AHOTALIA

Jlaba €pren-Oner BonomumupoBuu. Tamaemui peakmii N-anmuioBaHHS—
UMKJIONMPHEIHAHHSA Y  KOHCTPYIOBAHHi  reTepPONMKIIYHHX  CHCTEM. —
Kamidikariitna HayKoBa Tpailsi Ha MpaBax PyKOIHCY.

Jucepraliisi Ha 3100yTTS HAyKOBOTO CTYyMeHs JoKTopa (inocodii y raiysi
10 — [Mpupoguudi Hayku 3a crnemianbHICTIO 102 — Ximis. JIbBIBChKMIA HAIIOHATLHUAN
yHiBepcuteT imeHi IBana ®panka, JIpBiB, 2021.

CyyacHuil CcTaH OpPraHIYHOTO CHHTE3y MOTpedye HOBHX NpenapaTUuBHUX
CTpaTerii Ta KOHLEMIIN, 10 Jal0Th 3MOTy €()EeKTHUBHO YTBOPIOBAaTH HOBI BYTJEIlb-
BYTJICLIEBl 3B’SI3KM MDK (PYHKI[IOHAJII30BAHUMHU (PparMEHTaMH MOJIEKYJ, a TaKOX
HOBUX CHHTCTHYHHUX IMAXOMIB. Jlo TakMX MAXOMIB HalCKaTh TAaHACMHI Ta JOMIHO-
peaxiiii, OAHIEIO 31 CTalIl AKUX € IHTPaMOJIEKYJISIPHE LIUKJIONPUETHAHHS.

Mu po3pobmin TaHaemHi peakiii N-aruaroBaHHSI—IIUKIONPUETHAHHS, SKi
Jal0Th 3MOTY KOHCTPYIOBaTH TMIOXIJHI 1301HJIOJNY, AaHEIbOBaHI 3 TIO(EHOBUM,
MIPOJILHUM, 1HJO0JIbHUM, OeH30()ypaHOBUM (parMEeHTaMH, a TAKOXK MOXIJHI IITULICHY,
bypo[2,3-C]mipono-2,4-nioHy Ta ¢deHaHTpuAoHy. Po3poOiieHi MeToAu CHUHTE3Y
MPUAATHI I CTBOPEHHS KOMOIHATOpHHUX O10JI10TEK CHOJIYK 1 AOCHIPKEHHS IXHbOI
010JI0T14YHOT aKTUBHOCTI.

Buxigaumu peareHtamu 111 OUIBIIOCTI OCTIKYBaHUX PEaKIlii cyryBaiu 3-
reTapuiI-2-mporeHai, AK1 OJIEpKyBaIn KOHJICHCALlIIMU BIJIMOBIJTHUX
reTapuiIKapOaIbACeTiAiB 3 ONTOBUM albACTiIOM ab0 3a JI0MOMOTOK peakiii Birrira.
Hami 13 3-rerapun-2-mponeHaniB onepxxyBaiu ocHoBu Illudda B3aemomicro 3
amdpaTHYHUIMU Ta apOMATUUYHUMH aMiHAMU Y CEpPEIOBUII METHUJICHXJIOpUIY 3a
HAsSIBHOCTI 0€3BOJHOTO Cyib(haTy MarHiro i1 3a KiMHaTHOI Temmneparypu. L{i ocHOBH
[udda BinHOBIIOBAIA OOPOTIAPUIOM HATPIKO Y METAHOMI 1 OIEpKYBall BTOPUHHI
aMiHM, SKI ¥ JOCHDKYyBalu y TaHIEMHHUX peakiisx N-amuimtoBaHHSI—
ITUKJTOTIPUE THAHHS.

Takum crmoco6oM oTpuMyBaid, 30KpeMa, 3-(2- um 3-TieHinm)adigamiHd, sKi
AIMITIOBANIA 332 aMIHOTPYIIOI0 MAaJjeiHOBUM aHTIIPUAOM. 3’SICyBalid, IO y THUX K€
yMOBax BIJJOYBa€TbCs IHTpaMOJEKyIsipHa peakuisa Jinbca-Anbaepa, y sKiil JIEHOBOIO

CUCTEMOIO BUCTYTA€E €K3OIUKIIIYHUHN MOBIMHUIN 3B’ 130K PA30M 3 OJTHUM 13 TIOJIBITHUX



3B’s13KiB TiopenoBoro nukiy (IMDAV-peakuis). [Ipu nbomy hopmyeThes TeTpariapo-
TieHO[2,3-f]i30iH0IbHUI OCTOB 3 KapOOKCHJIBHOIO TIPYIOI Y IIECTHUICHHOMY
KapOoIuKiIi. SIKI0 B3aEMOJAII0 MK MaJICTHOBUM aHTIAPUIIOM Ta Ti€HUIAI1JIaMIHAMU
MIPOBOJIAJIN 32 KIMHATHOI TeMITepaTypH y AieTiiioBoMy etepi, abo mpu 80°C y OenseHi,
TO CIIOCTEpIrajJd YTBOPEHHS JUIIE MPOAYKTIB, IO MICTATh HEapOMaTHU30BaHE
TiopeHoBe Kimbile. HaTomicTh, y pasi 3acTOCYBaHHS TOJYOIy SK PO3YMHHHUKA 1
npoBeaeHHs cuHTe3iB npu 110°C, npoiiec He 3yNMUHUBCS HA IUKJIONpUEHaHH] J{ibca-
Anbjepa, a CympoBOIKYBaBCS MPOTOTPOITHUM MEPErPyyBaHHSIM EPBUHHUX A/TYKTIB
y Taki, MO MICTATh apoMaTh4yHe TiopeHoBe Kiible. Y Il CHHTETHYHIA CXeMi
BUMPOOYBAIM TaKOX 1HII MOHO3aMIIIEH] MaJIeiHOBl aHTIAPUAN. AIFIIOBaHHS
TIEHUTAJIJIAMIHIB 3aMIIIEHUMH O,-HEHACUUCHUMHU aHTiApuiaMu  (IIUTPAKOHOBUM,
TPUPTOPMETUIMAJIETHOBUM Ta (DEHIIIMAJIEIHOBUM aHT1IPUIAMH) € PET10CETEKTUBHUM.
HyxneodinpHa aTaka BTOpUHHUM aTOMOM a30TY BiIOYBAETHCS 3a HAHOUIBII CTEPUYHO
JOCTYITHOIO KapOOHUIBHOIO TPYTOI0 3aMillIEHUX MaJleiHOBUX aHTiapuaiB. [Ipu nibomy
YTBOPIOIOTHCA JIMILIE HEAapOMAaTHU30BaHI aayKTH 3a Temreparypu Huxkue 80°C.
Haromicte, kommu TemmepaTypa peaxiiii mnepeBuiryBaia 100°C, cnoctepiraiu
CEJICKTMBHE YTBOPEHHSI MPOAYKTIB 3 apOMATHUYHUM TIO()EHOBUM LIUKJIOM.

BusiBneno, mo IMDAV peakiiis TieHmaminamiHiB 3 2,3-IUXJI0pMaIeiHOBUM
aHTIIPUJOM BIJIOYBAETHCS HE3BUYHO, 3 ENIMIHYBAaHHAM JIMILIE OJHIET MOJIEKYJIH
XJIOPOBOJIHIO Ta AeKapOoKcumoBaHHIM. ETrndymapoin- Ta HMHHAMOIIXIIOPUAH, X04a
1 € ciabmumu JieHodiIaMu MOPIBHAHO 3 MaJieiHOBUM aHTIIPUAOM, MPOTE TAKOX
BCTYMAIOTh Y peakiii TanaeMuoro ammoBands / IMDAV 3 tieHinaniiaMiHaMu, Xo4a
BUXOJU TMPOAYKTIB PEaKIlii € HEBUCOKUMH. EKCIEepUMEHTANIbHO JOBEACHO, IO
cupsbkeHa (ypaHoBa CHUCTEMa Ma€ Kpally JI€HOBY AaKTHUBHICTh, HIXK 2- 4yu 3-
BiHUITIOeHoBa cucremu y peakuii IMDAV. e takox Oyno miarBepmkeno DFT
pO3paxyHKaMH.

JIist BUBYEHHS MOKJIMBOTrO 3actocyBaHHs crparterii IMDA st cunrtesy
€HAHTIOMEPHO YUCTUX PEUOBHMH MU TEPEBIPUIN BIUIUB aCUMETPUYHOI 1HAYKIII Ha
nepebir peakiii. [y 1IbOTO y CHHTETMYHHMX CXE€MaxX Ha CTajlli yTBOPEHHS OCHOB

[Mudda 3acTtocyBanu komepuiitHo goctynHi R- 1 S-1-peninernnaminu. ITokazana



MOJKJTUBICTh OTPHMAaHHS JiacTepeomepHo 30aradenux (de mo 87%) TieHOI301HOIOHIB
3a peTeIbHOr0 KOHTPOJIIO TEMIIEPATYPH PEAKIIii.

JIns cuHTE3y reTapuIpoIleHANIIB Ha OCHOBI MIPOJTY, 1HA0JY Ta OeH30(dypaHy 3
METOI0 IXHHOT'0 BUIIPOOOBYBAHHS y OMKCAHIN BUILIE CHHTETUYHIN CXEM1 MU PO3pOOHIN
meTomuky oxepxkanHs  N,N-muMernnaminoakponeiny. Moro cumTe3yBamm 3
BIHUJIETHIJIOBOTO €Tepy 1 KoMIulekcy BinbcMmaiiepa.

3’sacoBaHo, 1m0 N-3amimeni mnoxigHi iHgomy pearytotb 3 N,N-
JTMMETHUIIaMIHOAKPOJICTHOM, yTBOprOtoun 3-(1-etu(anin)-1H-inm0:m1-3-in)npomneHaiti. 3
X abaerigiB oaepxanmu ocHoBu [udda, sxi BigHOBMOBamM 32 C—N-3B’53K0M 1 1
BTOPHHHI aMiHU (1HIOJIONPOICHIJIAMIHN) BUIIPOOOBYBAJIM K BUXITHI PEarcHTH IS
TaHJAEMHOI  peakuli  amwioBaHHsA—/linbca-Asnbaepa. [HnononponexHinamMmiHu
B32€EMOJIIIOTh 3 MAJICITHOBUM aHTIAPUJIOM 1 BCTYHAIOTh y PEAKI[I}0 TAKUM YHHOM, IO
CIOYATKy MPOXOJUTH ALMIIIOBAHHS 32 aMIHOTPYIIOIO, BHACIHIJIOK YOI'O YTBOPIOIOTHCS
IHTEpMEIaTH, K1 y CBOIH CTPYKTYpl MICTATh JI€HOBUH 1 IEHOPIIbHUN (PparMeHTH.
Jlami BimOyBaeTbCs LUKIONPHEAHAHHA 3a Yy4acTIO NojaBiliHOro 38’sas3ky (C2-C3)
1HAOJIBHOIO HUKIY Ta €K30UUKITYHOro C=C-3B’43Ky 1 MaJeiHaMiJIHOTO 3aJMILKY 3
YTBOPEHHSIM BIAMOBIAHUX OKTariapomiposo|3,4-blkapbazon-4-kapOOHOBUX KHCIIOT.
Bectu aninaminnuii pparmMeHt He y -, a B 0-TIOJIOKEHHSI O aTOMa a30Ty BIJIHOCHO
JIETKO MOYHA JJ1s1 HOXIHUX MIpOITy. 32 pO3pOOJIEHOIO MPOLIETYPOIO 3 BUKOPUCTAHHSIM
N,N-mumetunamiHoakponeiny  ogepxamu  l-metwn-3-(mipon-2-im)aiinaMmind 1
BUNIPOOYBaNK iX y peakiiii TanaeMHoro anuiaroBanus / IMDAV. Peakuis #ne noope i
y LbOMY BHIAJKy, IO JaJl0 3MOTy OJepKaTu 6-3amilieHi 1-MeTus-5-0Kco-
1,4,4a,5,6,7,7a,8-okrarigpomipoio|3,4-flingon-4-kapOOHOBI KHCIOTH 3 BHCOKHMU
BUXOJIaMH.

3-(benszodypan-2-in)nponeHans OJepKyBadud B3aemojiclo OeH3odypaHy 3
OyTHUILTITIEM y cepenoBuIl TeTpariapodypany npu —78°C 3 HACTYITHUM MOCTYTIOBUM
JIOJaBaHHSM PO3YMHY JTUMETHIAMIHOAKPOJEiHYy B pEakKIliiiHe cepeIoBHIIle.
Onepsxkanuii anpaeriy 100pe pearye 3 apoMaTUYHUMU aMiHAMH, YTBOPIOIOUN OCHOBU
[Mudda, BIAHOBIECHHAM SKUX OOpPOTIAPUIOM HATpit0 oTpuManu BigmoBigHi N-
samimieni amiad. OcHoBu Iludda Tta N-3amilmieHi amMiHM 3aCTOCOBYBAIM Yy

MEPETBOPECHHSAX 0€3 JOJaTKOBOI OYMCTKH. 3’sicoBaHo, 1m0 3-(0eH3zodypan-2-



UT)aTiaMiHA B3a€EMOJIIIOTh 3 MJICTHOBHM aHTIAPHUIIOM Yy CEPENOBHINI OCH3EHY MpH
KHIT SITIHHI 3 JOPMYBaHHSM T1IPOBAHOTO 1301HI0JBHOTO (hparMeHTy, BHACIIIOK YOTO
ojepkanu  2-3aMmimieHi  1-okco-2,3,3a,4,10,10a-rekcariapo-1H-[1]6en3o0dypo[2,3-
flizoirmomo-10-kapOOHOBI KUCIIOTH — aHAJIOTH TETEPOIIITHAHIB.

Po3po6ieno 3pyunmii cmoci6 oxaepkaHHsS HoBoro kimacy N-3zamimeHux
KapKacCHUX TMIPOJiIOHOINTUIIEHOBUX TeTEPOCUCTEM, BHKOPHUCTOBYIOUM JOCTYIIHI
peareHTH. BUXiTHOIO CIIOJNIYKOIO CIIyTyBaB aHTparieH-9-kapOambieria, SKHi JIErKO
B3a€EMOJII€ 3 TICPBUHHUMHU aMiHaMu, yTBoproioun ocHoBu Iludda. i cmomyku in Situ
Oynmu BigHOBJIECHI 10 BiamoBimHMX N-3aMmilleHHX amiHIB, SKI TpU B3aEMOIIl 3
MajeiHOBUM  ab0  IIUTPAKOHOBUM  aHTipuAaMu  (QOpMyIOTh  KapKacHy
PO IOHOINTUIIEHOBY TE€TEPOCUCTEMY 3 YTBOpPEHHsM 3amimienux 13-oxco-10,10a-
auriapo-8aH-10,9,9-(mpomano[ 1,2,3 [tpuiniMminomMeTaHo JanTparen-11-kap6oHoBux
KUCTOT. 3’SCOBAaHO, WO peakilis IUKIONPUETHAHHS BiIOYBAaeThCA 3a Y4YacTiO
JIEHOBOTO AaHTPAIIEHOBOTO (parMeHTy. BCTaHOBJIEHO, 110 3a KOHKYPEHIT JBOX
JIEHOBUX CHCTEM Yy BUNAJKy BUKOpUCTaHHSA (PypdypuiiamiHy, peakiiisi BCE OJHO
BIIOYBAEThCS 3a Yy4YacTIO JIIEHOBOTO AaHTPAIlCHOBOrOo (PparMeHTy, HaTOMICTb
(ypaHOBHUII LUK Yy Take MEPETBOPEHHS HE BCTyMae, MO OyJIo MiATBEPIKEHO
pe3yibTaTaMu KBaHTOBO-XIMIYHUX OOpaxyHKIB.

JlocmimKkeHo KacKaaHui CHHTE3 MOXIMHUX TeTpariapo-2H-dypo[2,3-C]miposo-
2,4(3H)-nioHy, KIIIOYOBOIO CTAJIi€I0 SIKOTO € PETPO-alibJ0bHa KOHACH Al BuxinHi
cnionyku — (5-apui-2-bypuin)MeTri |aMiHo-4-0kco0yT-2-€HOBI KMCIOTH HarpiBajid y
optodochopHiii  KHCIOTI 3 METO0 oTpumaTh 3amimeHi  2-R-3-okco-5-
denimizoinaonin-4-kapooHoBoi kuciotu. [Ipote 3’scyBanoch, 1Mo peaxiiis He Wae B
OYiKyBaHOMY HaIpsiMi, a yTBOPIOIOThCs TeTpariapo-2H-dypo[2,3-CJmipono-2,4(3H)-
nioHd. BBaxawTb, 10 y pe3yJibTaTi MPOTOHYBAaHHA OKCaOIIMKIOr€NTaHOBOIO
dbparmenTy BiH pylHy€eThCs. HailimopHiie, yTBopeHu# KapOOKaTIOH Jaii B3a€MOIIE 3
HETOIJICHOI0 TIApOK0 EJIEKTPOHIB KapOOKCUIBHOI TPyHHu, Yy pe3yiabTaTi dYoro
YTBOPIOETHCS JIAKTOHHE KiJiblle. HailO1/1bI1 HEOUEBUTHUM € TIOAAIIBIIE PO3MISTIICHHS
C—C 3B’s13ky. VIMOBipHO, BOHO BifOyBa€ThCs Yepe3 PeTpo-albaoibHy peakiiio. 1e
OTIOCEPEIKOBAHO TIJATBEPKYETHCA THUM (HakTOM, IO 0€3 HAsSBHOCTI OCHOBH HaM

BJAJIOCS OTPUMATHU JIMIIIE OJWH KIHIIEBHM MPOIYKT TaKOl peakilii, HATOMICTh MPH



BUKOPHUCTAHHI TPHUETUIAMIHY — HHU3KYy HOpoAykTiB. OueBHIHO, HaA CTajlii peTpo-
aNbI0JIBHOI peakilii eHepreTuyHi 3arpatd Ha po3puB C—C-3B’SI3Ky KOMIIEHCYIOTHCS
CIIPSDKEHHSIM O€H3EHOBOTO KUIBI 3 YTBOPEHUM BiHIJIKETOHOBUM (parmeHToMm. Ha
Hally JyMKy 1€ 1 € OCHOBHOIO MPUYMHOIO TOTO, YOMY Yy Takid AoBOI J00pe
JTOCIIDKEeHIN peakilii, K apoMaTHh3allisl OKCaOIIMKIOrenTaHOBOTO (parMeHTy, HaMm
BJIAJIOCS] 3HANTH HOBHI HaNpsSMOK Nepediry peakiii. A y pa3i BUKOPUCTAHHS 1HIIUX,
HE apWIbHUX, 3aMICHUKIB He BiAOyBajocsi cradimi3allii 3a paxyHOK CHpPSKEHHSA 1,
BIJIMOBIHO, OCHOBHUM HampsiMOM OyJia apomaTuzarlis. Takuii MapmpyT y MOTI0HUX
peaKiisix paHilie He ONUCaHUN. 3ampONOHOBAHO MeEXaHi3M Mepediry IbOro
EPETBOPEHHS.

3Bakaroud Ha IIUPOKE TNPAKTHYHE BUKOPUCTAHHS (PEHAHTPUAOHIB Ta
3aCTOCOBYIOUYH OIPAIbOBAHY METOOJIOTII0, MU PO3POOMIH 3pYYHUNA METOJI CUHTE3Y
e He JOCIHIDKEHUX MOXITHUX (peHaHTpuaoHYy. BUXiiHUMHU peareHTamMu CIIyryBasld
3amimieHi 2-amiHodenin-2-pypan Ta 2-amiHO(DEHIN-2-CUIbBaH, SKi OJEpP KyBajH
apwiIoBaHHsAM (ypaHy 4M CUIbBaHY 2-HITPOOCH3EHA1a30H1M XJIOPUOM 3 HACTYITHUM
BITHOBJICHHSIM HiTporpynu. OTpumaHi aMiHM alWIIOBAIM MaJeiHOBUM abo
LIMTPAKOHOBUM aHTriipuaamMu y OenszeHl. Peakuiro Jluibca-Anbpaepa Beld NpH
HarpiBaHH1 aIWJIbOBAaHUX aMmiHIB y mdiokcaHl. Ou4iKyBaHl NPOIYKTH IUIaHYBaJIA
apoMaTHU3yBaTH HarpiBaHHsIM B opTO(HOCHOPHI KUCIOTI, TPOTE, 5K 3’CYyBaJIOCh, YKE
y PpeakiifHOMy CepeloBHIl TiJ 4Yac HarpiBaHHi Yy JlOKcaHi BiJ1I0yBa€ThCs
PO3IICTUICHHS] yTBOPEHOTO OKCA0IIIUKIOTeNTEHOBOTO ()ParMeHTy 3 YTBOPEHHSIM HU3KH
HEOUIKyBaHUX MPOAYKTIB.

Haykoea nosu3zna odepicanux pe3ynomamie
3’sacoBano, 1m0 3-(2- yu 3-TieHUT)aNiJlaMiHd B YMOBax AallMJIIOBAHHS MaJICTHOBHM
aHTIIPUJIOM 32 aMIHOTPYIIOI BCTYMAIOTh TaKOXX B 1HTPAMOJIEKYJSIPHY PEaKIIiIo
Hinsca-Amnbaepa, y sKii JIIEHOBOK CHCTEMOIO BUCTYMNA€ €K30IUKIIUHUN MOABIMHUI
3B’SI30K Pa30M 3 OJTHUM 13 OJIBIMHUX 3B’ s13KiB TiodenoBoro mukiry (IMDAV-peakris),
3 (hopMyBaHHSAM TeTpariapo-rieHo[2,3-f]i301H10IpHOTO KapKacy.
JloBeneno, mo (ypaHOBHI MK Ma€ Kpaimly MI€HOBY aKTUBHICTh, HDK 2- 4u 3-
BiHUITIOeHOBa cuctemu y peakuii IMDAV, mo Ttakox mniarBepmkeno DFT

po3paxynkamu. [IpoBeneHO miacTepeOCENeKTUBHUN CHUHTE3 TIEHO1301HAOJIOHIB Ta



BCTAQHOBJICHO, III0 KOHTPOJIIOIOYM TEMIIepaTypy peakiii MOXHa OJep>KyBaTH
niacrepeomepHo 30araueni (de mo 87%) npoxykTu. Onep)kaHO HU3KY OPUTIHATBHHUX,
HEOMMCAHUX PaHille CIONYK 3 TIEHO1301H0JIbHUM OCTOBOM.

Bnepmie mociimkeHo moxigHI Wipoy, iHA0Iy Ta OeH30(dypaHy y peakiisx
IMDAYV. 3anpornoHoBaHO 3py4YHHUN CTOCIO Oep»KaHHS HOBOTO Kiacy N-3aMilllEHUX
KapKaCHUX TMIPOJIIOHOINTUIIEHOBUX T'€TEPOCUCTEM, BHUKOPHUCTOBYIOYH JOCTYIIHI
peareHTH Ta 0/IepKaHO HU3KY MOXIAHHUX INTHIICHY.

Po3pobieno kackagHuii cuHTE3 MOXigHUX TeTpariapo-2H-dbypo[2,3-c]miposo-
2,4(3H)-mioHy, KIIOYOBOIO CTaAI€I0 SKOTO € PETPO-aJIbI0JIbHA KOHACHCAIIIS.
Po3pobiieHo cxeMy KOHCTpYIOBaHHS MOXITHUX (DEHAHTPHUIOHY, BAUKOPUCTOBYIOUH K
BUXI1JIHI peareHTH moxiaHi (2-aminodenin)dypany ta (2-aminodeHin)cibBaHy.

Knwuogi cnosa: tanaemHi peaxilii, HUKIONPUEAHAHHS, 1HTPAMOJEKYJsIpHA
peakiis [inbca-Anbaepa, anuiitoBaHHs, MOX11H1 TiodeHy, nmoxiani Gypany, TieHo[2,3-

flizoingonm, IMDAYV peaxitisi, peHaHTPUIOH, INTUICHH.



SUMMARY

Laba Ye.-O. V. N-Acylation—cycloaddition tandem reactions in the design of
heterocyclic systems. — Qualification research paper published as the manuscript.
Thesis for scientific degree of Doctor of Philosophy, specialty 102 — Chemistry,

Ivan Franko National University of Lviv, Lviv, 2021.

The current state of organic synthesis requires new strategies and concepts that
allow the effective formation of new carbon-carbon bonds between functionalized
fragments of molecules. Such approaches include tandem and domino reactions, one
of the stages of which is intramolecular cycloaddition.

We have developed tandem N-acylation — cycloaddition reactions that make it
possible to construct isoindole derivatives annulated with thiophene, pyrrole, indole,
and benzofuran fragments. Also methods for preparation of some iptycene, furo[2,3-
c]pyrrolo-2,4-dione and phenanthridone derivatives have been disclosed. The
developed synthetic methods are suitable for creating combinatorial libraries of
compounds and for further studying their biological activity.

The starting compounds for most of the studied reactions were 3-hetaryl-2-
propenals. Which were obtained by condensation of the corresponding
hetarylcarbaldehydes with acetaldehyde or by the Wittig reaction. Next, Schiff bases
were prepared from 3-hetaryl-2-propenales by reaction with aliphatic or aromatic
amines in methylene chloride in the presence of anhydrous magnesium sulfate and at
room temperature. These Schiff bases were reduced with sodium borohydride in
methanol to obtain secondary amines, which were investigated in tandem N-acylation-
cycloaddition reactions.

In this way, in particular, 3- (2- or 3-thienyl) allylamines were obtained, which
were acylated at the amino group with maleic anhydride. It was found that under the
same conditions, an intramolecular Diels-Alder reaction occurs, in which the diene
system is an exocyclic double bond together with one of the double bonds of the
thiophene ring (IMDAV reaction). This forms a tetrahydro-thieno[2,3-f]isoindole
skeleton with a carboxyl group in a six-membered carbocycle. If the interaction
between maleic anhydride and thienylalylamines was carried out at room temperature

in diethyl ether or at 80°C in benzene, only products containing a non-aromatic



thiophene ring were observed. Instead, in the case of the use of toluene as a solvent and
providing synthesis at 110 ° C, the process did not stop at the Diels-Alder stage but
was accompanied by prototropic tautomerism of the primary adducts into those
containing an aromatic thiophene ring. Other monosubstituted maleic anhydrides were
also tested in this synthetic scheme. The acylation of thienylalylamines with substituted
a,B-unsaturated anhydrides (citraconic, trifluoromethylmaleic, and phenylmaleic
anhydrides) is regioselective. The nucleophilic attack by a secondary nitrogen atom
occurs at the most sterically available carbonyl group of substituted maleic anhydrides.
Only non-aromatic adducts are formed at temperatures below 80°C. Instead, when the
reaction temperature exceeded 100°C, selective formation of products with an aromatic
thiophene ring was observed.

It was found that the IMDAV reaction of thienylalylamines with 2,3-
dichloromaleic anhydride is unusual. It proceeds with the elimination of only one
molecule of hydrogen chloride and decarboxylation. Cinnamoyl and ethyl fumaroyl
chlorides, being weaker dienophiles compared to maleic anhydrides, can also be
involved in the tandem acylation/IMDA reaction with vinylthiophenes. However, the
yields of the reaction products are low. It is experimentally proven that the conjugated
furan system has better diene activity than 2- or 3-vinylthiophene systems in the
IMDAV reaction. This was also confirmed by DFT calculations.

The diastereoselective synthesis of thienoisoindoles was carried out and it was
established that by controlling the reaction temperature it is possible to obtain
diastereomeric mixtures of a given composition. To study the possible application of
the IMDA strategy for the synthesis of enantiomerically pure substances, we examined
the effect of asymmetric induction on the course of the reaction. For this purpose,
commercially available R- and S-1-phenylethylamines were used in synthetic schemes
at the stage of Schiff base formation. The possibility of obtaining diastereomerically
enriched (de up to 87%) thienoisoindolone with careful control of the reaction
temperature is shown.

We have studied pyrrole, indole, and benzofuran derivatives in IMDAV
reactions. A method for preparing the starting compound N,N-dimethylaminoacrolein
was developed. 3-(1-Ethyl(allyl)-1H-indol-3-yl) propenales were tested as starting



reagents for the tandem acylation — Diels-Alder reaction. Indolopropenylamines
interact with maleic anhydride and react in such a way that the amino group is first
acylated, resulting in the formation of intermediates, which in their structure contain
diene and dienophilic fragments. This is followed by cycloaddition involving an indole
ring double bond and an exocyclic C=C bond and a maleimide residue to form the
corresponding octahydropyrrolo[3,4-b]carbazole-4-carboxylic acids. Also, the
allylamine moiety was introduced not in the - but in the a-position to the nitrogen
atom for pyrrole derivatives by the Wilsmeier acrylation reaction. The obtained
pyrrolopropenylamines were tested in the intramolecular Diels-Alder reaction. The
reaction goes well and in this case, a number of pyrroloisoindoles with high yields are
obtained. The synthetic potential of benzofuran series dienes in the Diels-Alder
intramolecular reaction was also disclosed. 3-(Benzofuran-2-yl) propenal was prepared
by the interaction of benzofuran with butyllithium in tetrahydrofuran at -78°C with
subsequent addition of N,N-dimethylaminoacrolein. Benzofuran-2-propenal reacts
well with aromatic amines, forming Schiff bases, the reduction of which with sodium
borohydride in ethanol gave the corresponding N-substituted amines. Which react with
maleic anhydride to form benzofuro[2,3-f]-isoindole-10-carboxylic acid, with high
yields.

A convenient method, based on available reagents, for preparation of a new class
of N-substituted framework pyrrolidone-iptycene hetero systems has been developed.
The starting compound was anthracene-9-carbaldehyde, which easily interacts with
primary amines, forming Schiff bases. These compounds were reduced in situ to the
corresponding N-substituted amines, which then reacted with maleic or citraconic
anhydrides to form a frame pyrrolidone-iptycene heterosystem. The cycloaddition
reaction occurs on the diene anthracene moiety. It was found that in the competition of
two diene systems in the case of furfuryl amine, the reaction occurs with the
participation of diene anthracene fragment, while the furan cycle does not enter into
such a transformation.

The cascade synthesis of tetrahydro-2H-furo[2,3-c]pyrrolo-2,4(3H)-dione
derivatives, the key stage of which is retro-aldol condensation, was studied. The

starting compounds - (5-aryl-2-furyl)methyl]amino-4-oxobut-2-enoic acid were heated



in orthophosphoric acid to obtain substituted 2-R-3-oxo-5-phenylisoindoline-4-
carboxylic acid. But it turned out that the reaction did not go in the expected direction.
Our studies showed that the isolated products are tetrahydro-2H-furo[2,3-c]pyrrolo-
2,4(3H)-diones, which was quite unexpected. It is considered, that after protonation of
oxabicycloheptane bicycle cleavages. Obviously, the further formed carbocation
interacts with lone pair of electrons of the carboxyl group, resulting in the formation of
a lactone ring. The most unobvious is the further cleavage of the C-C bond. It is
probably due to a retro-aldol reaction. This is indirectly confirmed by the fact that
without a base we were able to obtain only one final product of this reaction, while
using triethylamine - a number of products. Obviously, at the stage of retro-aldol
reaction, the energy costs of breaking the C-C bond are compensated by the
conjugation of the benzene ring with the formed vinyl ketone fragments. In our
opinion, this is the main reason why in such a fairly well-studied reaction as
aromatization of the oxabicycloheptane cycle, we managed to find a new direction of
the reaction. And in the case of the use of other, non-aryl, substituents did not stabilize
due to conjugation and, accordingly, the main direction was aromatization. These
compounds were obtained by us for the first time; such a route in similar reactions has
not been previously described. The mechanism of such transformation is offered.
Methods for the synthesis of phenanthridone derivatives have been developed.
Derivatives of 2-(2-aminophenyl)furan and 2-(2-aminophenyl)silvan, which were
obtained by arylation of furan or silvan with 2-nitrophenyldiazonium chloride,
followed by reduction of the nitro group with sodium borohydride hexahydrate
chloride, were used as starting substrate. The obtained amines were acylated with
maleic or citracone andyrides in benzene. The Diels-Alder reaction was performed by
heating acylated derivatives in dioxane, resulting in a number of unexpected

phenanthridone derivatives.

The scientific novelty of the results.

Using 2-(3)-thienylalylamines as reagents in reactions with maleic anhydrides,
it was experimentally proven that the conjugated furan system has better diene activity
than 2- or 3-vinylthiophene systems in the IMDAYV reaction, this was also confirmed

by DFT calculations. Diastereoselective synthesis of thienoisoindoles was performed.



It is established that by controlling the reaction temperature it is possible to obtain
diastereomeric mixtures of a given composition. A number of original thienoisoindoles
previously not described have been obtained.

For the first time pyrrole, indole, and benzofuran derivatives have been
investigated in IMDAYV reactions.

For the first time, a convenient method for obtaining a new class of N-substituted
frame pyrrolidone-iptycene hetero systems were developed using available reagents
and a number of iptycene derivatives were obtained.

The cascade synthesis of tetrahydro-2H-furo[2,3-c]pyrrolo-2,4(3H)-dione
derivatives, the key stage of which is retro-aldol reaction, was studied for the first time.

Methods for the synthesis of phenanthridone derivatives were developed for the
first time. Derivatives of 2-aminophenyl-2-furan and 2-aminophenyl-2-silvan were

used as starting substrates in such reactions.

Keywords: the intramolecular Diels-Alder, vinylarene, IMDA reaction, thieno[2,3-
flisoindole,  octahydropyrrolo[3,4-b]carbazole,  octahydropyrrolo[3,4-f]indoles,

benzofuro [2,3-f]isoindoles, ipticenes, phenanthridone, 2H-furo[2,3-c]pyrrolodiones.
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