUpWIIK OujaH HadakaT peakiusiap OKOPH XapopaTaa OOopuIiw,
Oanky OOIIKa XWJ aHOMAJ »apa€Hjap XaM Ky3aTWiau. MacanaH, TPUIUKIHK
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NTEPUANHIIAP Ba N300KCA30JOMUPUMUIAHOHIAP CUHTE3UAA AHHEIUPIAHULLI COAUP
OYnIM, aMMO MaxcCyJIOTJIapHU co XoJaTaa axpaTuO OJUITHA UMKOHU OYJIMaJIu.
Ymly yHanumia TaakukoTiap JaBOM dTTUPUIMOK/IA.
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334 332-334 335 336-333

5-Amuno-umuoazon-4-xkapoon xkucaroma mun IPupnrapu. 342-375-
“bunauHr 670K ap TruanoanerataaH (7) yu 60cku4a ouHI. Arap HUTPIIT
7 watpuii wHuTpur Owran 10-40°C nga dQocdar kumcmoTa apamammacua
tabcupnamragaa Ba HCI umos Oepuiranma ST MHAHOTUAPOKCHHUMHUHOAIIETAT
339 xocun Oymagu. Cyur okcum (CNOH) dparmenTnHn 7Zn HWINITUPOKHUIA
KalTapwiranjaa Terunim aMmuHo MaxcysoT (340) xocun 6ynau. Onunran 340 Hu
terunuin amuniap (341a-ah) Ba tpusTHioprodopMuar OuslaH yd KOMIIOHEHTIIH
peakiusacuaad 342-375-umuaazosap CUHTE3 KUJIUO OJIMH]IN.

0 0
. 342, R=-CsH, 354, R=3-CHy-Ph 386, R=4-C|-Fh
NG \)J\G/\ 1, NC W)J\O/\ 343, R=-CaHsy 355, R=4-CH:Ph  387,R=3-Br-Ph
N' 344, B=-C,Hys 356, R=2-CH3CHy-Ph 388, R=4-Br-Ph
“OH 345, B=-CyH1s 357, R=4-Bu-Ph 389, R=4-COCH4-Ph
7 239 | 346, R=-Cy;Hi» 358, R=2-DCHsPh 370, R=2.6-CHs-Ph
l I T, B=-CygHuy 389, R=3-O00H5-Ph 371, R=0,4.6-CHy-Ph
N COEt 0 348, R=-CigHzz 380, R=4-OCHs-Ph 372, R=2.4-Cl-Ph
¢ I i NE . 349, R=-CygHz; 381, R=2-F-Ph 373, R=3,4-Cl-Ph
M I 0 350, R=cyclopropyl 382, R=3-F-Fh 374, R=En
i MHz NHx 351, R=cyclopentyl 383, R=4-F-Ph 3758, R=F-CHuFh
352, R=cyclohexy| 384, R=2-CI-Ph
342-375 340 353, R=2-CHs-Ph 385, R=3-Cl-Ph
Trearimn eapestza: (0 MalO, TP HCL 0, T0-45 507 (i espen kuezoras Ao, 2530000 (i) HCI0HL,,

Linira i B PO THE asuomap (34 la-ah.

Ymly onuHTraH S-aMUHO-IMHIa30J1-4-KapOoH KucioTa 3Tii dbupnapu (342-375)
NypUHIIAp CUHTE3UAA “OMIIUHT OJI0K Jap BazudacuHu OakapuIlld MyMKHUH.

o
a NH ¢ I X IR
P N H” “NH,
N™ N Ho N
H
; i FemHTIO=1 HaMATaEO=d dopaisg
L=t - A1 -k kA ke e e whnpa

HMucceprauusiHUHr «CHHTE3 KHJIMHIAH OHPHMKMAJAPHUHI OHMOJIOTMK
¢aosmrn Ba TY3WIMIIHUHT (PA0JIMKKa OOFJIMKJIUIN» 7e0 HOMIIaHTaH
TYypTUHYM 0O00maa 220 Ta SHrM CUHTE3 KWIMHIAH AaHHENIWpJaHraH Ou- Ba
TPULUKIUK OUPUKMAIAPHUHT TYpAU XWUJ OMOJIOTUK (DaoJIUTK HATHXKalapu Ba
TY3WJIUIIHUHT (PAoUIMKKa OOFIMKIIUTY MyXOKaMa KUJIMHTaH.

Capamon Xxyscaiipanapuza xapuwiu ¢paonnux: Ymymuii xucobaa 101 Ta
mojananap: 17-OMpukmMa Ba YHUHI a30METUHJIAPH, MOHO- Ba Ouc- aMujjapu,
OUITUKIIMK TUEHO[2,3-d [nupumuauHonnap (69-72, 76-80, 82-103), xamaa 5-aMuHO-
umuaazoiapuuar  (342-375) capatoH Xykaiipalapura Kaplid — Xoccallapu
tekmmpuian. 17, 19-26, 37-39 Ba 45-XocwnanapHuHT in vitro anTunpoiudepaTus
daommuru T47D Ba MCF-7 (kykpak 6e3u capatonn), Hela (6agamon caparonn), Ba
Ishikawa (sHmOMeTpman capatoH) Xyxkaipanapura &Kapmm MTT ([3-(4,5-
JTUMETUITHA3OIII )-TH(PEHUITETPA30TUN OPOMUI|) YCYIIH OPKaIN TeKITHUPUIIIH, Ba
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nokcopyourud (DOX) no3utus koHTpoa cudaruna umatuiaan. Onunran 27-36,
40-44, Ba 46-53-6upuxmanap typt xuia: PC-3-mpocrara capatonu, A549-ymka
capatonu, HCT-15-ityron wnuyak caparonu Ba T47D-kykpak 0e3u capaToHU
XyKaiipaiapura Kapiy GaoJuiirya TeKIUpUIan. S-AMuno-umuaazosiap (342-375)
oem xui: Hela (6auagon), HT-29, HCT-15 (nuak), A549 (ynka) Ba MDA-MB-231
(kVkpak 6e3u) capaToHH Xykapanapura kapimm MTT ycynuna CKpUHUHT KUJIAH/TH.

Axkcapust azometunnap T47D Ba MCF-7 XxyxkalpaJapuHu YCUIIMHU
cekunnamtupau: 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) monnanap no3utuB koHTpoira (DOX=15.5
uM) HucOaTaH Kydiau IUTOTOKCHK (aoumikan Hamo€H Kwmmau. MCF-7
Xykaripacura kapmu 19, 20, 21, 26, 38-6upukmanap 1Csy=6.1 uM, 1.3 uM, 6.8 uM,
5.7 uM Ba 2.4 uM kuitmatnapaa daomnukau kypcatau, 0y epaa DOX 6.75 uM
kuiiMatra sra. @ypdypon gparmentununr S-xonarugaru OTA xoccacura sra NO,
rypyxiau 38-Moxana TaHnaHraH Oapya capaToH XyKadpanapura Kapiiv Kydid
UTOTOKCUK aoummkHu kypcatau. daon Oupukmanap (36, 43 Ba 46) kyitu 1Cs
KUMMaTIIapHu HaMOEH KWITAHJIUTH y4yH HopMai 3MOpuoHan Oyipak Xyskaiipa
HEK-293 ra, myHUHTJEK, YJApHUHT XyXalpa LUKIAra TapKaJuIld Xamjaa
anonTocus WHAyKIusicura Ttabcupiiapy DOX OwiiaH Takkociaad TEKIIUPUIIIH.
OnuHran HaTxkanap 0y OMpUKMaTapHUHT ceNeKTUBIMK uHjekcnapu (CH1) rokopu
AMACIIUTUHU KypcaTau, JIeKuH 43-ouprkma yuyH A549 Ba HEK-293 xyxaiipanapu
opacunaru CU xucobmaranmga ymoy moana erapnuda CUnnm (47.3) xaiin staum (6-
xkaznsan). bynman tamkapu, 43-momma AS549 Xyxkaiipamapu OwuilaH KAYUK
koHneHTpanusiiapaa (0.1, 0.25, 0.5 pM) unuioB 6epunranga MHAYKIIMOH allONTOCU3
8.4 nan 12.6% rava omiiu.

6-Kaasaj. ®aon OupuKMaIapHUHT CEJIEKTHBIIMK WHIEKC KUHMaTIapH.

Bupukmasiap I1Cso (£SD, pM) CH*e3 CHAY  CHYCTS  Ccp™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

5-Amuno-umunazomnapaunr (342-375) Hela Ba HT-29 xy»xaiipanapura Kapuiu
ckpunuHruaa 346-monna Hela Ba HT-29 xyxaiipanapu yuyn 1Csy KubimaTiapu
Typiu KOHUEHTpalusulapja Ba BakKTjiapaa TeKmupuwiau Ba 72 coat ytub: ICso
kuiiMatiaap Hela yuyn 0.737+£0.05 uM, HT-29 yuyn 1.194+0.02 uM napra sra
oynau (1-pacm).
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1-Pacm. 346-bupuxmanunr Hela Ba HT-29 xyxaiipamapura Kapimu aHTUIpoiuepaTuB
daoosury.

[[Iynunraek, 346 HUHT TaHJAHraH Xy)Xapaiapaa KOJOHUS XOCHJI KWJIWII
napaxacura tabceupu 0.1, 1.0, 1.5 Ba 2.0 uM koHLEHTpauusiapaa TEKIUPUIIA. 2-
Pacmpan (A Ba B) kxypum MymMKMHKH, UMHAa30]1 Oupukma 346 KOHTpoOJTra
TaKKOCJIAHTaHJ]a KOHIIEHTparusara OOFIMK XO0JIa XyKalpanapJa KOJOHUS XOCHII
KWIHIII ]apaXKacura TabCup dTaau.
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tabcupu (A Ba B).

Nmupazon 346 Hu murpanusi KOOWIMSITUTA TYCKUHIMK KWIMII JapakaCuHU
anukyiam yuyH Hela Ba HT-29 xyxkalipanapuaa >kapoXaTHU OUTHIN YCYJIH XaM
taxym KwmHad. 3-Pacmpaa (A, B) 346 auar 1 Ba 3 uM konnentpanusuiapaa Hela
Xy>Kalipacu OuiIaH UIUIaHTaHaTH, XyKalpaJapHUHT OUTHIITN Ba MUTPAIUS TE3JTUTH
kentupwirad. bynna 12 Ba 24 coatiapaaH CYHI KOHTPOJIHUHI MUTPALMS TE€3IUIH
Moc pasuiga 43.51 Ba 61.1% uu, xyaau my Bakmiapaa 3.0 uM na 346 Huku 3ca
18.08% Ba 41.31% HuU TalKuI KUIAM.

[ynunraex, 346 auar Hela Ba HT-29 xyskaiipanapuia anmontocus KeATHPUO
YUKAPUIITUHYU Oaxosant yayH G yHKIIMOHAT METaXOHIPUS yCYITUIa XaM TEKIIUPUIIN
Ba KapOoHWI nuanu-u-xjoppenmiruapazod (CCCP) no3utuB KoHTpoJl cudaruia
OJIUH/IH.
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346 xomuEnTpanmREy

3-Pacm. 346-bupuxmannar Hela xykaiipacua skapoXaTHUHT OUTHIIUTA TabCUPH.

CCCP O6unan takkocnaranna 346 nu 1.0 Ba 3.0 uM KoHIEHTpalusuiapaa sl
dayopeceHT XyXadpamap YIYIIMHUA ONIUPTraHiurd HaMo€H Oynam, Ba
KOHIIGHTpaIusra OOFJIMK paBHIJIa XyXalpaHUHT MeTaxoHApual MemOpaHa
CAJIOXMATUHU CEe3WIApiu Japaxkana Kamautupau, xamaa Hela Ba HT-29
XyKalpaJJapuHUHT 3pTa HOOY T OYIMIIIMHY TabMUHIAIU (4-pacMm).
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4-Pacm. 346-bupuxkmanuar Hela Ba HT-29 xyxkalipanapumarm MeTaxoHIpHal MeMOpaHa
CaJIOXUSTU/Ia TAbCUPH.

Muxkpoénapza kapuiu ¢haonnux. XXamu 136 ta bupuxmanap (17, 19-26, 37-39
Ba 45; 118-168 Ba 182-253) matoren mukpoopranusmiap Staphylococcus aureus
ATCC 6538 (I'pam mo3utuB Oaxtepusi), Escherichia coli ATCC 11229 (I'pam
HeratuB Oaktepusi) Ba Candida albicans ATCC 10231 (3amOypyf) ra Kapiu
daomwmurn  Oaxomangu. Hwutpodypdypon dparmentnn 38-monna TaHiaHraH
naToreHJIapra Kapiiy IKOpU HHruOupaaHran 3oHanapau (16-22 mm) kypcatau.

Bupycnapea kapwiu ¢gaonnuk: Yvmymuii xpcobna 24 cuHTe3 KWJIMHTAH
monnanap (27-36, 38, 40-44, Ba 46-53) A-tunura mMaHcy® TPUIIN BUPYCHHHHT
FM/1/47/HIN1, Hanfang/359/95/H3N2 typnapura Ba B-tunmmaru Jifang/13/97
(CPE) Bupyc Typnapura ocelTaMHUBHp Ba pHOABHPUHJIAPHU TaKKOCJIA0
tekmupwiad. bynanaa asometun 38 (ICs50=0.94+0.35 uM) HINI Typnaru Bupycra
KaplIu OCeNTaMUBHpP Ba puOaBUpHUHIIapra HUcOaTaH IOKOpU (DAOTIIUKHU KYpCcaT/iu.

Monekynap ookune. bup Heuta OUIMKIUK THEHO[2,3-d|mUpUMUIUHOHIIAD
DNA-Topo II na DOX ra nucOGatan (—6.22 KkajJ/MOJ) IOKOPH OOFJIAHMUIII
HHEPrUACHUTra ATa SKAHJIUTY aHUKJIAHU. bornanui sHeprusicu 1okopu Oyiran ¢aoin
xocuianap opacuaa 2D coxanmapuia y3apo MOIYKYJSp TapMOKJIAp XOCHJ OVIIIu:
macanas 100-6upukma Topo Il Hunr paon mapkaznapu 6unan H-60r Ba m-apomaTHk
OOFIap XOCHJ KWJIUIIH Ky3aTWian (5-pacm).

5-Pacm. 100-bupuxmanunr H-Oor Ba m-apomatuk Oormapu (A) Ba ¢daon mapkasnap OuiaH
tascupu (B).

Aumuouabemau ckpunune: 13 ta Oupukmanuar (17, 19-26, 37-39 Ba 45)
PTP-1B ¢epmentunu in vitro uWHrHOWpIam XoccacH TeKIMMpWiIaud. babiu
Moaanap, xkymanan 20, 23, 26, 38 Ba 39 konnenrpanusara 6ormmk pasuriaa PTP-
1B depmentunn 1Cs0=6.43 puM, 6.54 uM, 7.32 uM, 7.12 uM Ba 14.76 uM
KHiMaTiIapaa HHTuOupIIaIu.

Menanun cunmesu ¢paonnueu. Xavu 123 ta monna (118-168 Ba 182-253)
B16 xyxaiipanapuia MeTaHUH CUHTE3U KOOMIUSATIAPUHN aHUKJIAII YUyH CKPUHUHT
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KWIMHIA Ba §-METOKCHUIICOPAJIEH TIO3UTHUB KOHTPOJN cHudaThuaa HILIATUIIH.
CKpUHMHIJJAaH CYHI TeTpaMeTWIeH €H Xajkacura sra cyiadamua ¢parMeHTIu
TueHo[2,3-d|nupumuanHonnap — 209 (448.2% + 0.8%), 220 (570.5% = 10.1%,), 228
(658.3% = 8.7%) roxopu GaoNTMKHK HAMOEH KUIAU. TpuMmeTusieH €H Xaiakalu
NUPUMHUIMHOHNIApJaH, OeHzocyndamuy xankacuHuHTr 4-xomatuga —CF; (192,
329%), -OCF; (195, 367%), Ba -Ph (205, 329%) ypunOGocapnapu TyTraH
OupuKManap UCTUKOOIIM HaTHXKanap KypcaTau.

AChE/BuChE unzubumopnuk ¢aonnuzu. Auernmixonuuscrepasa (AChE) Ba
oyrupmnxommudctepaza (BuChE) xoOwmuarmapwHM TEeKMUpHUIT Makcaguga A-
XaJIKa MOIU(DUKAITUSACH OPKAJTM CHHTE3 KWIMHTaH 29 Ta aHHEIUPJIaHTaH TPUITUKITUK
NUPUMUANHOHIAP TaHia0 onvHau. ONWHTaH HATWKAJAPHUHT KU3UKAPIU KUXATH
IIYHJAKW, OCMI/OJITH ab30JM TeTepoXajKachuaa a3oT TeTepoaTOMH CakJjaraH
TPUITUKIIMK aHHETUpPJIAHTAaH NHPUMHIWHOHIAP XM  (AOJUIMKHU HAMOEH
kuaman. [upuno[3,4-d|nupuMUAMHOHIN cepusiiaH TPUMETHIIEH €H XallKacura
ara 329-6upukma 70.35+2.72% nu AChE uaruburopiuk Gaoaukau KypcaTau. DHT
dbaon AChE wunaruburopiauk nupaszono|3,4-d|nupumuaunonnapaa 319-324
Ky3aTWIau. Yiapaad Oabiwiapuia, macaidaHn 323 Ba 324 nmapaa yprada (aouiuk
Ky3aTuwiran Oyncama, 319, 320 Ba 322 napaa Moc pasumiga rokopu AChE
UHTHOUTOPIUK PaosukHu 79.42+0.39%, 77.14+0.22% Ba 82.48+0.76% xypcarnu.

HMuccepranusaunr « TaxxkpudaBuii KucM» 1e0 HOMJaHTaH OemnHYM 600u1a
CUHTETUK Ba OMOJIOTHK TAJIKUKOT yCYJUIapH, TAKPUOATAPHUHT yCIIyOJIapH, OJTMHTaH
STHTA OMPUKMaJIAPHUHT UACHTU(UKAINS HATHKAIApU KeITUPHIITaH.

XYJOCAJIAP

1. UcTukOosmu Gert ab301u Oup Ba KKK TE€TEpOaTOM CakKJiaraH reTepoxayiKaiapaaH
(tuoden, Qypan, mupazos, HUMHIA301) HOOpaT aMHUHO KapOOH KHCIIOTa
aupaapuHu KOMOHMHATOP — napajuien CUHTE3 ycyJuiapu
TaKOMUWJUIAIITUPUIITaH.

2. Wnk 6op cuMMmeTpuK 2,5-nuamMuHO-3,4-AuKkapOOH KUCI0Ta ITUA d(QUPUHUHT
CHUHTE3W, YHM  apoMaTUK  ajjierujyiap Ba  apoOMaTHUK  KHUCJIOTa
XJIOpaHTUJIpUAJIapu OWJIaH peaklMsUIapy HATHXKACHU]IA aMaJIuid aXxaMHsITra ara
ouosioruk (aos azoMeTHHIAP Ba MOHO/Ouc-aMuUjIap CUHTE3U amMalira
OILIUPUJITaH.

3. 3aMOHaBHW#l Kyl KOMIIOHEHTJIM CHHTE3 yCyaHu €piaamuaa 2,3-auaaMallra
OMLIUKIIMK THEHO[2,3-d |nMpuMUANHOHIAPHU OUP-PEaKTOPIIN Y4 KOMIOHEHTIIH
CUHTE3HM SIPaTUJITaH Ba PEaKIMs YUYyH MabKyJl IApOUTIAp TaBCHs 3THIIAIN.

4. CucrtemaTuk Tap3aa THo(eH xajakara aMmuja Ba THoaMu hparMeHTId TueHo[2,3-
d|MUpUMHUIMHOHIIAPDHUHT CHHTE3W Yypranwiran Ba kapOokcun (COOH)
rypyxuHuHr amuHo (NH) rypyxura tpancdopmanus kunumina Jloccew,
[IImuar  Ba Kypumyc KaWta TypyxJaHUII peakuus LIApOUTIIApU
kyutanuiaranaa Kypuuyc kaita rypyxJiaHMIIMIA SHI IOKOPU YHYM OuiiaH
MaxcCyJIOTJIap OJIMII TABCHUS ATUJITaH.

5. HWnx ©6op Ttueno[2,3-dnupumuaunonnapaaru COOH rypyxuHu wunco-
HUTpOJANIIa ap30H Ba camapanu - Cu Ty3napu KaranuzaTtopiap cudaruaa
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10.

WUIUTATAJIUI  HATHUXKACU  CEJIEKTHB HUTPO-MAaxCyJOTJIap OJHII  OwiiaH
M30XJIaHA/IH.
Tabumnii ankamowa JE30KCHBAa3WIIMHOH A-xalkKach acocupa Moaudu-
KallMsJIaHTaH STHTA TPUIUKIUK Oem/onTH ab30yd, OUp Ba MKKH T€TePOaTOM
(tueno[2,3-d]-, Twmewno[3,2-d]-, dypo[2,3-d]-, numpazono[3,4-d]-, Ba
nupuo[3,4-d]-) cakimaraH aHHENWpJIAHTaH MHUPUMUIUHOHJIAPHU MYBO(UK -
KOMOHWHATOP CUHTE3U TaBCUS KUJIHH/IH.

Tueno[2,3-d]-, tueno[3,2-d]-, dbypo[2,3-d]-, mupazomno[3,4-d|nupumMuana-
THOHJIAPHUHT OUP-PEAKTOPJIA UKKA OOCKHYJIN CHHTE3H1a JIaBeCcCOH peareHTH
9HT MyBO(HK THOHJIOBYM areHT cudaTuia TaBCUsI STUIIIH.

Ma3skyp TaAKUKOT uiua ;xkamu 320 Ta reTepOLMKIUK OupuKManap, xKyMm-jajaaH

240 Ta sHTA a30METUHIAp, aMUANap, cyiadamuanap, OUIUKINK TUEHO[2,3-
d|MupUMHIMHOHNIAD, HUTPO OUpUKMaNap, UMUAA30/UIap, TPHUIMKIUK
JI€30KCUBA3UIIMHOH AHAJIOTJIApH: aHHEJUPJIaHTaH TUEHO-, Qypo-, TUPa30JI0- Ba
NUPUAOTIMPUMUIUHIAPHUHT CHUHTE3 YCyJUlapu HMIUIA0 YUKHUII OWiaH
M30XJIaHA/IH.

2,5-Jlnamuno-3,4-1ukapOoH KuciaoTa 3T 3dupura OOFIaHTaH S-HUTPO
bypbypuit hparMeHTIN a30METUHIIAp CHHTE3H Ba yJiap acocua KykKpak 0e3u
capaTOHHU Xy’Kailpajapura Kapuiu CeJIeKTUB “‘HOM30] Oupukmaiap” cudaruaa
TaBCHsI TUJITAH.

AHHeNMMpiaHraH NUPUMHUIUHIAPHUHT OUp-peakTopian Kym OOCKU4WIN
CHUHTE3/Iapu Ba Tabuuii OMpUKMalap aHAJOTIAPUHU JIAKTamJiap MIITHPOKUIA
oup-peakropau onmuaMI ycynapu Topharman Shandong Co., Ltd. Ba Xinjiang
Shafiya Biotechnology Co., Ltd. unma6 ynkapuin kopxoHajgapuiaa aMmanuérra
TaONK THIJITaH.
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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 the
pharmaceutical industry in the Republic for 2019-2021”. Other normative and legal
documents have also been adopted in this field.

! 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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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
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.

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.ncbi.nlm.nih.gov and along with other sources.
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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;

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.
33



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 (PTPIB, 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;

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;
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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 S5-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., 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-4 H-pyrano[4',3":4,5]thieno[2,3-d|pyrimidin-
4-one (95, CCDC 1813089); 2.,4-Difluoro-N-(2-methyl-4-0x0-4,6,7,8-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-4 H-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
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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 (1IF=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.

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.
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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% yield); 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.

a 5 5. CtOH, TEA
HJJ\/RI NC\)J\ r TR ?2h"" 5 a
arCt 3 = GOkl . " MaB
e 7 Rlﬂ 7 E'%om e EIO)J\H/GD
S CtOH, 1E& $0-50°0 CETEUNH, S, CroH, 1EA 1 a IHF 107G 0
G:C}E\CH/}n 8-13,1B,17 15 14

1,8, H-H, [3=Me 2.8 R H=Ma 3, X=CH,, n=0,10, F R=(CH0: 4, X=CH, n=1,11, B RB=(0H 8, X=0 n=1,

3B 2R R=CHA B, X=CH, n=2, 13, R [R,=(CH 5 1B, R COWEL Ry=Me 17, R COLEl 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,
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% yield 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%.
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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 '*C 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; 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
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).
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Catalysts like KAI(SO4),-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;CO3;, 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 | —_— | —— |
83 - HZN/ < > < > Cz/ H P /\:2/ _
87a BBe g N/\©\ 5 N)\©\
7Ea ol TH Cl

Entry Solvent Additives Time (hrs) Temperature Yield (%) ¢
1 EtOH KAI(SO,),- 12H,0 20 reflux —°
2 EtOH p-TsOH 20 reflux —°
3 MeOH K,COs 24 ¢ 80°C 34%
4 EtOH Cs2CO; 24 ¢ r.t — b
5 EtOH Cs:CO; 2.5°¢ reflux 51%
6 MeOH Cs:CO; 2.5¢ 80°C 43%
7 MeOH NaOH 3¢ 80°C 48%
8 EtOH TEA 20° reflux —°
9 EtOH DIPEA 20 ¢ reflux —°
10 EtOH KOH 2°¢ reflux 62%
11 H,O KOH 20° reflux —°
12 DMF KOH 3¢ reflux 46%
13 THF KOH 3¢ reflux —°

2]solated yield; ® No product obtained; ¢ The mixture of 63, 67a and 66¢ was refluxed for 12 hrs before the addition of
catalyst.

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%).
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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 (67¢) (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(3 H)-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 (POCI;) in 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 HNOs/H,SO., unexpected
oxidation of the methyl substituent at position C-5 was observed, which gave
selective carboxy products 108-110.

Et0.C HOLG T
i 7 N7 i 74 N7 iii 74 MY i
16 —— iCHan 2 o iCHn <& ICHN <«——
< | N/)\/ 2 < | N/)\/ 2 . | N/)\/ oy g
105-107 108-110 n=1.2.2 111113 105108111, n=1:
106,109,112, n==;
Reaction conditians: (i) Cyclic lactams, POCE, DCR; (i) LiDH, MeQH; (i) HNO.,, H.50. 107,110,113, n=2

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 HOBY),
(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.
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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 (COCl),, 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 (COCl),, 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 HOBY, 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.
118, 126, 152, R=-C..Hy

H O
o N o HATU. amines  HOOG  © 119, 126, 153, F'.f-GHLCH;j}Et 1
y " (11dawe). TEA, rt / 120, 137, 154, R=N,N-CH{CH.},
| g | )\/B 121, 138, 156, R=-CyH,
5 N/ {CH.in frar ;Iipha_tit; and {CH,n 122, 139, 156, R=-{CH. -
118168 cyclic amines 123, 140, 157, R=2-CH,Ph-
108-110 124, 141, 158, R=4-CHFh-
_ i 126, 142, 159, R=4-0CH.Fh-
n=1.2,3 1) oxalyl chioride j mra?nr?nn;:tlc 126, 143, 160, F'.=2:4-iG|:|5332F'h-
127, 144, 161, R=4-C0CH,Ph-
c—” o 128, 145, 162, R=4-CIPh-
21 amines (114f-q). TEA, 129, 148, 163, R=2-CIPh-
CCM, rt /3 120, 147, 164, R=4-ErPh-

il:H W 131, 148, 165, R=2,6-(Cl),Ph-
132, 149, 166, R=-CH.Fh
118-134, n=1: 126-151, n=2; 152168, n=3 116117 133, 150, 167, R=2-Py-
134, 151, 168, R=2-4-CH.}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,SO4 gave the selective
ipso-nitration products 172-174 (Pathway 1).
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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
AgNO;, NaNO;, Ca(NOs), as nitrating agents for the ipso-nitration reaction. The
best results were obtained with AgNOs, (Cu(OAc),=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,4. Pathway 3 was used to directly convert -Me substituents into nitro
groups. However, when HNO; 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.

Hoc: oNG ]
MEAX/E\)‘\/D CuiDAC, Nitrate sources Mei/j\)l\/ho
5N EtOH, 80 <C 5N
108 172

Entry Catalyst / (mol%) Nitrate sources  Time (h) Yeild (%)
1 Cu(OAc)»/50 AgNO; 5 65
2 Cu(OAc)»/50 NaNO; 5 45
3 Cu(OAc)2/50 Ca(NOs), 10 48
4 Cu(OAc),/70 AgNO; 10 85
5 Cu(OAc)./70 NaNO:s 10 65
6 Cu(OAc)./70 Ca(NOs), 10 62
7 Cu(OAc)»/100 AgNO3 15 85
8 Cu(OAc)>/100 NaNO:s 15 68
9 Cu(OAc),/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 hydroxylamine
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hydrochloride in polyphosphoric acid at 150 °C gave compounds 179 in moderate
yield (58%, Table 4, entry 1).

Hooo O o.N 2 N O
%4 M i Jf‘\m/\ i 48/]\)‘\4/\
A&FJ})\/{CHp}n — . | N/)\/{CHp}n — g | N/)\/fCH?}n

|
s

108-110 172174 178-180
t-BuH, DPPA. N o
TEA, EtCH-HCI, Y RN Curtiue
reflux < | N/)\/L’CH;.}H rearrangement
175177

Reagent ang conditions: (i) Cuf0A). ang AgMNT,, EOH; (i) SnCl. 2H.2 HCI, EtOH; n=1-3

The Schmidt rearrangement method (NaNs;and 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 -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.
conditian study

109 179
Entry  Substrate Rearrangement conditions Product Yield? (%)
1 109 NH,OH-HCI, PPA, 150°C 179 58%
2 109 NaN3, H2SO4, 1.t. 179 70%
3 109 DPPA, TEA, Toluene, 110°C 179 59%®
4 109 DPPA, tert-Butanol, 85°C 179 91%"

@ isolated 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).

[
1l [} .. — f—
U*I’*U@ O. R °® o
@ ! o (PO -0 H=H=H o
Py (JH?/ = @/*
LA (dizharylzhos:honl azidad G E
109 ’ e L) - w () — 209
Iy W N/ Wy N/ . _

anhydride (A) i

H oo T~ RS ®O
| O=U=h o M o =t]—|
. A(U h [ . M=M—HM ]
173 L L g ‘ M B2OH 7] M - a H e ) M
) > 5 — . — ‘
5T M E L 5T P _
lzoeyandale (O] azens [C) acyl pZide (8]

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 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.
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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 ylelds (72-92%).

R
Hoao O I\i>“5 MH
Ag/fl\ __icran i, / 4&1\ st

178-180 182-
253
Reagent and coenditions: (i) Arematic sulfonyl chlondes (181a-x, pyriding, Crystal strustore of compounds 220 (CCDS 15284417)
CCM, A. and 228 (SO D0 1528442)
182, 206, 230, R \=H, R.,=H 190, 214, 238, R |=H, R.=2-CF, 198, 222, 246, R |=2-F, R.=6-F
183, 207, 231, R =H, R,=4-Me 161, 215, 239, R =H, R.=3-CF, 199, 223, 247, R =2-F, R.=5-F
184, 208, 232, R\=H, R,=2-F 182, 216, 240, R \=H, R.=4-CF; 200, 224, 248, R =2-F, R,=4-F
183, 209, 233, R \=H, R,=3-F 193, 217, 241, R =H, R.=2-0CF, 201, 225, 249, R |=3F, R.=4-Me
186, 210, 234, R \=H, R.=4-F 194, 218, 242, R =H, R.=3-0CF, 202, 226, 250, A =4-F, R.=2-Me
187, 211, 235, R=H, R.,=4-Br 195, 219, 243, R =H, R.=4-0CF, 203, 227, 251, R ,=3-M0,, R.=4-C
188, 212, 236, R =H, Ry=4-N0., 198, 220, 244, R |=3-F, R.=5-F 204, 228, 252, R =3-Cl, R,=5-CI
189, 213, 237, R=H, R.=4-0Olle 197, 221, 245, R |=3-F, R.=4-F 205, 229, 253, R =H, R.=4-Cy;H,,

1§2-205, 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).

QJ o
A-ring modificaticn
N/C\LCHz}n E (/J@\)‘\ (CHzn
/)\) )\/
M 3TN

n=0, Dgoxyvasicinong

n=1 : Mackinazollnone Thi En0[2,3-d] Py rimidingnes

Matural compounds A-ring rodified (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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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 POCl; 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% yields, 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.

girsctfonenation

[} ¢‘-.~

0 l o
. 3] " H B COOMe 5 f :
Ao e HV i, M i i*‘ j:\rc*mn LT i*‘ j‘;\rm "
P P
Hy ] ]

Hy  MH:
12354 255.257 253260 Fi 2g1.269 Fi aro.avs

| ™ .
254, 755, 758, 251, 264, 267, 27D, 273, 276, R, Hy=H: 261.263, 270272, n=1: 1253-2sui,[251 _259Jj
2, 258, 259, 7637, 285, 268, 271, 274, Z7F,  R=Me. Hy=H; 284.268, 273275, n=2; | )

1, 257, 260, 283, 286, 283, 272, 275, 278, R=H. Hy=kle 2587-2688, 27B-2¥8, n=3; ? .
i ore-pof resclion

Reagent and conditions: {i; DMF, PG, MHOH; (i) methyl 2-mercaptoacetale. Matbe, MellH: (i} cyclic laciams. POCI3, DCE;
{iv] Lawsezson's reagont, dry ioluene 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.

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.
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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.

0
//_gioom + % annulation condition N\//\/\’)L /D
N\N MH, a /N N/
| 319

37
Entry Substrate  Cyclization conditions Product Yield® (%)
1 317 POCl;, DCM, 45°C, 5h 319 No reacction
2 317 POCI;, DCE, 80°C, 2 h 319 No reaction
3 317 POCI;, Dioxane, 100°C, 6 h 319 No reaction
4 317 POCI;, Dioxane, 100°C, 24 h 319 69
5 317 POCI, solvent-free, 100°C, 3 h 319 No reaction
6 317 POCls, 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 POCl; in DCM (40-45°C),
DCE (80°C) or without solvents at 100 °C, even after 6-7 hrs (Table 5). Only two
reaction conditions resulted in compound 319. The first was performed without
solvent at 145-155°C and reflux for 2 hrs (up to 75% yield), 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 POCI;, without solvent,
at 150°C, and refluxing 2 h). Yields of the final compounds 319-324 were up to
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90%. It was also observed that by increasing the methylene number yields of final
derivatives also increased.

0 HN HHN )
N//t\’)LN/\l'CH 2 N//\/‘[ o /\/\HL {2H.An
T N/)\/ /N FOCE, reflux 2 h IN MH, POCE, digrans, reflux 24 b, )\/ i

W T5-BT4 H G9-TE% }é
313324 H7.318 319-324
3149, 322, n=1: 320, 323, n=2: 321, 324, n=3 F19-321, H=Me; 322-324, H=Fh

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 yields. 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.

ay wo gtep synthesis

HHM . 0 =
CODE )\/l,CHz_.-n
7 L ik
M| a % BWESSOM'S reage W
N - N )\/I,CHQ.’I'I )\/I,CHQ.II'I
N™ NH, POCI;, dioxkane, Cioxane, 4 h, reflux,
R raflux 24 h RI TA-BA% RI
b one-pot 2ynthesis HNN a o
COOE NCHz}n
N 8] W Lawesson's raagent N
X - )\/I,CHz.'I'I ) )\/I.CHQ.'I'I
M NH, PO, diovans, raflux 18 h N Cioxame, 4 h, reflux, N
R = BO-80%, d
317,318 320-322 325-327

325 n=2, R=Me; 328, n=3, R=Me; 327, n=1, RE=Fh

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 °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.

O\)k qc:{]{m ’/\:,\)L/O
Z P L-, 150 L, MNP S, P L-, 150 L2,
3ze
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The introduction of a N-heteroatom to a condensed pyrimidinone 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.

NS - 1 NN o
N LOOH - JGHI N ! COUEL P
[ \I N [/ [ N e | | c W Y ke
W OHI L PO, cinssne, S N/)\/ - | N‘ D—ni b PO, cinzne, o N/)\/ -
refux 4 I | TG ref ux 8 [
334 J32-334 | 335 J36-333

An additional difficulty was encountered related to solubility of pteridines or
isooxazolepyrimidinones 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.
o
o Mg 1 ne o IERSY mroom smnten
| 344, R=C H,,, 356, R=2-CH.CH,-Ph 388, R=4-Br-Fh

N on 345, R=CyHy; 357, R=4-Bu-Ph 369, R=4-COCH.Ph
7 338 | 246, R=-CyyH;, 358, R=2-OCH,Ph 370, R=25-CH,Ph
i " 347, R=414Hon, 358, R=3-0OCH,Ph 371, R=24 8 -CH,Ph
M CDJET ] 248, R='C15__H_\53 360, R=4-OCH3-PH 372, R=24-CI-PF
¢ I i NC o 349, R=CyuHy, 361, R=2-F-Ph 373, R=5.4-Cl-Pt
N NH -— [®) 350, R=cyclopropyl 382, R=3-F-Ph 374, R=Bn
pf i NH,, gg; :=cg,-c:l:uﬁent'_.' 363, F=4-F-Ph 375, R=F-CH.Fh
 R=cyclohexy 354, R=2-CI-Ph
242375 240 353, R=2-CH,-Ph 385, R=3-CI-Ph

Resgents and conditions: (i) NaNQy,, H;PO., HCL H.G, 10-45 *C: (i acstic acid, zine at 25-30 "¢
riii} HG[DEt:.,, aliphatic and aromatic amines (341a-ah).

Treatment of intermediate 340 with appropriate amines (341a-ah) and triethyl
orthoformate gave imidazoles 342-375. These 5-amino-imidazoles may serve as a
building-block for synthesis of purines.

o

COEt o

M NH /NI
<A <N| . HJ\NH?

MH-

gtyl S-aming-1A-imidazole- formamide
d-carboxylats

1.2-dihwd ro-GAH-purin-G-one
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.
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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). ICs values of compounds 19, 20, 21, 26, 38 against
MCEF-7 were 6.1 uM, 1.3 uM, 6.8 uM, 5.7 uM and 2.4 uM respectively, compared
to an ICsp 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 ICsy values were considerably lower in comparison with the
positive control DOX.

Compounds 36, 38, 43 and 49, which had lower ICsy 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 SI
(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 to 12.6%.

Table 6. ICso values on HEK-293 cell and SI values of antiproliferative compounds.

Compounds 1Cso (£SD, uM) SPe-s SIAS® SHET-15 SIT47D
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

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
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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 1Csy 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)

Hi-1

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
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%.
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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.
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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 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/HINI,
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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 (IC5p=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 m-aromatic interactions
with the active site of Topo II. 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 ICsg 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.

Screening of AChE/BuChE inhibition. 29 derivates were selected for further
studies of acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE)
inhibition.
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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-

dlpyrimidinones 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.

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.

8.  Present research describes more than 320 heterocyclic compounds synthetic
methods including 240 novel azomethines, amides, sulfamides, nitro

93]
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10.

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 (anHoTauusi nuccepranuu 10KkTopa Hayk (DSc))

Leabio uccjieqoBanus sBISIETCS KOMOMHATOPHUM CHHTE3 W MOIM(UKAIIHS
HOBBIX TPOU3BOJHBIX MATH/IIECTUYICHHBIX AHHEIUPOBAHHBIX MUPUMUIUHOHOB
coJiepKalire OJuH/Ba reTepoaTomMa, yCTAaHOBJICHUE MX CTPOCHHUS U OIpe/esieHue
OMOJOTUYECKON aKTUBHOCTH.

O0bekTamMH HCCJIEI0BAHMS SIBIISCTCA MATUWICHHbIE aMHUHOKapOOKCUIIATHI
coJiepxarniue paznuyHbIe reTepoaToOMBbl, CUHTETHUYECKHUE aHaJIoru
JI€30KCBA3UIIMHOHA, & TaKX€ WX THUOHBI, apOMATHUYECKUE albJIeTUAbl, aMUIbl U
CYJb(OHUITXIIOPHUIbI, THOHUPYIOIIUE PEAreHThI, pEareHThl HUTPOBAHUS U JIp.

HayuyHasi HOBU3HA MCCJIeI0BAHUS 3aKJIIOUACTCS B CJICIYIONIEM:

CEHTE3UPOBaHbl HAOOP aMHUHOKAapOOKCUIATOB MATHUJICHHBIX T'€TEPOLIMKIIOB,
CoJIeprKallie pa3TuYHbIe TeTePOLUKIIbI (THO()EHOBBIH, (PypaHOBBIH, MUPA30IbHBIIH)
Ha OCHOBE CTpaTeruu NapauieIbHOTO0 U KOMOMHATOPHOTO CUHTE34;

BIIEPBBIC TOJNYyYEHbl CHUMMETPUYHBIA JTUIIOBBIA 3Qup 2,5-muamuHo-3,4-
TUKapOOHOBON KHCIIOTHI, B pe3y/bTaTe ero MOAN(PUKALUN MOTYyYSHBl a30METHHBI,
MOHO- ¥ Ouc- aMUJIbI;

CHUCTEMATU3UPOBAH YAOOHBIN TPEXKOMIIOHEHTHBIN METO/I CUHTE3a HOBBIX 2,3-
JTUATU3UPOBAHHBIX OUITMKINYECKUX THEHO[2,3-d |MMpUMUIMHOHOB,;

BIIEPBbIE CHUHTE3UPOBAHbl TPUIUKINYECKUE THEHO[2,3-d|MUPUMUTUHOHBI,
coJiepKalire aMHIHbIe U CylbdaMuaHbie GparMeHThl;

pazpaboTanbl METOJIbI CUHTe3a THeHO[3,2-d]-, Pypo[2,3-d]- u nupazono|3,4-
d|MUPUMUTMHOHOB W WX COCIUHEHUN W3 YHCJIA TPUIUKINYCCKUX TSITHUIICHHBIX,
OJIHO- WJIM JBYXKOMIIOHEHTHBIX T'€T€POATOMHbBIC aHHEITUPOBAHHBIE MPOU3BOIHBIC
MUPUMUINHA,

cuHTe3upoBaHO Okojo 320 rerepouukioB, B ToM uucie 240 HOBBIX
COCTMHECHHM: a30METHHBI, aMUIbI, OUIMKIHNYEeCKUE THEHO [2,3-d] MUpUMUIUHOHBI,
CUHTETUYECKHE aHAJIOTH JI€30KCUBAa3UIIMHOHA (TUEHO-, (ypo-, MUPa30J10-, TUPUIO)
Y BBISIBJICHA UX OMOJIOTHYECKasi aKTUBHOCTb.

BHenpenue pe3yabTaToB HcciaenoBanus. Ha ocHOBe HayyHBIX pe3ylbTaTOB
0 CHUHTE3y, MOJAUPUKAUUU W OHUOJIOTUYECKON AKTUBHOCTU AHHEIUPOBAHHBIX
NUPUMUANHOB:

MoJlyuyeH maTeHT Ha m3o0pereHue Kuraiickoit Hapomnoit PecnyOnuku 1o
MOJIYYeHUH U OMOJIOTMYECKOTO MPUMEHEHHUS MPOU3BOIHBIX 3TUIIOBOTO 3dupa 2,5-
nraMuHOTHO(EeH-3,4-kapOoHoBoi kuciaoTel (CN 104016963 B, 2016). Pe3ynbTaTh
Jand BO3MOXKHOCTb IMOJIyYEHHIO CEJIEKTHMBHOTO COEIUHEHHsS (KaHIUAaThI-
JeKapcTBa) MPOTHB KIETOYHBIX JMHUM paka MOJOYHOW 3JKeJe3bl, Ha OCHOBE
a30METHUHOB, B KOTOPBIX S-HUTPODYphypHUIIbHBIN (PparMeHT, CBI3aHHBINA ITHIIOBBIM
aupom 2,5-mnaMuHOTHOEH-3,4-TMKapOOHOBOM KUCIIOTHI;

METO/Ibl CHHTE3a MUPUMHUIUHOB ObUTH MCTOJIb30BaHbl Topharman Shandong
Co., Ltd., ¢papmaueBtuueckoit xommanueir Kwutaiickoit Hapomnoit PecmyOmmku
(Topharman Shandong Co., Ltd., cipaBka ot 5 Hos16pst 2020 roma). B pesymnbrate
pa3paboTaH  OJHOPEAKTOPHbIH  SPGEKTUBHBIM  CHHTE3  AHHEIMPOBAHHBIX
NUPUMUANHOB MATUWIEHHBIX TETEPOLUKIIOB;
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WCIIOJIb30BAHUE ITUKINYECKUX JIAKTAMOB IS TTOYYEHUS TOJUIUKIHYECKIX
MIPUPOJIHBIX COSTMHEHUH peann3oBaHo komnanuen Xinjiang Shafiya Biotechnology
Co., Ltd., Kuraiickoit Hapoanoit Pecry6uku (Xinjiang Shafiya Biotechnology Co.,
Ltd., cnpaBka ot 5 Hos16ps 2020 roxa). B pesynbrare pazpadboTaH 0JHOPEAKTOPHBIN
CUHTE3 aHAJIOTOB MPUPOJHBIX BEIIECTB C UCMOJIH30BAHUEM JIAKTAMOB;

pe3ynbTaThl  PEHTIEHOCTPYKTYpHOro aHanu3a 4  coeguHeHud  2-(4-
dTopdennn)-3-(4-runpoxcudenstun)-3,5,6,8-rerparuapo-4 H-nupano-[4',3":4,5]-
tueHo|2,3-d|mupumuann-4-on (95, CCDC 1813089); 2,4-ludtop-N-(2-metmi-4-
okco0-4,6,7,8-terparunponuppoiio| 1,2-a]tueno|2,3-d jnupumuann-3-mir)oeH30-
cyneponamun (200, CCDC 1528441); 2-Dtop-N-(2-metun-4-okco-6,7,8,9-
tetparuapo-4H-mupunao[ 1,2-a]tueno[2,3-d|nupumuann-3-un)deH3ocynbHoHamMua
(208, CCDC 1528442); 1,2,3,6,7,8-I'ekcaruapo-10H-uknonenrta-[4,5|tueno|2,3-
d]mappomno[1,2-aJmrupumuaun-10-on (279, CCDC 961924) BkmodeHbl B
IeHTpaibHYI0 0a3y kpuctauiorpaduyeckux gaHabix Kemopumka (The Cambridge
Structural Database, https://www.ccdc.cam.ac.uk). B pe3ynbrate BHecéHHbBIC B 6a3y
COEIMHEHMSI MCIOJIb3YIOTCS MPU CUHTE3€ U OIMUCAHUU CTPYKTYpP aHaJOTUYHBIX
reTepOLUMKINYECKUX COCIMHEHH;

Pesynbrarel 1O ompeneneHuss CTPYKTYpbl, CHUHTETUYECKHX METOOB,
XUMUYECKON Moaudukauuu u Ouonorudyeckoro mnpumeHenus 2-AT, Ou- u
TPUILUKINYECKUX AaHHEJIMPOBAHHBIX MUPUMUIMHOHOB LIMTUPOBAIKUCH Oosiee 250 pa3
B pasnuuHbiX 130 HaydHBIX KypHajaX ¢ BBICOKHMM HUMIAKT (aKTOPOM: HATPUMEP
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 np. PesynbTaThl naid OCYIIECTBUT CHUHTE3a
nupuMuAnH-4-oHOB ¢ oOpa3zoBanuem C-H cBsi3u, unco-HUTpoBaHUE apui- U
reTepoapuyioBbIX  KUCIOT, METOJbl MOJY4YeHUs 2-aMUHO-3-apuiITHO(EHOB,
oTpe/ieJICHUEe aKTUBHOCTH COSIMHEHHI MTPOTHUB JIMHUIN PAKOBBIX KJIETOK YEJIOBEKA,
MaTOTEHHBIX MUKPOOOB M KOKHBIE 3200JIEBaHMM, OBLIIH IPUMEHEHBI OTPUIATEIHHBIC
AUTOCTEPUUYECKHE  MOIYIATOpPHl  godamMuHOBOTO  pementopa D2 Ha
TUCHONMUPUMHUJINHOBOM CKEJIeTe, a TakKe Ha OCHOBE a30TCOAEpIKAIINX
TeTEPOIUKINYECKUX COCTUHEHN B KAUECTBE MHTHONUTOPOB AlETUIIXOJIUHACTEPA3HI.

Ctpykrypa m o0bem auccepramuu. /[uccepramusi COCTOMT W3 BBEICHUSA,
IISITU TJ1aB, BBIBOJIOB, CIIMCKA UCIIOIB30BAHHOM JIUTEPATYPhI U NpuiiokeHus. O0beM
nuccepranuu coctapisieT 200 cTpaHULIBL.
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