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Koemyn A.B. Peuukmizamii CHipOmOXiTHUX SIK METOJ CHHTE3Y HOBHUX
moMinodopiB. — KBamidikariiina HaykoBa mparis Ha MpaBax PyKOIHCY.

Huceprarttis Ha 3100yTTs cTyneHs JokTopa (inocodii 3a cnerianpHicTiO 102
Ximis. — JlepkaBHUM BUIUN HaBYAIBHUN 3aKkiaj «YKpaiHCBKUHN Jep:KaBHUM
XIMIKO-TEXHOJIOTTYHHM yHIBepcuTeT», JHimpo, 2021.

HucepTtalis npuUCBSYEHA CHHTE3Yy 1 JOCIDKCHHIO  (HOTODIZUUHUX
BJIACTUBOCTEM paHillle HEBIIOMUX JTIOMIHOPOPIB, K1 MICTATh B CBOiM CTPYKTYpi
KCAHTEHOBUM  (parMeHT. AKTyaJbHICTb JIaHOTO HAMpPSIMKY  JOCIIJKEHHS
BIJINOBI/Ia€ BUMO31 CY4YaCHOi OpPraHIYHOI XIMii 1O BHUBYEHHIO 1 BCTaHOBJIECHHIO
3QJIEKHOCTI MK CTPYKTYPOIO 1 BJIACTUBOCTSMM OpPTraHIYHUX MOJEKyJ. BuBueHHIO
BJIACTUBOCTEH IbOrO THUNY OApBHUKIB MPHUCBSYEHA BEIHMKA KUIBKICTH POOIT
HAYKOBI[IB 3 PI3HUX CBITOBHX KpaiH, MOYWHAIOUM Ime 3 XX CTONITTS, ajieé He
3BaKarO4YM Ha MPOrpec B IbOMY HANPSIMKY, MOMUT Ha MOIIYK HOBHX CIIEKTPATbHUX
BJIACTUBOCTEH He Bracae. He ocTanHio poiib B IIbOMY BiIIrpa€e po3BUTOK Cy4acHUX
TEXHOJIOT1H B PI3HUX Tally3sIX HAYKH, HacaMIiepe/l B XiMii, 610J10T11 1 MEIUIIUHI.

byno BcTaHOBIEHO, IO MEPCHEKTHBHUM METOJOM CHHTE3Y ITOXIiTHHUX
kcanTeHy € Bigkpute Ha kadeapi @ ta TOP JABH3 VIXTY mneperpymnyBaHHs
IMICCTHYICHHUX TETEPOIUKIIIYHUX CIONYK 3 TeMIHAJILHUM PO3TAIlyBaHHIM aTOMIB
OKcureHy mia aiero ¢opmutoroyoro areHTy. HoBi mMojenbH1 criponoxijiHi Oyio
CUHTE30BAaHO KOHJEHCAIlIEI0 XJIOPAHTIApHUIIB 2-TiApokcu-1-HadroitHoi abo
CAJIIMIOBOI KHUCIOT 3 BIAMOBIIHUMHU IUKIIYHUMH KETOHAMH TPOTIATOM 5 TOJUH
NIPY TIBUINECHIN TemMmeparypi. 3aBasKu eNeKTpo(pUTbHOMY TeperpymyBaHHio 1,3-
oenzo(Hadro)aiokcun-4(1)-oniB mix miero pearenty Binbcemaiiepa-Xaaka (POClI;,
DMF a6o PBr;, DMF) B oany cTajito OTpUMaHO TaJIOTEHIIOXIAHI KCAaHTEHHU 3
JIBOMa  pEaKIIHHUMHU [EHTPaMH — AKTUBHOIO hi () 3aMIIIeHHS
JUMETWIAMIHOTPYTIO, a TaKOoX pPYXJIMBUM aTOMOM TallOreHy, SKHH TaKoX

HiIA€ThC  3aMilieHHI0. HasBHICTh JEKUIBKOX PpEaKIIMHUX IEHTPIB POOUTH



CHUHTE30BaHI CIIOJIYKH TEPCINEeKTUBHUMH OUIIIHr-0J0KaMHu JUIsl  TOJAIbIINX
XIMIYHUX TepeTBOpeHb. JIIMITYIOUOIO CTali€l0 pEeHuKIizamii € PO3KPUTT
OKCOHIEBOT'O 10HY, YTBOPEHOT'O Ha IMOYATKY B3a€MOJIi MOJEIbHUX JIOKCHHIB 3
IMIHIEBOIO CULTIO, sIK€ BIIOYBa€ThCS 3a PaxyHOK aHOMEpHOro edekTy aroma
OKCUTEHY TeMIHAJIbHOI JUTeTepoaTOMHOI cucTeMu. Hemopinena enekTpoHHa mapa
IIOTO aTOMa aTaKye PO3MYIIyIody G*-opOitanp 3B’s3ky C-O, MO B CBOIO Uepry
MPUBOJIUTH J0 PO3PUBY IHOTO 3B’s13KY. [[171b0OB1 MPOMYKTH BUIIIIEHO 3 MOMIPpHUMU
BUXOJaMH Yy BUIUISII OpraHIYHUX TMEpXJIopaTiB, SKI MIIJAIOTBCA TiAPOTI3y B
yMOBaX KUCJIOTHOT'O KaTajai3y 3 OTpUMaHHAM (DOPMUIIIOXITHUX KCAHTCHIB.
[Tonanpie JTOCIT1JIPKEHHS peakiiitHoi 31aTHOCTI YTBOPEHUX
rajJOreHI0X1JHUX KCAaHTEHIB MOKa3ye, 1110 BOHU BCTYNAIOTh B peaKiiii KOHIeHcaIlli
KuboBeHarenss mpu OCHOBHOMY KaTtamizi 3 aktuBHuMH CH-xucnoramm 3
OTPUMAHHSAM KCAaHTEHOBUX OAPBHMKIB 3 Pi3HUMHU (POTO(DI3UYHUMHU BIACTUBOCTSIIMH,
B 3QJEKHOCTI BiJ] TUITy KIHIIEBUX TPy, sIKI BXOASATh IO CKIaaAy XpoMogopHOi
cuctemu. [Ipu B3aemofili CHHTE30BAaHUX TEPXJIOPATIB 3 IIaHOOITOBHM ECTEPOM,
dbeHUIeTHIIeH MaJIOHOHITPUIIOM Ta KHUCJIOTO Menbapyma BigOyBaeTbCs
3aMIIICHHS JTUMETUIAMIHOTPYIH 31 30€pPEKEHHIM PEaKIiifHO3/IaTHOTO TaJloTeHy, a
Ipy B3a€EMOAIi 3 MAJIOHOHITPUJIOM 1 JUMEPOM MAJOHOHITPWIY — 3aMilleHHS
TUMETHIIAMIHOTPYITH 0e3 30epeXeHHs TaJloreHy. byno BCTaHOBIECHO NPUYUHU
BIJIMIHHOCTI Yy peakIiiiHIA 3JaTHOCTI BHUXIJIHMX MEpXJIOpaTiB IMpH B3aeEMOMIl 3
MaJIOHOHITPWIOM Ta I[IaHOONTOBUM ecTepoM. OCKIIBKM TEPIIOK 1 CHIUIBHOIO
cTaziero B 000X BUNaAKax € KoHaeHcaliss KnpoBeHarens, OyJio BUIUIEHO NPOMIXKHI
iHTEepMemiaTh 31 30€peKEHHSIM aToMa XJIOPY 1 JUIsl KOXKHOTO OKPEMO TPOBEIEHO
B3aeMOJIiI0 3 AuMeTwiamiHoM. [Ipu GapOoTyBaHHI ra30moAiOHOr0 JUMETHIAMIHY
yepe3 pO3YMHM MPOMDKHUX CIONYK BiIOyBasiocsl 3aMIlIE€HHS aToMa XJIOpYy Ha
JTUMETUIIAMIHOBUN ()parMeHT, ajie PEeaKiis JJIs CIOJYKH 3 JUIIaHOMETHICHOBUM
dbparmenToM BinOyBanacs Jiermie. Takoxk, 3TiJHO JaHUX [HUKIIYHOI BOJBT-
amriepoMeTpli 11 MPOMDKHHMX 1HTEPMEIlaTiB Ha OCHOBI MAaJOHOHITPUIY Ta
I[1aHOOIITOBOTO ecTepy OyIio po3paxoBaHo 3HaueHHs eHeprii B3MO (-5.68 ¢B Ta -

5.64 ¢B, BignoBigHo) 1 HBMO (-4.10 eB Tta -3.88 ¢B). BinMi"HICTh peakiiitHOT



31aTHOCT1 IIUX CHOJIYK IO BIJHOIIEHHIO JI0 JUMETUJIaMIHY TOJArae B Pi3HMIN iX
eneprii HBMO — nmxua enepris HBMO cnonyku 3 JMIIaHOMETHUIIEHOBOIO
IPYIOIO MOSICHIOE OUIBII JETKUI Nepedir peakiii 3 TMMETUIaMIHOM.

CunTe30BaH1 OapBHUKM MAalOTh MAKCUMYMHU MOTJIMHAHHS B JAiana3oHi 474—
601 uM, a BumpomiHioBaHHA 518—668 uM. HaiiGinpmuii 6aToxpomHHII 3CYB
MaKCHUMYMIB JIFOMIHECIIEHITI CITOCTEPIra€ThCs JJIsI KCAaHTECHOBHX OapBHUKIB 3
¢dparmentom iHgony Dimepa Ta MaIoOHOHITpUIY. HasBHICTh TUMETHIAMIHOTPYIH
B OapBHHMKaX Ha OCHOBI MAaJOHOHITPWIY HPHUBOJIUTH A0 OATOXPOMHOI'O 3CYBY
MakCUMyMiB (iyopecleHilii Ha 57, Ha BIAMIHY BijJ aHAJIOTI4YHOro OapBHHKA 3
aTOMOM XJIOpY. 3a paxyHOK T-AOHOPHOCTI JAUMETHUIAMIHOBOrO (parMeHTa B
OapBHHMKAX Ha OCHOBI L1aHOOLTOBOT'O €CTEPY B1IOYBAETHCA OATOXPOMHHUIA 3CYB Ha
72 uM. HaitOinpun kBaHTOB1 BUxoau ¢uiyopecueHiii 2.1-7.2% BCTaHOBJIEHO IS
OapBHUKIB 3 JAUIIAHOMETWJIEHOBUM (parMeHTOM. CIONyKH, B SIKHUX OJHIEI0 3
KIHIIEBUX Tpyn Buctymae iHmon Dimepa, XapakTepus3ylOTbCS BHUCOKOIO
PO3YHMHHICTIO y Boai. B pe3ymbTaTi MOCHIIKEHHS ONTHUYHUX BIIACTHMBOCTEH
CUHTE30BAaHUX KCAHTEHOBHX OapBHUKIB OyJI0 BCTAHOBJIIEHO, 1110 3aMIHOIO KIHIIEBUX
rpyl 3 JOHOPHUMH Ta aKIENTOPHUMHU BJIACTUBOCTSIMH MOXKHA IIUIECIIPSIMOBAHO
3MiHIOBaTH (oTO(DI3UYHI BIIACTHUBOCTI, a BapilOBaHHSI pPO3MIpPy aliaTHUIHOTO
UKy J03BOJSiE BHUOIPKOBO CHHTE3YBAaTH OapBHUKM 3 MOXJIMBICTIO iX
BUKOpPUCTaHHS ab0o B sKOCTI opraHiyHuX ¢uyopodopiB, abo B AKOCTI
CBITIO(UIBTPIB.

byno pocnipkeHo peakiiiiHy 3/1aTHICTh MPOAYKTIB meperpynyBaHHa 1,3-
0eH30/110KCH-4-0HIB TiJ J1€I0 peareHty BinbcMaiiepa-Xaaka 1o BiTHOIIEHHIO 10
N-HykneodiniB. BcraHoBiaeHO, MO MPU B3a€EMOIi OpraHIYHUX MEPXJIOPATIB 3
€KBIBAJICHTHOIO KIUTBKICTIO a00 JBOKPATHUM HAJJIMIIKOM apOMATHYHHX AaMIHIB,
YTBOPIOETHCSI CyMIIll TPOAYKTIB MOHO- 1 JAW3aMIIIEHHS KIHIEBUX TPYIL
301UTbIIIEHHS HAJUIMIIIKY apOMATUYHUX aMiHIB MPUBOJIUTH A0 YTBOPEHHS BUKIIOUHO
MPOJIYKTIB 3aMiIlleHHs 000X KIHIIEBUX I'PYN Yy BUX1IHUX IEPXjI0opaTax.

B ocranHpomy po3auni 1miei poOOTH Oyio JOCHIKEHO TeperpynyBaHHS

criponioxigaux Oenzorieno[2,3-d(b)|mipumiguHiB  mig  Ji€l0  eMeKTPOPLIBHUX



areHTiB, SIK1 3aBJSKU CBOIM OILMKIIYHIA CTPYKTYpl MOXYTh CIYTyBaTH LIKaBUMH
00’€KTaMH  OpPraHIYHOTO CHHTE3y JJid OTPUMaHHSI  IIUPOKOTO  PSIy
(YyHKIIOHAMI30BAHUX  TETEPOLUKIIYHUX CHOJAYK. 3a3HayeHl CHIPONOXI1IHI
OTPUMYBAJIM KOHJICHCAIIEI0 €HAMIHOHITPUIIIB, a0 KapOOKcaMifiB, SKi MAalOTh B
CBOIM CTPYKTypi TIOQPEHOBUHN IHKII, 3 IUKIIYHUMHU KETOHAMH TIPHU JTY)KHOMY a0o
KUCIIOTHOMY KaTaJi3i.

byno BcraHOBieHO, IO TEperpymnyBaHHs CHipomoxigHoro 5,6,7,8-
terpariapo-1H-cmipo[6enzorieno[2,3-d]mipumiaun-2,1'-ukinorekcan]-4(3H)-ony
i €0 HAUIMINKY peareHTy Biibcmaiiepa-Xaaka INpW HarpiBaHHI BIIPOJOBXK
JBOX TOJIWH TPUBOAWTH 10 yTBOpeHHs 1-(mukiorekc-1-en-1-11)-5,6,7,8-
Terparigpoden3o[4,5]rieno[2,3-d|mipumiaun-4(1H)-ony. Toit cammii TPOTYKT
MO>KHa OTPHUMATH 1 32 KIMHATHOI TEMIEPATYPH, aje MpHu 30UIbIIEHH] Yacy peaKiii
10 4 ni6. Jlns po3mMpeHHs: KUIbKOCTI MPUKIIAAIB PELUKII3ALIT Ta MIATBEPIKEHHS
HampsIMKy Tiepeliry 1€l peakuii B aHaJOTIYHUX YMOBax Oyno OCHIIKEHO
NOBEIIHKY OeH30TieHo[2,3-D]mipumignay 3 OUTBII CKIIATHOIO CTPYKTYpOIO, B
pe3yabTaTi 4Ooro CHUHTE30BaHO OYiKyBaHMM l-1mkiorekc-l-en-1-i1-8,8-gumern-
8,9-murigpomipumino[4',5":4,5]rieno| 2,3-b]xinonin-4,10(1H,7H)-mion.

Ha Bigminy Bix mneperpymnyBaHHsS MopenbHUX 1,3-0eH30(HadTO)T10KCHH-
4(1)-oHiB, pO3IJSHYTUX B JAPYroMy pO3JALIL IMi€l auceprarii, CHipONoXiaHi
oenzorieno[2,3-d(b)|mipuminuaun  MalTh B CBOIM  CTPYKTYpi TI'eMiHAJIbHO
pO3TaIIOBaHI aTOMHM HITPOI€HY, II0 KPUTHYHUM YHMHOM BIUIMBA€E Ha Mepeoir
eNeKTpodIILHOrO MeperpynyBaHHs. B 1maHoMy Bumajaky, Ha nepiiii crafgii
B3a€MOJIIi CIIPOMOXiTHUX 3 XJIOPIMIHIEBOIO CULIIO YTBOPIOETHCS IMITOLIXIIOPHI,
0 B TMOPIBHAHHI 3 OKCOHIEBUMH 10HamMH, BimOyBaeThcs mBuamie. llomambiie
PO3KPUTTS IMIIOUIXJIOPUY TAKOXK € OUTBII MIBUIKHUM, 32 PaXyHOK OLTBII CHIIBHOTO
JIOHOpPA EJIEKTPOHIB, a caMe aTOMa HITPOTEHY.

He3Bakaroum Ha BEIWKY KUIBKICTH POOIT, MPUCBAYEHUX XIMIYHUM
BJIACTUBOCTSIM  TIEHOIIPUMIJMHIB,  30BCIM  BIJACYTHSA  1H(OpMAIlss  Mpo
neperpynyBaHus criponoxigaux tieno[2,3-d]mipumiaunis mig giero POCl;. Byso

BUsiBIeHO, 1o mig giero  Hammwmmky POCl; nwa 5,6,7,8-Terparigpo-1H-



cripo[6en3otieno|2,3-d[mipumiann-2,1'-nuknorekcan|-4(3H)-on B110YBa€ETHCS
nepedyoBa kKapOOHOBOIO OCTOBY 3 YTBOPEHHsIM Bxe Bimomoro 1,2,3,4,7,8,9,10-
okTariapol 1]6en3orieno|2,3-b]xinonin-11-aminy. Takum YUHOM, JTlaHe
eNeKTpo(dUTbHE TIeperpyImyBaHHs BIAKPUBAE HOBHM Ta OUTBIN MIBHIKUN MUISIX 10
CHUHTE3Y II€1 CIIOTYKH.

OCKIUTbKY TIOX1JIHI TIEHOMIPUMITUHIB IUPOKO BiIOMI CBOEIO O10JOTTIHOIO
AKTUBHICTIO, OCOOJMBO MPOTUITYXJHWHHOIO, @ TAaKOX Y 3B’SI3Ky 3 MOIIMPEHHIM
OHKOJIOTTYHHUX XBOPOO y CBIiTi, Oy0 3p00JIE€HO MPOrHO3YBAHHS MPOTUITYXJIMHHOT
aKTUBHOCTI OTpUMaHuX criponoxiguux TieHo[2,3-d(b)|mipumiguHiB  Ta iX
IPOAYKTIB MeperpymnyBaHHsl.

CuHTe30BaHi Cronyku Oynu oOpaHi 1Jis BUBUCHHS JEKUIBKOX MEXaHI3MIB
1HriOyBaHHs Ha 0a3l BX€ ICHYIOUMX MEpPEeBIPEHUX JITaHAIB, SKI YCIIIIHO
3aCTOCOBYIOTHCSI B SIKOCT1 POTUPAKOBUX JIIKAPChKUX 3ac001B. Cepesl JOCIIIKEHUX
TieHo[2,3-b|mipumiguniB y sixocti iHTiIOITOpiB mMporein kinazu CK2 7',8'9',10'-
tetpariapo-1'H-cmipo[uukiorekcan-1,2'-mipumino[4',5":4,5]rieno[ 2,3-b]xinomiH]-
4'(3'H)-on moka3aB HaWMEHINY BiUIbHY CHEPril0 3B’S3yBaHHS 3a HAsBHOCTI
BOJHEBOI'O 3B’SI3KY 3 aMIHOKHCIOTHHUM 3aimuiikoM Val66. Takoxk 11 cromyka
moKasaja Kpallli pe3yJIbTaTH SK MOTeHLiiHui iuriditop B-Raf nporeinkinasu.

Haxanb, mnpoayktu mneperpymnyBanHs Oen3orieno[2,3-d(b)]mipuminuHis
4acTO HE YTBOPIOIOTh BOJHEBUX 3B’SA3KIB 13 3aJIMIIKAMU aMIHOKHCJIOT
npoTeiHKiHa3. BincyTHICTh 3a3Ha4€HOr0 3B A3yBaHHs HE JO3BOJISIE PO3IIIAIATH iX B
SAKOCTI MEPCIEKTUBHUX MIIIEHEH JIJIs MOJaIbIIOr0 CKPUHIHTY.

Kniouosi  cnosa: 1,3-6enzo(nadro)miokcun-4(1)-onn, meperpymyBaHHS,
peareHT Binecmaitepa-Xaaka, moMiHOhOpH, KCAaHTECHOBI OapBHUKH,

duryopecnentis, 6enzorieno[2,3-d(b)|mipuminuau, MOTeKyISpHHUA JTOKIHT.



ABSTRACT

Kovtun A.V. Rearrangements of spiro derivatives as a method of synthesis of
new luminofors. — Qualifying scientific work, the manuscript.

Thesis for a PhD degree in specialty 102 Chemistry (10 Natural sciences). —
State Higher Education Institution “Ukrainian State University of Chemical
Technology”, Dnipro, 2021.

The dissertation is devoted to the synthesis and research of photophysical
properties of previously unknown phosphors, which contain a xanthene fragment
in their structure. The relevance of this area of research meets the requirements of
modern organic chemistry to study and establish the relationship between the
structure and properties of organic molecules. The study of the properties of this
type of dyes is devoted to a large number of works by scientists from around the
world since the twentieth century, but despite progress in this direction, the
demand for new spectral properties is not extinguished. Not the least role in this is
played by the development of modern technologies in various fields of science,
especially in chemistry, biology and medicine.

It was found that a promising method for the synthesis of xanthene
derivatives is the rearrangement of six-membered heterocyclic compounds with a
heminal arrangement of oxygen atoms under the action of a formulating agent
discovered at the department of F and TOS of USUCT. New model spiro
derivatives were synthesized by condensation of 2-hydroxy-1-naphthoic or
salicylic acid chlorides with the corresponding cyclic ketones for 5 hours at
elevated temperature. Due to the electrophilic rearrangement of 1,3-
benzo(naphtho)dioxin-4(1)-ones under the action of Vilsmeier-Haack reagent
(POCI;, DMF or PBr;, DMF) in one stage halogen-derived xanthenes with two
reaction centers — active to substitution, dimethylamino as well as a mobile

halogen atom, which is also substituted.



The presence of several reaction centers makes the synthesized compounds
promising building blocks for further chemical transformations. The limiting stage
of recycling is the disclosure of the oxonium ion formed at the beginning of the
interaction of model dioxins with the iminium salt, which occurs due to the
anomeric effect of the oxygen atom of the geminal diheteroatomic system. The
electron lone pair of this atom attacks the loosening c*-orbital of the C-O" bond,
which in turn leads to the rupture of this bond. The target products are isolated
with moderate yields in the form of organic perchlorates, which are subjected to
hydrolysis under conditions of acid catalysis to obtain formyl-derived xanthenes.

Further study of the reactivity of the formed halogenated xanthenes shows
that they enter into the Knovenagel condensation reaction during the main catalysis
with active CH-acids to obtain xanthene dyes with different photophysical
properties, depending on the type of end groups that are part of the chromophore
system. In the interaction of the synthesized perchlorates with cyanoacetic ester,
phenylethylidene malononitrile and Meldrum acid, the dimethylamino group is
replaced with the preservation of reactive halogen, and in the interaction with
malononitrile and the malononitrile dimer — dimethylamino group is replaced
without halogen preservation. The reasons for the difference in the reactivity of the
starting perchlorates in the interaction with malononitrile and cyanoacetic ester
were established. Since the first and common stage in both cases is the
condensation of Knovenagel, intermediate intermediates with the preservation of
the chlorine atom were isolated and the interaction with dimethylamine was carried
out separately for each. When bubbling dimethylamine gas through solutions of
intermediates, the chlorine atom was replaced by a dimethylamine moiety, but the
reaction for the compound with the dicyanomethylene moiety was easier. Also,
according to the data of cyclic volt-amperometry for intermediate intermediates
based on malononitrile and cyanoacetic ester, the values of HOMO (-5.68 eV and -
5.64 eV, respectively) and LUMO (-4.10 eV and -3.88 eV) were calculated. The
difference in the reactivity of these compounds in relation to dimethylamine is the

difference in their energies LUMO — lower energy LUMO compounds with



dicyanomethylene group explains the easier course of the reaction with
dimethylamine.

The synthesized dyes have absorption maxima in the range of 474-601 nm
and radiation in the range of 518-668 nm. The largest bathochromic shift of
luminescence maxima is observed for xanthene dyes with a fragment of Fisher
indole and malononitrile. The presence of dimethylamino in dyes based on
malononitrile leads to a bathochromic shift of fluorescence maxima by 57, in
contrast to a similar dye with a chlorine atom. Due to the m-donority of the
dimethylamine fragment in dyes based on cyanoacetic ester, a batochromic shift of
72 nm occurs. The highest quantum yields of fluorescence of 2.1-7.2% were found
for dyes with a dicyanomethylene moiety. Compounds in which one of the end
groups is Fisher's indole are characterized by high solubility in water. As a result
of studying the optical properties of synthesized xanthene dyes, it was found that
by replacing the end groups with donor and acceptor properties it is possible to
purposefully change the photophysical properties, and varying the size of the
aliphatic cycle allows selective synthesis of dyes.

The reactivity of the rearrangement products of 1,3-benzodioxin-4-ones
under the action of Vilsmeyer-Haack reagent to N-nucleophiles was investigated. It
Is established that the interaction of organic perchlorates with an equivalent
amount or twice the excess of aromatic amines, a mixture of products of mono-
and disubstitution of end groups is formed. The increase in the excess of aromatic
amines leads to the formation of exclusively substitution products of both end
groups in the original perchlorates.

In the last section of this work, the rearrangement of spiro derivatives of
benzothieno[2,3-d(b)]pyrimidines under the action of electrophilic agents was
investigated, which due to their bicyclic structure can serve as interesting objects
of organic synthesis for the obtain of a wide range of functionalized heterocyclic
compounds. These spiro derivatives were obtained by condensation of
enaminonitriles, or carboxamides, which have in their structure a thiophene ring,

with cyclic ketones in alkaline or acid catalysis.



It was found that the rearrangement of the spiro derivative of 5,6,7,8-
tetrahydro-1H-spiro[benzothieno[2,3-d]pyrimidine-2,1'-cyclohexane]-4(3H)-one
under the action of excess Vilsmeyer reagent-Haack when heated for two hours
leads to the formation of 1-(cyclohex-1-en-1-yl)-5,6,7,8-
tetrahydrobenzo[4,5]thieno [2,3-d] pyrimidine-4(1H)-on. The same product can be
obtained at room temperature, but with increasing reaction time to 4 days. To
expand the number of examples of recycling and confirm the direction of this
reaction under similar conditions, the behavior of benzothieno[2,3-b]pyrimidine
with a more complex structure was studied, resulting in the synthesis of the
expected 1-cyclohex-1-en-1-yl-8, 8-dimethyl-8,9-dihydropyrimido [4',5":4,5]thieno
[2,3-b]quinoline-4,10(1H, 7H)-dione.

In contrast to the rearrangement of model 1,3-benzo (naphtho)dioxin-4(1)-
ones discussed in the second section of this dissertation, spiro derivatives of
benzothieno[2,3-d(b)]pyrimidines have in their structure geminally arranged
nitrogen atoms , which critically affects the course of electrophilic rearrangement.
In this case, in the first stage of the interaction of spiro derivatives with
chloriminium salt, imidoyl chloride is formed, which is faster than oxonium ions.
Further disclosure of imidoyl chloride is also faster, due to a stronger electron
donor, namely the nitrogen atom.

Despite the large number of studies on the chemical properties of
thienopyrimidines, there is no information about the rearrangement of spiro
derivatives of thieno[2,3-d]pyrimidines under the action of POCI;. It was found
that under the action of excess POCIl; on 5,6,7,8-tetrahydro-1H-
spiro[benzothieno[2,3-d]pyrimidine-2,1'-cyclohexane]-4(3H)-one IS a
rearrangement of carbon skeleton with the formation of the already known
1,2,3,4,7,8,9,10-octahydro[1]benzothieno[2,3-b]quinolin-11-amine.  Thus, this
electrophilic rearrangement opens a new and faster way to the synthesis of this
compound.

Because thienopyrimidine derivatives are widely known for their biological

activity, especially antitumor activity, and for the spread of cancer worldwide, the



antitumor activity of the derived spiro derivatives of thieno[2,3-d(b)]pyrimidines
and their rearrangement products has been predicted.

The synthesized compounds were selected to study several inhibition
mechanisms based on existing proven ligands that have been successfully used as
anticancer drugs. Among the studied thieno[2,3-b]pyrimidines as inhibitors of the
protein Kinase CK2 7',8',9',10'-tetrahydro-1'H-spiro[cyclohexane-1,2'-
pyrimido[4',5":4,5]thieno[2,3-b]quinoline]-4'(3'H)-one showed the lowest free
binding energy in the presence of a hydrogen bond with the amino acid residue
Val66. This compound also showed better results as a potential inhibitor of B-Raf
protein Kinase.

Unfortunately, the benzothieno[2,3-d(b)]pyrimidine rearrangement products
often do not form hydrogen bonds with the amino acid residues of protein kinases.
The lack of such binding does not allow them to be considered as promising targets
for further screening.

Key words: 1,3-benzo(naphtho)dioxin-4(1)-ones, rearrangement, Vilsmeier-
Haack reagent, luminophores, xanthene dyes, fluorescence, benzothieno[2,3-

d(b)]pyrimidines, molecular docking.
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