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AHOTANIA

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 3aKkia] «YKpaiHCBKHM Jep)KaBHUMN
XIMIKO-TEXHOJIOTTYHHM yHIBepcuTeT», JHimpo, 2021.

HucepTtalis npuUCBSYEHA CHHTE3Yy 1 JOCIDKCHHIO  (HOTODIZUUHUX
BJIACTUBOCTEM paHillle HEBIIOMUX JTIOMIHOPOPIB, K1 MICTATh B CBOiM CTPYKTYpi
KCAaHTEHOBUWM  (parMeHT. AKTyaJbHICTb JIaHOTO HANpPSIMKY JOCHIKEHHS
BIJINOB1/Ia€ BUMO31 CY4YaCHOi OpPraHivyHOi XiMii MO BHUBYEHHIO 1 BCTAHOBJICHHIO
3QJIEKHOCTI MK CTPYKTYPOIO 1 BJIACTUBOCTSMM OpPTraHIYHUX MOJEKyJ. BuBueHHIO
BJIACTUBOCTEH IbOrO THUNY OApBHUKIB MPHUCBSYEHA BEIHMKA KUIBKICTH POOIT
HAyKOBI[IB 3 PI3HUX CBITOBHX KpaiH, moymHarouu me 3 XX CTOMNITTSA, aje 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 Tally3sX HayKH, HacaMIlepe/l B XiMii, 010J10T11 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
OKcuIeHy mia aiero ¢opminoroyoro areHTy. HoBi mMonenbH1 criponoxigHi 0yio
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-
oen3o(nadro)aiokcun-4(1)-oniB mix giero pearenty Binbcmaiiepa-Xaaka (POClIs,
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

HiIIa€ThC  3aMilieHHI0. HasBHICTh JEKUIBKOX peakI[iiHUX IIEHTPIB POOUTH



3
CHUHTE30BaHI CIIOJIYKH TEPCINEeKTUBHUMH OUIIIHr-0J0KaMHu JUIsl  TOJAIbIINX
XIMIYHUX TepeTBOpeHb. JIIMITYIOUOIO CTali€l0 pEeHuKIizamii € PO3KPUTT
OKCOHIEBOT'O 10HY, YTBOPEHOI'O Ha IMOYATKy B3a€MO/Ili MOJIETbHUX J10KCHHIB 3
IMIHIEBOIO CULTIO, SIK€ BIMOYBA€ThCA 3a PAXyHOK aHOMEPHOTO e(eKTy aroma
OKCUTEHY TeMIHAJIbHOI JUTeTepoaTOMHOI cucTeMu. Hemopinena enekTpoHHa mapa
IIOTO aTOMa aTaKye PO3MYIIyIody G*-opOitanp 3B’s3ky C-O, MO B CBOIO Uepry
PUBOJIUTH J0 PO3PUBY IHOTO 3B’513KY. [{171bOB1 MPOMAYKTH BUILIIEHO 3 TOMIPHUMHU
BUXOJaMH Yy BUIUISII OpraHIYHUX TMEpXJIopaTiB, SKI MIIJAIOTBCA TiAPOTI3y B
yMOBaX KUCJIOTHOT'O KaTajai3y 3 OTpUMaHHAM (DOPMUIIIOXITHUX KCAHTCHIB.
[Tonanpie JTOCIT1JIPKEHHS peakiiitHoi 31aTHOCTI YTBOPEHUX
raJOreHIoX1JHUX KCAaHTEHIB MOKa3ye, 10 BOHU BCTYIAIOTh B peaKiiii KOHIeHcaIlli
KuboBeHarenss mpu OCHOBHOMY KaTtamizi 3 aktuBHuMH CH-xucnoramm 3
OTPUMAHHSAM KCAaHTEHOBUX OAPBHMKIB 3 Pi3HUMHU (POTO(DI3UYHUMHU BIACTUBOCTSIIMH,
B 3QJEKHOCTI BiJ TUIy KIHIIEBUX TPYI, SIKI BXOJATh N0 CKIaAy XpoMO(pOpHOi
cuctemu. [Ipu B3aemojii CHHTE30BaHUX IMEPXJIOPATIB 3 I[IaHOOLTOBUM €CTEPOM,
dbeHUIeTHIIeH MaJIOHOHITPUIIOM Ta KHUCJIOTO Menbapyma BigOyBaeTbCs
3aMIIICHHS JTUMETUIAMIHOTPYIH 31 30€pPEKEHHIM PEaKIiifHO3/IaTHOTO TaJloTeHy, a
Ipy B3a€EMOAIi 3 MAJIOHOHITPUJIOM 1 JUMEPOM MAJIOHOHITPUIY — 3aMilICHHS
TUMETHIIaAMIHOTPYIH 0e3 30epekeHHs TalloreHy. byio BCTAHOBIECHO NPUYUHU
BIJIMIHHOCTI Yy peakIiiiHIA 3JaTHOCTI BHUXIJIHMX MEpXJIOpaTiB IMpH B3aeEMOMIl 3
MaJIOHOHITPWIOM Ta I[IaHOONTOBUM ecTepoM. OCKIIBKM TEPIIOK 1 CHIUIBHOIO
cTajiero B 000X BUIAJIKaX € KoHAeHcallsi KnboBeHarens, 0yja0 BUALIIEHO TPOMIKHI
iHTEepMemiaTh 31 30€peKEHHSIM aToMa XJIOPY 1 JUIsl KOXKHOTO OKPEMO TPOBEIEHO
B3aeMOJIiI0 3 AuMeTwiamiHoM. [Ipu GapOoTyBaHHI ra30moAiOHOr0 JUMETHIAMIHY
yepe3 pO3YMHM MPOMDKHUX CIHONYK BiIOyBajiocs 3aMIIIEHHs aToMa XJOpy Ha
JTUMETUIIAMIHOBUH ()parMeHT, ajie PEaKilis I CIOJYKH 3 JUIIaHOMETHJICHOBUM
dbparmenToM BinOyBanacs Jiermie. Takoxk, 3TiJHO JaHUX [HUKIIYHOI BOJBT-
amriepoMeTpli 11 MPOMDKHHMX 1HTEPMEIlaTiB Ha OCHOBI MAaJOHOHITPUIY Ta
I[1aHOOIITOBOTO ecTepy OyIio po3paxoBaHo 3HaueHHs eHepriii B3MO (-5.68 eB Ta -

5.64 ¢B, BignosigHo) 1 HBMO (-4.10 eB Tta -3.88 ¢B). BinMi"HIcTh peakiiitHOT
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31aTHOCT1 IIUX CHOJIYK IO BIJHOIIEHHIO JI0 JUMETUJIaMIHY TOJArae B Pi3HMIN iX
eneprii HBMO — nmxua enepris HBMO cnonyku 3 JMIIaHOMETHUIIEHOBOIO
IPYNOO MOSICHIOE OUIBII JErKUH Nepedir peakiii 3 TMMETUIaMiHOM.

CunTe30BaH1 OapBHUKM MAalOTh MAKCUMYMHU MOTJIMHAHHS B JAiana3oHi 474—
601 uM, a BunmpomiHioBaHHiA 518—668 uM. HaiiGinpmuii 6aToxpomHHIl 3CYB
MaKCHUMYMIB JIFOMIHECIEHIII CITOCTEPIra€ThCsa JUIsl KCAaHTEHOBUX OapBHUKIB 3
¢dbparmentom iHgony Dimepa Ta MaJOHOHITpWITY. HasBHICTh TUMETHIAMIHOTPYIIH
B OapBHHMKaX Ha OCHOBI MAaJOHOHITPWIY HPHUBOJIUTH A0 OATOXPOMHOI'O 3CYBY
MakCcUMyMiB (iyopecleHIlii Ha 57, Ha BIAMIHY BiJ aHAJIOTIYHOrO OapBHUKA 3
aTOMOM XJIOpY. 3a paxyHOK 7-JOHOPHOCTI JUMETUIaMIHOBOrO (parMeHra B
OapBHHMKAX Ha OCHOBI L1aHOOLTOBOT'O €CTEpY Bi1IOYBAEThCA OATOXPOMHHUIA 3CYB Ha
72 um. HaitOuibmi kBaHTOB1 Buxoau ¢uyopecueHuii 2.1-7.2% BCTaHOBIIEHO IS
OapBHUKIB 3 AMIIAHOMETWJIEHOBUM (parMeHToM. CIHONyKH, B SIKHUX OJHIEI0 3
KIHIIEBUX Tpyn Buctymae iHmon Dimepa, XapaKTepU3yIOThCS BHCOKOIO
PO3YHMHHICTIO y Boai. B pesymbTaTi MOCHIIKEHHS ONTUYHUX BIIACTUBOCTEU
CUHTE30BAaHUX KCAHTEHOBHX OapBHUKIB OyJI0 BCTAHOBJIIEHO, 1110 3aMIHOIO KIHIIEBUX
rpyl 3 JOHOPHUMH Ta aKIENTOPHUMHU BJIACTUBOCTSIMH MOXKHA IIUIECIIPSIMOBAHO
3MiHIOBaTH (OTO(DI3UYHI BIACTUBOCTI, a BapilOBaHHSI PO3MIpy aliaTHIHOTO
UKy J03BOJSiE BHUOIPKOBO CHHTE3YBAaTH OapBHUKM 3 MOXJIMBICTIO iX
BUKOpPUCTaHH abo B sKOCTI opraHiyHux ¢uayopodopiB, abo B SKOCTI
CBITIO(UIBTPIB.

byno pocnipkeHo peakiiiiHy 3/1aTHICTh MPOAYKTIB meperpynyBaHHa 1,3-
0eH30/110KCUH-4-0HIB TiJ Ji€l0 peareHTy BinbcMaiiepa-Xaaka Mo 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 HAUIUIIKY apOMAaTUYHUX aMiHIB MPUBOJAUTH A0 YTBOPEHHS BUKIIOYHO
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
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areHTiB, SIK1 3aBJSKU CBOIM OILMKIIYHIA CTPYKTYpl MOXYTh CIYTyBaTH LIKaBUMH
00’€KTaMH  OpPraHi4YHOrO CHHTE3y Ui  OTPUMaHHSA  IIMPOKOTO POy
(YyHKIIOHAMI30BAHUX  TETEPOLUKIIYHUX CHOJAYK. 3a3HayeHl CHIPONOXI1IHI
OTPUMYBAIM KOHJIECHCAITIEI0 €HAMIHOHITPUIIIB, a00 KapOOKcaMifiB, SIKIi MAarOTh 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 HAJUIMINKY peareHTy Biibcmaiiepa-Xaaka INpu HarpiBaHHI BIIPOJIOBXK
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 OTPHMMATH 1 32 KIMHATHOI TEMIEPATYpPH, aje Mpu 30UIbIIEHH] Yacy peakii
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]mipuminnHy 3 OUTBII CKIIAHOIO CTPYKTYPOIO, B
pe3yabTaTi 4Ooro CHUHTE30BaHO OdYiKyBaHWM l-1ukiorekc-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 pO3AUI Ii€i auceprarii, CHipONOXiaHi
oenzorieno[2,3-d(b)|mipuminuau  MaoTh B CBOIM  CTPYKTYpi TIeMiHaJIbHO
pO3TaIIOBaHI aTOMHM HITPOI€HY, II0 KPUTHYHUM YHMHOM BIUIMBA€E Ha Mepeoir
eNeKTpodIILHOrO MeperpynyBaHHs. B 1maHoMy Bumajaky, Ha nepiiii crafgii
B3a€MOJIIi CHIPOMOXIAHUX 3 XJIOPIMIHIEBOIO CLIIO YTBOPIOETHCS IMITOLTXIIOPHUTI,
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 BEIWMKY KUIBKICTh POOIT, MPUCBAYCHUX 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-
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cripo[6en3orieno|2,3-d[mipumiann-2,1'-nuknorekcan|-4(3H)-ou B110YyBa€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 TIeperpymyBaHHs BIAKPUBAE€ HOBHM Ta OUIBII MIBUAKWAN ILISAX 10
CHUHTE3Y II€1 CIIOTYKH.

OCKIUTbKY TIOX1JIHI TIEHOMIPUMITUHIB IMHUPOKO BiIOMi CBOEI 010J0TTIHOIO
AKTUBHICTIO, OCOOJMBO MPOTUITYXJHWHHOIO, @ TAaKOX Y 3B’SI3Ky 3 MOIIMPEHHIM
OHKOJIOTTYHHUX XBOPOO y CBIiTi, Oy0 3p00JIE€HO MPOrHO3YBAHHS MPOTUITYXJIMHHOT
aKTUBHOCTI OTpUMaHuX cripornoxiguux TieHo[2,3-d(b)|mipumiguniB  Ta iX
IPOAYKTIB MeperpymnyBaHHsl.

CuHTe30BaHi Cronyku Oynu oOpaHi 1Jis BUBUCHHS JEKUIBKOX MEXaHI3MIB
1HriOyBaHHs Ha 0a3l BX€ ICHYIOUMX MEpPEeBIPEHUX JITaHAIB, SKI YCIIIIHO
3aCTOCOBYIOTHCSI B SIKOCT1 MPOTUPAKOBUX JIIKAPCHKUX 3ac001B. Cepesl JOCIIIKEHUX
TieHo[2,3-b|mipumiguniB y sikocti 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)]mipuminunis
4acTO HE YTBOPIOIOTh BOJHEBUX 3B’SA3KIB 13 3aJIMIIKAMU aMIHOKHCJIOT
npoTeiHKiHa3. BiicyTHICTh 3a3HaY€HOr0 3B’ I3yBaHHs HE 103BOJISIE€ PO3TIISAIATH iX B
SAKOCTI MEPCIEKTUBHUX MIIIEHEH JIJIs MOJaIbIIOr0 CKPUHIHTY.

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

duryopecnentis, 6enzorieno[2,3-d(b) Jmipuminuau, 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.
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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
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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.
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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
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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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BCTVII

AKTyaJdbHICTh  po00TH: JIOCTI/DKEHHIO  BJIACTMBOCTEH  KIIACHYHUX
TOMIHO(DOPIB, MO MICTATh KCAHTCHOBHH (parMeHT, Takux SK (QIIyopeciei,
pomaMiau abo iX TOXIJHI TPUCBAYEHO BEIUKY KUIBKICTh POOIT 3aBISKH 1X
BJIACTUBOCTSIM: JIIOMIHECIEHIlli, PO3Mi3HABAHHIO KATIOHIB METaJiB 1 MOJIEKYI,
NEPETBOPEHHIO COHSYHOI eHeprii abo onTuuHOMY 30epiranHio iHdopmarii. Ha
JJAHWWA 4Yac aKTUBHO BEACThCSA TMONIYK OPTaHIYHUX JIFIOMIHO(QOPIB 3 TaKomo
CHEKTPATbHOIO XapaKTEPUCTUKOIO SIK aHOMaJIbHO BenuKUil CTOKCIB 3CYyB, SIKUU
noBuHeH crtaHoBUTH Outbiie 100 mm. Biakpute na kadenpi @ ta TOP min
KepiBHULTBOM Npo. Mapkosa B.I. HOBe neperpynyBaHHsl FeMIHaJbHUX MMOX1IHUX
1,3-6eH30KCa3MHIB MPUBOANTH 10 YTBOPEHHS (POPMUIMOXIIHUX KCAHTEHIB, SKi
HPOSIBISIIOTE (IIYOPECUEHINI0 Y COUPTOBUX po3unHax 31 CTOKCOBUM 3CYBOM Yy
mexax 111-137 w\wm, 3patHicTe 10 (uyopectieHiii Takox 30epiraerbcst y ix
noxigHuX. OCKUIbKM J€TalbHE BUBUEHHS ONTUYHHX BIACTUBOCTEH KCAHTEHOBUX
OapBHUKIB MOXK€ OYyTH BaroMuM BHECKOM Y PO3BUTOK Ta 30UIbIIECHHS apceHay
XIMIYHUX 3HaHb, JaHUW HaNpPsSAMOK JIOCHI/DKCHHS € OOIpYHTOBaHUM Ta
NEPCIEKTUBHUM JIJISl Cy4aCHOI OPraHIvHOI XiMIi.

3B's130k  po00TM 3 HAYKOBHUMHM NpPOrpaMaMu, ILUIaHAMH, TeMaMU:
JloCHiPKeHHST MPOBOAWINCH Y BIAMOBITHOCTI 3 HAYKOBO-JOCIITHOIO TEMAaTHKOIO
kagenpu Qapmarnii Tta TexHosorii opraniuHux pedoBuH JIBH3 «YkpaiHchkuit
JepKaBHUHN XIMIKO-TE€XHOJIOTTYHUHN YHIBEPCUTET» B MEXKaxX JEP>KOIOIKETHOT TeMU
«Metogu  cWHTE3y Ta  TPOrHO3yBaHHS  (apMaKOJOTIYHOI  AKTHUBHOCTI
HITpOreHBMICHUX reTeponukitiB» Ne nepxk. peectparii 0120U101352.

Mera i 3aBnanus gociigxentsi: OCHOBHOIO METOIO POOOTH € JTOCITIIKEHHS
boTO}I3MIHMX BIACTUBOCTEH HOBUX KCAHTEHOBHUX OapBHHMKIB Ha OCHOBI 9-
XJI0po(OpOMO) TiIPOBAHMX IMOXIJHUX KCAHTEHIB, 5Kl YTBOPWIHCH y PE3yibTaTi
neperpynyBanns croiponoxigaux 1,3-0enso(radro)miokcun-4(1)-oHiB B ymMoBax

peakiii BinbcMmaiiepa-Xaaka. A TakoXX BHBUCHHS B3a€MOJIl CIIPOMOXIIHHUX
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oen3otieno[2,3-d(b)|mipuminuHiB 3 enekTpodiIBHUMU areHTaMud Ta MPOTHO3 iX
010JI0r1YHOT AKTUBHOCTI.

JIOCSITHEHHS. OCHOBHOI METH BKJTFOUAJIO BUPIIICHHS HACTYITHUX 3aB/IaHb!

- cuHTe3yBaTH HOBi cmiporoxigHi 1,3-0en3o(radro)miokcnn-4(1)-oau Ta
JOCTIUTH 1X TIeperpymyBaHHS T Ji€l0 peareHra Bimbcmaiiepa-Xaaka 3
OTPUMaHHAM N-[(9-xmopo-2,3-nurigpo-1H-kcanren-4-ix)mernneH|-N-
METHWJIMETaHAMIHIYM MEPXJIOpaTiB;

- po3pobutu Metoa cunte3y HoBux N-[(9-Opomo-2,3-maurigpo-1H-kcanren-
4-um)metwiieH]-N-MeTUIIMETaHAMIHIYM — TIEpXJIOpaTiB  NEepPerpynyBaHHSIM,  SKE
iHiioBane MoaudikoBaHUM peareHToM Binbcmaiiepa-Xaaka (PBrs/DMF);

- orpumatn Ha ocHOBi N-[(9-xmopo(6pomo)-2,3-aurigpo-1H-kcanren-4-
u1)merusieH |-N-MeTuiameTaHaMiHIyM MEpXJIOpaTiB HOBI OapBHUKH KCAHTEHOBOI'O
THUITY 1 TOCIIIATH iX (OTO(]PI3NYHI BIACTUBOCTI;

- BCTAHOBUTH HampsiMKu KoHJeHcanii KapoBeHarens cuutesoBanmx N-[(9-
xs10po(6pomo)-2,3-nurinpo-1H-kcanten-4-in)merusneH|-N-mMeTuameranaminiym
nepxjopartiB 3 akTuBHUMH CH-KHcioTamMu Ta apOMaTUYHUMH aMiHAMU;

- CHHTE3yBaTH cripomnoxifaHi 6exsorieno[2,3-d(b)]mipuminuHy i BUBYHTH iX
B3a€EMOJIIIO 3 €IEKTPOPIILHUMH areHTaMu;

- cnporuo3yBaru In SiliCO mpoTUNyXJIMHHY aKTUBHICTH O€H30TieHO[2,3-
d(b)]mipuminuHiB Ta MPOAYKTIB iX MEeperpynyBaHHs.

O6’ekm  oocnioncenns.  1,3-6enzo(nadro)miokcun-4(1)-onn,  N-[(9-
x5opo(6pomo)-2,3-auriapo-1H-kcanten-4-in)mermiex|-N-meTunmeraHamiHiym
nepxJiopartu, criponoxiai 6ensorieno[2,3-d(b) Jmipuminuny.

Ilpeomem  Oocniddcenns:  enekTpodinbHi  meperpynyBaHHs — 1,3-
oenzo(nadro)aiokcun-4(1)-oHiB Ta CHIPOTOX1THUX oen3orieHo[2,3-
d(b)]mipuminuHiB, XiMidHI Ta ONTHYHI BJACTUBOCTI OTPUMAHHUX CITOJYK.

Memoou Oocniodcenns: XIMIYHUNA CHHTE3, TOHKOIIApOBAa Ta KOJOHKOBA
xpomatorpadis, PX-MC, ciekTpockomnisi siIepHOr0 MarHiTHOro pe3oHancy (IMP)

1 13 . :
Ha snpax H ta ~C, duyopecueHTHa ceKTpoPOTOMETpisi, Mac-CIIEKTPOMETis,
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PEHTICHOCTPYKTYpHUH 1  CIEMCHTHMM  aHalli3, a TaKOoX  BipTyaJIbHHH
MOJIEKYJISIPHUH JOKIHT.

HaykoBa HOBH3HA OTPMMAaHUX pe3yJbTaTiB. B nuceprariii Bnepiie:

- TPOBEIEHO TEperpymmyBaHHs criponoxigaux 1,3-HadTomiokcuH-1-oHIB B
ymMoBax peakiii Bimbcmaiiepa-Xaaka 3~ OTpUMaHHSM  HOBUX  XJIOPO-
rigpoben3okcanTeH-N-MeTuiIMeTaHaMiHIyM MTepXJI0paTiB;

- pospobmeno merox cuntedy N-[(9-Opomo-2,3-aurigpo-1H-kcanren-4-
u1)MetuieH |-N-MeTrmiMeTanaMiHIyM TIepXJIopaTiB Ji€r0 MOIU(IKOBAaHOTO peareHTa
Binscmariepa-Xaaka (PBrs/DMF) na criponoxigni 1,3-0en3o(aadro)miokcun-4(1)-
OHU;

- CHHTE30BaHO HOBI OapBHUKH KoHjeHcaliero KupoBenarems N-[(9-
x510po(6pomo)-2,3-auriapo-1H-kcanten-4-im)mermiex|-N-meTunmeranaminiym
nepxjopatiB 3 aktuBHUMH CH-kucinoramm. Knacwyni mpomykTé KOHACHcCAIil
KnanoBeHarens 31 30epeXCHHAM PEaKIiiHO3IaTHOTO aToOMa XJIOpY OTPUMAHO TPHU
B3a€EMOJIIT 3 IIaHOOITOBUM €CTEpOM, (HEHIUICTUITIICH MaJIOHOHITPUIIOM, KHCIIOTOIO
Mensapyma Ta iHgonom Dimepa. OCHOBHMMH TPOAYKTaMH PpEaKkIlii 3
MAJOHOHITPWJIOM Ta JUMEPOM MAJOHOHITPWIY € JAUMETHIaMiHO-Turinpo-1H-
KCaHTEH-4-1JI-METWJICH-MAJIOHOHITPUIIM Ta aMiHO-4-TuMeTHIaMiHo)-auriapo-1H-
KcaHTeH-4-11-0yTa-1,3-11€H-1,1,3-TpuKkapOoHITPIIM 13 3aMIlIEHHSIM aToMa XJIOPY
Ha JUMETHIAMIHOTPYITY;

- pociigxeHo (orodi3uyHl BIIACTUBOCTI HOBHX MOXITHUX OapBHUKIB
KCaHTeHOBOTO psny. CHHTe30BaHI OapBHUKM MAarOTh MAaKCUMyMH TOTJWHAHHS B
nmianmazoni 474-601 ©m, a BunpomiHioBaHHA S518-668 um. Haibinpmuii
0aTOXpOMHHUN 3CyB  MaKCHUMyMiB  (IYyOpECIEHIli  CIIOCTEpIrae€Tbest s
KCAaHTCHOBUX OapBHUKIB 3 (parMeHTOM iHmoNy Dimepa Ta MaJIOHOHITPHIY Y
SAKOCT1 KiHIeBHX Tpyr. HaiOinpin kBaHTOBI Buxoau duryopecuenii 2.1-7.2%
CIIOCTEPITaroThCs sl OApBHUKIB 3 IUI1aHOMETHICHOBUM (PparMeHTOM.

- CHUHTE30BaHO paHillle HEeBJIOMI  cHiponoxigHi  6eH30TieHo[2,3-
d(b)]mipumigrHy Ta BCTaHOBJIEHO OCOOJMBOCTI TX B3a€MOIIl 3 €ICKTPODIILHUMHU

arcHTamu;
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- 3IIHCHEHO TPOTHO3  MPOTHNYXJIMHHOI ~ aKTHBHOCTI  MOJEIBHUX
oenzotieno[2,3-d(b)|mipuminuHiB 1 MPOAYKTIB IX peruKIIi3arii.

IIpakTyHe 3HAYeHHsI OTPUMAaHUX  pe3yabTaTiB:  Po3pobieHo
npermapaTiBHI METOJWKHA CHUHTE3Yy paHillie HEeBiIOMUX OapBHHKIB KCAHTEHOBOTO
TUITy Ha OCHOBI MPOXYKTIB IeperpymyBanus 1,3-0er3o(HadTo)miokcuH-4(1)-oHis.
3aBasku CBOIM (OTO(PI3MYHMM BIIACTUBOCTSAM OTPUMaHI OapBHUKH MOXYTh
3aCTOCOBYBATHUCS B AKOCT1 JtOMiHOGOpIB Ta (iyopeciieHTHUX OapBHUKIB. [licis
OuTbIl TIHMOOKOTO JIOCHIIPKEHHS CHEKTPAJIbHUX BIACTUBOCTEH 1 OTpPUMaHHS
MO3UTUBHUX PE3YyJIbTATiB, CHHTE30BaHI OapBHUKU MOXYTh OYTH BUKOPHUCTaHI B
SIKOCTI OlOMapkepiB JjIi BHSBICHHS 3JIOAKICHUX HOBOYTBOPEHb B JKHUBHUX
OpraHizmMax, XEeMOCEHCOpIB s 1AeHTHdIKall Majaux MOJIeKyJ, Ol10CYyMICHHX
(bIyOpecleHTHUX 30H/IIB, @ MOXKJIUBO 1 B SIKOCTI OCHOBHUX PEYOBHUH JJIsI JJa3€PHUX
IIPUCTPOIB.

Pe3ynpTaT MpOTHO3YBaHHS MPOTUITYXJIMHHOI AKTUBHOCTI CHHTE30BaHUX
criponoxigaux Oenzorieno[2,3-d(b)mipuMinuHiB 103BOJISIIOTH PEKOMEHYBaTH X
JUIST TIONANBIINX JOCTIDKeHh B HANPSIMKY IONIYKY HOBHUX TpenapariB s
00pOTHOU 3 OHKOJIOTIYHUMU 3aXBOPIOBAHHIMU.

Oco0uctuii BHecOK 3100yBaya MOJisra€ B CUCTEMAaTUYHOMY aHalli3l Ta
MOIIYKY JIITEpaTypHUX JaHUX CTOCOBHO TEMH JHCEpTallli, CUHTE31 OLIBIIOCTI
BUXIJTHUX CIIOJIYK Ta I[IJIbOBUX MPOJIYKTIB, BCTAHOBJICHHI ONTUMAJILHUX YMOB JIJIsI
nepediry peakiid, igeHTU(]IKaImii CHUHTE30BAaHUX CIIOJIYK, OOrOBOpEHHI 1
y3araJlbHeHH1 OTPUMaHHMX pPEe3YJIbTaTIB 31 CHIBAaBTOpPAMM, HANMCAHHI MyOIiKamii 1
JUCEPTAITHOI pOOOTH.

ABTOp BHUCJIOBIIOE€ MIMPY BASYHICTH HAYKOBOMY KEPIBHUKY M.X.H., TIPOdQ.
MapkoBy B.I., n.x.H. ®@apaty O.K. Ta k.x.H. Bapennuenko C.A. 3a BU3HAUYECHHS
HAIpsIMKy Ta IOCTABJICHHS YITKWUX ILUICH 1 3a7a4 AUCEPTaIliiHOi poOOTH, IIHHI
nopajgy, HATXHEHHsS, TPOBEIEHHS OKPEMHUX EKCIEPUMEHTIB, a TaKOoX
(dbopMyTIOBaHHSI BUCHOBKIB Ta y3arajbHEHHS OTPUMAHUX PE3yJbTaTiB pOOOTH.

OxkpeMy TOASKY aBTOP BHCIIOBIIIOE 3aBiayBady JiabopaTopii, K.X.H. Ma3zemni

O.B. (®XI im. O.B. borarcekoro, M. Ozeca) 3a IpOBEIEHHS Mac-CIEKTPaIbHUX
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anamizie, ['osop [.B. (HTK “InctuTyT MoHOKpucTaniB”, M. XapkiB) Ta €roposiii
A.B. (®XI M. O. B. borarcekoro, M. Oxeca) 3a npoBeaeHHs (POTODIZUUHHUX
JOCIIKEHb.

Anpobanii pe3yabTaTtiB auceprauii. Pesynbsratu poOoTH mpeacTaBieHi Ha
MIKXHAPOIHUX 1 HamioHanbHUX KoHpepentisax: [ Mixuapomniit (XII Ykpaincekiit)
HAyKOBI KOH(EpEeHIlii CTYIEHTIB, acCHipaHTIB 1 MOJOIUX YYCHHX «XIMIUHI
npobsiiemu cborofeHus» (Binnuns, 19-21 Gepesnst 2019 p.); X1 Bceeykpaincbkiii
HAyKOBii KOH(epeHIlli CTyeHTIB Ta acmipaHTiB «XiMiuHi Kapa3iHCbKI YMTaHHS)
(XapkiB, 22-24 «xBitHs 2019 p.); IX MixHapoaHiii HayKOBO-TEXHIYHIN
koH(pepeHIii «Ximis Ta cydacHi TexHosorii» (Hdaimpo, 24-26 xBitHa 2019 p.);
XXV Vkpaincekiit koHpepenii 3 opraniunoi ximii (JIyuek, 16-20 Bepecus 2019
p.); HI Mixnapogniii (XIII VYkpaiHchkiii) HaykoBiil KOH(pepeHLli CTYIEHTIB,
acmipaHTiB 1 MOIOANX y4eHUX «XiMiuHI mpobsieMu cborofeHHs» (Binaums, 25-27
oepeszns 2020 p.); VII MixuapoaHiii koH(pepeHIii CTyaeHTIB, acIipaHTIB Ta
MOJIOJUX BYCHHUX 3 XiMil Ta XimMiuHOi TexHojorii (Kuis, 22-23 kBitHsa 2020 p.); IV
Mixunaposuiii (XIV YkpaiHchKiii) HayKoBid KOHGEpEHINT CTYeHTIB, acIipaHTIB 1
MOJIOMX YYeHHX «XIMIuHI TpoOsemMu choroieHHs» (Binnums, 23-25 OGepesns
2021 p.); V Bceykpaincbkiii HayKOBi KOH(EpeHIi «AKTyallbHI 3ajadi XiMii:
nocnipkeHHss Ta nepcnektuBw»  (Kurtomup, 15 kBitHa 2021 p.); XIII
Bceeykpaincbkiii HayKoOBi KOH(EpEHIli CTYIEHTIB Ta acHipaHTiB «XIMIYHI
Kapazinceki yntanus» (Xapkis, 20-21 kBitHsa 2021 p.); MixHapoaHiii HAyKOBO-
OPAKTUYHIA AWCTaHLINHIA KoH(pepeHuii, npucBsueHii 100-piyuro kadenpu
aHamitnyHoi Xximii H®aV «CyuacHi acmeKkTH CTBOpPEHHS JIIKAPCHKHUX 3ac00iB»
(XapkiB, 16 kBiTHs 2021 p.); | MixkHaponHiii HayKoBii KoHeEpeHIlli «AKTyanbH1
npobOyiemMu Ximii, Marepiago3HaBcTBa Ta ekojorii» (JIynpk, 12-14 tpaBus 2021 p.);
XXII Mixnapoaniii koHGEpeHIlii CTyIeHTIB, acCIipaHTIB Ta MOJOAMX BUYEHUX
«CyuacHi npobnemu ximii» (Kuis, 19-21 tpaBus 2021 p.).

Ily6aikanii. Pesynbratu podotu omyOJikoBaHO y 15 HayKoBHUX MpalsiX, B

TOMY YUCJ1 y 3 CTATTAX y )KypHaJIax, 0 BXOASTH A0 HAYKOMETPUYHHUX 0a3 JaHMUX,
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1 12 Te3ax pomoBiged Yy MaTepiajiax MIDKHApOJHHMX Ta BCEYKPaiHCHKUX
KOH(epeHIi .

Crpykrypa Ta o0car aucepramii. /lucepraiis ckiamaeTbcsi 13 BCTYILY,

TPHOX PO3AUTIB (BKIIOYHO 3 JITEPATYpHUM OTJISAJIOM), BHUCHOBKIB, CITUCKY

BUKOpPUCTAaHUX JKepen (127 nalimeHyBaHb), MICTHTHh 16 Tabmumb Ta 31 pUCYHOK.

3aranpHuit 00car podotu ckiagae 156 cTopiHoK.
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PO3/11 1
CHHTE3 TA CIIEKTPAJIbHI BJIACTUBOCTI BAPBHUKIB, 11{O MICTSITh
B CBOI! CTPYKTYPI KCAHTEHOBUI1 ®PATMEHT

(sriTepaTypHUM OTJISI)

AKTyaJbHOIO 3a/1au€l0 Cy4acHOi OpraHiyHoi XiMii € MOmyK edeKTUBHUX
METOIB CHHTE3y OpPraHidyHuX OapBHMKIB, Kl MalOTh MepCcreKTHBHI (HoTodi3nUHI
BiactuBocTi. Kiacudikailis opraHiyHUX OapBHUKIB Hajidye Oe€3j1id pPEeyoBUH 3
pI3HOIO XIMIYHOIO CTPYKTYpOIO, a came: HITpOOApBHUKH, HITPO300apBHUKH,
a300apBHUKHK, TIPa30JOHOBI, Tia30J0Bl, JuUdeHl1- Ta TpUDEHLIMETAHOBI,
KCAaHTEHOBI, AKPUJMHOBI, Aa3MHOBI, OKCA3WHOBI, TIA3WHOBI, AaHTPaXiHOHOBI,
iHauroinai Ta inmn OGapBHuku [1]. He3Bakarouum Ha 3HAYHUWE psifi CHHTETHYHHX
OapBHUKIB, 3aBJSKH CBOIM CIIEKTPAIHLHUM BIACTUBOCTSM ITUPOKOIO TOMYIISPHICTIO
KOPHCTYIOThCSI OAPBHUKH, 1110 MICTSATh B CBOi CTPYKTYpi KCAaHTECHOBHI (hparMeHr.

OxkpiM HasgBHOCTI TrapHuX (GOTODI3UYHUX BIACTHUBOCTEH, BaXKIUBICTDH
KCAHTCHOBUX OapBHHKIB OOYMOBJIEHA iX IIMPOKUM CHEKTPOM OIO0JOTTYHHX Ta
dapmalleBTUYHUX XapaKTEPUCTHUK, TaKUX SIK MPOTUIPUOKOBaA, MpoTHU3amnaibHa [2,
3], antubaxtepianbHa [4, 5] Ta nmporuBipycHa [6] akTHBHICTB. Bigomo, 1110 BOHH
BUKOPUCTOBYIOTHCS B (POTOAMHAMIYHIN Teparii [ /], a TakoX [K Ja3epHi OapBHUKHU
[8] Ta uyrnuBi 10 PH cepenoBuia ¢ryopeciieHTHI MaTepianu i OioBi3yasizamii
MOJIEKYJI B )KUBUX OpraHi3Max, uyepe3 X BUCOKY 3JaTHICTh 10 (uryopectieHiii [9].

Crnmparounch Ha MOTYKHUW apceHall BIACTUBOCTEU 1 MPUKIIAIHE 3HAYCHHS
KCaHTEHOBHMX OApPBHUKIB, B I[bOMY JIITEPATYPHOMY OTJISAJII IPOBEAEHO aHaTI3 JaHUX

PO METOJIM CHHTE3Y 1 CIIEKTPAJIbHI BIIACTUBOCTI MTEBHOTO PSTY KCAaHTEHIB.
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1.1. CuHTe3 Ta creKTpalibHI BIACTUBOCTI MOX1IHUX POAAMIHY

[Toximui pomaminy 11 3a3BuYail OTPUMYIOTH 3a JOMOMOTOI0 KOHJIEHCAIT
amiHoenony 9 3 ¢raneBum anrigpumaom 10 [10]. Ils peakmis HaigacTimre
POXOJUTH 13 3aCTOCYBaHHSAM KuCJIOTHOTO Kartanizy (Cxema 1.1). Buxopucranus
dTaleBHX aHTiIPHAIB, MO MicTATh 3aMmicHuK (R® B mONOXKEHHI 3), IPUBOUTH [0
OTPUMAaHHS TPOJAYKTIB Yy BHUIVISAI HEPO3AUIBHUX CyMilied 5- 1 6-3aMileHux
13oMepiB. OTxe, OTpUMaHI TakKMM YMHOM pOJAMIHM 4YacTO € JIOPOTUMH 1
NpPOJIAlOThCA Yy  BUINIAAI  130MepHMX cywmimed. Kpim Toro, monanbiia
dyHKIIOHAMI3alig poAaMmiHIiB 32 jJomoMoror  N-anuiroBaHHs, YacTo €

Hee()EKTUBHUM METO/IOM, Yepe3 HU3bKY HYKIECOPUIbHICTh POJAMIHOBUX CIIOJYK.

[0}
_N OH
e
+ 0
R3
[0}
l.1a,c 1.2a-b

1.3a-d
a—R1+R2 = (CH,)s, R3=H; b — R1+R2 = (CH,)4, R3 = CO,t-Bu; ¢ —
R1+R2 = (CH,)s, R2 = H; d — R1+R2 = (CH,)s, R2 = CO,t-Bu;
(Cxema 1.1)

[TpobGiteMy HepO3MIILHOCTI CyMilTi 130MepiB Oyiio BUpinieHo aBTopamu [11]
Ha TpUKIaal cuHTe3y 5(6)-kapOokcu-ponaminy «110» nursixom Horo erepudikarii,
ajle 1Leil mpolec BUABUBCSA CKJIAIHUM 1 TPYAOMICTKMM. [ PyHTYIOUKMCH Ha 1bOMY,
nociigaukaMu [12] Oyno BJOCKOHAIEHO METOJ CHHTE3Y 130MepiB pojaminy «110»
3a JOTIOMOTOF0 BUKOPUCTAHHS MIKPOXBHIHOBOT'O BUITPOMiHIOBAHHS.

5(6)-Kapookcu-pogamin «110» Oyino CHHTE30BaHO 3a 3PYYHHM, €KOJIOTTUHO
YUCTUM Ta WIBUJIKUM METOJAOM 3 3-aMmiHOpEHONIY 1 KapOOKCHU3aMilEHOTO
(TaneBoro aHriApUay 13 BUKOPUCTAHHSIM MIKPOXBUJIBLOBOIO BUIPOMIHIOBAHHS Ta

H,SO, y skocti karamizatopa (Cxema 1.2). ExcrnepumeHnTtanbHi pe3yiabTaTH
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MOKa3ajau, 0 MIKPOXBHJIBOBUN HarpiB €()EKTUBHO CKOPOTUB 3arajbHUMA Yac
peakIii nmepmux ABOX CTaAii 3 NMPUOIU3HO ABAALSTH TOJWH JI0 MEHII HIK OJHIET
roguau. Bumormmsicts 10 koHteHTpamii H,SO, € HesHaunoto. 1le mpuBoauTh 10

NOMITHOT €KOHOMI1 Yacy peakilii Ta BapTOCTI.

H,N NH
\©/ H,SO0, O ‘ CH OH
O —>
HOOC COOH MW
HOOC

1.4a-b

NH
1. NaOH H,0 O ‘
2.Ha l COOH

1.6a
COOCH, COOH
H,N 0) NH H,N 0 NH
s ]
O / 1. NaOH, H,0 P
—_—
‘ COOCH, 2.-HC ‘ COOH
CH,00C HOOC
1.5b 1.6b

(Cxema 1.2)

VY po6ori [13] aBTOpaMu CHHTE30BaHO HOBHIA COJIbBATOXPOMHHI OapBHUK Ta

Oy70 MOCHIPKEHO WOTO ONTWYHI BIACTUBOCTI TOTJIMHAHHA Ta BUIPOMIHEHHS
CBITJIa B PO3UMHHUKAX 13 PI3HOIO MOJISIPHICTIO.

bapsuuk 1.9a Oymno orpumano Ha OCHOBI pojaminy 6G B B1 CTafll: peaxiiio

ponaminy 1.7 3 rimpasun rigpatrom (Cxema 1.3) Ta HacTymHOIO B3a€EMOJIIEIO

OTPUMAHOTO MpOMDKHOro mpoaykty 1.8 3 iHmon-3-kapbokcanpaerigom (Cxema

1.4). Peaxkuii Oynu mnpoBemeHi B MeraHom. Jlpyry cragiro HpOBOAWIN 3

AJ0JaBaHHAM KaTaJalTHYHOI KIJIBKOCTI1 OIITOBO.I. KHUCJIOTH MPOTATOM YOTUPHOX I'OAUH.
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YTBOpeHuil ocag QuIbTpyBajau, MPOMUBAIN €TAHOJIOM 3 OTPUMAHHSAM LILJILOBOTO

IpoAyKTY 3 Buxoaom 63%.

O oo

1.8
(CxeMa 1.3)
N-N=
MeOH, t° H,C l
1.9
(Cxema 1.4)

Hns pocnipkeHHsT (HOTO(I3UYHUX BJIACTUBOCTEH CHHTE30BAHOI CIIOIYKH
BUKOPHUCTOBYBAIU SIK TOJIIPHI, TaK 1 HEMOMsIpHI po3unHHUKH. bapBauk 1.9 no6pe
PO3UMHSIETHCS B IEKCaHl, AUETHIOBOMY eTepi, TerpariapodypaHi, eTWIalerari,
nipuauHi, ouroBomy asrigpuai, JMCO, onroBiii Ta MypalluHIA KHUCIOTI
Hocninaukamu [13] BUsABIEHO, 110 1€l OapBHUK HE MPOSBISE COTBBATOXPOMHUN
edeKT, NMpH HOro MaKCHUMaJbHIM JOBXKHHI XBWJI IIOTJIMHAHHA 3 OUIBIIICTIO
3aCTOCOBYBAaHMX  pPO3YMHHUKIB, KpIM OITOBOI Ta MYpallMHOi  KHUCIOT.
ConbpBaToXpoMHHUHN e(EeKT B JaHOMY BHIIAJIKy MposBisBcs mnpu 365 um. Ilpu
IIbOMY CIIOCTEPIrajrcs MOMITHI 0aTOXPOMHI 3CYBH MaKCUMYyMIB BUIPOMIHIOBaHHS
B criekTpax ¢uiyopecleHiii. 3o0kpemMa, CIocTepiraaucs 4iTKli 3CyBU MAaKCUMYMIB B
01k 00J1aCTi JOBTMX XBWJIb, sIKI OyJIO IOMIYEHO B IIMX PO3YNHHUKAX.

Taxum 9HOM, BCTAHOBIIEHO, IO JJOBXKMHA XBUJI1 CIIEKTPY BUIIPOMIHIOBAHHS
30UTbIIY€ThCS 31 30UIBIIEHHSIM NOJSIPHOCT] pO3YMHHUKA, 1O MOB’A3aH0, BIPOT1IHO,
13 COJNBBATOXpPOMHUM edekToM. KpiM TOro, 3cyBH MakCUMyMIB IOIVIMHAHHS 1

BUIIPOMIHIOBAHHSI MPOSIBIISUIMCS OUTBIIE B KUCIOTHHUX, HK B 1HILIUX PO3YMHHUKAX.
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B ouroBiif kucinoTi crocTepirajgach 4YiTKa JIMMOHHO-XOBTa (DIyopecueHIis
CHUHTE30BaHOro OapBHHMKA. MaKCUMyMH BHIIPOMIHIOBaHHS B 3aJIEKHOCTI BiJ
pPO3UMHHUKA (Amax em) Ta emmipuuHi napamerpu mnossipHocTi (Et) oOpanux

PO3YMHHHMKIB IpHBeaeHO B Tabaui 1.1.

Tabmuns 1.1 — MakcuMyMu BUIIPOMIHIOBaHHSI CHOJIYKH B PI3HUX

PO3YMHHHUKAX Ta X eMITIPUYHI TapaMeTPpHu MOJISPHOCTI

Po3unnHUK Amax em, HM E+ (30), kxkan/mMomnb
I'ekcan 413 31.0
JlieTunoBuii erep 413 34.5
Terparigpodypan 412 37.4
Etunanerar 432 38.1
[Tipunun 422 40.5
OnToBHiA aHT1APUT 466 43.9
JAMCO 442 45.1
MypaiHa KucjioTa 553 54.3
OrroBa KHUcioTa 557 51.7

Maxkcumymu Quryopeciieriiii 6apBauka 16 3a3Hal0Th 0aTOXPOMHOTO 3CYBY 31
30UTBIIIEHHSIM TIOJISIPHOCTI PO3YMHHUKIB. OCKUTBKM TP BUKOPUCTAHHI PIZHHUX
PO3YMHHUKIB CIIOCTEPIraeThest (PIryopecleHinis Bii CHHLOTO JIO JKOBTOT'O, aBTOPH
MPUITYCKAIOTh, 10 1€ edeKT MPOSBISIETHCS 3aBISKH 3MEHIICHHIO €HEPreTUYHOI
mitnad Mk BSMO-HBMO Ta miaBHIIEHHIO HMOJSPHOCTI po3unHHuKa [14, 15].
[TopiBusBn  3aceneHicTh enekTpoHiB B3MO ta HBMO, BusaBieHo, 1o
€JIEKTPOHHA T'YCTUHA 3MIIIeHa 3 1H01y-3-KapOokcanpaeriay 10 poaaminy 6G. Ha
JYMKY JOCJIIJIHUKIB II¢ TOB'SI3aHO 13 BJIACTUBICTIO cUCTeMU OapBHUKa 16 10
BHYTPIIIHbOMOJIEKYJIIPHOTO MEPEHOCY 3apsiy Ta 3MIHOKO PO3MOJILITY €IEKTPOHIB 3
B3MO B HBMO, 110 i € IpruuHOI0 iHTEHCUBHOCTI ¢uryopecteHtrii [16].

3aBasku  cBOIM (HOTO(DI3MUHMM BIIACTUBOCTSIM TOXiAHI pomaminy 6G
BUBYAIIACS JUIS 1X TMTOTCHIIIMHOTO 3aCTOCYBaHHS y (PIIyOpeCIIeHTHHX JdaTuukax [17].
Takox BiIOMO, IO BOHU 3aCTOCOBYIOTHCSA SK BHUXITHI CIOIYKH JUISI CHHTE3Y
¢uryopeciieHTHO MiueHuXx OiocymicHux wmarepiani [18]. I3 poboru [19] Bigomo,
0 Ha OCHOBI pomamiHy 6G OTpUMaHO BUCOKOYYTJIMBUN Ta CEIEKTUBHHIMA

) . . . 3+ . . .
(bnyopecueHTHI/IH 30HO JIA BUABJICHHA BMICTY KAaTlOHIB Fe , K1 BLIII'PAarOTh
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. . . . . . . 3+

BXXJIMBY POJIb B MeTa0omi3Mi JiroauHu. [edinuT abo Benuka KilbKicTh 10HIB Fe™ B

OpraHi3mi BHKJIHMKae AucOaJaHC y TPaHCHOPTI 3amiza Ta ioro 30epiraHHi, 1 1e
MOJKe TIPUBECTH JIO Pi3HUX MaTojoriyHux posnamis [20, 21].

[Toximna kcanteny 1.10 orpumano nipu B3aemo/ii pogaminy 1.7 rimpasuny i

HAQ/JTAIIKY TTIOKCATIO 32 KIMHATHOI TeMIEpaTypH BIIPOJIOBXK S5 TOIHMH 3 Mailke

KITbKICHAM BHXOJIOM, kUi nopiBHIOE 89% (Cxema 1.5). Peakmis BinOyBa€eTbes 3

YTBOPEHHAM MPOMIKHOI crionyku 1.8.

CH,
o—
H,C X NH,NH, H,C
EtOH rt
-~

HC \N HCI H,C” °N
H

1.7 CHs

(Cxema 1.5)

Hocnimkennast ¢uyopecuenmii cmonyku 1.10 mpoBomunu B OydepHomy
po3unHi MeCN/tpuc(rigpoxcumerin)aminomeran-HCI (pH=7). I1pu noxasanxi 10
exsiBanenTis ionis Cu®*, Co?*, Zn*, Cr*", Mg2+, Mn%, K*, ng+, Na" Cd**, Ni?",
Ag’, Fe’ 10 po3unHy 30HIy SBHHX 3MiH iHTEHCHBHOCTI (uyopecueHuii mpu 561
HM He cnioctepirainocs. [Ipu gqonaBanni 10 ekBiBaJIeHTIB Fe¥* BiOyBaacs 3Ha4Ha
3MiHa 1HTEHCUBHOCTI (piryopecueHuli npy JaHid JOBXKUHI XBUII, SIKa 3aIUIIAIACs
MPOTSTOM TPUBAJIOTO Yacy. bysno BCTaHOBJIEHO, 110 IHTEHCUBHICTH (IyOpecleHIIil
30UTbLIY€EThCS 31 30UTBIIEHHSIM KOHLEHTpAIIll 10HIB ThOXBAJIEHTHOI'O 3aJ113a.

Takox 1OC/IiTHUKaMU BHUSIBJIEHA 3aJI€KHICTh IHTEHCUBHOCTI (hiyopecueHui
Bl PH cepemoBuma. Tak, 3a BIACYTHOCTI 10HIB Fe*" cumbHa iHTeHCHBHICTD
dryopecteHiiii po3unHy TOXITHOTO pojaMiHy crocTepiramacs jumie npu pH<4,
0 Ha JAYMKY aBTOpPIB OOYMOBJICHO 3aKpHTOI0 CTPYKTyporo. OnHak Oyio
MOKA3aHO, IO OTPUMAHWUW 30HJ MOXE BUSBIATA 10HU 3ajli3a B IIUPOKOMY
niana3oni pH — Big 4 no 10. Ile 3yMOBIEHO BIAKPUTTSAM JIAKTaAMOBOTO KUTBIIS,
ininiioBasoro HasBHicTio ioHiB Fe®*, mpu upomy BinGyBaerbest 3MiHa 3aGapBieHHS
Bil Oe30apBHOro a0 poxkeBoro. JocmimkeHHs BBy pPH cepenoBuima Ha

(bIyopecleHIilo Ay)Ke Ba)XJIUBE JJIsI 3aCTOCYBaHHS 30HAY B JKMBUX KIIITHHAX,
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ockiibku 3MiHa pH y MikpocepenoBuili Moxe OyTH BHUKJIMKAaHAa MEBHUMHU
010JI0TTYHUMU MTOAPA3ZHUKAMH.

[Ile omHMM 13 MUPOKO BHKOPHCTOBYBAHMX KCAHTEHOBUX OAapBHUKIB €
ponamin B. Bin 3HaiimoB 3acTocyBaHHS B 0araThbOX Traiy3siX HayKHd 3aBIISKH
BUCOKOMY KBAaHTOBOMY BHXOJy, BUCOKOMY KOE(IIIEHTY MOTJIMHAHHS Ta 4yIO0BiH
ceiTioctifikocti [10, 22]. B ocraHHi poku Iieii OapBHUK BHKOPHUCTOBYETHCS B
SAKOCT1 (PIIyOPECLIEHTHUX 30HJiB, OCOOJIMBO MPU OJHOMOJICKYJISIPHINA Bizyauizalii
[23, 24] ta Bizyami3ariii B >kuBHX KIiTHHAX [25-27].

B po6ori [28] mpu moiryky HOBHX O10JIOriYHO-aKTHBHHUX PEUYOBHH OYIIO
CHHTE30BaHO MoxigHy poaaminy B 1.13, sika MICTUTB B CBOiM CTPYKTYpi (hparMeHT
riaaypoHOBOiI KUCIOTH. OTpUMaHHS IUILOBOTO MPOJYKTY MPOBEAEHO B JABI CTa/IIi.
Cnouarky, npu B3a€MOIi poAaMiHy 3 €THJICH1aMIHOM MpU HarpiBaHHI B €TaHOJ1
BIPOJOBXK 12 roauH oTpumaHo npoMiHui mpoaykt 1.12 (Cxema 1.6), a motim
B3a€EMOJIIEI0 ITi€T CIOJYKH 3 TiamypoHoBoro kuciororo (HA) mpu mepeminryBanHi
3a KIMHATHOI TemIepaTypu MPOTAroM 24 roJuH CHHTE30BAaHO MOXIJHY KCAaHTEHY

1.13 (Cxema 1.7).

of Ll
o HN N/\/NH2
H C/\N O 0 O N/\CH EtOH H C/\N o O N/\CH
3 3 3
J N J N

3 12h
H,C 1.11 CH, H,C 1.12 CH,
(Cxema 1.6)
o 0
() (L
NTN\_NH, HA NN\ NH
(L o [
24 h N N
H,C” N 0 N"cn, " BTN 0 N7 CH,
J N J N
H,C 1.12 CH, H,C 1.13 CH,

(Cxema 1.7)
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CTpyKTypy LUUIBOBOTO MPOAYKTY OYJI0 MIJATBEPKEHO 3a JOMOMOIOI0 JaHUX

SIMP 'H, V®- i IY-criekTpocKorii.
1.2 Cunre3 14-apun-14H-nuben30[a,]) |JkcaHTEeHIB

B poGoti [29] moBimOMIISIETbCS MPO HOBUH 1 BHUCOKOC(PEKTUBHUN METO
cunresy 14-apun-14H-aubensola,j]kcanrenis  14a-g, skuii Oylo IPOBEACHO
peakIli€ro KOHAEHCalll JBOX MOJeKyl 2-HadToiay Ta OJHOI MOJIEKYJIH
apoMatTuyHuX  anpaerigiB 13.a-g 13 Oaratopa3oBUM  BUKOPHUCTAHHSIM
cyiabpokucioTHoro giokcuay kpemuito (SiO,-Pr-SOzH) y  sxocti  TBepmoro
KHCIIOTHOTO KaTaii3aropa, 0e3 BUKOPUCTaHHS PO3YMHHHKIB 3a TeMIIepaTypu

125°C (Cxema 1.8). Buxoau miiboBUX MPOMYKTIB MaiKe KUTBKICHI.

O
OH Si0,-Pr-SO,H
125°C, 12 h o

1.13a-g 1.14a-g
a— Ar=CgHs: b — Ar =4-CIC¢H,; ¢ — Ar=4-NO,CgH4; d — Ar = 4-FCgHy;
e — Ar = 4-CH3CgHy; T — Ar = 4-OCH3CgH4; g — Ar = 4-OHCgH,
(Cxema 1.8)

3anpomnoHOBaHW ~ aBTOpaMHM  MEXaHI3M  MPOTIKAHHA  peakuii 13
3actocyBaHHsAM KaTamizatopy SiO,-Pr-SOzH mpencraBneno Ha cxemi 1.9. Ha ix
MKy, CIIOYaTKy YTBOPIOEThCA KapOKaTioH, a TOTIM OTpUMaHi apui- abo
anKiIMeTaHOICHADTOMM MIAMAOThCS  JACTiAparaiii 3 YTBOPEHHSIM KIHIICBOTO

IPOAYKTY.
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H H
Ar OH Ar OH
+
(0] Cat +OH/—\ 8H ¢ OH OH (Cat
1, = X OO OO =
Ar H Ar H
1.13a-g
OH, .
Ar H Ar " Ar
Iy * Y
OH o OH OH HO
— I —C TCO-
OH HO
¢ H H OH OH
() — O A= U0
L/
AR,
¢ J T U
1.14a-g
(Cxema 1.9)

B  pobori [30] 14-apun-14H-auben3ola,j]kcaHTeHH  OTPUMYBAIIH,
BUKOPUCTOBYIOUM y sKocTi Kartamizatopy FeClz-6H,0. Peaknii mpoBogwiu 0e3
3aCTOCYBaHHS pO3YMHHMKA Mpu TemmepaTypi 90°C. Boru npoxoauiau npoTsarom 2-
3 roaun 3 orpuManHsaM crnonyk 1.14a,b,f 3 Bucokumu Buxomamu. Peakiii Takox
npoBowin nipu  temmepatypi 110°C, ane BuXia UUIBOBUX MPOAYKTIB MpHU
NiABUIIEHIN TeMmmeparypi, 3a LHUX YMOB, HE 30UIbLIYyBaBCS, a CHOCTEpIragocs
noreMHiHHS mpoaykTiB. Ha cxemi 1.10 HaBeneHO BipOTiAHMI MEXaHi3M CHHTE3Y
noxigaux 1.14a,b,f, mig miero rekcarigpary xiaopumy 3ajiza B SKOCTI KaTaizaTopa.

H

3+ Ar OH
e
O g O /\ O .m0 0
)L E— I + —_— _——
Ar H Ar H

I
Ar
-H,0
UL
(0]

1.14a,b.f

(Cxema 1.10)
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Yepes jaekiibka poOKiB IHIIUMHU jgociigHukamu [31] Oyno 3ampornoHOBaHO
BUKOpUCTaTu y sikocTi katamizatopy H-Lleonit A. Cunre3 OyB mpoBeiaeHui 3a
HACTYITHUX YMOB: cywmimn 2-HadToiy, anpieriiiB ta karamizatopa H-Ileomity A
HarpiBaiin Ha MacisHi Oani npu 100°C. Jlana peakmist Oyna mpoBenena 0e3
BUKOPUCTAHHS PO3YMHHHMKA, OCKLIBKH MPU HASBHOCTI PO3YMHHHUKIB BiIOYyBaIOCS
3MEHIIICHHSI BUXO/IIB IUTbOBUX MPOAYKTIB. Lleit MeTon BUsBUBCSA €hEeKTUBHUM ISt
OTpUMaHHS MOXigHUX KcaHTeHiB 1.14a-c,g.

Jocmignukamu [32] Oyino MpoBeneHO eKCIIEPUMEHTH 10 CHHTE3Y KCAHTCHIB
1.14a-c, e-f i3 2-Hadrony Ta BIANOBIAHUX ajJbJAETIAIB 3a PI3HUX TEMIIEPATyp 1 B
pI3HUX PO3YMHHHMKAX TIPM BUKOPUCTAHHI Yy skocTi Kartamizatopy CuFe,O,
HaHeceHnid Ha okcua rpadeny (GO-CuFe,O4). Bin OyB mopiBHSHHUI 13 IHITUMH
KartajizaTopamu, TaKUMH sk okcun rpadeny, CuFe, 0,4, Fes04, CuO, Cu(NO3), i Fe
(NOs3)s, i BusiBuBCcs HadiedekrtuBHimmM. [Ipy HOro BHUKOPHCTaHHI IIBUAKICTH
peakiii Oyna OUTBIIOI, HK 13 BUIIENIEPEPAXOBAaHUMH, 13 BUXOJOM HPUOIH3HO
98%. Ha BuXiag mpOAyKTy TaKOX BIUIMBaJa 3MiHa po3uMHHUKA. Komu peaxiito
NPOBOJWIM Yy BOJI BHXIJ CTaHOBUB 92%, Mpu BUKOPUCTAHHI JUXJIOPMETaHY,
aneronitpuiny, [AMCO, Buxim mnponykry 3HmwKyBaBcs wmeHme 70%. bes
PO3UYMHHUKA pPEaKIlis MPOXOoJuia Ty>Ke IIBHUAKO Ta 3 BHCOKUM BHUXOJIOM. Tomy
HaWKpaIMMu YMOBAaMH BHSIBUJIUCS BIJCYTHICTh PO3YMHHUKA a00 BUKOPHUCTAHHS Y
SIKOCTI PO3YMHHMKA BOJIM, IO € BEIMKOK IEepeBarol0, OCKUIBKU BIJICYTHICTh
PO3UYMHHUKA € OUIbII E€KOJOTIYHUM ILIAXOM 10 €()EKTUBHOTO CHUHTE3Y IMOXITHHX
KCaHTEHY.

BronuB  Temmeparyp — Ha  mpoTikaHHS — cuHTe3y  l4-apun-14H-
nubenso[a,j|kcanreniB 1.14a-c, e-f BuBUanm muIsIXOM BapirOBaHHS TEMIIEPATypH
peakmiitHoro cepemoBuma (35, 75, 100 ta 125°C) 3a mpucyTHOCTI KaTamizaTopa
GO-CuFe,0,, mpu BUKOPUCTAHHI BOAM B SKOCTI PO3YMHHUKA, Ta 0€3 PO3UMHHHKA.
byno BcTaHOBIEHO, IO IIBHUAKICTH KOHBEPCIi IMOCTYIOBO 30UIbIIyBamacs 31
30UThIIEHHSIM TeMIiepaTypu peakiii. Halikpamuit pesynbrar 0yino oTpuMaHO Mpu

125°C.



36

Y po6ori [33] pospobieno mMeroa mBHAKOrO (10 30 XBHIMH) CHHTE3Y
noxigaux 14H-guben3o[a,j]kcanteny 1.14a-g 3 BHKOPUCTaHHSIM Yy SIKOCTI
karamizatopa Fe(HSO,);. depym rigporeHcynbdar — TBepaui Karajai3aTop
bpencrena, € Oe3reyHnM, JErKUM B OOpOOIll, €KOJOTIYHO YHUCTUM Ta CTBOPIOE
MeHIe npobsieM 3 yrwiizamiero [34]. Llel kaTamizatop TOTyBaIHM IOETHAHHSIM
0€3BOIHOTO XJIOPUAY 3ajli3a 3 KOHIICHTPOBAHOIO CipuaHoro kucioTor [35]. Bix €
CTIMKMM, HETIIPOCKOMYHMM 1 HEPO3UYMHHUM Yy OUIBIIOCTI  OpraHiuHUX
PO3YHNHHHUKIB.

Peakiii mpopoamimu nipu temmneparypi 125°C 3 oTpuMaHHSIM BiAIOBITHUX
NPOAYKTIB 3 BUCOKMMM BuxojgaMu. Lleli MeTos Takoxk Ba)JIMBUU 3 €KOJOTTYHOI
TOYKM 30py Ta EKOHOMIYHUX MIpKyBaHb, 4epe3 Majly KUIbKICTb BIJXOIB Ta
OE3MEeUHICTh KaTajli3aTopa.

Meroto aBTopiB pobotu [36] Oyno CTBOpPEHHS MNPOCTHX Ta €(EKTUBHHUX
MeToMiB cuHTe3y cronyk 1.14b-C B mpucyTHOCTI XJIOpCynb()OHOBOI KHCIOTH B
SKOCT1 Karajizatopa 0e3 BUKOPWMCTAHHS PO3YMHHHKA IMiJI JIEF0 MIKPOXBHIbOBOTO
BUripoMiHioBaHHs. Byno BcranoBieHo, mo kinbkicth CISO3H cyTTeBo BruinBae Ha
BUX1 OakaHOro mpoaykry. Bussieno, mo 3acrocyBanus 0,02 mmons CISO3H nHa
1 MOJIb BUX1THHX CIIOJIYK € ONTUMaIbHUM.

Buenumu [37] Oyno po3po6iieHo mpocTy 1 ePeKTUBHY METOAUKY OTPUMAHHS
cnonyk 1.14a B  TOpPHUCYTHOCTI  ME3OMOPUCTOrO  JIOKCHUAY  IUPKOHIIO,
moaugikoBaHoro BonbppamodochopHoro  kuciaororo  (ZrTPA60Btig) 0Oe3
po3unHHUKa. Peakuis wmaiixe He mnpoxoguwna 3a Ttemneparypu 80°C, Buxin
npoaykty ckiaagaB Tutbku 10%. IIpu 100°C, konu peakifito mpoBOIMIHN MPOTATOM
3 romuH, BUXiJ MPOAYKTY MoMiTHO 301bnryBaBcs. [Ipu 130°C mpotsrom 1 roguHu
BJAJIOCH JIOCSITTH Maibke KIIbKICHOT'O BUXOY, 110 JopiBHIOE 99%.

Hanani aBropamu [37] Oynio mpoBeneHo moaiOHI peakirii i3 3aCTOCyBaHHSM B
SKOCTI BHUXIJHUX CIHOJYK 3amimeHux Oecuzanpiaerimi. Cmonyku 1.14a-b, d-f

OTpUMaHO NPOTATroM 1-2 roauH 3 Buxogamu 93-99%.
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1.3 Cunre3 Ta ¢dorodizuuni Biactuocti mipuwiii-N,N-niankinamino-

JTUT1APOKCAHTEHIB

CuHTE3 MOJIEKYJ, IO TOTJIWHAIThL YW BUNPOMIHIOIOTH B OmmxHiA [Y
obmacti [38-40], BuKIMKae BeMWYE3HWH I1HTEpeC uepe3 30UTBIICHHS KUTBKOCTI
BUKOPDHMCTAaHHS TaKWX CIOIYyK I ONTHYHOI  OloBiyamizamii [41, 42],
¢doroakyctrnunoi Tomorpadii [43] 1 B OLIbII IMMPOKOMY CEHCI B MEIAMYHIN
miarnocrtuii [44, 45].

[Tpu momryKky HOBUX KCAaHTEHOBUX OapBHHKIB, III0 MOXYTh BUIIPOMIHIOBATH
B OmmwxkHik Y obmacrti, aBTopamu [46] Oyno orpumanHo mnoxigHi mipuiiii-N,N-
miankinamino-gurigpokcanrenis  1.21a-b 1 1.22a-b 3  nepcnexruBHEMHU
¢orodiznuynumu BiacTUBOCTAMH. CHHTE3 LUILOBUX OapBHUKIB pO3MOYATO 3
orpuManHs ampaerimie 1.18a-b i 1.19a-b, mio wmictsate B cBOiil cTpyKTypi
KCaHTeHOBUM  (PparmeHT. @DOPMUIMOXiHI  YTBOPIOIOTHCS TIPH  B3aEMOJIT
KoMepIiitHo poctymHux 9-popmin-8-riapokcurononiauny 1.15a-b a6o 4-(N,N-
mgierunamino)caminuianeaeriny 1.16a-b 3 S-tuwirennum abo  6-THUYIEHHHM
OpomsamimeHHuM anpaerizom  1.17a-b. I{i peakmii Oyno mpoBeACHO mpu
temreparypi 25°C B JIM®A 3 nomaBanusM 3-x exBiBajeHTiB CS,CO; (Cxema

1.11).

~0
N OH
/O

Cs,CO,

l.lsa-b + Bl’ / ( )n ——
or DMF, 25°C
P =
H,C” °N OH H,C N 0
=0
H,C 1.16a-b H,C 1.19a-b

(Cxema 1.11)
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[Tomanpior0 KOHJEHCAIIE0 OTPUMAHUX CHONYK 3 2,6-Au-Tper-OyTni-4-
merwnmipuwiiym  Ttpudiatom 1.20, skwii Mae axTUBHY METWIbHY Tpymy,
cuHTe30BaHO odvikyBaHi moximHi (Cxema 1.12). Otpumani OapBHHKH MICTSTH B
CBOIMl CTPYKTYpl €JNEKTPOAKIENTOPHI Ta eJIeKTPOHOJAOHOPHI 3aMICHHKH, SKi
3B’s13aHI MK COOOIO JIAHIIFOTOM CHPSDKEHHUX MOABIMHUX 3B s3KiB. [loromkyounch
3 TYMKOIO aBTOPIB, HASBHICTh MapHu JOHOP-AKIENTOP MYCUTh CIPUATH 3HAYHOMY

3MIIIEHHIO MAaKCUMYMY BUITPOMIiHIOBaHHS B 01K OmokHboi [Y 00nacTi cekrpa.

X
__,0n
0
1.18a-b N K,CO,, Ac,0
+ | Y
z 25°C
N t-Bu (0] t-Bu
+
~ /0" TfO
H,C” "N 0 _ 120
0
H,C 1.19a-b

1.21 — R =xinoninizigin; 1.22 -R=EtN;a—-n=1;b-n=2

(Cxema 1.12)

HactynHum  eramom  JOCHiPKeHHS OyJ0 BHUBUEHHS CHEKTPaIbHUX
BJIACTUBOCTEH OTpMMaHUX MOXiAHMX KcaHTeHy l1.21a-b i 1.22a-b. ®dorodiznuni
BJIACTUBOCTI IIUX YOTHPHOX CIONYK, BHBUYAIHCH SIK Y TOJISIPHOMY ampOTOHHOMY
po3unHHUKY JIMCO, Tak 1 B nmpoToHHOMY cepenosuill ((docharHo-0ydhepHomy
coiboBOMY po3umHi). Yci mipmiiii-N,N-miankinamino-auriapokcantenu 1.21a-b i
1.22a-b nemoncTpyBanu mMpoKy i iIHATEHCUBHY CMYTY MOTJIMHAHHS 3 MAKCHUMYMOM
B niana3oHi 764—778 HM, B 3aJI€KHOCTI BiJ] aMIHOTPYIIH Ta pO3MIpy aHETHLOBAHOTO
IIUKJIOATKCHOBOrO KumbHda. I[lpm mocmimkeHHl (ayopecleHIlii CHHTE30BaHUX
OapBHUKIB OyJ0 BCTAaHOBIICHO, 110 MAaKCUMYMHU BUIIPOMIHIOBaHHS 3MIIIeHI B OiK
OomkHbO1 [Y 00nacTi criekTpiB B JianazoHi 785—828 uM. 30UIbIIEHHS MOJISIPHOCTI
PO3YMHHUKA MO3UTUBHO BIUIMBAE€ Ha OATOXPOMHMM 3CYyB, TaK HAMOUIbIIlI 3CYBH B
o0macTh JOBTHX XBHJb CIIOCTepiralorbcss mias cnoiayk 1.2la-b B JMCO.
®doTo(hiznyHi BIACTUBOCTI OapBHUKIB, OTpUMaHHX B pobOori [46], HaBemeHO B

tabaumm 1.2.
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CrokciB
Bapsuuk | PosunHHMK ADS Amax EM Amax 4t 4 3CYB Dr (%)
(aM) (™M) (M~ em™) (/o)
25140 219/4343
JIMCO 609, 769 828 41530 50/927 2.5
1.21a 23390 181/3784
Bydep 6077’6112’ 788 21790 | 76/1354 :
22810 24/399
18020 220/4550
JAMCO 594, 767 814 51950 47/753 5
1.22a 15560 197/4268
Bydep 58%’6205’ 785 21940 | 80/1445 i
29160 16/265
1.21b JAMCO 778 826 38570 48/474 0.5
: Bydep 775 798 28460 23372 0.7
1.22b JIMCO 759 796 80260 371612 2.5
: Bydep 764 791 67000 277447 35

1.4 CuHTe3 Ta CreKTpaibHI BIACTUBOCTI KCAHTEHIB, 110 MICTSITh KPEMHIN y

CBOIil CTPYKTYpI1

3 momeHTy mepmioro cuHTely [47] Si-3amilieHi KCaHTEHU NPUBEPHYIH
O0arato yBaru SK NEpPCHEKTUBHI (IIyOpeCleHTHI OapBHUKH, 3aBJSKH CBOIM
dorodizuyHUM BIACTHUBOCTAM. B Hachimok 37aTHOCTI 10 (iIyopecueHIii B
ommkuiin Y ob6xacti, sSckpaBocTi, (OTOCTIMKOCTI, 010CYMICHOCTi, OloJOT1UHIM
CTaOUIBHOCTI I1I OAapBHUKH HIMPOKO BUKOPUCTOBYIOTHCS B MIKPOCKOMIT >KHMBHX
KIIITHH 13 Cynep-po3AUTHbHOI0 3aTHICTIO [48-53], sk mpsaMi 30HAM 1711 610MOJIeKYJT
[54-56], sax maTtuwku g ioHiB Metanis [57-60], abo merabomiTis [61-63].

ABtopamu [64] Oyino po3pobiieHo OararocTaaiiHUN METOA CUHTE3y Si-
3aMIIIEHUX POJIaMiHIB 1 JOCIKEHO iX CIEeKTpalibHI BiacTUBOCTi. Ha mepromy
KpOIIi JIOCITIIKEHD oyJo CUHTE30BaHO MIPOMIXKHI oic(5-amiHo-2-
opomdenin)cwrann 1.25a-d (Cxema 1.13). Lli cronyku oTtpuMaHo B 2-3 cTajii 3
KOMEPIIIHO  JOCTYITHUX 1.23a-d. B3aemMomii  3-

3-0poMoaHTIHIB [Tpu

OpOMOAHUTIHIB, H-OYTHWJUIITIIO 1 MOJANBIIUM JOAABAHHAM JTUMETHIIUXJIOPCUIIAHY
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B Terpariapodypani npu temmeparypi -78°C yrBopeHo 0ic(3-aMmiHO(eHLT)cHIaH
1.24a-d, sxi cenektuBHO OpomyroThest N-OpoMceykiuHiminom o cnoiyk 1.25a-d.

Br

l|{2 1. n-BuLi R H,C CH R 2 H,Q CH
—>
2. (CH,) SlCl
R3 v R3 BrBr
1.23a-d 1.24a-d 1.25a-d

a—R1+R2 = (CH,);, R3=H; b-R1+R2 = (CH,)3, R3=F,;c-R1=R2 =
CHs, R3 =H; d - R1+R2 = (CH,)s, R3=H
(Cxema 1.13)
[Tomanpmoro  B3aemonito  Oic(5-amiHO-2-OpomdeHiT)CuIaniB 3 TpeT-
oyrwumitiem 1 MgBr,-OEt, 3 HacrymHuMm  jpojaBaHHsM — ¢TajgeBoro abo
terpadTOp3amilieHoro  (GTaJieBoro  aHTIAPUAIB  OTPUMAHO  KPEMHIWBMICHI
KkcanTeHoBi OapBHuku 1.26a-d 1 1.27a-d (Cxemu 1.14 1 1.15) 3 Buxogamu 44-66%.

AHriIpuau gonasanu npu temmnepatypi -10°C.

Rz HC CcH  R2

RI/N:C(Siji:[N\RI 1. t-BuLi, MgCl,-OEt, N
0
R3 BrBr R3
2.
1.25a-d 0

RI/N]C(SiJQiN\RI 1. t-BuLi, MgCl,-OEt, "'
R3 R3 K 0

BrBr F
1.25a-d 2. o

1.27a-d
a—RI1+R2 = (CH2)31 R3=H; b-R1+R2 = (CH2)3, R3=F;c—R1=R2=
CHs, R3=H; d — R1+R2 = (CH,)s, R3 = H

(Cxema 1.15)



41
[Toka3HUKHM CHEKTpaJbHUX BJIaCTHBOCTEH OapBHukiB 1.26¢,d i 1.27a,c-d

HaBeleHo B Tabmum 1.3.

Tabmuus 1.3 — [Toka3HUKHM CHIEKTpaIbHUX BJIACTUBOCTEN CIIOJIYK

BbapBHuk Amax, HM Aem, HM Ewaters M em™ €maxs M*tem™ )
1.26¢ 643 662 28200 141000 0.41
1.26d 657 674 2200 185000 -
1.27a 669 682 112000 116000 0.37
1.27c 667 682 132000 139000 0.31
1.27d 683 698 15500 215000 0.10

B po6ori [65] Oymno cuHTE30BaHO 010CYMiCHUIA, HETOKCHYHUI OapBHUK 1.29
3 BIIMIHHUMH ONTHYHUMH BJIACTUBOCTSIMH, SKHUW 37aTeH 10 (uryopecieHii B
obutacTi, 6mu3bkii 10 IY. Cunre3 GapBHHKA OyJ10 po3M0YaTo 3 BBeACHHS aToMa Li
B s1po 3-OpoM-2-XJopmipuauHy. Peakiiiro mpoBOaWIN 3a JOTIOMOIOI HAJIUIIKY
OytwutiTiio B Terparigpodypani npu temmneparypi -78°C. Uepe3 30 xBuiuH npu
Till caMill Temreparypi 0 PeakKIiitHOT CyMilln JToJaBaiu MOXiAHY Si-3aMillIeHOro
kcantony 1.28, peakimiiiHy Macy HarpiBaJid 70 KIMHATHOI TeMIEpaTypu Ta

nepeminntyBainu 4 roguau (Cxema 1.16).

~

Z

Br CH H, C CH H, cl Br
B tBuLi, THE | Ui 128 \ ca
| _ ’. | _ E C .CH
N 1 -78°C,30 min | S\FN( THF 3N Si N+ :
1 IS
CH, H,C CH, CH
1.29

(Cxema 1.16)
Otpumanuii 6apBHUK 1.29 Mae MakCUMyM MOTJMHAHHSA MIPU 665 HM (€max =
34000 M ! em ) Ta mMakcumyMm duryopecueHtii pu 681 HM (BUMIpSHO B HATpIiii-

docharaomy 6ydepi 3 pH 7,4). KBanroswuii Buxiz popistrioe 0.34.
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AHani3 JiTepaTypHUX JaHUX MOKa3aB, 110 Ha TENEPIlIHii Yyac iICHye BellhKa
KUIBKICTh METO[IIB CHUHTE3y OapBHUKIB KCAHTEHOBOI'O THUITY 13 3aCTOCYBaHHSIM
PI3HUX BUXIJHUX CHOJYK, PO3YMHHHUKIB, KaTajd13aTOPIB Ta IPH MPOBEACHHI peaKkiii
3a pi3HUX TeMIeparyp, aje 0araTo 3 HUX MArOTh 3HAYHI HEAOIIKH: CKIAIHICTh
CUHTE3Y, BEIWKa KIUTbKICTh CTafil, CKIATHICTh BUIUICHHS IUThOBUX MPOMYKTIB,
BHCOKAa BapTICTh BUXIJHUX PEUOBHMH, TOIO. Lle B CBOIO Uepry CIOHyKae 0
pPO3pPOOKM HOBHX METOMAIB CHHTE3Y IMOXIIHUX KCAHTEHY, [0 MO030aBJICHI IMX
HeAOoMIKIB. TakoX akTyaJdbHUM 3aJIMIIAETHCS MOMIYK HOBHUX BJIACTUBOCTEH
reTepPOIMKIIB 3 KCAHTEHOBUM ()parMEHTOM Ta TMOKPAIEHHS TMOKA3HHUKIB iX
CHEKTpPaIbHUX XapaKTePUCTUK 3aJJIsl PO3MIMPEHHS O0O0JacTi MPaKTUYHOTO

3aCTOCYBAHHA INX CIIOJIYK.
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PO3/ILJI 2
CUHTE3 TA ®OTO®I3UYHI BJACTUBOCTI BAPBHUKIB
KCAHTEHOBOI'O TUITY HA OCHOBI ITPOJIYKTIB IIEPETPYITYBAHHSI
CITIPOTIOXIJIHUX 1,3-BEH30(HA®TO)AIOKCHH-4(1)-OHIB

3a OCTaHHI POKM 3HAYHOIO MIPOI0 3pPOCIO BUKOPHUCTAHHS 3aMIMICHUX
MOX1IHMX KCAHTCHY B HaWPI3HOMAHITHIIINX Tajy3sXx HayKH 1 TexHIKW. [IeBHUMN psi
KCAaHTEHOBUX MOX1JTHUX IPOSIBIISIE NPOTUITYXJIMHHY, IUTOTOKCHYHY,
AHTUOKCUAAHTHY, MPOTU3aNalbHy Ta MPOTUBIPYCHY aKTHBHICTh, IO BKa3ye Ha iX
NOTY>KHHI XIMIOTEpaneBTUUHUN MOTEHINaN I MEAUYHOI Ximii [66-71]. 3aBasku
GboTO(P13MYHUM BJIACTUBOCTAM, IO MPUTAMAHHI KCAHTEHaM, a CaMe BIJAMIHHIM
CBITJIOCTIMKOCTI, KBAaHTOBHM BHXOJ[aM, BUCOKHMM KoOe(DIiIlleHTaM EKCTHHKII Ta
MaKCUMyMaM JIFOMIHICIICHINIT, HU3bKIi TOKCHYHOCTI IN VIVO 1 BiTHOCHO BHCOKIH
PO3YMHHOCTI Yy BOJIi, TETEPOIMKIIN 3 KCAHTEHOBUM (h)ParMeHTOM BUKOPHUCTOBYIOTh
SK CBITJIOQUIBTPU, ONTHYHI BOJIOKHA, XEMOCCHCOPH ISl BHUSBICHHS MaJuX
MOJIEKYJ, CEHCHUOLTI3aTOpy B COHSYHHMX Oarapesx Ta SK Jdil04l PEYOBUHU B
JTa3epHUX MPHUCTPosix [72-76]. Takox Bimomo, 1m0 (GOPMIIMIOXiTHI KCAHTCHY
IIMPOKO BUKOPUCTOBYIOTH JUISl CHHTE3Y (DIyOpPECIIEHTHUX OapBHUKIB, IO MAaOTh
MaKCUMYMH BHUIIPOMIHIOBaHHS B OJIMDKHIM 1HQpauepBOHINM 001acTi, Tak 3BaHMUX
BbIY 6apBHukiB [77-81].

HoBuM nepcrneKTUBHUM LLISIXOM A0 CHHTE3Y PaHille HEBIIOMUX XIMIYHUX
cnonyk, BimkputuMm Ha kKadenpi @ ta TOP JIBH3 YIXTY, € enekrpodinbHi
NEeperpymyBaHHs IMMECTUWICHHUX TETePONUKIIYHNX CIOJYK 3 TeMIHAJbHO
pO3TAllIOBAaHUMH aTOMAaMHM HITPOI€HY Ta OKCHUIE€HY T [I€I0 pPearcHTy
Binbcmaiiepa-Xaaka. /li€ro maHoro peareHTy Ha CHIpOIOXiIHI MPUMIiIUH-4-0HU Ta
1,3-6en3(nadT)okcasyHl B OAHY  CTaJil0  OTPUMAHO  BaXKKOJOCTYIIHI
oI yHKITIOHAIBHI CITONYKH: TMOXiAHI XiHOMIHY, OeH30Tia3uHy [82], akpuauHy
[83], B TOMy umcial 1 HOBUM Kjac (OpMUTHLOBAHUX KCAHTCHOBHX OapBHUKIB 3

(ryopeclieHTHUMH BlIacCTHBOCTAMU [84, 85].
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B noktopcebkiit puceprarii @apara O.K. [86] mpencraBieHO CUHTE3 Py
HOBUX KCAHTEHOBUX OapBHUKIB 3 JUMETHUIAMIIUHOBUM (parMeHTOM, siKi OyIio
OTPUMAHO Ha OCHOBI B3aeMOJii (POPMUIMOXITHUX KCAHTEHIB 3 akTUBHMMH CH-

KHCIIOTaMHU, apuiamMinamu Ta rigpasuaoM (Cxema 2.1).

R CHO N
o EWG ~
e =z T
—_— ;
e Z Et,N or DBU
or morpholine
" ’ A
N 13 exaples N
H,C" CH, H,C™ "CH,

(Cxema 2.1)
@OopMIIKCAaHTeHH MOAI0HOI OyJOBM BHUKOPUCTOBYIOTH JUISl CHUHTE3Y
¢uyopeciieHTHUX OapBHHKIB, LI0 BUIPOMIHIOIOTH y ONMXKHIN 1H(padepBOHIi
obnacti. HasBHICT, amimmHOBOTO (hparMeHTa y CKIaJal OTPUMAHUX OapBHUKIB
KPUTUYHUM YUHOM BIUTMBA€E Ha iX (PoTO(I3MYHI BIACTUBOCTI, & camMe MPUBOIHTH
70 3MIIIEHHS MaKCHUMYyMIB BHUIPOMIHIOBaHHA y OiKk ONMXHBOI 1HGpadepBOHOT
00J1acTi, 3pOCTAHHIO KBAHTOBUX BHUXOJIB Ta 3MiHI KOEQIIIEHTY MOISIPHOT
excTuHKIIi. OTpuMaHi pe3ynbTaTH CIOHYKadd HAC TMPOJOBXKHUTH JOCIIIKEHHS
NEeperpymnyBaHHs TETEPOLUKIIYHUX CHCTEeM 3 TeMIHaJIbHO PO3TAllIOBAHUMU
rerepoaToMaMM 3 METOI0 OJIepKaHHSI HOBUX KCAaHTEHOBUX OAapBHUKIB.
VY pobori [86] po3po0aeHO HOBHUIT METOJ CUHTE3Y XJIOPHOXIJHUX KCAHTEHY 3

JBOMa peakiliinumu rearpamu (Cxema 2.2).

CH,
1.° Cl0,

) 1. POCL,, DMF Z cH,

n

0 110°C, 5 h o/
L
O  2.15% NaClO, =z,
2.1a-c 2.2a-c

a—n=1;b-n=2;c—-n=3
(Cxema 2.2)
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OTpumaHi MOXiAHI NPUBEPHYIU HAlly yBary B SIKOCTI OUIIIHT-OJIOKIB ISt

CUHTE3Y Ha X OCHOB1 HOBUX OapBHHUKIB KCAHTEHOBOI'O THUITY.

2.1 IleperpynyBanHs cmipornoxigaux 1,3-0en3o(Hadro)miokcuH-4(1)-oHiB

i aiero peareHTy Binbcmaiiepa-Xaaka

HoBe enexrpodinbHe mneperpynyBaHHsS HIECTUWICHHUX TE€TEPOIMKIIYHUX
CUCTEM 3 Te€MIHAJbHO PO3TAIIOBAHMMH aTOMaMU OKCUI€HY BIJIKpUBA€E HUIAX 10
CHUHTE3Y MEPCTIIEKTUBHUX xJ10po-2,3-nuriipo-1H-kcanteH-meruneH-N-
METWJIMETaHAMIHIYM IEpXJIOPATIB I NOJANbIIMX XIMIYHUX NEPETBOPEHb, TOMY
OyJ0 BHPINIEHO PO3UIMPUTH KUIBKICTh MPHUKIAAIB JaHOIO MEperpymnyBaHHs.
OO6pani cmiponoxigHi 1,3-HadromiokcuH-1-0HM  BiNMOBINAIOTH  HEOOXITHUM
BUMOraM Juisi Tepediry TmeperpynyBaHHs, a caMmMe HasBHa TeMiHajbHa
JUTETepoaTOMHa CHUCTEeMa, € KapOOHUIbHA Tpyma, M0 YTBOPIOE 3 OJHUM 13
reMiHAIBHUX aTOMIB OKCHI€HY JIAKTOHY TpYIy, a TaKoX aTroM KapOOHY
reMiHAIBHOT CHCTEMH B SP°-TiGpPUIHOMY CTaHi, SIKHil Ma€e CIIpO 3aMiCHHUK.

Mopenbhi crionyku 2.3a-0 OoTpUMaHO KOHJCHCAIIEI0 XJIOPAHTIApUAY 2-
rigpokcu-1-nHadTolHOT KHUCIOTH 3  BIANOBIIHMMH [HUKIIYHUMH KETOHAMU
BIPOAOBXK 5 TOAMH Tpu miaBuleHIM Temmneparypi [87] (Cxema 2.3).
Xnopauriapun — 2-riipokcu-1l-HadTolHOI KUCIOTH OyJl0 CHHTE30BAaHO 3a
aHAJIOTIYHOIO METOAMKOIO Il TPHUTOTYBAaHHS XJIOPAHTAPUAY 3-TiOpOKCU-2-

HadToMHOI KuciaoTH [88].
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(0] OH o) Cl
é :
OH SOC12 OH X O\D
_ _— = ‘
-S0,, -HCl Y

2.3a-d

a— X = -CH,- (40%); b — X = -(CH,),- (56%); ¢ — X = -(CH,)3 (53%)-; d — X = -
CH,-CH(CHa)- (59%)

(Cxema 2.3)
CTpykTypy OTpHUMaHuX MpoaykTiB 2.3a-0 MiATBEPIKCHO JaHUMH
KOMILIEKCY crekTpambhux ganux SIMP 'H, *C cmexrpockomii Ta mac-
cnekTpoMmerpii. XapaktepHuMm y crnekrpax SAMP BC cunresoBaHmx CIIOJIYK €
HasiBHICTh cUrHaiy ~106 M. 1., 1110 BIANOBIA€ CUTHAIY BY3JIOBOIO aTOMa KapOOHY
remiHanbHOI cucteMu O-C-O (puc. 2.1). Mac-criektpu cioayk 2.3a-d 3 ioHi3ari€e
B pexuMi BIIIA xapakTepu3yloTbcsi HABHICTIO MIKIB MPOTOHOBAHUX MOJIEKYIN 13
CEpEeIHbOI0 Ta HU3BKOIO 1HTEHCUBHICTIO, & OCHOBHMMH MIKaMU IIUX CHEKTPIB €
CUTHaJIM (parMeHTHUX 10HIB 3 m/z = 171, Akl yTBOpWIMCS B pe3yJbTaTl
eniMiHyBaHHS BiAMOBiMHUX KeToHiB. Cronyka 2.3d orpumanHa y BHUIJISAI CyMili

CTEpEOi30MepiB.

DMSO-d6

N
o
1
6
—36.21
—22.69

Intensity
o
o
—138.23
129.50
~—£9.05
—-.{2523
124.70
—117.40
39.50

_~160.24
—158.08
131.00
12957
114.93

I

———105.38

)

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

Puc. 2.1. Criextp SIMP *C crionyku 2.3a
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[Toganeiior B3aeMoJi€0 CUHTE30BaHUX |,3-HadTOMIOKCUH-1-0HIB 3 TPHOX
KpaTHUM HAJJMIIKOM peareHty BinbcMmaiiepa-Xaaka OpoTAroM 5 TOIMH 3a
temnepatypu 110°C 3 HAcTymHUM OXOJOKEHHSM 1 JOJAaBaHHAM BOJHOTO
PO3YHMHY TEPXJIOpaTy HATPI0 OTPUMAHO TMPOTHO30BAHI XJIOPTOXITHI KCAHTCHH
2.4a-d (Cxema 2.4). HeoOXiTHO 3a3HAYUTH, IO ITiIBUIIICHHS TEMIICpaTypH B JaHIH
peaxiiii MpUBOAWTH O YTBOPEHHSI BEIMKOI KUIBKOCTI CMOJ, IO B CBOIO UEPTyY

BIUIMBA€E HA 3MCHIIICHHS BUXO/IiB IIbOBUX MPOIYKTIB.

1. POCl,, DMF
\D 110°C,5h
2. 15% NaClO,
10°C

2.3a-d 2.4a-d

a— X = -CH,- (55%); b — X = -(CH,),- (60%); ¢ — X = -(CH,)s- (62%); d — X = -
CH,-CH(CHgy- (68%)
(Cxema 2.4)

BynoBy cronyk 2.4a-d miaATBEpIKEHO aHATI30M KOMIUIEKCY CHEKTPaTbHUX
nagux SIMP 1H, 13C—cr[eKTpoc:Konii' Ta Mac-criekTpomerpii. Ha Biaminy Bif
BUXiIHHX cronyk, B crekrpax SIMP 'H mpoxykriB meperpymysamms 2.4a-d e
XapaKTepHOIO MosiBa curHainy nporony CH azomernHoBoro ¢gpparmenrta B objacti
cnabkoro monss mnpu 8.6 M. 1., a TaKOX CHUTHAJIB aTOMIB TIAPOIEHY JBOX
METWJIBHUX TPYI Y BUIJISA1 CUHIJIETIB, 1110 HAJIEKATh TUMETUIAMIHOTpYI, IpH 3.6
ta 3.5 M. A., BiANoBigHO (puc. 2.2). BIACYTHICTh CHUTHANIY BY3J0BOIO aroma
kapOony B cnektpax SMP BC  cunresoBaHmX XJIOPIOXIAHUX KCAHTEHIB
miATBEPKYE TepedynoBy KapOoHOBoro kapkacy (puc. 2.3). B Mac-cmekTpax
JTAHUX CIIONYK 3 10H13arlieto B pexkumi BIIIA MicTATBCS MKU MOJEKYISIPHUX 10HIB

KaTioHHOT YacTUHU MOJIEKYJI 31 100%-BOIO IHTEHCHUBHICTIO.
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DMSIO—dG
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o

Intensity

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5
Chemical Shift (ppm)

Puc. 2.2. Criexrp SIMP 'H crionyku 2.4b
DMSO-d6
CH, '
I,°Clo;
Z “CH,

39.50

|
o
m

.
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O
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o
©
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o
3

Intensity
o
(e}

A
n
49.80
42.24

o
I

A
w
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~-125.82
24.77
34.17
—24.14

¥
1 11783

/13123
—129.75
26,63

©
N

—152.62
—144.90
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134.96
~-116.67
—102.16

—— 16248
———159.72

o
i

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
Chemical Shift (ppm)

Prc. 2.3. Criextp SIMP °C conyxu 2.4b

AHanoriyHuM meperpymnyBaHHs Ha cxemi 2.2 Oyino cunTe3oBaHo N-[(9-
XJI0po-2-MeTri-2,3-auriapo-1H-kcanren-4-in)meruneH]-N-MeTniIMeTaHaMiHI yM
nepxjopatr 2.6 (Cxema 2.5) 3 METOIO CHHTE3y Ha HOTO OCHOBI KCAaHTEHOBUX

OapBHUKIB. XJIOPAHT1APUA CATIIIIOBOI KUCIOTH JIsl OTPUMaHHS Cripany 2.5 0ymio
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OJIep’KaHo 3a JiTepaTypHoro Meroaukor [89]. Cromyky 2.5 Oyno BumiieHo i3

peaxiiitHOro cepeAoBUINA Y BUTIISIL CYMIIIl CTEPE0130MEPIB.

CH
0 CH CH NE
3 \Oﬂ 3 1. POCl,, DMF ~ CH,

o)

110°C,5 h 0
—_—
o pa o 0 = ‘
2. 15% NaClO, CH,
(0] (0) 10°C Cl
2.5(55%) 2.6 (58%)

(Cxema 2.5)

OckiJibKu 3a JOTIOMOT 010 eJIeKTPO(UILHOTO NeperpyInyBaHHs
MIECTHYIICHHUX TETEPOITUKIIIB MOKITUBO OTpUMAaTH MEePCIIEKTUBHI
(yHKII0HATI30BaHl KCAaHTE€HH, NPEJCTABISIO IHTEPEC BBECTH aTOM Opomy Yy
NPOIYKTH peakilii i3 BUKOPUCTAHHSAM enekrpodimeHoro arenry PBrs/DMF B
SIKOCTI 1HII[IaTOpa PEeIMKIIi3allii BUX1THUX CyOCTpaTiB.

3 miero MeTor OyJio MPOBENEHO CHUHTE3 paHimie Heigomux 9-6pomo-2,3-
nurinpo-1H-kcanren-4-in)meruneH |-N-meTunmeranaminiym NepXJI0paTiB
B3aeMoicto cmipanis 2.1a,b, 2.3d ta 2.5 3 nagmumkom komiiekcy PBra/DMF npu
temrieparypi 110°C BnpogoBxk 2 roAuH 3 MOAAIBIINM J0JAaBaHHSAM IEPXJI0paTy
HATPIIO JI0 0XOJOMKEeHOT peakiliiiHoi Macu (Cxema 2.6). MoaudikoBaHuil peareHT
Binbcmaiiepa-Xaaka oTpUMyBaH 32 METOJIOM, ONMcaHuM B Jitepatypi [90], ane 3

MOJILHMM ciriBBigHomenHsM PBrs/DMF 1:3.

_ 1.PBr,, DMF
! 110°C,2h
S ——
2.15% NaClO,
10°C '

2.1a-b, 2.3d,
2.5
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ll\li3 clos I +3 CIO,;
Z "CH, Z “CH,
P )
@ 20
Br Br
2.7a (68%) 2.7b (60%)
CH CH
I, °Clo, lll+3C|o4-
Z “CH,
0¢
Z CH,
Br
2.7d (59%) 2.8d (58%)

(Cxema 2.6)

B crextpax SIMP "H crionyk 2.7a-b,d ta 2.8d xapaxTepHEMHE € CHrHAIH, 0
pe3oHyI0Th B 00sacti 8.39—8.76 M.JI. y BUIJISIII CHHIJIETY 1 BIJAMOBIJAIOTH aTOMY
rinporeny CH a3oMerwHOBOi Tpymu, a TakoXX CHUTHAIM aTOMIB TiAPOTEHY
METWIBHUX TPy B 00JIaCTI CUJIBLHOrO MoJis 3 1HTeHcuBHICTIO 1:1. HasBHICTH 1BOX
CUTHAJIIB, 1110 BI/IMIOBI/Ial0Th HE €KBIBAJICHTHUM METWJIHBHUM TPyIaM, MOSCHIOETHCS
ycknagHeHuM oOepraHHsaM Hapkosio 3B’s3ky C=N". IlosBa curuamy aroma
KapOOHY a30METHHOBOTO (parmMeHTa 3 XIMIYHUM 3cyBoM 167.4 M. 1. Ta
BIJICYTHICTh CHUTHAy, 1[0 HAJCKHUTh BY3JIOBOMY aToMy KapOoHy B criektpi AMP
BC cnonyku 2.7a (puc. 2.4), CBiZ4MTh Ha KOPUCTb MEpeOYIOBH KapOGOHOBOTO
octoBy. B mac-criekrpax (ionizamis B pexkumi BIIIA) cnonyk 2.7a-b,d mictarbes
iKW MOJIEKYJISIPHUX 10HIB KaTIOHHOI YaCTUHU MOJIEKYJIU 3 iHTeHCUBHICTIO 100%, a

B criekTpi crionyku 2.8d — 3 iHTeHCHBHICTIO 68%.
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Puc. 2.4. Criextp SIMP °C crionyku 2.7a

3araJibHUI MeXaHI13M neperpyInyBaHHs CHIPOIMOX1AHUX 1,3-
oenzo(HadrTo)miokcun-4(1)-oniB  mig gie0  peareHTiB  Binbcmaliepa-Xaaka
POCI:/DMF ta PBrs/DMF mpencraBieHo Ha cxemi 2.7, SKHH € TOIIOHUM [0
MeXaHi3My, 3aIpOITIOHOBAHOTO B poOoTi [86]. B3aemoxist criiponoxigHuX JiOKCHHIB
3 peareHToM Binbcmaiiepa-Xaaka NMOYMHAETHCA 3 aTaKW JIAKTOHHOI TPYIU XJIOp-
a0 OpOMIMIHIEBOIO CULITIO, B PE3YNITATI SIKOT YTBOPIOIOTHCS HECTINKI 10 BUCOKOT
TemrepaTrypu iHTepMmeniatu A, skl mepeOynoByloTbcsa 10 cTpyktyp B. Llew
nepexiji BiAOYBaeThCsd 3a paxyHOK e(QEeKTUBHOI'O TMEepEeKpUBaHHS opOiTaiei
HEMOICHOT EeNIEKTPOHHOI Mapu €TEPHOTO aTOMa OKCHUIEHY 3 G-pPO3MYIIyIOUYOl0
opbitamo 3B’sa3ky C—O". Ilomamblle BimuIeNIeHHS NPOTOHY Bif NPOMiKHUX
cnosiyk B npuBoauTh 10 nukmizauii B Xxpomonu C, siki B CBOIO YEpry XJIOPYIOThCS
abo OpomyroThes 10 conerd mipwiiro D B ymoBax peakuii. HactynHe BinmenieHHs
IPOTOHY 1 (POPMUTIOBAHHS NMPUBOAMTH JI0 YTBOPEHHs mpoayktiB 2.4a-d, 2.7a-b,d
Ta 2.8d.
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POCI,,DMF
or
PBr,,DMF

X(POCl; DMF) = OCHN*(CH,), or OPOCI, or CI
X(PBr;,DMF) = OCHN*(CH,), or POBr, or Br

POCIL,,DMF

or
PBr,,DMF

Y =Cl or Br
POCI,,DMF

1. or
PBr,,DMF
—_—

2.15% NaClO, -~

e
i
i
[

2.4a-d
2.6, 2.7a-b,d
2.8d

(Cxema 2.7)

[li peakwii MpPOJEMOHCTPYBAJIM TMOTY>KHHH  TOTEHIIal  peareHTy
Binbcmaiiepa-Xaka, skuii Ha Tiepuriid crajii iHiioe nepedyaoBy KapOOHOBOTO
CKEJIeTy 3 MOAAJIBIIMM XJIODYBAHHSM MNPOMDKHHUX IHTEPMEIIaTIB Ta BBEIEHHAM
eKBiBaJieHTa (POPMIIBHOI IpyNH Ha PiHAIBHIN CTaii.

HacTtymHuM  KpOKOM  HAmoro  JOCHIIPKEHHS  CTaJll0  3HAXOJDKEHHS
ONTUMAIFHUX YMOB TiAponizy mepxiopariB 2.4a-d, 2.6, 2.7a-b,d ta 2.8d i3
30epeKeHHSIM aKTUBHOTO JI0 3aMIIllEHHS aTOMa XJIOpY.

Ha BigMmiHy Bin opraHidyHUX TepxjopatiB y poOoTi [84], mykHUIl Tiapomri3
coneit 2.2a-c, 2.4a-d, 2.6, 2.7a-b,d ta 2.8d He mnpUBOAMB 10 YTBOPCHHS
(GbOpMITIOXITHUX KCaHTEHIB, a BiAOYBajoCs OCMOJICHHS BUXITHUX crHoiyK. byimo
niaiopaHo YMOBH TIipOJII3y MEPXJOpaTiB y KHCIOMY CEpPEeIOBHIINI Ha MpUKIail
nepxJjiopary 2.7c. 11-bpomo-7,8,9,10-terparigpouukiorenta| b]xpomen-6-
kapOanperig 2.9C orpuMaHo B aleTOHITpWIl 3 gojaaBaHHAM 20%-BOTo BOJHOTO

pPO3YMHY OLITOBOI KHCJIOTH 32 KIMHAaTHOI TeMIEpaTypu BIPOAOBXK 18 roauH
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(Cxema 2.8). IlpoBemeHHst Tripofizy 3a NIABUIIEHOT TEMIIEpaTypu TaKOXK

OPUBOJIUTH 1O YTBOPEHHS CMOJIUCTUX MPOAYKTIB.

— 113(; . clo,
1. PBr,, DMF
o 110°C,2 h _.H+
——
2.15% NaClO, _(ng;) NH
o) 10°C .
o1 | 2.9¢ (55%)

(Cxema 2.8)

HasiBHicTh curHany siipa aroMa TiaporeHy (GOpMIIBHOI TPYIU 3 XIMIYHUM
scyBoM 10.3 M. 1. B cmektpi SIMP 'H (puc. 2.5), a TakoX MPUCYTHICTH B Mac-
CreKTpi MKy MoJeKymspHux ioHiB 3 m/z 306 [M (*'Br)]’, e GescymuiBHEM

JI0Ka30M CTPYKTYpH ayibaeriay 2.9c.

DMS(ID— dé

\ O
—1.79
—1.65

o
o

Intensity

—7.28
\7.26
7.22
—2.91

©O 0
Q0 <
RN
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(I [T [T —
L L L L L LB B L BN B L
7 7.6 75 74 7.3 7.2
A /
0.89 1.032.39 2.23 2.58
u "= L [=]=]
B o L B o o o B B L B o e e e e e
10 9 8 7 6 5 4 3 2

Chemical Shift (ppm)

Puc. 2.5. Criexrp SIMP 'H cronyku 2.9¢

B amamoriuamx ymoBax Oys0 TPOBENEHO Timpoii3 cmoilyk 2.2a-C 10

BIANOBINHUX Qopminmoxinuux kcanteHis 2.10a-c¢ (Cxema 2.9).
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CH,
': Clo, o
Z CH, z
O o ‘ 20% AcOH O o ‘
 ———
y ), H,0 = ),
5 -(CH,),NH I
2.2a-¢ 2.10a-c

a—n=1 (65%); b — n=2 (76%); ¢ — n=3(70%)
(Cxema 2.9)

CTpykTypy OTpPHUMaHHX NPOAYKTIB BCTAaHOBJIEHO aHATI30M KOMILIEKCY
criekTpanbHuX ganmx SIMP 'H, 13C-cneKTpOCKOHi'i, a TaKoXX Mac-CHEKTPOMETPIi,
OpyTTo-hopMylly MIATBEP/KEHO ITaHMMU €JIeMEHTHOro asanizy. Ha kopucthb
HasBHOCTI (hopMminbHOI Tpymu B CTpYKTypi cronyk 2.10a-C cBimyaTh CUTHAIU Y
BHIJISA CHHIJICTIB, IO PE3OHYIOTH B c1abkoMy momi crektpis SMP "H mpu ~10.3
M. 1., 2 TAKOX CHTHAJIH aToMiB KapOoHy B crekrpax SIMP °C B o6macri 184.0—
186.4 m. 1. B mac-ciekTpax mpUCyTHI MKW MOJEKYJISIPHUX 10HIB 3 IHTEHCHUBHICTIO
77% nns cnoayku 2.10a ta inteHcuBHicTIO 100% m1st cmontyku 2.10b.

Takum  4yumHOM,  PO3pOOJIEHO  OAHOCTAIMHI ~ METOIU  CHHTE3Yy
NoMQYHKIIOHATBPHUX TOXIMHUX KcaHTeHy, a came N-[(9-xmopo-2,3-murigpo-1H-
KcaHTeH-4-im)MeTmiieH |-N-metrunmetanaminiym nepxiopariB ta N-[(9-6pomo-2,3-
nurinpo-1H-kcanren-4-un)MeruseH |-N-mMeTunmeraHaminiym nepXJopaTiB,
neperpymnyBansasaM 1,3-0en3o(Hadro)aiokcnH-4(1)-oHIB Mg Ji€l0 KIACUYHOTO Ta

Mou(iKOBaHOTO peareHTy Binbcmaiiepa-Xaaxa.

2.2 CuHTe3 HOBHUX KCAaHTCHOBMX OapBHHMKIB Ha OCHOBI KOHJEHCAIIll

KHbpOBeHarems

OcKUTBKH XJIOpO-AUT1APO-(0eH30)KCcaHTeH-MeTHIeH |-N-MeTmiMeTaHaMiHIyM

NepXJopaTh MAIOTh JIBa PEAKUIMHHUX LIEHTPHU, MPEACTABISIO IHTEPEC CEIEKTUBHO
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3aMIHUTU JIUMETUJIAMIHOTPYIY Ta aToM XJOpy PI3HMMHU HYyKJIeoduIiamMu, II10
BIJIKpPMBA€E IIMPOKI MOMIIMBOCTI JJII CUHTE3y HU3bKOMOJEKYISIPHUX OyAiBEIbHUX
0JI0KIB Ta OapBHUKIB.

['anoren3aminieHni kcanteHu 2.2a-C, 2.4a-d, 2.6, 2.7a-b,d rta 2.8d,
B3aeMOMiIOTh 3  akTuBHMMH  CH-kucinoramu — (I[laHOOITOBUM  €CTEPOM,
MaJOHOHITPUIIOM, JUMEPOM MaJOHOHITPUITY, (DEHUICTHUIIACH MAJIOHOHITPHIOM Ta
KUCIIOTOI0 MenbapymMa) MpuU OCHOBHOMY KaTami3l 3 YTBOPEHHSM MPOIYKTIB
KoHjeHcallii KuboBeHaress.

[{ixaBorO BUSIBHIIACS B3a€EMOJIISI MEPXJIOPATIB 2.28-C 3 MAJOHOHITPHUIIOM Ta
JTUMEPOM MAJIOHOHITPUIIY, OCKUIBKM B PE3ylbTaTl LHMX peakiliid BiA0yBaeThCs
3aMIIIEHHS JUMETWIAMIHOTPYNM Ha 3aJuiiok BianoBigHux CH-kxucmor 6e3
30epeKeHHsT aToMa XJOpY 3 yTBOpeHHsM cTpykryp 2.11a-c i 2.12a-b (Cxema
2.10). Peakuiro 3 MaJOHOHITPWIOM MPOBOJIMUJIM IMPHU KHUII STIHHI B al€TOHITPUIL
BIIPOJIOBIK JIBOX TOJIMH, a 3 AUMEPOM MaJIOHOHITPUITY — 32 KIMHATHOI TeMIepaTypu
OpOTSrOM JABOX 10, 10 00YMOBJIEHO HAsSBHICTIO aMIHOTPYNH B OCTaHHBOMY Ta

OCMOJIEHHSIM TIPOJIYKTIB MPH MIBUIIEHHI TEMIIEpaTypH PeaKiiii.

CN
NH,
CN CH, NC._CN NCTN
+ Clo, |
Z “CN o~ Z "CH, HN CN Z “CN
NC CN
o~ NG NG
- B ——
¥ ()n Et,N = On Et,N ¥ On
N Cl N
H3C/ \CH3 HsC/ \CH3
2.2a-c
2.11a-c 52-62% 2.12a-b 40-50%

a—-n=1,b-n=2;c—-n=3
(Cxema 2.10)
Tpeba 3a3HaunTH, IO aHANI3 CHOEKTPATBHUX JIaHUX HE BUKIIOYAB
MO>KJTUBOCT] YTBOPEHHS IBOX TEOPETUIHO MOXKIIUBHUX CTPYKTYp I crionyk 2.11a-
C i 2.12a-b. Jlns po3BitOBaHHS CYMHIBIB I10JI0 TOYHOCTI 3amlpOITOHOBAHUX

CTPYKTYp i criojiyku 2.11a Oyiio mpoBeneHO peHTTEeHOCTPYKTYPHE JOCTIHKEHHS

(puc 2.6).
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Puc. 2.6. Monekynspua Oymosa crionyku 2.11a 3a nanumu PCJI. Enincoinu

TEIJIOBUX KOJIMBAaHb HEBOJHEBUX aTOMIB HaBe/IeH1 3 iIMOBIpHICTIO 50%.

Tpunukniyauii pparMeHT MOJEKYJIH MIOCKUi 3 TouHicTio 0.03 A, JloBXKuHU
3B’s13KiB B JaHIpory C7-C8-C12-C11-C15-C16 BupiBnsui (C7-C8 1.392 (3) Z\, C8-
C12 1.397 (3) A, C12-C11 1.390 (3) A, C11-C15 1.374 3) A, C15-C16 1.396
(3) A), 110 JTO3BOJISIE OIUCATH OYIOBY MOJIEKYJIH SIK CYIEPITIO3HINI0 HEUTPAIBHOT 1

nBiTTep-ioHHoi opm (Cxema 2.11).

H,C. CH, H3C\|§,CH3
L0 LD
-
0 CN o\ N
CN CN .....

(Cxema 2.11)

[Inocka  guMeTWnamMiHOTpyma  pO3BEpHYTa IO  BIAHOIIEHHIO 70
TpurukiIigyHoro ¢parmenta (topcitauii kyr C13-N1-C7-C6 nopiBarioe -35.3(3)°)
BHACITIJIOK ICTOTHOTO CTEpUYHOTO B/IIITOBXYBaHHS (ykopoueHi

BHYTpilTHEOMONIEKYIsIpHI KoHTakTH C5...C13 2.96 A, H5...C13 2.39 A, Hl13a...H5
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2.08 A, H13c...H52.21 A, C14...C9 3.03 A, H14a..H92 2.10 A, H14a...C9 2.58 A,
H9a..C14 2.80 A B NOPIBHSHHI 3 BIANOBIAHUMHU CYMaMH BaHJI€pBAAIbCOBUX
paniycis [91] C...C 3.42 A, H...32.87 A, H...H 2.32 A).

XapakTepuCTHIHUME curHamamu B crektpax SIMP 'H cmonyk 2.12a-b e
CUTHAJIA aTOMIB T1IPOT€HY aMiHOTPYIH, [0 PE30HYIOTh B 00JaCTi CIA0KOTO TOJIS
npu 8.19 M. 1. y BUTJIAI CUHTIIETY Ta MK allkeHoBoro atoma rigporeny CH= npu
8.08 m.a. (puc. 2.7). B mac-cnektpax OapsuuKkiB 2.11a-C i 2.12a-b (ionizarris
€JIEKTPOHAMHU) MICTATHCS MIKU MOJIEKYJsipHUX 10HIB 31 100%-BOI0 IHTEHCUBHICTIO.
CN e

CNTX NH,

3.12

=
o
bl

2.75
—2.67

\-2.66

~ “CN

o
©

.2
W,
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O
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Chemical Shift (ppm)

Puc. 2.7. Criextp SIMP "H crionyku 2.12b

Byno BcTaHOBIIEHO, IO 3aMiHa aroma XJIOPY Ha aroM OpoMy Yy BUXIiJIHIH
cnoayml 2.7a B aHaJOrYHUX YMOBAaX HE BIUIMBAE Ha Tmepedir peakuii
KuboBeHarenss 3 MaJOHOHITPWJIOM 1 BHUXIJ HUIBOBOTO MPOAYKTY. Y pe3ynbTari
peaxinii TakoX BiTOyBAa€ThCS 3aMIIICHHS AWMETWIaMiHOrpynu Ha 3amumiok CH-

KUCTOTH 0e3 30epekeHHs] aToMa TaJIoreHy 3 yTBopeHHsAM crnonyku 2.11a (Cxema

2.12).
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CH, CN
—N+ CIO, —
CH CN
O *eN” > eN O
) = )
Z Et,N Z
Br _Nd
H,C”™ ~CH,
2.7a 2.11a(62%)

(Cxema 2.12)

Yr1BOopenHs mponykry 2.11a Oymo BcraHoBieHo 3rigHo TIHIX Ta
TemrnepaTrypu IuiaBieHHs. CHekTpajabHl  XapaKTepUCTUKH  30iraroThCcs 13
npoaykTom 2.11a 3i cxemu 2.10.

B3aemopmist crionyk 2.2a-C, 2.4b i 2.7a 3 1iaHOOITOBHM €CTEPOM MPOXOIUTH
Opy KU STIHHI B aQIETOHITPWJIl TPOTATOM 2 TOAWMH 3 BUKOPHUCTAHHIM
TPUETWJIaMIHY B SIKOCTI Karaji3aTopa. 3aMiHa aroMa XJIOpy Ha aTtoM OpoMy y
BUXIJHUX CIIOJIyKax He BIUIMBa€ Ha mnepelir peakuii. Peakuis BinOyBaeThCs
pErioceieKTUBHO, OCHOBHUM MPOAYKT 31 30€peKEHHSIM aTOMa TaJIOTeHy BUMAa€ B
ocajl, a HasIBHICTh MOOIYHOTO MpoAyKTy 2.16 O6ymno momiveno o TIIX y dinpTparti
(Cxema 2.13). XpomaTo-Mac aHali3 PEAKIIIHHOI CyMIilli J03BOJWB BCTAaHOBUTH
cuiBBigHOmEHHs: npoAykTie 2.13b 1 2.16b, ske crmamae 87.232% (dac
yrpumyBanHs 1.248 xB) 1 12.768% (wac yrpumyBanusa 1.320 XB) BiAMOBIIHO.
Cnonyky 2.16¢ Oyno BUAUICHO B IHAWBIAYaJbHOMY BUTIJISII Ta MiATBEPIKEHO

CIICKTPAJIBHUMU JTaHUMU.

M,
Ns Clo,
CH

2.2a-c, 2.4b,
2.7a

2.13a-c, 2.14, 2.15 2.16a-c

55-71% 10-11%
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CO,Et EtO,C
CO,Et
2 Zary ¢~ ~CN
—
CCo U0 oo
cl cl cl

2.13a (70%) 2.13b (55%) 2.13c (57%)
CO,Et
CO,Et
= ~ "CN
o) CN o)
L0 OOC
Br O Cl
2.14 (44%) 2.15 (71%)

(Cxema 2.13)

Y crexrpax IMP "H npoxykris peakmii KupoBenaremns 2.13a-c, 2.14 i 2.15
B 00J1aCT1 CMJIBHOT'O TOJIsl IPUCYTHI CUTHAJIW aTOMIB T1IPOT€HY €CTEPHOI rpynu 3
XiMiYHUMH 3cyBaMu 1.27 1 4.23 M. 1. y BUTJIAI TPHUILIETY 1 KBapTery (puc. 2.8).
Curnan aroma riaporeHy ainkeHoBoro CH= BignoBijlae XIMIYHOMY 3CYBY
~7.93 m. 1. Kondirypariito 3amiCHUKIB OUIS TMOABIHHOTO 3B’A3KYy QJIKEHOBOTO
¢parmenta BcTtaHOBIeHO Ha ocHOBI jgaHux PCJ] momibamx cmomyk [86, C. 250-
257], a TakoX TPHUOYIICHHS NP0 YTBOPEHHSA TMPOCTOPOBO MIiHIMAILHO
HaBaHTAXXEHUX 130MEPIB.

Hani crexktpis SIMP BC cunresoBanux CIIOJIYK HE CyNepedyarb BKa3aHUM
cTpykTypaMm. B Mac-cniekTpax 3 ioHizariero enekrpoHamu 6apBHukiB 2.13a-c, 2.14
1 2.15 wMicTATbCA TIKM MOJIEKYJSIPHUX 10HIB 13 CEpeIHbOI0 Ta BHCOKOIO
IHTEHCUBHICTIO. XapaKTepHE PO3MOJUIEHHS MIKIB MNPUPOJHUX 130TOMIB ATOMIB
XJopy abo OpoMy B Mac-CHEKTpaxX MIATBEPIKYE HAasSBHICTh IUX aTOMIB B

CHUHTC30BAHUX CIIOJIYKaX.
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Chemical Shift (ppm)

Puic. 2.8 Criexrp SIMP 'H crionykn 2.13a

Xpomaro-mMac aHalli3 peakmiiHol cyMmimi B3aemofii cmomyku 2.2b 3
MaJIOHOHITPHJIOM JIO3BOJIMB BCTAHOBUTH CIIiBBiqHOMIEHHS TpoAykTiB 2.11b i [(9-
XJI0pO-2,3-1uriapo-1H-kcanten-4-i1)MeTusIeH [MaIOHOHITPIITY,  SIK€  CKJIaJae
96.888% (uac yrpumysanHs 1.177 xB) 1 3.112% (wac yrpumyBanus 1.263 xB)
BIJITTOB1THO.

HactynmHuM KpOKOM HAIIOro JOCHIJKEHHS OYyj0 BCTAHOBJICHHS MPUYMHU
BIZIMIHOCTEH y pEaKIliiiHIA 31aTHOCTI BUXITHUX CHONyK 2.2a-C, 2.4b i 2.7a npu
B3a€MOJIi 3 MAJOHOHITPWIOM Ta IL1aHOOUTOBUM ecTtepoMm. [lepimioro i1 criabHOIO
CTaJlel0 B 000X BHUIAJIKaxX € KoHJeHcalliss KHboBeHarensi, ToMy HEOOX1AHO OyIio
BUJUIMTH MPOMIKHI 1IHTEpMEIaTh 31 30€peKEeHHSIM aToMa XJOpy 1 ISl KOKHOI'O
OKpEMO MPOBECTH B3aeEMO/Iit0 3 tuMeTrmiiaminoM. [Tpu B3aemogii anpaeriay 2.10b 3
MaJOHOHITPWJIOM TIPU KHIT STiHHI B aleTOHITPWII NPOTATOM YOTUPHOX TOJHWH B
HPUCYTHOCTI TpHeTHIaMiHy cuHTe30BaHO [(9-x10po-2,3-auriapo-1H-kcanten-4-

uT)MetuieH [ManoHoHiTpui 2.17 (Cxema 2.14).
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CN
Z CN
NC” > eN o
—_—
Et,N Z
Cl
2.10b 2.17 (57%)

(Cxema 2.14)
Crpyktypy cnonyku 2.17 MIATBEpKEHO  aHAII30M  KOMIUIEKCY
ciektpanbuux manmx SIMP 'H, *C-cmekrpockomii Ta Mmac-crekTpomerpii. Y
criextpi SIMP 'H orpumaroro 6apsrnka 2.17 BiACYTHIif CHIHAT aTOMa TifpOreHy
(OpPMUIBHOI IPYIH 1 MICTUTBCS CUTHAJI aTOMa T1POreHy aJlKEeHOBOro (pparmeHTa
(CH=C) 3 ximiyauM 3cyBoM 8.07 M.I., IO MIATBEPIKYE YTBOPEHHS MPOILYKTY
koHneHcanli KupoBeHarems. HasiBHICTP HITPMIBHUX TPyH MiATBEPIKYETHCS
cektpoM  °C  SIMP. Mac-CIieKTp CIOTYKH 3 {OHI3aI[i€l0  eIeKTPOHAMH
XapaKTePH3yeThCsl HASBHICTIO IKiB MOJEKY/ISpHHX ioHiB 3 m/z 296 [M (CPN]
(24); 294 [M (CI*)]* (100).
[Ipu GapOoTyBaHHI Ta30MOAIOHOTO JUMETWIAMIHY Yepe3 PO3UHMH CIOJIYKH
2.17 B aneroniTpuit orpuMano 6apauk 2.11b (Cxema 2.15). THIX, Temneparypa
IUTABJICHHS 1 CHEKTpalbHI JJaHi 301raloThes 13 paHillle CUHTE30BAHUM IMPOJYKTOM

2.11b 3i cxemu 2.10.

CN CN
Z > CN Z "CN
o) o)
—_—
(L) e 0@
Cl ~NJ
H3C CH3
2.17 2.11b (68%)

(Cxema 2.15)
Jlami aHanmoriyHui ekcrepuMeHT Oyio mpoBeaeHo 31 cronykoro 2.13a. [ns
IILOTO Yepe3 PO3YMH CIONYyKH 2.13a B aleToHITpUIiIl MPU KIMHATHIN TeMrmeparypi

O0apOoTyBanu ra3onoNiOHUNA JUMETWIaMiH, B pe3ydbTaTl 4Yoro BigOyBajocs
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3aMilIeHHsT atoMma XJiopy 1 yrBopeHHs erwi (2E)-2-miano-3-[9-(numerunamino)-

1,2-nurigporukionental b]xpomen-3-in]akpunary 2.18 (Cxema 2.16).

CO,Et
—
0 CN
(D) -
Z
Cl
2.13a

CO,Et

—
o CN
Me,NH ——— O ‘
Z

/N\

H,C” ~CH,
2.18 (80%)

(Cxema 2.16)

XapaKkTepuCTUYHUM CUTHAJIOM B criekTpi IMP 'H OTPUMAHOI'0 IPOAYKTY €

CUTHAJI aTOMIB T1IPOTEHY ABOX METWIBHHX TPYII, IO PE30HYE B 00JACTI CUILHOTO

nonis nipu 3.02 M. . y BUTJIAZII CHHTJIETY, a TaKOX CUTHAJl MPOTOHY METUHOBOTO

¢parmenta mpu 8.19 M. a. B obnacti cinabkoro momst (puc. 2.9). B mac-criektpi

(loHi3allisl eIeKTPOHAMH) CHONYKH 2.18 MICTHTBhCS MK MOJEKYJISIPHOTO 10HY 3

IHTEHCUBHICTIO 97%.
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Puc. 2.9. Criektp SIMP "H crionyku 2.18
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[TopiBHIOIOYM JBa EKCIICPUMEHTH Bi3yaJlbHO YTBOpEeHHs mnpoaykry 2.11b
BIIOyBaeThCcs MBUALIE, amke yepe3 30 XBUIMH Michs Mo4yaTky OapOOTyBaHHS
2.11b moBHicTIO BHIIaB 3 PO3YMHY, TOHI SK HA YTBOpPEHHsS cronykum 2.18 mimuia
no6a. ITo manum THIX mpoxykt 2.11b He moTpeOyBaB kpucTaizarii, Tozi sk 2.18
JIOBEJTIOCS OUMIIATH BiJ BUX1AHOI crionyku 2.13a.

JIJisi MOsSICHeHHST Pi3HOi peaKIifiHOi 3aTHOCTI HEOOXiMHO OyI0 BU3HAYUTHU
eneprii BBMO i1 HBMO-piBueii. BenuumHu mnux enepriii Oynm oTpumaHi 3a
JIOTIOMOT'0F0 METOJTY HUKJIIYHOI BOJBTAMIIEPOMETPIi, HA BOJIBTAMIIEPOMETPHUYHOMY
anamizaropi «797VA-Computrace» (Metrohm, IIseiinapist). Posunnuuk JIM®PA,
pobounii  eNeKTpPoJ IUIATUHOBHWH, €JIEKTPOJ| TOPIBHSIHHS  XJIOPUJCPIOHUM
(Ag,AgCI/KCI (3 M)), donosuii enekrposit NaClO4 (0.1 mMoib/i1), KOHIIEHTpALIis
conyku 2.17 0,3 mr/min, a cnonyku 2.13a 0,1 mr/mi. 3 BeTWYWH TOTCHITIANIB
noyatky okucHeHHs (E. ') i BimHoBienus (E,y,~') Oynum pospaxoBaHi eHepril
B3MO i HBMO 3rigHo HacTynHuX piBHSHB [92, cTp 66]:

B0 (6B) = - *(Eo ™ +4,8)

oo (6B) = - G*(E,i,™" +4,8)

ne Eo " 1 Egiy ' — BUMIpSIHI IOTEHIIIAIN TI0YaTKy OKUCHEHHS 1 BiTHOBJIEHHS
BiIHOCHO (eppolieHy (IIOTEHIan BHYTPIIHBOro craHmapty FC/FC’ mpwmitasTO
piBHuM 4,48 B BiTHOCHO BakyyMy), (| — €JICMEHTAPHUI 3apsiI.

s cionyku 2.17 Euyo (€B) = - q*(Eoc - + 4,8); Epovo (eB) = - (0,88 + 4,8)
=-5,68 eB.

Jlnsa crionyku 2.132a B0 (6B) = - 0*(Eo ™" + 4,8); Epano (eB) = - (0,84 + 4,8)
=-5,64 ¢B.

Jst cronyku 2.17 E,puo (€B) = - *(Esiy " + 4,8); Eyao (€B) = - (-0,7 + 4,8)
=-4,10 eB.

Jlist cionyku 2.13a Ey0 (€B) = - q*(Ei™" + 4,8); Eywo (€B) = - (-0,92 +
4,8) = -3,88 ¢B.

BiamiHHICTE y peakIiiiiHii 37aTHOCTI MOX1qHuX 2.17 1 2.13a 1o BiHOIICHHIO
70 TUMETHJIaMiHy Tojsrae B pizHull ix eHeprii HBMO — amxya enepris HBMO

criotyku 2.17 mosicHro€ OUIBII JIETKUM mepedir peakilii 3 TMMETHIaMIHOM.
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[{imkoM 3po3yMilio, 1O 3aMiHOK KIHIIEBHX TpPyn B TPOAYKTaX
neperpynyBanas  1,3-OeH3o(HadTo)miokcuH-4(1)-oHIB Mg €0 peareHTy
Binscmaiiepa-Xaaka Ha pi3HOMaHiTHI 3anumku CH-KHCIOT MOXIMBO BapitoBaTu
3MINIEHHS CIIEKTPATbHUX MAaKCUMyMIB KCAaHTEHOBUX OapBHUKIB. CiMparounch Ha
e, OyJIo MPOBENCHO CHMHTE3 paHimie HeBimomMux OapBHHKIB 2.19a-C B3aeMomiero
cnonyk 2.2a-C 3 denuterwrigen MajnoHoHiTpmwioM (Cxema 2.17). Peakito
NPOBOJWIM B KHUIUITYOMY allETOHITPWIL MPOTITOM JBOX ToauH. B sKocCTi
Katajizaropa BUKOpUCTOBYyBanu 1,4-nmiazabinukino[2.2.2]oktan. OCHOBHUMHU
NPOJyKTaMu peakili € xyopo-auriapo-1H-kcanren-4-in)-1-dpeninmporn-2-ex-1-
urigeH |manoHoHiTprwn 2.19a-C, yepe3 HM3BKUN BMICT y pEaKIIWHINA CyMmiI
NPOAYKTH 3aMIlICHHS aToMa XJIOPY Ha JAMMETHIAMIHOTPYITY HE BWIULSIIUCS B

1HIMB11yalIbHOMY CTaHi.

FHs
NT
~ 'CH
o z
= On
Cl
2.2a-c 2.19a-c

a—n=1 (65%); b —n=2 (57%); c — n=3 (58%)

(Cxema 2.17)

Cunte3oBani cnionyku 2.19a-C MaroTh mparc KoHpIrypaiiito, Ha 10 BKazye
KCCB B ankesoBomy dparmenti ((J=14.7 I'ry). Ha BigMiHy Bix BUXIJHHX CIONYK,
s AKkuX B crektpax SIMP 'H xapakTepHOI € HasBHICTh CHTHAMIB IPOTOHIB
METHIILHUX TPYI Ta a30METUHOBOTO (PparMeHTa, B CIIEKTPaxX yTBOPEHUX OAPBHUKIB
XapaKTEPUCTUYHOIO € TI0SIBA CUTHAIIB aTOMIB T'IIPOIE€HY aJKEHOBOTO ()parMeHTa y
BUTJISAI JBOX JYOJICTIB 3 XIMIYHUMH 3cyBamMH 6.86 M. 1. 1 6.64 M. 1. (puc. 2.10).
Curnanu B criektpax SAMP BC Y3TOJKYIOTHCS 13 3aMPOTIOHOBAHUMHE CTPYKTYPaMH.
Mac-cniekTpu 3 10HI3alll€l0 €JIEKTPOHAMH XapaKTEePU3YIOThCS HASBHICTIO TIKIB
MoneKkysipaux ioHiB 31 100%-Boro iHTeHcuBHICTIO ans cnomyk 2.19a-b i1 3

iHTeHCcHBHICTIO 78% mtst cionmyku 2.19c¢.
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DMS(I)—dG

Intensity
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Chemical Shift (ppm)

Puc. 2.10. Criexrp SIMP 'H crionyxk 2.19b

3MmiHa KartamizaTopy Oyia HEOOXiJHOH, OCKUIBKM TMpPU BUKOPUCTAHHI
TPUETHWJIAMIHY B SKOCT1 KaTaji3aTtopa, 3a aHaJOTI€0 J0 TMonepeaHix peakmii 3 C-
Hykieodinamu,  B3aeEMOAIS  BHUXIJHUX  TEpXJjopariB 3  (peHuieTwIiaeH
MaJOHOHITPWIOM He BinOyBaeThcs. lle MOXHA TMOSCHUTH HEIOCTATHHOIO
OCHOBHICTIO JaHOT'O0 aMiHy IS akTuBaiii MeTwibHOl rpynu aanoi CH-kucnoru.
[Ipu BHUKOpHCTaHHI SK KaTami3aropy MINEpUIUHY, OYyJI0 BHUSBJICHO, IO IIEH
BTOPUHHHUM aMiH BCTyHa€ y B3a€MOJII0 3 BUXIIHUMH CIIOJIYKaMU 1 MPUBOJUTH A0
3aMillIeHHs aroMa XJjopy Ha ¢parment minepuauny (Cxema 2.18). Tomy, sk
Karanizatop Oyno oOpaHO OuUIbll OCHOBHUM y mopiBHsHHI 3 TEA, ane MeHm

Hykieodimba Hixk minepuaua DABCO.
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CH,
n+ GO0 Ne
= CH, |
0
Z +
% On
cl
2.2a,c

a—n=1 (64%); c — n=3 (71%)
(Cxema 2.18)

XapaKTepUCTHYHUMHE CHrHanaMmu 6aperuKiB 2.20a,C B crekrpax SIMP 'H e
CUTHAJIM MIPOTOHIB aJIKEHOBOI'O (PparMeHTa, a TaKOK CUTHAIIM MPOTOHIB (pparmeHTa
ninepuauHy B o0jacTi cuiabHOro mnoss. OTpuMmaHi OapBHUKH MalTh MPAHC
xoH(iryparmito srigzro KCCB B ankenoBomy ¢parmenti (J=13.7 'y B cromywi
2.20ai%=14.7Tus cnonymi 2.20c).

3 METOI0 BUBYEHHS ONTHUYHUX BJIACTUBOCTEH OYyJ0 CHHTE30BaHO KCAHTEHOBI
OapBHUKHM, B SKHX OIHIEID 3 KIHIEBHX TPyN BHUCTyHae (PparMeHT KHUCIOTH
Menbapyma. OCHOBHUMH TIPOIYKTaMH peakiiii cojieir 2.2a-b, 2.4a 3 KucCiI0TONO

Menbapyma B IpUCYTHOCTI TpueTHIaMiHy € OapBauku 2.21a-C (Cxema 2.19).

2.21a-c

a—n=1 (50%); b — n=2 (36%); ¢ — n=2 (50%)
(Cxema 2.19)
Crektpu SIMP 'H (8 JIMCO) moximamx 2.21a-C XapakTepH3yOThCS

HasIBHICTIO CUTHAJIIB aTOMIB T1IPOT€HY JIBOX METUJILHUX IPYI B 00JIaCTI CUIIBLHOTO
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MoJisl, 10 PE30HYITh npu 1.68 M. 1. y BUINIAJI CHHIJIETY, a TaKOX CHUTHAIIB

OPOTOHIB METHMHOBOI Tpynu B 00JacTi ciaOKoro mois 3 XIMIYHUM 3CYBOM

8.20 m. 1. (puc. 2.11).

DMS(ID—dG

= —
%]
é T . < 3.0 2.9
- 3 g 3 ,5 Br oy g o)
o7 | ~ NN \E :‘)" ™
E n 5~ ﬂg \Hﬁ
033
E 1.00 1.09 2.21 1.22
E I = w ater
0.2 3 < L S L e e o e e e e ! P
E %mBNQNNg 8.0 7.5 oo
E ©w ©EWITHNG Y PNENENEN
07 !l L r T J\JD
0 7
1.00 2.21 2.21
5] LI R LI
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25

Chemical Shift (ppm)

Puc. 2.11. Criextp SIMP ‘H cronyku 2.21a

2.0

1.68

Ak BimomMoO, OUIBIIICTh TOPrOBUX (DIYOPECHEHTHUX MapKepIiB y SKOCTI

KIHIIEBOI IPYIU MICTATH 1H0a Dimepa 3 pisHUMU 3aMiCHUKaMu. Tomy gami Oyio

CHUHTE30BaHO KCAaHTEHOBUM OapBHUK 2.22, B IKOMY OJIHA KIHII€Ba Tpyma 3aMileHa

Ha ¢parmeHt 1-etmn-2,3,3-tpuMerwi-3H-iagomiym Opominy (iHmon dDimepa) 31

30epexkeHHsM atoma xjopy (Cxema 2.20). CuHre3 cnoiayku 2.22 TpOBEAEHO B

alleTOHITPMIJIl 32 KIMHATHOI TEMIIEpaTypu BIPOAOBXK 1 g00u 3 nogaBaHHsIM 1-To

€KBIBAJIEHTY OLITOBOIO aHriApuay. JJisi MOpIBHSAHHS BIUIMBY PI3HUX 3aMICHHUKIB Ha

(oTo(i3uYH1 BIIACTHBOCTI KCAaHTEHIB, a caMe€ aroMa XJopy Ta aMiJUHOBOTO

¢dbparmenTa, Oyja0 MPOBEACHO B3aEMOIII0 BXKE BimoMoro ampuaeriny 2.23 [84] 3

igomom dimepa B onroBoMy anrinpuai (Cxema 2.21). Ane B pe3ynbTaTi peakilii

Ipv KIMHATHIM Temmeparypi mpotsrom 7 Ai0 B ONTOBOMY aHTIAPUII OTPUMAHO

CIIOJIYKY 31 CTPYKTYpOIO 2.24.
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O
’d
H,C
O CH, Ac,0
—_—
) - (O
T
Cl Et
2.10b 2.22 (65%)
(Cxema 2.20)
O
’d
H,C
O CH, Ac,0
E ——
OO (-
N \EJ: Br NH
(/ 2.23 3 \ﬂ/ 2.24 (91%)

(Cxema 2.21)

Ha xopucts mepebiry peakmii KHbOBeHarenst cBiluaTh CUTHAJIHM TPOTOHIB
ankenosoro dparmenta (CH=CH) B cmextpax SIMP 'H crmonyk 2.22 i 2.24, sxi
MAIOTh TpaHC KoHdirypaimito, Ha mo Bkasye sHadenus KCCB: %J=15.2 T'u B
cionymi 2.22 ta *J=14.4 Tu B cronymi 2.24. B crexrpi SIMP 'H mponykry 2.24
NpPUCYTHIN curHai, mo pe3onye npu 11.19 m. n. B oGmacti cinabkoro moss y

BUTJISIZII CUHTJIETA, SIKUM BIJMOBIIAE aTOMY TIAPOTCHY allMIbOBAHOI aMIHOTPYIU

(puc. 2.12).
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Puc. 2.12. Criexrp SIMP 'H crionyku 2.24

3anpornoHOBaHUN  MeXaHI3M  alleTWIIOBaHHS 3a JAUMETUIaM1JIMHOBUM
dbparmeHToM TpeacTaBieHO Ha cxemi 2.22. Ha mouaTky B3aeMojii HemojijieHa
napa €JIEKTPOHIB IMIHHOTO aTroMa HITPOIeHY IMMETHJIaMIJIUHOBOIO (parMeHTa
aTakye m*-opOiTasb KapOOHUIBHOI TpyNH OLTOBOIO AHTIAPUAY 3 YTBOPEHHSIM
iHTEepMeniaty A, SIKUil iciid BiIPpUBY aleTaT-l10Hy NnepeOyA0BY€eTbCA B CTPYKTYPY
B. Ha nactynHiii cranii BinOyBaeTbcs B3a€MOJIisl HETIOAUIEHOI €IEKTPOHHOI Mapu
areTaT-ioHy 3 m-pO3NyIIyrodoro opbitamo 3B’s3ky C-N', B pesynbTaTi skoi
yTBOpro€Thcsi poMibkHa cronyka C. Ilomanpmra araka HEIT aroma HiTporeny
JTUMETWIaMIHOBOTO (parMeHTa mo o*-opOitam 3B’s3ky C-N mpuBoguTh 10
pO3pHUBY 1LBOrO 3B’SI3Ky 1 yTBOpeHHs cTpykrypu D. Bracnigok HacTymHOro

JIOJTaBaHHS BOJIM YTBOPIOETHCS IITLOBUM MPOAYKT 2.24.
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(Cxema 2.22)

HeoOximgHo 3a3HauuTH, M0 MPU B3aEMOJIi OCH3aHEIHOBAHOT'O AHAJIOTA
conyku 2.23 3 1,2,3,3-terpamerwn-3H-ianomiHiyM HOIUIOM B MPOMIOHOBOMY
aHTIAPHUI, allMIIOBAHHS TUMETHIAMITUHOBOrO (parMeHTa He BinOyBaeTbes [93].
30epeKeHHs] JUMETWIaMITUHOBOIO (parMeHTa B LbOMY BHUIAJAKYy MOXKHA
NOSICHUTH CTEPUYHUMH YCKJIATHEHHSIMHU I B3a€EMOJil KapOOHIIBHOI Tpymu
IPOIIOHOBOTO AHTIAPHUAY 3 IMIHHMM aTOMOM HITPOI€HY, Yepe3 HasBHICTb OLIbII
pO3TalyKE€HUX eTHIBbHUX TPYI, B TMOPIBHSHHI 3 METHJIBHUMH B OITOBOMY
anriapual. Jig miATBEpIKEHHST LbOrO MOSICHEHHS OYyJ0 NMPOBEIEHO MOEIbHUI
cunre3 crnonyku 2.25 (Cxema 2.23) peakmieto anpaeriny 2.23 3 1-etmn-2,3,3-
TpuMeTuiI-3H-1H10myM OpoMiIOM Yy MPOMIOHOBOMY AaHTIAPHl B aHAJOTIYHUX

YMOBax JI0 CHHTE3Y CIIONYKH 2.24.
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o)
s
H,C
o) CH, (EtC0),0
O / " 7/ CH,
Yoo
r/N 2.23
/N\
H.C” ~CH

(Cxema 2.23)

CuHTE30BaHO HOBI OApBHUKH KCAaHTEHOBOTO psiny B3aemoiero N-[(9-xiopo-
2,3-nurinapo-1H-kcanren-4-in)merusnex|-N-MeTunmMeTaHaMmiHiyM  TiepXJiopaTiB 3
CH-kucimoraMu:  I[IaHOOITOBUM  €CTEPOM,  MAJIOHOHITPUIIOM,  JUMEPOM
MaJOHOHITPUIY, (EHUIETWIIIEH MaJOHOHITPUIOM, KHUCIOTO Menbapyma Ta
iHgonom dimepa. BecTaHOBIEHO, 1O y peakilii 3 MaJOHOHITPUIIOM Ta JUMEPOM
MaJOHOHITPUIIY OCHOBHUMH NPOAYKTaMHU pEaKIil € AUMETHIaMiHO-Auriapo-1H-
KCAHTCH-4-1JI-METHJICH-MAJIOHOHITPWIIM Ta aMiHO-4-TUMEeTHIIaMiHo)-auriapo-1H-
KCcaHTeH-4-11-0yTta-1,3-mien-1,1,3-TpukapOoHiTpriin, TOAI SIK TPU B3aEMOIIT 3
I[IaHOOILITOBUM €CTEpOM, (PEHUICTUIIZIEH MaIOHOHITPUIIOM, KUCITOTOI0 Menbapyma
Ta iHgoioM Direpa OTPUMAHO KJIACUYHI MPONYKTHU KoHAeHcalii KuboBeHarens 31

30epeKeHHSIM aToMa XJIopy.

2.3 ®oto(1314HI BIACTUBOCTI CHHTE30BaHUX OAPBHUKIB KCAHTEHOBOI'O TUITY

HocmimxenHss GoTopi3MYHUX BIACTUBOCTEH CHHTE30BAHMX CIIOIYK OYIO
pPO3MOYATO 3 BUBYEHHS CIEKTPIB MOTJIMHAHHSA 1 (UIyOpecIeHIlil mepxyioparTiB 2.2a-

b B aneronitpmti (Cxema 2.24, puc. 2.13).
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CH,
ICH3 ,|\|+ Clo,
N + ClOo, z \CH3
(0 CH, (0]
LD 20¢
Cl Cl
2.2a 2.2b

(Cxema 2.24)

Crnonyka 2.2a Mae MakCUMyM TOTIHHAHHS Tipu 447 HM, a cnonyka 2.2b —

npu 439 HM, a MAKCUMYMU BHUIPOMIHIOBAHHS JIJISl IUX CIIOJIYK 3HAXOMSTHCS TPH
528 1 559 uM, BIAMOBIAHO, B pe3y/IbTaTi Yoro moxiaxi 2.2a-b xapakrepusyrorscs
CrokcoBumu 3cyBamu 81-112 mm / 34304920 CM'l, BIAIOBIIHO, Ta MAalOTh
kBaHTOB1 Buxoau 0.71 1 3.30%. Benuki 3HaueHHs CTOKCOBHX 3CYBIB BKa3ylOTh Ha
3HAYHUNA TEPEepOo3MOALT EIEKTPOHHOI T'YCTMHUM B MOJIEKYJaX B CTPYKTYpHO Ta
COJIbBATO-PENIAKCOBAHOMY E€JICKTPOHHO 30Y/KEHOMY CcTaHi. byno po3paxoBaHO
3HAYCHHS €HEPreTUYHUX NIUIMH IS JaHUX CIOJYK, sKi CKiIaaaroTh 2.48 eB mis
cnoayku 2.2a 1 2.35 eB misa cnonyku 2.2b (mmpuHa 3a00pOHEHOT 30HU MEPEXOay
B3MO-HBMO, po3paxoBaHa Ha OCHOBI JIOBKMHU XBHJII YEPBOHOI MEX1 BIACHOT'O

noryimHaHHA [94]). Takox i nepxiopariB 2.2a-b Oyno Bu3HaueHo koedimieHTH

MOJISIpHOI ekcTHHKIIT (20800 1 36600 M em™).

1,0

Cnonyxka 2.2a
Cnonyxka 2.2b

1,04

Crionyka 2.2a
Crnonyxka 2.2b

0,8 0,8 -

0,6 4

0,6

0,44 0,4

HOpMOBaHe TIOTJIMHAHHS

021 02

HopmoBaHa iHTEHCHBHICTh BUIIPOMiHIOBaHHS, y.0.

0,0

0,0

T T T T T T T 1
300 400 500 500 550 600 650 700

JIOBXKHHA XBHJIi, HM JIOBKWHA XBUIIi, HM

Puc. 2.13. HopMmoBaHi1 CIEKTpH TOIVIMHAHHS Ta BUIIPOMIHIOBAHHS CIIOIYK

2.2a-b B MeCN
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Jami Oyio nmpoBeieHO NMOPIBHSUIBHUI aHalli3 CHEKTPaIbHUX XapaKTEPUCTHUK

anpaeriniB 2.10a-b 3 Bxe Bimomumu dopminmoxigaumu 2.23 1 2.26 [86] (Cxema

2.25).

o _O _O _O
o] o) o) o)
D L) L) o
Cl Cl N H
(/ 2.23 2.26

2.10a 2.10b

/N\

H.C CH

3 3

(Cxema 2.25)

Jns cronyk 2.10a-b crmekTpu TOINIMHAHHS Ta BUIPOMIHIOBAHHS OyIl0
3anucaHo B aneToHiTpuil (puc. 2.14). i anpaeriau MatoTh CHEKTPU MOTJIMHAHHS 3
MakcumymMamu tipu 376 HM musa cronyku 2.10a i 395 mns cmomykm 2.10b.
MaxkcumyMm moriuHaHHS crionyku 2.10D 3a3Hae He3HAYHOTO 6ATOXPOMHOTO 3CYBY
Ha 13 HM BimHOCHO (opMUTIIOXigHOTO 2.26, BIPOTIAHO, 32 PaXyHOK TT-CIIPSIKEHHS
aToMa XJIOpY 3 KCAaHTEHOBUM (parMeHTOM, Ha BIAMIHY BiJI aToMa TiJpOTCHY.
Takox crnocrepira€rbcsi TIMCOXPOMHE 3MIIIEHHS MAaKCUMyMY TOTJIMHAHHS
anpaeriny 2.10b B mopiBHSHHI 31 crionykoro 2.23 Ha 28 HM 3aBJISKH HasBHOCTI
OUIbII CHUJIBHOTO T-JIOHOpPA, a CaM€ IMIHHOTO aToMa HITPOIeHY aMiJuHOBOTO
¢parmenta. Crextpu dayopecueniii cmonyk 2.10a i 2.10b micTsaTh MakCUMyMuU
npu 469 uM 1 510 HM, BIANOBIAHO, TOMY LI CIIOJIYKH XapaKT€pU3YIOThCSI BUCOKUMHU
CrokcoBumu 3cyBamu 5270-5710 et JlaHi cronyku MarTh KBAHTOB1 BHUXOAU
3.05 1 2.02%. 3MeHIIeHHsT KBaHTOBOT'O BUX0y (hiyopecuenmii st cionyku 2.10b
MOKHA TIOSICHUTH 30UIBIIEHHSIM OE3BHUIIPOMIHIOBAHOTO PO3CIFOBAaHHS CHEprii 3a
PaXyHOK KOJHWBAJIbHUX PYXIB OLIBII THYYKOTO IHUKJIOTEKCEHOBOTO KUIBIS B
30y/I>)KEHOMY CTaHi, Ha BIAMIHY BiJ] IUKJIONEHTEHOBOTO. 3HAUYCHHS PO3PaXOBAHHUX
EHEePreTUYHUX IIUTHH JJI IUX CIOJIYK CKJIanarTh 2.76 eB misa cnonyku 2.10a 1
2.65 eB mna cmonyku 2.10b. BusHaueHi MOJSpHI KOCPIIIEHTH MOTIMHAHHS

crionyk 2.10a-b mopisrrorors 13400 i 15000 M -em™.
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Cnonyxka 2.10a
Cnonyka 2.10b

10 1,01

Cnonyxa 2.10a
Cnonyka 2.10b

0,8 4 0,84

0,6

0,6

0,4 0,4

HOpMOBaHe TOTJIMHAHHSA

0,24 0,24

HopMoBaHa IHTCHCHBHICTb BUIIPOMIHIOBAHHS, Y.0.

0,0

T T 0,0 T T T T T
300 400 400 450 500 550 600

JIOBXKHMHA XBUIII, HM JIOBXHMHA XBUIIi, HM

Puc. 2.14. HopMoBaHi CHeKTpW MOTJIMHAHHS Ta BUIPOMIHIOBAHHS CIOJIYK

2.10a-b 8 MeCN

Ham Oyno BuBYEHO (POTO(DI3WYHI BIACTUBOCTI CHHTE30BAHMX OapBHUKIB
2.13a-c, 2.14 1 2.15, a TakoX MNPOBEACHO TMOPIBHUIbHUN aHali3 ONTHYHUX
BiacTHBOCTeH cronyku 2.13b 3 BmactuBocTsIMH crionyk 2.27 1 2.28, qociipKeHnx

B poooTi [86] (Cxema 2.26).

CO,Et EtO,C co.Et
CO,Et J~cn )
_— Z "CN —
o CN o) o) 0 CN
(O, L) CLr) o
Cl Cl Cl Br
2.13a 2.13b 2.13¢ 2.14
CO,Et CO,Et CO,Et
~ “CN Z > CN Z > CN
0@ ’ ’
oo () L
Cl
H I//N
2.15 2927 N 2.28
H,C™ ~CH,
(Cxema 2.26)

Cnexktpu nornuHaHHs Ta ¢uyopecueHuii cnoiayk 2.13a-c 1 2.15 6yno
3alMyMcaHo B METaHOII, aleTOHITpuii Ta xiopodopmi, a mana cnoinyku 2.14 — B

areTOHITpWIi. MaKCHMyMHU TOTJIMHAHHS (Amax abs) TA BHIPOMIHIOBAHHS (Amax em),
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KBaHTOBI BuUXoau (®f), MOJspHI KoedimieHTH normHaHHs (€), 30ymKeHHs (Agy),
: . t

pospaxoBai 3HaueHHs enepretuunnx e (Eg™) ta CTOKCOBH 3CyBH HaBeIEHO

B Ta0aum 2.1.

Tabmurs 2.1 — CrnektpanbHi BnacTuBocTi 6apBHEKIB 2.13a-C, 2.14 1 2.15

Amax | Mnax i .
D, g, Aex, | Eg™, | CTOKCIB 3cyB
Cnonyka | PO3UUHHUK | g, em % | Mocrl | g B ]
HM HM HM CM
2.13a MeOH | 456 | 588 [0.28| - 450 | 2.26 | 132 | 4920
MeCN | 454 | 588 [0.21| - 450 | 2.30 | 134 | 5020
CHCl; | 457 | 588 |0.37| 35200 |450 | 2.25 | 131 | 4880
2.13b MeOH | 464 | — | — _ 464 | 220 | — _
MeCN | 464 | — | — | 19800 |464 | 2.20 | - -
CHCl; |470 | — | — | 17500 |470| 2.18 | - .
2.13c MeOH | 458 | — | — _ 458 | 2.17 | - —
MeCN | 456 | — | — | 20473 |456| 219 | - -
CHCIl; | 460 | — | — | 17200 |460| 2.16 | - _
2.14 MeCN | 461 | 589 |4.75| 36800 |512 | 2.04 | 128 | 4710
2.15 MeOH | 508 | - | - - | 508 200| - -
MeCN | 505 | — | — | 27615 |505| 2.02 | - .
CHCl; | 511 | — | — | 25600 |511| 1.99 | - -

I3 Tabnuii 2.1 BUgHO, 110 PO3MIP aHENbOBAHOTO aTi(haTUYHOTO IUKIY HE
3HAYHOIO MIPOI0 BIJTUBAE HA TOJOKCHHS MAaKCUMYMIB IMOTJIMHAHHS KCAHTEHOBUX
OapBHUKIB 2.13a-C y BCiX pO3YMHHHKAX, ajie HAsSBHICTh OCH3aHEIbOBAHOTO
dbparmenta B crionymi 2.15 npuBoauThE 10 3MillIEHHS MAaKCUMyMIB TOTJIMHAHHS B
Oik OuIbII JTOBrUX XBWJIb. HailOubiii KOe(IIEHTH MOISPHOI €KCTHUHKIN JIs
cnonyk 2.13b-c i 2.15 cnocrepiratoTbest B aneroHitpuii. bapeauku 2.13a i 2.14
XapaKTePH3yIOThCs TOCHTH Bemuknumu CTokcoBumu 3cyBamu 47105020 cv™ (puc.

2.15 1 2.16). Takox OyJi0 BCTaHOBJIEHO, IO MPHU JOAaBaHHI TPUPTOPOIITOBOL
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KHCJIOTU JI0 pO34MHY moxigHoro 2.13a B xsopodopmi, BiI0yBaeThCcsi OATOXPOMHE
3MIIIEHHS] MAKCUMYMIB norjivHanHs (Ha 13-37 uM) Ta mominecueHuli (Ha 12 Hm)
(puc. 2.17), npu 1pOMY CHEKTpU cTaOUIBHI y 4yacl. JloJaBaHHS KHCJIOTH [0
po3umHIB cronyku 2.13a B MeTaHOJIi Ta aleTOHITpWii He 3MiHIOE ¢GopMy Ta
IHTEHCUBHICTH crieKTpiB mornuHaHHA. [llupuna 3a6oponenoi 30uu crionyk 2.13a-C,
2.14 1 2.15, po3paxoBaHa Ha OCHOBI JIOBXKWHU XBWJII YEPBOHOI MEXI BJIACHOTO

ITOTJIMHAHHS, 3HaXOAUThCs B aiana3oni 1.99-2.30 eB.

o
= 1,0‘ >'~.1,0A
= MeCN E“ MeCN
208 50,8
5 CHCl, o CHCl,
jas)
£ 0,6 06
Q ]
: 3
ég 0,41 % 0,41
& =
T 0,2 20,2
! 4 o’ A\
J : -
0,0 : : = 0,0-==% : ,
400 500 600 500 600 700 800
JloBxWHA XBHJIi, HM JloBxrHa XBUIIi, HM

Puc. 2.15. HopMmoBaHi cieKTpu MOIJIMHAHHA Ta BUIIPOMIHIOBAHHS CHOJIYKH

2.13a 8 MeCN, MeOH 1 CHClI;

1,0 H
08 A =512 M
0,6
0,4 -

J

0,0

HopmoBaHe norjiuHaHHs
HopmoBaHe BUIPOMiHIOBAHHS

T T T
400 500 600 700

JloBxxHHA XBHUJI, HM

Puc. 2.16. HopmoBaHi1 cnieKTpu MOTJWHAHHS Ta BUIIPOMIHIOBAHHS CITOJYKH

2.14 8 MeCN
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Puc. 2.17. HopmoBaHi CrieKTpu MOTJIMHAHHS Ta BUIIPOMIHIOBAHHS CIOJIYKH

2.13a B CHCI3+T®O

[TonoxeHHs MakCUMyMy TmoryinHaHHS OapBHuka 2.13b B Meranom Ta
areToHiTpuil (464 HM) Maibke HE BIAPI3HAETHCS BiJI MAaKCUMyMy TOTJIMHAHHS
crionyku 2.27 (462 HM), ajie BIH 3MIIIEHUN TIICOXPOMHO Ha 67 HM, BIJHOCHO
cnonykn 2.28 (mMakcumyMm npu 531 HM), IO A00OpE TMOSCHIOETHCS OUTBIIOO
JOHOPHICTIO aMiAMHOBOro (hparMeHTa B CTPYKTYypl OCTaHHbOI. Takox ciif
3a3HaYnTH, MO KcaHTeH 2.13D Mae MeHmme 3HadeHHS Koe(illieHTY MOJISIPHOI
€KCTUHKIII1, B TOPIBHSIHHI 3 OapBHUKamu 2.14 1 2.15.

B momanemioMmy, s KcaHTeHOBHMX OapBHHMKIB 2.1la-C 1 2.12a-b Oymo
BUBYEHO CIleKTpaibHi BiactuBocTi (Cxema 2.27). ChnekTpw TOTJIMHAHHS 1
dyopecuentii st crionyk 2.11a-C 3ammcaHo B MeETaHOJI, AalleTOHITPWIL Ta
xmopodopmi (puc. 2.18), a mis cnonyk 2.12a-b B ameronirpumi (puc. 2.19).
MakcuMyMH MOTJIMHAHHS Ta BUIIPOMIHIOBAHHS, a TaKoXK (HOTO(DI3UYHI BIACTUBOCTI
OTpUMaHUX OapBHUKIB, TakKi $K KBAaHTOBI BHUXOAM, KOE(DILIEHTH MOJIAPHOI
eKCTUHKIIIT, 30y/)KEHHS, 3HAYEHHS EHEpreTMUyHux MmuIMH Ta CTOKCOBI 3CYyBH,

IpeCTaBJIeHO B Tabyumi 2.2.
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Zary ¢~ CN
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o CN (o) O
o, L) oUr)
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NCTN—NH, NC™ XYy 7
— Z "CN
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(D 0¢
/N\ /N\
H,C CH, H,C CH,
2.12a 2.12b

(Cxema 2.27)

Ta6uuis 2.2 — CnekrpalibHi BiiacTuBOCTI 0apBHUKIB 2.11a-C 1 2.12a-b

Kmax 7\4max oot CTOKCiB
q)F, &, 7\'EX1 Egpl

Cnonyka | PO3UMHHUK | g, em 1 1 3CYB
% | M7 cM™ | HM eB -

HM HM HM CM
2.11a MeOH | 525|583 | 7.2 _ 450 | 2.11 | 58 | 1890
MeCN | 525 | 587 | 6.8 — 450 | 2.11 | 62 |2010
CHCl; | 528|592 | 7.3 | 50500 |450| 2.09 | 64 | 2050
2.11b MeOH | 532 | 597 | 2.5 — 490 | 2.05 | 65 | 2050

MeCN 532 | 645 | 2.1 | 25737 | 490 | 2.05 | 113 | 3290

CHCl, 535 | 656 | 3.1 | 21300 |490 | 2.01 | 121 | 3450

2.11c MeOH |532| - | - - 203 | - | -
MeCN |532| — | — | 40290 | — | 203 | - | -
CHCl; [533| — | — | 3800 | — | 200 | - | -
2.12a MeCN | 565 | 616 | 1.62| 14600 | 565 | 1.97 | 51 | 1470
2.12b MecN | 2 637 [049| % | eog | 102 | O |1

601 116000 36 | 940
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HaiiGinpmmii kBaHTOBMM BUX1A (ayopecueHuli y TpbOX pPO3UYMHHHUKAX
nposiisie cnoiyka 2.11a, mo mMoxke OyTH MOB’S3aHO 3 THUM, IIO aHEITHOBAHUU 5-
YWICHHWHA UKII 32 PaXyHOK OUTBIIOT 5KOPCTKOCTI, B MOPIBHSHHI 3 6- 1 7-4JI€HHUMUA
ITUKIIAaMU, POOUTH XpOMOGOPHY CUCTEMY OUTBII MJIAHAPHOIO, TO1 K KOJIMBATbHHM
pyX  IHMKJIOTEKCEHOBOTO 1  IUKTJOTENTEHOBOTO  IMKIIB  TEPEIIKOKAE
CIUIONIYBaHHIO. 3aBASIKM KOJMBAJIBHOMY pPYyXy B IIMX IHKJIAX BiJOYBa€THCS
JUCUNAIlsl eHeprii, y 3B 43Ky 3 UMM 3MEHIIYIOTbCS KBaHTOBI BUXOAMW. Takox, 13
Tabauil 2.2 BUAHO, IO PO3MIP aHEIhOBAHOI'O ali()aTHUYHOrO IUKIY Maike He
BIUIMBAE€ Ha TOJIOKEHHSI MAaKCUMYMIB TOTJMHAaHHS OapBHUKIB 2.11a-C B pi3HUX
po3urHHUKax. HalO11b11i koedilieHTH eKCTUHKIIIT CIIOCTEPIraloThes ISl CIOTYKU
2.12b, mo MOXHAa MOSCHUTH 30UIBIICHHSIM JIOBXHHH JIAHI(IOTA CIPSIKSHHS.
3HAYCHHS PO3pPaxXOBaHHMX CHEPreTUYHUX MUMH OapBHukiB 2.1la-c i 2.12a-b
3HaxomAThCs B giama3zoHi 1.92-2.11 eB. HaiiMenmi 3HaueHHA MIUPUHU
3aboponenoi 30uu nepexoay B3MO-HBMO cnocrepiratotsest s crionyk 2.12a-
b 3aBmsgku  OLTbIIOMY  CHOPSDKCHHIO, Ha  BiAMIHY Big  OapBHHUKIB 3
AWiiaHoMeTWIeHOBUM  ¢pparmenToM. Cronyka  2.11b  xapakrepusyeThCs
Haii61bME CToKcOBHMH 3cyBaMu 3290 i 3450 cM™ B pO3UMHAX ALETOHITPHILY i

xJ10poopMy, BiAMIOBIIHO.

1,01 S 1,04
= =" | MeCN
g =
£ 0,81 Z 0,8+
é g CHCl,
= 0,6 0,61
Q =
S g
2 E
S 0,44 = 0,4
= M
& 2
T 0,21 £ 0,21

:
0,0 . . — 50,0 . . . .
400 500 600 T 400 500 600 700 800
JIoBKHMHA XBHIII, HM JloBKMHA XBUJIi, HM

Puc. 2.18. HopmoBaHi CrieKTpu MOTJIMHAHHS Ta BUIIPOMIHIOBAHHS CIOJIYKH

2.11b B MeCN, MeOH i CHClI;
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1,0

Crnonyka 2.12a
Cnonyka 2.12b

1,0 4

Crnonyka 2.12a

08+ 084 Crnonyka 2.12b

0,6

0,6

0,4 0,4

HOpMOBaHC TOTJIMHAHHA

0,21 0,2

0,0

0,0 T T T
600 650 700 750

T T T 1
400 500 600 700

HopmoBana iHTEHCHBHICTh BUIIPOMIHIOBAaHHS, ¥.0.

JIOBKMHA XBHIIi, HM JIoBXKHHA XBHUIIi, HM

Puc. 2.19. HopmoBaHi1 CIEKTpH TOTVIMHAHHS Ta BUIIPOMIHIOBAHHS CITONTYK

2.12a-b 8 MeCN

Jami Oyiio mpoBeleHO NOPIBHSUIBHUI aHalli3 CHEKTPaIbHUX XapaKTEPUCTHUK
cronyk 2.29 [95] 1 2.17, a Takox 2.11b i 2.17 nns BU3HAYCHHS BIUIMBY BBEJICHHS
JTUMETHIAMIHOTPYIT 3aMIiCTh aTroMa XJIOpy Ha I BiactuBocti (Tabmmms 2.3,
Cxema 2.28). CriekTpy TIOTJIMHAHHS 1 BUIIPOMIHIOBAHHS ISl TIOPIBHSHHS 3aITUCAHO

JUISL PO3YMHIB B allCTOHITPHIII.

CN CN CN
Z "CN Z > CN Z "CN
o) 0 o)
CLUO O oo
Na _N. Cl
j H,C”™ “CH,
HSC/N\CHS 2.11b 2.17
2.29
(Cxema 2.28)

Ta6nui 2.3 — CrekrpaibHi BiactuBocTi cionyk 2.29, 2.11b12.17 8 MeCN

xmax Kmax opt CTOKCIB
(OF &, XEX’ Eg )
Cnonyka | POBUMHHUK | aps, | em 1 a4 3CYB
% | M cMm HM eB
HM | HM HM | oM™

2.29 MeCN | 531 | 620 | 0.008| 73200 [531| 2.05 | 89 | 2700
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2.11b MeCN | 532|645 | 2.1 | 25737 [490| 2.05 | 113 | 3290

2.17 MeCN | 475 | 610 | 3.67 | 42600 |560 | 2.12 | 135 | 4660

Otpumani O6apeaukH 2.11b 1 2.17 Mar0Th MAaKCUMYMH MOTJHHAHHS TPU 532
HM 1 475 HM, BignoBimHo. MakcuMyM mnoriuHaHHsS crnonyku 2.11b 3a3nae
0aTOXpOMHOTO 3CyBYy Ha 57 HM, B MOpPIBHSIHHI 31 crnojykow 2.17, 3a paxyHOK
O1TBIIOT TT-TOHOPHOCTI JUMETHIIaMiHOTpynu. HemoineHi mapu enekTpoHiB aToma
XJIOPY 3HAXOJAThCS Ha 3P-opOiTaji 3 OUIbII BUCOKOK €HEPri€lo, B MOPIBHSIHHI 3
HENOJIJIEHOIO Mapol0 eJIEKTPOHIB aTOMa HITPOreHY Ha opOiTaii 2P, TOMy B CIIOJIYII1
2.11b BinOyBaeThcs OLIBII SPEKTUBHE CIPSHKEHHS MK JUMETHIAMIHOTPYIIOK 1
n*-0pOITaql0 KCAaHTEHOBOIO (parMeHra, 3a paxyHOK YOro BiJOyBaeThCs
NePepo3MOALUT  €IEKTPOHHOI TYCTHHU 110 JIAHIIOTY TIOJABIMHUX 3B S3KIB 1
30utemenHs: eneprii BBMO. Ile B cBowo depry BIUIMBAa€ Ha 3MEHIICHHS
eHepretuyHoi wrmHu  nepexony B3MO-HBMO 1 3wmimieHHs MakCUMyMy
[IOTJIMHAHHS B 00J1aCTh O1JIBIIT JOBIUX XBWIIb.

Jns cnonyku 2.17 Oyno BU3HAYEHO MOJISIPHHM KOe(IIEHT IOTJIMHAHHSA,
stkmii cknagae 42600 M em™, 3HaUEHHS SKOTO € GinbIMM, HIX y cromykn 2.11b.
Cnextp mromiHecueHIii OapBHuka 2.17 wmictute MakcumyM mpu 610 HM
(30ymxeHHst 560 HM), TOMY LISl CIIOJIyKa XapaKTepu3yeTbcs BEIMKUM CTOKCOBUM
3cyBoM 4660 cv™ (puc. 2.20). Takox GylI0 pO3paxOBAaHO 3HAUYCHHS CHEPreTHUYHOI

IIMHA KcaHTeHy 2.17, sike ckimanae 2.12 eB.

1,04
0,81
Ag, =560 HM

0,64

0,4

HopmoBane norniuHaHHs
HopmoBaHe BUIIPOMiHIOBAHHS

0,2+

0,0

T T T
400 500 600 700

JIoBXKHHA XBUIII, HM

Puc. 2.20. HopmoBaHi1 CHieKTpu MOTJWHAHHS Ta BUIIPOMIHIOBAHHS CITOJTYKH

2.17 B MeCN
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JlJist BU3HAUYEHHs PoJii BBEJAEHHS ()parMeHTa NUMETUJIAMIHY 3aMICTh aToMa
XJIOpY B OapBHHUKHU HAa OCHOBI I[IaHOOLITOBOT'O ecTepy Oyso MpOBEAEHO NOPIBHIHHS

ONTUYHMX BiacTHBOCTEH crionmyk 2.13a 1 2.18 (Cxema 2.29).

CO,Et CO,Et
— —
0 CN o CN
O /i O = ‘
CI /N\
H,C™ ~CH,
2.13a 218

(Cxema 2.29)

Jliist imx GapBHUKIB CIIEKTPH MOTIMHAHHS 1 (hIIyopecIieHIlii Oyio 3amucano B
areToHiTpuiIl. MakcuMyM morfiMHAHHS crioyyku 2.13a 3Haxonutbes pu 454 HM, a
Makcumymu cronyku 2.18 — mpu 526 wM. 3amiHa aroma XJIOpy Ha
JTUMETWIAMIHOTPYIY TMPUBOJUTH O OaTOXpPOMHOTO 3MIIIEHHS MaKCUMYyMY
BUIPOMIHIOBaHHS CIionyku 2.18 Ha 72 HM, B MOpIBHAHHI 31 ciojykoro 2.13a, sike
BIIOYBA€TbCS 32 PaXyHOK OUIBIIOrO CHPSOKEHHS JUMETWIAMIHOTpYNU 3
KCaHTEHOBUM ¢parMeHTOM. binbiiuii kBaHTOBUM BuUXin (uyopectenii (4.32%)

Mae crioiiyka 2.18, B mopiBHsHHI 31 crionykoro 2.13a (0.21%).

1,0
0,8 - Mgy =529 um
0,6
0,4 -
0,2 }
0,0

T T T
400 500 600

HopmoBane nornuHaHHs
HopmoBaHe BUIIPOMiHIOBAHHS

JloB>XKMHA XBHUIIi, HM

Puc. 2.21. HopmoBaHi cieKTpu MOIJIMHAHHA Ta BUIIPOMIHIOBAHHS CHOJIYKH

2.18 8 MeCN
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bapeuuk 2.18 mae mMakcumym BurpomiHioBaHHs 590 HM (mpu 30yaKeHHI

529 HM), y 3B’43KYy 3 UMM BiH XapakTepU3yeThCs MOMIpHUM CTOKCOBUM 3CYBOM

2060 cv™ (puc. 2.21). OnTHuna muprHA 3a00pOHEHOI 30HH mepexoxy B3MO-
HBMO cnionyku 2.18 nopihioe 2.09 eB.

Ha HacTtymHOMYy Kpolli JOCHIKEHHS OyNn0 3alliCaHO CHEKTPHU MOTJIMHAHHS

Ta (pyopectieniii s cuHTE30BaHUX OapBHHKIB 2.19a-C B aneronitpuii (Cxema

2.30, puc. 2.22).
CN
CN
NC N\ O NC™
__ =
0] (0]
o o
Cl Cl
2.19a 2.19b 2.19c

(Cxema 2.30)

Buxinni cnionyku 2.2a 1 2.2b MaroTh MaKCUMyMU MOTJIMHAHHS Tipu 447 1 439

HM, BIJIMOBIJHO, @ MAaKCUMyMH OTPUMAaHUX OApBHMKIB 3HAXOJSATHCA B J1ala3oHi
517-520 um. Ilpm 3aMilieHH] AMMETWIAMIHOTPYIH Yy BIJIMOBIIHOMY BHXITHOMY
XJIOPMOXIAHOMY KCaHTeHI Ha (parMeHT (EeHUIETWIIAEH MAaJOHOHITPUIY
BiZIOYBa€eThCs OATOXPOMHUI 3CYyB MaKCUMYMIB MOTJIMHAHHS OapBHUKA 2.19a Ha 73
HM, a OapBHUKa 2.19D — Ha 80 HM, 110 MOKHA TOSICHUTH IMTOJIOBXCHHSM JIQHITFOTa
CHpsDKEHHS. MaKCUMyMU TOTIMHAHHSA (Amax abs) T4 BHIIPOMIHIOBAHHS (Amax em),
koedimienTr ekctuHkiii (€), 30y/keHHS (Agy), YEpBOHA MeXa BIJIACHOTO

abs . : opt
nornuHaHHA (Aonset’ ), PO3PAXOBAHI 3HAYEHHS eHepreTUyHux Iinun (Ey™

) Ta
CtokcoBu 3cyBH i criodayk 2.19a-C HaBeaeno B Tabmiuill 2.4. CtaHmapToMm s
BUMIPIOBaHHSI KBAaHTOBOrO BUXO0AY (QuryopeciieHiii € 4-(auiiiaHoMeTusIeH)-2-
MeTHII-6-(T-mumeTmiaMminoctupun )-4H-mipan (@ = 0,6 B aneronitpwm) [96].

JloBxrHA XBUJI1 30y/15KEHHS CTaHOBUTH 460 HM.
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Tabmuis 2.4 — CnexTpaibHi BiacTuBOCTI criostyk 2.19a-c 8 MeCN

A A D, CrtoKcCiB
- - % &, Aex }Vonsetabs ’ EgOpt’
Crionyka | aps, ems 0 _ 3CYB

M cm HM HM eB .

HM HM HM | CM
2.19a | 520 | 615 |2.17| 14200 | 565 | 622 | 1.99 | 95 | 2970
2.19b | 519 | 610 |2.11| 17000 | 560 | 627 | 1.98 | 91 | 2870

219 | 517 | - | - | 85800 . 678 | 183 | - | -

Hani Tabmuii 2.4 mMOKa3yiOTh, IO PO3MIP YaCTKOBO TiIPOBAHOTO

AHCJIbOBAHOI'O IHKITY Mai>k€ HE BIUIMBaE Ha JOBKXKHHY XBHI1 MaKCI/IMYMiB

nornuHaHHsA OapBHUKIB 2.19a-C. 1li cromyku MOTIHWHAIOTH 1 BUIPOMIHIOIOTH B

nmianazonax 517-520 am 1 610-615 HM, TOMy BOHM XapaKTEpU3YIOThCS BITHOCHO

nomipanmu  CTokcoBumu 3cyBamm  2870-2970 cm™.

HaiOinple 3Ha4YeHHS

Koe(iIieHTy MOJISIPHOI €KCTHUHKINT criocTepiraeTbes s cnoiyku 2.19¢. llupuna

3abopoHeHoi 30HU Tepexony B3MO-HBMO cuHTE€30BaHMX MOXITHUX KCAHTEHY

3HaXOIUTHCA B aiama3oHl 1.83—-1.99 eB.
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Puc. 2.22. HopMoBaHi CHeKTpH MOTJIMHAHHS Ta BUIPOMIHIOBAHHS CIOJIYK

2.19a-c 8 MeCN

Jlani 6yso 3anucaHo CeKTPHU MOTJIMHAHHSA Ta (JIyopecleHIii 11t 0apBHUKIB

2.21a-b B aneronitpuii (Cxema 2.31, puc. 2.23). CuHTE30BaHI CIIOJIYKH MAalOTh

c1abKo CTPYKTYpPOBaHI CIHEKTpH TOTJIMHAHHSA. BBeneHHs (parmMeHTa KHUCIOTHU
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Menbapyma B CTPYKTYPY BHXIJIHUX CIOJYK HPHUBOAUTH JI0 0aTOXpOMHOIO
3MiIIEHHS MaKCHMyMIiB TOTJMHAHHS crnonyku 2.21a Ha 55 HM (MakcuMyMm
3HaxoauThes mpu 502 HM), a cionnyku 2.21b — Ha 52 uHM (MakcumyMm mipu 491HMm).

JIyist ux criostyk OyJio BUBYEHO CTIEKTPaIbHI XapaKTePUCTUKH, SKi TPEICTABIICHO B

tadmu 2.5.
(0)
O cH,
— CH3
(0)
(D) ¢
S
Cl
2.21a

(Cxema 2.31)

Ta6mus 2.5 — CnekrpanbHi BiactuBocTi cionyk 2.21a-b 8 MeCN

)bmax )Vmax abs opt CToKciB
O, &, Aex, | Aonset s Eg )
Cnonyka | gps, ems 1 4 3CyB
% | M cMm HM HM eB I
HM HM HM cM

2.2la | 502 | 566 |0.99| 44000 |523| 578 | 2.15 | 64 | 2250
2.21b | 491 | 607 |2.16| 30000 |558| 600 | 2.07 | 116 | 3890

Jlnst kcanteniB 2.21a i 2.21b Bu3HaueHO MOJspHI Koe(illi€HTH MOTIMHAHHS,
ski gopiBriooTE 44000 i 30000 M™em”, Bimmoimro Crmomyka 2.21a wmae
MaKCHUMYM JIFOMiHECHEHIIiT ipu 566 HM, mipu 30ymKkeHHI 523 HM., a crionryka 2.21b
npu 607 (30ymkenns 558), 3 40ro BUAHO, 0 OCTAHHS XapaKTEPU3YETHCS OLTHIITAM
CrokoBuM 3cyBoM 3890 cm™, Ha BiamiHy Bix Gapehuka 2.21a (2250 cm™). Ha
OCHOBI JOBXHWHH XBHJII YEPBOHOI MEX1 BJIIACHOTO IOTVIMHAHHS OYJIO PO3paxoBaHO
3HAYCHHS CHEPreTHMUYHUX IIUIMH I cnoiayk 2.21a-b, sxi ckmamarors 2.07-2.15

eB.



1,04

0,8

0,6

0,44

HOpMOBaHe TNOTJIMHAHHA

0,2

0,0

Cnomnyka 2.21a
Cnonyxka 2.21b

T
400

T
500

JIoBKMHA XBHITi, HM

T
600

HopmoBaHa iHTEHCHBHICTb BUIIPOMIHIOBAHHSI, Y.0.

1,04

0,8

0,64

0,4

0,24

0,0
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Crnonyka 2.21a
Crnonyka 2.21b

T
550

T T T
600 650 700

JIoBXKMHA XBUJI, HM

Puc. 2.23. HopMoBaHi crnekTpy MOTJIMHAHHS Ta BUIPOMIHIOBAHHS CIHOJIYK

2.21a-b 8 MeCN

Jlis OapBHHMKIB Ha OCHOBI iHAona @imiepa CHEKTpU MOIVIMHAHHA 1

BUTIPOMIHIOBaHHS OyJI0 peecTpoBaHo B areToHiTprii (Cxema 2.32).

(Cxema 2.32)

bapBuuk 2.24 mae makcumyMm mnornuHaHHA mpu 598 um. Takox Oymno

. . . : 1, -1
BU3HAYEHO KOE(DILIEHT MOJSAPHOI eKCTHHKINI, SKUW nopiBHIOE 54200 M ™cm .

MakcuMyM JTIOMIHECHEHIIT CHOoidyku 2.24 Mae JOBXKUHY XBWii 668 HM, mpu

30ymkenHi 634 HM, TOMY 1€l OapBHHUK XapaKTepu3yeThcs MOoMipHUM CTOKCOBUM

3cyBoM 34 Hm / 1750 et I{s moximHa Mae KBaHTOBHMM BuXia QiryopecteHiiii

6.41%. Po3paxoBaHa onTu4Ha MmIHpUHA 3a00poHEHOI 30HU Tmepexony B3MO-

HBMO nopiBaioe 1.82 eB. Takox BCTaHOBJIEHO, IO JOJaBaHHS KHCJIOTH JI0

pO3uuHy crHoNyku 2.24 He TPUBOIUTH 10 3MIHM 3a0apBJICHHS, Ha BIAMIHY BiJl
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CIIOJIYKH 2.25, JUIsl IKO1 CIIOCTEpIraeThes 3MiHa 3a0apBiieHHs B O1K CHHBOI 00J1acTI
cnektpa. lleil ¢akr € pgokazoM TOro, MmO JIUMETHIAMIJMHOBUN (PparMeHT
KPUTUYHUM YHHOM BIUIMBAE HA CHCKTPAIBbHI XapaKTEPUCTHKH KCAHTEHOBUX
OapBHUKIB, a WOro MNPOTOHYBAHHS 3a IMIHHUM aTOMOM HITPOI€HY MOpPYIIy€e
CIPSDKEHHSI MK IIMM (PparMEeHTOM Ta KCAHTEHOBUM OCTOBOM.

Cunre3oBaHi OapBHUKM 2.22 1 2.24 XapakTepu3ylOThCS BIIMIHHOIO
PO3YHMHHICTIO Y BOJI1, IO JI03BOJISIE€ PO3TISAATH 1X SIK MOTEHINIHHI (HIyopecieHTH1
30HIU I OloBi3yamizailii B JKMBUX OpraHizmax, aje 3a yMOBU TNPOBEICHHS
JIOJIATKOBUX  JIOCTI/PKEHb Ha  OlOCYMICHICTh Ta OTPUMAaHHS IMO3UTHUBHHX
pPe3yIbTATIB IIUX AOCIIKECHbD.

Byno BCcTaHOBIIEHO, 110 3aMIHOIO KIHLIEBUX T'PYN CUHTE30BAaHUX MOXITHUX
KCaHTEHY Ha pi3Hi 3amumku CH-KUCIOT MOXKHA OTpUMATH KCAaHTEHOB1 OAPBHUKH 3
NepCHEeKTUBHUMH (POTO(DI3SUUHUMH BIACTUBOCTIMU. B 3anexxHocTi Bin pparmeHTa
CH-xucinotu MOXKHa BapilOBaTH TMOJIOKEHHS MAaKCUMyMIB TOTJMHAHHS 1
BUIIPOMIHIOBAHHS, IO JO3BOJIIE BHUKOPHUCTOBYBATHM CHHTE30BaHI OapBHUKH B
MIMPOKOMY Jiana3oHi — Bia opra"ivaux Guyopodopis, a Takox CBITIIOYUIBTPIB 10
01070TIYHUX MITOK JIJISl JIOKami3alii 010J0T1YHO 3HAYYIIUX MOJIEKYIN. BusHaueHo,
0 3aMiHa aToMa XJOpPY B OTPUMAHMX CHOJyKaX Ha JAUMETHWIAMIHOTPYITY
OPUBOAUTE 10 OATOXPOMHOTO 3MIIIEHHS MaKCHUMYyMIB TIOTJIMHAHHS B OLIbII
JIOBrOXBWJILOBY 001acTh crektpy. s OapBHUKIB Ha OCHOBI I[IaHOOLTOBOT'O
eCTepy CIIOCTepIraeThcs OaTOXPOMHUM 3CYyB Ha 72 HM, a i OapBHUKIB 3
JTUIIaHOMETUIEHOBUM (pparMeHTOM Ha 57 HM. 30UIbLICHHSA JOBXUHHU XBHJII
NOTJIMHAHHS BIAOYBA€TbCS 3a PAaxXyHOK OUIbII  €(PEKTUBHOTO  CIpPSDKEHHS
JTUMETWIAMIHOTPYTH 3 KCAHTEHOBUM (PparMeHTOM, B MOPIBHSHHI 3 aTOMOM XJIOPY.
Takox cuHTE30BaHI OapBHUKK XapaKTEPU3YIOTHCS BIJHOCHO TIOMIPHUMH 1
BUCOKMMHU CTOKCOBUMH 3CYBaMH.

B pesynabTaTi JOCHIKEHHS ONTHYHMX BIJIACTUBOCTEH CHHTE30BaHUX
KCAaHTECHOBUX OapBHUKIB OYyJ0 BCTAHOBJICHO, IO 3aMiHOK KIHIIEBUX TPym 3
JOHOPHUMHU Ta AaKIENTOPHUMH BJIACTUBOCTSIMHU MOXKHA  IUJIECTIPSIMOBAHO

3MiHIOBaTH (OTO(I3MYHI BJIACTUBOCTI, a BapilOBAHHS pO3MIpY anipaTUYHOIO
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UKy J03BOJSiE BHUOIPKOBO CHHTE3YBAaTH OapBHUKM 3 MOXJIMBICTIO iX
BUKOPUCTaHHS abo B sKOCTI opraHiyHux ¢uyopodopiB, abo B AKOCTI
cBITI0(1IbTPIB. BUCOKa pO3uMHHICTh OapBHUKIB 3 ()parMeHTOM i1HAoay Dimepa
JI03BOJISIE PO3TIISAATH iX K IMOTEHITIHHI O10JI0TIYHI MapKepH B JKMBUX OpraHi3Max,

aJie P MPOBEICHHI TOMATKOBUX JTOCHIKEHb HA O10CYMICHICTb.
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2.4 CunTe3 KCaHTEHOBUX OapBHHKIB Ha OCHOBI peakilii 3 N-nykneodinamu

HactynmHum KpokoM moCiiKeHHs! O0yJi0 BUBUCHHS peakiiifHoi 3qaTHOCT N-
[(9-xmopo-2,3-nuriapo-1H-kcanTeH-4-im)MernieH|-N-MeTuiIMeTaHaMiHI yM
nepxiopatiB 3 N-Hykieodinamu, TakumMu SK MM-aMiHOPEHOT Ta TN-aHI3WUIUH.
B3aemonist rajoreHNoxXilHUX KCAaHTeHy 3 IIMMH apOMATHYHUMH aMiHaMU
npuBOAUTE 10 yTBOpeHHs ocHOB Illudda. B 3amexxHoCTI Bi CTEX1OMETPUYHOI
KUIBKOCT1 BUX1JIHMX CIIOJYK B ITUX PEAKIIISIX YTBOPIOETHCS a00 CyMIII MPOYKTIB,
a00 MPOJYKT 3 IBOMA (hparMeHTaMH apOMaTUYHOIO aMiHY.

[Ipu B3aemonii mnepxsopary 2.2a 3 €KBIBAJIGHTHOK KUIBKICTIO TI-
aMiHO(EHOITY 3a KIMHATHOI TEMIEPATYPHU NPOTATOM OJIHI€T JOOM OTPUMAHO CYMIII
npoaykTiB 31 crpykrypamu 2.30 1 2.31 y ciBBiJHOIIEHH] 32 JaHUMHU XpOMaTO-Mac
14.662% (uac yrpumanus 0.755 xB) 1 85.338% (uac yrpumanus 0.775 xB). [Ipu
B3a€EMOJIIT CIIONYKH 2.28 3 ABOKPATHUM HAJJIUIIKOM JaHOT'O0 apOMATHYHOTO aMiHY

B aHAJIOTIYHUX YMOBAax YTBOPIOETHCS TUIBKM MPOAYKT nuzamimnieHHs 2.31 (Cxema

2.33).

OH
cn,
N+ C|O4' NH2
o) CH, o o
oD O — (LD O
Cl OH
O 0
(Cxema 2.33)

Bzaemonis comi 2.2a 3 OIHUM €KBIBJICHTOM IM-aHI3UAWHY MPH KIMHATHIH
TEMIIepaTypl BIOPOJOBXK OJAHIET JOOM TaKOX MPUBOIUTH 0 YTBOPEHHS CyMIIIi
npoAykTiB 2.32 1 2.33, a B pe3y/ibTaTi peakilii 3 HaAJIUIIKOM apOMaTUIHOTO aMiHy

OyJ10 OTPUMAHO OJMH MPOAYKT i3 cTpykTyporo 2.33 (Cxema 2.34).
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OCH

(Cxema 2.34)

Takox Oys0 MPOBEAEHO PEaKINi0 TaJIOTeH3aMIIIEHOT0 KCaHTeHy 2.2a 3 Ti-
aMIHOOEH30IHOI0 KHUCIOTOK. Byno BCTaHOBIEHO, IO MPU B3a€EMOJII BUXIJHUX
CIOJYK B cCHiBBigHOmIEHHI 1:1, a TakoX TMpPW BUKOPUCTAHHI HAJIUIIKY aMiHY
YTBOPIOETHCS KcaHTeHOBHWH OapBHUK 2.34 3 Hu3pkuM Buxojom (Cxema 2.35).
Husbky peakiiiiHy 37aTHICTh IM-aMiHOOEH30MHOI KHCJIOTH MOYHA TOSICHUTH
3HIDKEHOI0 HYKJIEO(DUIBHICTIO aTroMa HITPOTCHY aMIHOTPYIH, 3a pPaxyHOK

HASIBHOCTI €JIEKTPOHOAKIIENTOPHOI KapOOKCUIILHOI TPYIH B OEH30JIBHOMY SIIPI.

COOH
CH,
1
—N* CIO, NH, N
@] CH, o) / H
D - O— O D
S
I
Cl COOH N
2.2a /©/ 2.34 (12%)
HOOC
(Cxema 2.35)

3riIHO 3 OTPUMAHUMHM Pe3yJIbTaTaMH 30UIbIICHHS HAJJTUIIKY apOMaTUYHOTO
aMiHy MPUBOAMTH O YTBOPEHHS BUKIIIOYHO MPOAYKTIB 3aMILIEHHS JABOX KIHIEBHX
IpyIl y BUXITHUX TJIOTCHIOXITHUX KcaHTeHy. Tak, 3aBasku B3aeMoii comi 2.2b 3

TPHOXKPAaTHUM HAJJIUIIKOM aHUIIHY OyJI0O CHHTE30BaHO KCAHTEHOBHI OapBHHK

2.35 (Cxema 2.36).
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% clo,
N 4 NH
z CH3 NH2 |
O o)
QK -
Z

Cl

N
2.2b ©/ 2.35 (30%)

(Cxema 2.36)

CTpykTypy mpoxykty 2.35 BCTAHOBICHO 3a OMOMOror mamx SIMP 'H-
CHEKTPOCKOMIi Ta Mac-CHEKTpOMeTpii, OpyTTo-hopMyiy HiATBEPIKEHO NaHUMU
€JIEMEHTHOr0 aHamizy. Mac-cnektp cnonyku 2.35 3 ioHi3amiero B pexumi BIITA
XapaKTepU3yeThCs HAABHICTIO MiKy MPOTOHOBAHOI MOJEKyIH 3 m/z 279 [M+H]" 3

iHTencuBHIcTIO 100%.
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2.4 ExcniepuMeHTalIbHa YacTHHA 10 PO3JLTY 2

Crextpu SIMP 'H ta BC sammcano Ha npuoopi Bruker Avance II 400
(400,13 1 100,62 MI'n, BignoBigao) y JIMCO-ds a6o CDCl3. B sikocTi cranmapty
BUKOPUCTOBYBAJIH MK 3aJIUITKOBOTO po3urHHMUKA (0=2.50 M. 1. Ta 7.26 M. 1. mis
'H; 39.50 M. 1. Ta 77.16 M. 1. m1s ta °C). Mac-CIieKTpr OTpHMAaHO Ha IpHOOpi
MX1321 13 BUKOPUCTAHHSM CUCTEMHU MPSIMOTO BBEACHHS 3pa3Ky MPHU TeMIlepaTypi
kamepu ioHizamii 200°C 1 e”eprii ioHI3yrounx enekTpoHiB 70 eB. Cnexktpu BIIIA
peectpyBanucs Ha criektpomeTpi VG7070. JlecopOiris 10HIB 13 pO3YHHY 3pa3KiB Yy
M-HITPOOCH3UIIOBOMY CIIUPTI 3A1MCHIOBAJACS IMMyYKOM aTOMIB aproHy 13 €HEpri€ro
8 KeB. Oxpemum crnonykam Oyio 3amMcaHo Mac-criekTpu Ha npubopi Waters
Quatro Micro APl Mass Spectrometer. CriekTpu peecTpyBaiucs HpU 10HI3aIii
ESI" 3a rtemmepatypu 120 °C 3 emnepricio 3 kV on capillary. Cnexrpu
JIOMIHECIICHITIT Ta 30y/KEHHSI PEECTPYBAIH 32 JOIIOMOTOI0 CIEKTPOPIIyOpUMETPY
Cary Eclipse «Varian» 3 kceHoHoBow nammoro 150-W. CrexkTpu moriiMHaHHS
peectpyBanu Ha crniekrpodoromerpi UV-2401 PC «Shimadzuy. ¥Yc¢i BuMiproBaHHS
NPOBOAMIIM TIpHM KiMHaATHIM Temmepatypi (21-23°C). Xpomaro-mMac peakIiiiHoOi
cymimi cronyk 2.11b, 2.17, 2.13b i 2.16b Bu3Haueno na mpudopi Agilent 1100
pinuaHOIO XpoMmaTorpadiero 3 DAD 1 ELSD Sedex 75 nerekTopaMu CIpsDKEHUMHE
3 LC-MS VL cnekrpomerpoM 3 enekTpocrpeit i1oHizaiie. ExemenTHH aHami3
npoBoaunn Ha mpuiani LECO CHN-900. Touku mimaBieHHs 3aMiproBaiu 3a
noromororo 1ugposoro amapaty Electrothermal 9100 Digital Melting Point abo
npwiany Tine. KOHTponb peakiiiii Ta YUCTOTH OTPUMAHHUX CIIOTYK KOHTPOIIOBATH
3a momomororo THIX Ha ruractuakax Merck Silica gel 60 F-254 3 10:1 CHCl/i-

PrOH B SKOCTI E€J1FOEHTIB.

3arajibHa MeTOAMKAa OTpUMaHHs cnoayk 2.3a-d. Xiopasrigpunm 2-
rigpokcu-1-wadroiinoi kuciotu (0.02 Mosb) 3MIIIYIOTh 3 BIAMOBIHAM IIUKIIYHUM

keroHoM (0.02 Monb) Ta KUAM'STATH BOPOAOBXK S5 roxd. Ilicias oXomomkeHHs 10
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KIMHATHOI TeMIepaTypu peaklidHy CyMill 3aTUPAIOTh HEBEIUKOIO KIIbKICTIO
€TaHOoIY, 1 BIAJUIAIOTE CMOJUCTHUH 3anuiiok. CMoily pO3YMHSAIOTH B MiHIMaJbHIN
kizpkocti CH,Cl, 1 mpoBoasTs Qureni-xpomarorpadiro Ha cumikareni. OTpuMaHuii
PO3UYMH BHITAPOBYIOTh Ha POTOPHOMY BHIIAPHUKY, a 3aJUIIOK KPHCTATI3YyIOTh i3
TeKCaHy.

1’'H-Cuipo[uuknonenran-1,3'-nadgro[2,1-d][1,3]-miokcin]-1"-on  (2.3a).
Buxin 40%, 6immit mopormok. T,,,=98—-100°C. Cnektp AMP 'H (400 MI'u, IMCO-
de), 8, M. 1. (J, Tw): 9.00 (1H, 1, °J = 8.8, H Ar), 8.26 (1H, x, °J = 8.8, H Ar), 7.99
(1H, n, ) =7.8, HAr), 7.71 (1H, 1, 23 = 7.8, H Ar), 7.53 (1H, 1, °J = 7.3, H Ar),
7.30 (1H, x, °J = 8.8, H Ar), 2.05-2.21 (4H, m, 2CH,), 1.69-1.85 (4H, m, 2CH,).
Crektp SIMP C (100 MI', IMCO-dg), &, M. a.: 160.2; 158.1; 138.2; 131.0;
129.6; 129.5; 129.1; 125.2; 124.7; 117.4; 114.9; 105.4; 36.2; 22.7. Mac-crexTp
(BIIA), m/z (I, %):= 255 [M+H]" (14), 171 [M+H-C5H80]" (100). 3naiineHo,
%: C 75.69; H 5.59. C14H1403. PozpaxoBano, %: C 75.57; H 5.55.

1'H-Cuipo[mukiaorexkcan-1,3"-na¢ro[2,1-d][1,3]xiokcin]-1"-on (2.3b).
Buxin 56%, 6immit mopomrok. T,,=76—78°C. Cnekrp SIMP 'H (400 MI'u, IMCO-
de), 8, M. x. (J, Tm): 9.03 (1H, x, %J=8.8, H Ar); 8.27 (1H, n, %J=8.8, H Ar); 7.98
(1H, &, *J=7.8, H Ar); 7.70 (1H, T, *J=7.3, H Ar); 7.52 (1H, 1, *J=7.8, H Ar); 7.30
(1H, 1, %J=8.8 H Ar); 1.94-2.07 (4H, m, 2CH,); 1.58-1.63 (4H, m, 2CH,), 1.42—
1.51 (2H, M, CH,). Criexrp SIMP *C (100 MI';, IMCO-dg), 8, m. x.: 159.5; 156.8;
138.3; 130.9; 129.4; 129.0; 129.1; 125.1; 124.6; 117.4; 105.7; 105.0; 33.3; 23.9;
21.9. Mac-cniexktp (BLIA), m/z (L, %): 269 [M+H]" (6), 171 [M+H-CsH1,0]"
(100). 3maiineno, %: C 76.25; H 6.11. C17H1603. Po3paxoBano, %: C 76.10; H
6.01.

1'H-Cuipo[uuknorentan-1,3'-Hadro[2,1-d][1,3]xiokciH]-1"-on (2.3c).
Buxin 53%, Ginuit nopommok. T,,=88-90°C. Cnextp SIMP 'H (400 MI't, JIMCO-
de), 8, M. . (J, Tw): 9.03 (1H, 1, %J=8.3, H Ar); 8.25 (1H, x, 3J=9.3, H Ar); 7.97
(1H, &, *J=8.3, H Ar); 7.69 (1H, T, *J=7.3, H Ar); 7.51 (1H, T, *J=7.3, H Ar); 7.28
(1H, 1, °J=8.8 H Ar); 2.14-2.25 (4H, m, 2CH,); 1.48-1.65 (8H, m, 4CH,). Crrektp
SAMP C (100 MTI'u, IMCO-dg), 8, m. x.: 159.6; 156.9; 138.3; 130.9; 129.5; 129.4;
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129.0; 125.1; 124.6; 117.5; 109.6; 104.9; 36.9; 27.8; 20.9. Mac-cnektp (BIIA),
M/z (l,in, %): 283 [M+H]" (4), 171 [M+H-C;H1,0]" (100). 3naiineno, %: C 76.73;
H 6.50. C1gH1303. Pozpaxosano, %: C 76.57; H 6.43.

4-Metui-1'H-cripo[nukiiorekcan-1,3"-na¢pro[2,1-d][1,3]xiokcin]-1"-on
(2.3d). Buxix 59%, 6inuit mopourok. T,,=50-55°C. Crexrp IMP ‘H (400 MTIw,
IMCO-dg), 6, m. a. (J, I'm): 9.01-9.05 (1H, M, H Ar); 8.26-8.29 (1H, m, H Ar);
7.97-8.02 (2H, m, H Ar); 7.50-7.57 (2H, M, H Ar); 2.25-2.30 (2H, M, CH,); 2.25—
2.30 (2H, m, CHy); 1.57-1.84 (5H, M, 2CH,, CH); 1.25-1.27 (2H, m, CH,); 0.90-
0.95 (3H, M, CH3). Criekrp SIMP °C (100 My, JIMCO-dg), 8, M. x.: 159.6; 159.4;
157.1, 156.7, 155.3; 155.1; 138.3; 131.1, 130.9; 129.4; 129.0; 125.1; 124.6; 118.6;
118.5; 117.5; 117.4; 111.7; 108.6; 105.6; 32.8; 32.7; 30.1; 29.8; 21.3; 21.0. Mac-
cnektp (BIIA), m/z (I, %): 283 [M+H]" (23), 171 [M+H-C;H.,0]" (100).
3naiineno, %: C 76.77; H 6.54. C1gH1403. PozpaxoBano, %: C 76.57; H 6.43.

3aragpbHa MeToAWMKa oOTpuMaHHs cnodyk 2.4a-d. Ilpu oxomomkeHi
JHOJIOM TOTYIOTh peareHT BimbcMmaiiepa-Xaaka 3 2.3 mia (0.03 monp) JIM®DA Ta
0.92 M (0.01) POCls. lo orpumanoro pearenty noaarTh 0.006 MoJb BIIIOBIIHOT
peuoBunu 2.4a-d Ta rpitots npu 110°C Brpomosx 5 rox. ITiciast 0X0M0IKEHHS 10
KiIMHATHOI TeMIepaTrypu AoAaroTh 15 Mi 15%-ro BOAHOTO pO3YMHY NEPXJIOPATY
HATPiIO Ta GUIBTPYIOTH OCa, 1110 YTBOPUBCH.

N-[(11-Xopo-9,10-qurinpoden3o[flunkaonenta[b]xpomen-8-
yl)mernien]-N-merusimeranaminiym mepxsopar (2.4a). Buxin 55%, uepBonwmii
nopomok. Ty, =273-275°C (MeCN). Criexrp SIMP 'H (400 MI', IMCO-ds), 5, M.
x. (3, T): 9.36 (1H, 1, *J=8.8, H Ar); 8.23-8.27 (2H, M, H Ar, CH); 8.09 (1H, g,
3J=7.8, H Ar); 7.74 (1H, T, *J=8.3, H Ar); 7.67 (1H, T, *J=7.3, H Ar); 7.55 (1H, g,
3J=8.3, H Ar); 3.54 (3H, ¢, CHs); 3.44 (3H, ¢, CHs); 2.99-3.05 (2H, M, CH,); 2.90—
2.97 (2H, M, CH,). Crrexrp SIMP “*C (100 MI', IMCO-d¢/CDCly), 8, m. x.: 165.0;
162.9; 155.3; 153.4; 138.1; 134.4; 133.1; 131.3; 129.7; 128.4; 127.8; 126.4; 124.5;
116.7; 106.2; 48.7; 40.8; 26.8; 25.4. Mac-cniektp (BLIA), m/z (I, %): 312 [M
(CPN]* (33); 310 [M (CI®)]" (100).
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N-[(12-Xa0opo-10,11-murigpo-9H-o6en3o[a]kcanTen-8-yl)mernaen]-N-
MeTHJIMeTaHaMiHiym mepxuopar (2.4b). Buxig 60%, YepBOHWI IOPOIIOK.
T, =240-243°C (MeCN). Crrexrp IMP 'H (400 MI'ti, IMCO-dg), 8, m. 1. (J, Tw):
9.34 (1H, 1, °J=8.8, H Ar); 8.64 (1H, ¢, CH); 8.28 (1H, x, *J=8.8, H Ar); 8.08 (1H,
1, 2J=7.8, H Ar); 7.72-7.77 (2H, M, H Ar); 7.66 (1H, T, *J=7.3, H Ar); 3.62 (3H, c,
CHs); 3.52 (3H, ¢, CH3); 2.80-2.87 (2H, m, CH,); 2.70-2.77 (2H, m, CH,); 1.79—
1.84 (2H, M, CH,). Criextp SIMP **C (100 MI', IMCO-dg), 8, m. x.: 162.5; 159.7;
152.6; 144.9; 138.4; 135.0; 131.2; 129.8; 128.1; 127.9; 125.8; 124.8; 117.8; 116.7;
102.2; 49.8; 42.2; 34.2; 26.6; 24.1. Mac-ciektp (BIIIA), m/z (I, %): 326 [M
(CPN]* (34): 324 [M (CI)]" (100).

N-[(13-Xs0po0-9,10,11,12-TeTparinpodenso|fluukaorentalb]xpomen-8-
y)meruien]-N-meruimeranaminiym  mepxsopar  (2.4c). Buxin = 57%,
nomapam4esnii mopomok. Ty, =184-187°C (MeCN). Crekrp SIMP 'H (400 M,
CDCly), 8, m. 1. (J, Ty): 8.71 (1H, ¢, CH); 8.04 (1H, x, *J=9.1, H Ar); 7.88 (1H, x,
3J=8.1, H Ar); 7.78 (1H, x, %J=9.1, H Ar); 7.73 (1H, n, %=7.3, H Ar); 7.54-7.66
(2H, M, H Ar); 3.76 (3H, ¢, CHs); 3.55 (3H, ¢, CH3); 1.86-1.93 (2H, M, CH,);
1.51-1.64 (6H, M, 3CH,). Mac-criekrp (BILIA), m/z (1, %): 340 [M (CI*")]* (32);
338 [M (CI*)]* (100).

N-[(12-Xaopo-10-meTun-10,11-qurinpo-9H-o6en3o[a]kcanreH-8-
yl)mernien]-N-merusimeranaminiym mepxiaopar (2.4d). Buxin 68%, uepBonwmii
noporok. T,,=235-237°C (MeCN). Crexrp SIMP 'H (400 MI'r, IMCO-dg), 8, m.
x. (J, T): 9.34 (1H, x, 2J=7.3, H Ar); 8.65 (1H, ¢, CH); 8.27 (1H, 1, *J=8.3, H Ar);
8.08 (1H, 1, %J=7.8, H Ar); 7.72-7.79 (2H, m, H Ar); 7.65 (1H, T, %J=7.3, H Ar);
3.63 (3H, ¢, CHs); 3.53 (3H, ¢, CHy); 3.05-3.09 (1H, M, CH,); 2.83-2.88 (1H, M,
CH,); 2.30-2.37 (2H, M, CH,); 1.86-1.93 (1H, m, CH); 1.09-1.13 (3H, M, CHs).
Crexrp SIMP C (100 MI'y, IMCO-dg), &, M. 1. 162.2; 159.6; 152.6; 145.3;
138.5; 135.0; 131.2; 130.0; 128.3; 127.7; 125.8; 124.8; 117.8; 116.7; 101.5; 49.8;
42.3; 34.1; 26.4; 21.0; 20.3. Mac-criekrp (BLIIA), m/z (I, %): 340 [M (CP)]*
(34); 338 [M (CI**)]" (100).



96

4'-Metun-4H-cnipo|[1,3-6en3oaiokcin-2,1"-nukiaorekcan]-4-one (2.5).
Buxin 55%, 6immii mopomok. T,,,=54-58°C. Cnekxtp SIMP 'H (400 MI';, AIMCO-
dg), 0, M. 1. (J, I'm): 7.82-7.86 (1H, M, H Ar); 7.65-7.69 (1H, m, H Ar); 7.08-7.20
(2H, m, H Ar); 2.15-2.20 (2H, M, CH,); 1.59-1.80 (5H, M, CH,); 1.18-1.28 (2H, M,
CH,); 0.89-0.94 (3H, M, CH3). Crextp SIMP °C (100 MI'y, IMCO-dg), 8, m. 1.:
160.1; 159.9; 155.3;154.9; 137.0; 136.9; 129.1; 129.0; 123.0; 122.8; 117.3; 117.2;
113.8; 113.4; 106.5; 106.4; 33.3; 33.1; 30.1; 30.0; 29.8; 21.2; 21.0. Mac-cnekTp
(BILIA), m/z (L, %): 233 [M+H]" (6), 121 [M+H-C;H.,0]" (100). 3naiineHo, Y%:
C 72.49; H 7.02. C14H1603. Po3paxorano, %: C 72.39; H 6.94.

N-[(9-Xnopo-2-meTni-2,3-nuriapo-1H-kcanren-4-im)merninen]-N-
MeTHJIMeTaHaMiHiym mnepxuiopat (2.6). Buxin 58%, uepBOHHII IOPOIIIOK.
T, =183-185°C (MeCN). Crrexrp SIMP 'H (400 MI'ti, IMCO-dg), 8, m. 1. (J, Tw):
8.73 (1H, ¢, CH); 7.78 (1H, n, %J=7.8, H Ar); 7.68 (1H, T, *J=7.8, H Ar); 7.56 (1H,
1, 2J=7.8, H Ar); 7.43 (1H, 1, *J=7.3, H Ar); 3.64 (3H, ¢, CH3); 3.53 (3H, ¢, CH3);
2.97-3.01 (1H, M, CHy); 2.80-2.84 (1H, m, CH,); 2.30-2.43 (2H, M, CH), 1.80-
1.95 (1H, M, CH); 1.08 (3H, x, *J=5.9, CH3). Criextp SIMP **C (100 MI't, IMCO-
dg), 6, M. 1.: 162.2; 161.6; 151.3; 136.6; 132.8; 126.1; 125.6; 124.6; 119.1; 116.4;
103.5; 50.0; 42.8; 33.8; 32.2; 26.4; 20.2. Mac-cniextp (BLLIA), m/z (I, %): 290 [M
(CPN]* (32); 288 [M (CI®)]" (100).

3arajbHa MeTOJMKA OTPUMAaHHA cnoayk 2.7a-b,d, 2.8d. ITpu oxonomkeHi
JHOJIOM TOTYIOTh peareHT Binmbcmaiiepa-Xaaka 3 PBrs (0.86 mi, 0.009 monb) Ta
DMF (2.09 mn, 0.027 mons). Crionyky 2.5a nonaroTh 10 peareHTy Binbcmariepa-
Xaaka. Peakuiitny cymim rpitots npu 110°C nmpotsarom 2 rox. Ilotim peakiiiiiny
cymim 0xonoxyrTh 10 10°C 1 00po0astoTh kKprkaHuM 15% BOITHUM PO3YMHOM
NaClOy (15 mur). Ocan coneit GpimbTpyroTh, CymaTh i KpuctanizyioTs 3 MeCN.

N-[(9-Bpomo-1,2-nurinponuknonenra[b]xpomen-3-in)mernaen]-N-
MeTHJIMeTaHaMiHiym mepxuopar (2.7a). Buxig 68%, momapaH4eBHil OPOIIOK.
T.,=292-295°C. 'H SIMP (400 MTI'u, IMCO-dg), &, m. . (J, I'm): 8.39 (1H, c,
CH); 7.61-7.66 (2H, m, 2H Ar); 7.39-7.45 (2H, m, 2H Ar); 3.56 (3H, ¢, CH3); 3.48
(3H, ¢, CH3); 3.07-3.09 (2H, m, CH,); 2.88 (2H, M, CH,):. *C SIMP (100 MI'w,
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JIMCO-dg), 0, m.a.: 167.4; 156.4; 151.3; 138.8; 132.4; 126.5; 126.3; 124.8; 120.9;
116.5; 107.9; 49.2; 41.2; 27.6; 25.2. Mac-cnektp (BILIA), m/z (l,;, %): 306 [M
('Br)]" (100), 304 [M ("°Br)]* (90).
N-[(9-Bpomo-2,3-qurigpo-1H-kcanren-4-in)merniaen]-N-
MeTHJIMeTaHaMiHiym mepxaopat (2.7b). Buxin 60%, momapaH4eBuii MOPOIIOK.
T.,=196-199°C. 'H SIMP (400 MI'n, JIMCO-dg), &, m. a. (J, I'm): 8.76 (1H, c,
CH); 7.76 (1H, n, *J=7.8, H Ar); 7.67 (1H, 1, %J=7.3, H Ar); 7.54 (1H, n, *J=7.8, H
Ar); 7.42 (1H, 1, *J=7.3, H Ar); 3.63 (3H, ¢, CH3); 3.52 (3H, ¢, CH5); 2.80 (2H, M,
CH,); 2.73 (2H, m, CH,); 1.80 (2H, m, CH,). Mac-criextp (BLIA), m/z (1., %):
320 [M (*'Br)]" (100), 318 [M ("°Bn)]"* (96).
N-[(9-Bpomo-2-meTni-2,3-aurigpo-1H-kcanren-4-in)merunnen]-N-
MeTHJIMeTaHaMiHiym mepxaopat (2.7d). Buxin 59%, nmomapaH4eBHUil MOPOIIOK.
Tw=133-135°C. 'H SIMP (400 MTI'n, JIMCO-dg), &, m. 1. (J, I'm): 8.75 (1H, ¢,
CH); 7.76 (1H, n, *J=7.8, H Ar); 7.67 (1H, 1, %J=7.8, H Ar); 7.54 (1H, n, *J=7.8, H
Ar); 7.42 (1H, T, ®J=7.8, H Ar); 3.63 (3H, ¢, CH3); 3.52 (3H, ¢, CHs); 2.96-3.01
(1H, m, CHy); 2.79-2.83 (1H, M, CHy); 2.32-2.42 (2H, m, CHy); 1.87-1.91 (1H, ™,
CH); 1.08 (3H, x, 2J=6.4, CH3). Mac-crexrp (BILIA), m/z (I, %): 334 [M (*'Br)]*
(100), 332 [M (Br)]* (87).
N-[(12-Bpomo-10-meTna-10,11-muriapo-9H-6en3o[a]kcanTen-8-
im)meTrunen]-N-merunmeranaminiym nepxsopar (2.8d). Buxin 58%, uepBonmii
nopomok. Ty, =175°C. 'H SIMP (400 MI't, IMCO-dg), 8, M. 1. (J, T'rr): 9.34-9.35
(1H, m, H Ar); 8.65 (1H, c, CH); 8.27-8.26 (1H, M, H Ar); 8.08-8.09 (1H, m, H
Ar); 7.72-7.79 (2H, m, H Ar); 7.65-7.66 (1H, m, H Ar); 3.63 (3H, c, CHj3); 3.53
(3H, ¢, CHj3); 3.05-3.09 (1H, M, CH,); 2.83-2.88 (1H, m, CHy); 2.30-2.37 (2H, ™,
CH,); 1.86-1.93 (1H, m, CH); 1.09-1.13 (3H, m, CH3). Mac-cuektp (BIILIA), m/z
(L %): 384 [M ('Br)]" (100), 382 [M (“Bn)]" (87).
11-Bpomo-7,8,9,10-TeTparinpounkJiorentalb]xpomen-6-kapoéanabaerin
(2.9¢). Ilpu oxomomkeHi JIbOAOM TOTYIOTh peareHT Binbcmaiiepa-Xaaka 3 PBr3
(0.86 mu1, 0.009 monb) Ta DMF (2.09 M1, 0.027 momb). Crionyky 2.1¢ (0.003 moun)

J0JIal0Th 10 peareHTy Binbcmaiiepa-Xaaka. Peakiiiiny cymim rpitots npu 110°C
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npotsiroM 2 rof. [loTim peakuiiiny cymim 0oxonomxytoTh 10 10°C 1 00poOasitoTh
kpwkanuM 15% Bomgaum po3umHom NaClO4 (15 mut). Ocax comi (QUIBTPYIOTE.
[ToTiM i pO3YMHAIOTH B allETOHITPUII, J0Aat0Th 2 Ml 20%-BOro BOJHOTO PO3UHUHY
OIITOBOI KMCJIOTH 1 3aJIMINIA0Th Ha 18 Tox mpu KiMHATHIN TemmepaTypi. OTpumaHi
KpUCTaI (PUIBTPYIOTH 1 OYUIIAIOTH KPUCTATI3aII€EI0 3 aneToHiTpwry. Buxin 55%,
nomapandeBuii nmopomrok. T,,=107-110°C. 'H amMmp (400 MTI', IMCO-dg), 6, M.
a. (J, T'm): 10.30 (1H, ¢, CHO); 7.56-7.58 (1H, M, H Ar); 7.43-7.47 (1H, m, H Ar);
7.21-7.28 (2H, M, H Ar); 2.90-2.93 (2H, m, CH,); 2.44-2.46 (2H, m, CH,); 1.75-
1.82 (2H, m, CH,); 1.61-1.68 (2H, m, CH,). Mac-ciektp (EY), m/z (l,;,, %): 306
[M (*'Bn]* (28), 304 [M (Bn)]* (27). 3naiineno, %: C 59.15; H 4.41. C15H43BrO,.
PospaxoBano, %: C 59.04; H 4.29.

3arajbpHa MeTOMKA OTPUMaHHA ajbaerigiB 2.10a-c. [Tepxmopar 2.2a 0,5
r (1.3 mmoib) po3unnsatote B MeCN, nonarots 2 mir 20%-BOro BOJIHOTO PO3YMHY
OLITOBOI KHMCJIOTH 1 3aJUIIAIOTh Ha 18 roa mpu kiMHaTHIM Temnepatypi. OTpumani
KPUCTAJIX Ta CMOJIU JICKAaHTYIOTh, po3unHsOTh iX B CH,Cl; 1 mpoBogsats duenr-
xpoMarorpadiro Ha CHIKareial Uil OYKMCTKH BiJ BHXIIHOI coji. OTpuMaHUM
PO3YHMH BUIAPOBYIOTh HA POTOPHOMY BHIIAPHUKY, a 3AJIUIIOK KPUCTANI3YIOTh 13
MeCN.

9-Xgopo-1,2-murinpommkionentalb]xpomen-3-kapoaabaeria (2.10a).
Buxix 65%, momapandeBmii mopomok. T,,=125-127°C. 'H SIMP (400 M,
CDCly), 8, m. . (J, T'my): 9.97 (1H, ¢, CHO); 7.55 (1H, n, *J=7.6, H Ar); 7.33 (1H,
1, %J=7.6, H Ar); 7.17 (1H, T, 3J=7.6, H Ar); 7.12 (1H, x, %J=7.8, H Ar); 2.80 (2H,
1, 2J=6.8, CH,); 2.70 (2H, T, 3J=6.8, CH,). *C SIMP (100 MI', CDCls), 8, m.x.:
184.2; 162.2; 152.3; 137.5; 133.4; 130.4; 124.7; 123.7; 120.6; 117.5; 115.9; 24.7;
23.3. Mac-crexrp (EY), m/z (I, %): 234 [M (CPF)]" (25); 232 [M (CI®)]" (77).
3uatigeno, %: C 67.22; H 3.87. C13HyClO,. Po3paxosano, %: C 67.11; H 3.90.

9-XJsopo-2,3-muriapo-1H-kcanren-4-kapoaanaerin (2.10b). Buxinx 76%,
nomapadesnii mopomok. T,,=85-87°C. 'H SIMP (400 MI', IMCO-ds), 8, M. 1.
(J, T): 10.22 (1H, ¢, CHO); 7.59 (1H, n, J=7.8, H Ar); 7.46 (1H, T, J=7.8, H
Ar); 7.22-7.27 (2H, T, H Ar), 2.68 (2H, T, *J=6.4, CH,); 2.27 (2H, T, *J=6.4, CH,);
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1.64-1.67 (2H, m, CH,). °C SIMP (100 MI't, CDCly), 8, m.x1.: 186.4; 158.3; 151.0;
131.4; 130.1; 126.4; 124.0; 123.9; 118.9; 115.3; 112.9; 26.9; 20.5; 19.0. Mac-
ciexrp (EY), m/z (1, %): 248 [M (CPF)]" (30); 246 [M (CI*®)]" (100). 3uaiineHo,
%: C 68.31; H 4.35. C4H;,CIO,. Po3paxosano, %: C 68.16; H 4.49,
11-Xgopo-7,8,9,10-rerpariapouukiaorentalb]xpomen-6-kapoabaeria
(2.10c). Buxix 70%, sxoBtuii mopomok. Ty,= 115°C. "H IMP (400 MI'u, JMCO-
de), 8, m. 1. (J, I'my): 10.29 (1H, ¢, CHO); 7.61 (1H, m, *J=7.3, H Ar); 7.47 (1H, T,
3J=7.3, H Ar); 7.30 (1H, x, *J=7.8, H Ar); 7.24 (1H, 1, *J=7.3, H Ar); 2.88-2.91
(2H, m, CHy); 1.78-1.81 (3H, m, CH,, CH); 1.66-1.67 (3H, m, CH,, CH).
3uatigeno, %: C 69.13; H 5.17. C15H13CIlO,. Po3paxosano, %: C 69.10; H 5.03.
3arajibHa MeTOAUKA OTPUMAHHS KCAHTEHOBMX OapBHUKIB. BinmoBiguuii
nepxyopar 2.2a-c, 2.4b, 2.7a (1.3 MMOIb) pO3YHMHSAIOTH Y KHUIUITYOMY
areToHiTpuiIi (5 mit), foaarTh MiaHoonToBui ecrep (1.3 mmonp), abo iamy CH-
KUCHOTY (ManmoHOHITpuI abo kucimory Menbapyma) ta Et;N (1.3 mwmonb).
PeakuiiiHy cyMmill KUI'STATH 31 3BOPOTHUM XOJOJWJIBHMKOM BIIPOJOBX 2 TOJI.
Po3unH 0X0M0MKyIOTh 10 KIMHATHOI Temneparypu. Ocan, nio Bumas, GUIbTPYIOTh
1 ounmiaroTh kpucranizaiiero 3 CH3CN.
{[9-(AmmeTniamino)-1,2-nurinpoumkionenta[b]xpomen-3-
in]merunen}manononitpun (2.11a). Buxig 62%, TteMHO-(}ioONETOBI TOJKH.
T.=205-207°C. 'H SIMP (400 MI't, IMCO-dg), &, m. x. (J, Tw): 7.75 (1H, =,
*J=7.8, H Ar); 7.56 (1H, T, *J=7.8, H Ar); 7.47 (1H, n, °J=8.3, H Ar); 7.33-7.36
(2H, m, H Ar, CH); 3.21 (6H, ¢, 2CHj3); 3.17-3.20 (2H, m, CH,); 2.86-2.89 (2H, ™,
CH,). Cuextp SIMP C (100 MI'n, IMCO-ds), 8, m. x.: 166.9; 153.3; 151.2;
141.5; 131.7; 126.3; 124.9; 119.7; 118.8; 118.5; 117.2; 116.9; 109.9; 43.4; 26.6;
24.2. Mac-criextp (EY), m/z (I, %): 289 [M]" (100). 3naiineno, %: C 74.82; H
5.35; N 14.38. C1gH15N30. Po3paxosano, %: C 74.72; H 5.23; N 14.52.
{[9-(ImmeTniamino)-2,3-quriapo-1H-kcanren-4-
is1]Mernien}manononitpua (2.11b). Buxin 59%, ¢ionerosi kpucramu. T,,=213—
215°C. 'H SIMP (400 MTI', IMCO-dg), 8, m. 1. (J, Tw): 7.90 (1H, ¢, CH); 7,80
(1H, n, %J=7.8, H Ar); 7.54-7.61 (2H, m, H Ar); 7.32 (1H, T, ®J=7.3, H Ar); 3.16
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(6H, c, 2CHjy); 2.67-2.69 (4H, m, 2CHy); 1.69-1.71 (2H, m, CH,). Cnekrp SIMP
BC (100 MI'y, IMCO-dg), &, M. x.: 167.3; 152.8; 146.7; 141.4; 131.7; 125.8;
124.5; 118.9; 118.3, 117.9; 117.0; 115.0; 107.4; 43.8; 26.2; 23.8. Mac-crekTp
(EY), m/z (L, %): 303 [M]" (100). 3naiineno, %: C 75.35; H 5.77; N 13.96.
C19H17N30. Po3paxoano, %: C 75.23; H 5.65; N 13.85.
{[11-(lumeTnaamino)-7,8,9,10-Terparigpomukiaorenta[b]xpomen-6-
in]merunen}manononiTpua (2.11c). Buxin 52%, dionerosi kpucramu. T,,=210—
212°C. 'H SIMP (400 MTI'y, IMCO-dg), &, m. 1. (J, Tw): 7.87 (1H, ¢, CH); 7.82
(1H, x, 3J=7.8, H Ar); 7.56-7.62 (2H, M, H Ar); 7.33 (1H, T, *J=7.3, H Ar); 3.20
(6H, ¢, 2CHg); 2.77-2.80 (2H, m, CH,); 2.64-2.66 (2H, m, CH,); 1.77-1.80 (4H, M,
2CH,). Crextp SIMP °C (100 MI'y, JMCO-dg), &, M. x.: 166.7; 157.6; 153.6;
148.5; 132.1; 126.1; 124.2; 120.0; 118.9; 118.2; 117.2; 115.6; 109.3; 44.4; 24.9;
24.3; 23.3. Mac-ciiextp (EY), m/z (i, %): 317 [M]" (100). 3maiineno, %: C
75.81; H 6.14; N 13.36. C5H19N30. Po3paxosano, %: C 75.69; H 6.03; N 13.24.
3aragpbHa MeToAWMKA OTpUMaHHs OapBHuUKIB 2.12a-b. Opraniusi
nepxiopatu 2.2a-b (0.7 MMONb) pO3UMHAIOT B KHIUITYOMY alleTOHITPHIIL,
nanaroTh gumep manoHoHITpuiy (0.7 mmonb) 1 EtzN (0.7 mMmons). Peakmiiiny
CYMIIII KUTT SITATh 5 XB, 1 3aJUIIAIOThH 32 KIMHATHOI TeMrepaTypu Ha 2 noou. Ocaf,
10 BUMNAaB, PUIBTPYIOTH 1 OUMINAIOTH MpoMuBaHHsM rapssaum CH3;CN.
(32)-2-Amino-4-[9-(numeTnaamino)-1,2-qurigpouukaonenralb]xpomen-
3-in]oyra-1,3-nien-1,1,3-rpukapoonitpua (2.12a). Buxig 50%, dioneToBuii
nopomok. T,,=245-247°C. "H SIMP (400 MTI'ti, IMCO-ds), 8, m. a. (J, T'r): 7.89
(2H, yur. c., NH,); 7.77 (2H, v, 2J=7.8, H Ar); 7.62 (1H, ¢, H Ar); 7.57 (1H, T,
3J=7.8, H Ar); 7.46 (1H, x, ®J=8.3, H Ar); 7.35 (1H, T, *J=7.8, H Ar); 3.20 (6H, c,
2CHs); 2.94-3.05 (4H, M, 2CH,). Mac-cniextp (EY), m/z (1, %): 355 [M]" (100).
3naiineno, %: C 70.83; H 4.95; N 19.86. C,;H17NsO. Po3paxosano, %: C 70.97; H
4.82; N 19.71.
(32)-2-Amino-4-[9-(mumeTnaamino)-2,3-quriapo-1H-kcanren-4-in|oyra-
1,3-mien-1,1,3-Trpukapoonitpun  (2.12b). Buxinx 40%, 3emeHuii MOPOIIOK.
T,,=228-230°C. "H SIMP (400 MTI'ry, IMCO-dg), &, M. 1. (J, T'x): 8.19 (2H, ymr. c.,
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NH,); 8.08 (1H, ¢, CH); 7.74 (1H, 1, %J=7.8, H Ar); 7.53 (1H, t, J=7.8, H Ar);
7.41 (1H, n, %3=8.3, H Ar); 7.29 (1H, T, %J=7.8, H Ar); 3.12 (6H, ¢, 2CHs); 2.73-
2.76 (2H, m, CH,); 2.66-2.69 (2H, m, CH,); 1.70-1.72 (2H, M, CH,). Ciexp SIMP
BC (100 MI'w, JIMCO-dg), &, m. n.: 167.9; 160.9; 152.8; 151.6; 143.4; 131.4;
125.5; 124.3; 119.9; 118.4; 116.9; 116.6; 116.3; 106.9; 85.0; 43.5; 26.2; 24.4; 20.9.
Mac-criextp (EY), m/z (I, %): 369 [M]" (100). 3naiineno, %: C 71.66; H 5.29; N
18.84. C,,H19N50. PospaxoBano, %: C 71.53; H 5.18; N 18.96.

BapBHuku 2.13a-d orpumyoTs 3a MeToaukoro ais 2.11a-c.

Erna (2E)-3-(9-xa0po-1,2-nurinpouuxaonenta|b]xpomen-3-ix)-2-
mianoakpuwiaar (2.13a). Buxig 70%, momapandyeBuit mopomok. T.,=160°C. 'H
SIMP (400 MTI'ti, IMCO-de), 8, m. 1. (J, T'y): 7.93 (1H, ¢, CH); 7.54 (1H, z, *J=7.8,
H Ar); 7.47 (1H, 1, *J=7.8, H Ar); 7.38 (1H, n, *J=8.3, H Ar); 7.30 (1H, T, *J=7.8,
H Ar); 4.23 (2H, ksaprer, *J=7.3, OCH,); 2.98 (2H, m, CH,); 2.86-2.87 (2H, M,
CH,); 1.27 (3H, 1, %J=7.3, CHj). Criexrp SIMP *C (100 MTI'ti, IMCO-dg), 8, . 11.:
163.3; 155.6; 151.5; 142.4; 131.9; 131.3; 127.4; 125.6; 123.4; 116.3; 114.1; 109.8;
94.1; 61.5; 25.1; 24.9; 14.1. Mac-cuektp (EY), m/z (I, %): 329 [M (CEN]" (25);
327 [M (CI®)]* (69). 3maiizeno, %: C 65.84; H 4.46; N 4.13. CisHCINO;.
Pospaxosano, %: C 65.96; H 4.31; N 4.27.

Etun  (2E)-3-(9-xsopo-2,3-guriapo-1H-kcanren-4-in)-2-mianoakpuiar
(2.13b). Buxin 55%, momapanueBuit mopomok. T,,=163-165°C. 'H aMmp (400
MTn, JIMCO-dg), 8, M. a. (J, T'm): 8.49 (1H, ¢, CH); 7.66 (1H, x, 2J=7.3, H Ar);
7.53 (1H, T, %3=7.8, H Ar); 7.30-7.33 (2H, M, H Ar); 4.26 (2H, kBaprer, *J=6.8,
OCH,); 2.73-2.81 (4H, m, 2CH,); 1.77-1.82 (2H, M, CH,); 1.28 (3H, T, *J=6.8,
CHz). Crextp SIMP **C (100 MI'y, JIMCO-dg), 5, m. x.: 163.6; 155.9; 151.4;
146.3; 132.6; 132.0; 127.0; 124.9; 124.3; 119.3; 117.1; 115.5; 109.6; 95.6; 61.6;
26.4; 24.3; 19.4; 14.1. Mac-criextp (EY), m/z (1, %): 343 [M (CP)]" (22); 341
[M (CP)]" (66). 3maiizeno, %: C 66.70; H 4.59; N 4.23. CyqH;sCINOs.
PospaxoBano, %: C 66.67; H 4.72; N 4.10.

Erna (2E)-3-(11-xn0po-7,8,9,10-Terparinpouukiaorenta[b]xpomen-6-im)-

2-mianoakpuiat (2.13c). Buxin 57%, nomapandeBuii nmopomok. T,,=140-143°C.
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'"H SIMP (400 MI'n, IMCO-dg), 8, M. 1. (J, T'm): 8.57 (1H, ¢, CH); 7.64 (1H, n,
3J=7.3, H Ar); 7.52 (1H, T, *J=7.3, H Ar); 7.24-7.31 (2H, m, H Ar); 4.26 (2H,
kBaprer, -J=7.3, CH,); 2.83-2.89 (4H, M, 2CH,); 1.78-1.80 (4H, m, 2CH,); 1.28
(3H, T, %J=7.3, CHs). Criextp SIMP *C (100 MI'y, JIMCO-dg), 8, M. 1.: 163.6;
159.3; 151.5; 149.6; 135.3; 132.2; 130.1; 124.6; 119.5; 116.8; 115.3; 114.7; 94.8;
61.6; 27.7; 24.8; 24.1; 23.2; 14.0. Mac-crexrp (EY), m/z (I, %): 357 [M (CFF)]*
(25); 355 [M (CI*®)]" (100). 3uaiineno, %: C 67.38; H 5.23; N 3.80. C5H15CINOs.
PospaxoBano, %: C 67.51; H 5.10; N 3.94.

Erna (2E)-3-(9-6pomo-1,2-gurigpouukiaonenralb]xpomen-3-in)-2-
uianoaxkpmiaar (2.14). Buxin 44%, temuo-uepBoni ronku. T.,=198-201°C. 'H
SIMP (400 MI', CDCly), &, m. 1. (J, Tw): 8.19 (1H, ¢, CH); 7.54 (1H, 1, %J=7.8, H
Ar); 7.35 (1H, 1, *J=7.6, H Ar); 7.14-7.22 (1H, m, H Ar); 4.32 (2H, xsaprer,
3J=7.1, CH,); 3.15-3.18 (2H, M, CH,); 2.83-2.86 (2H, M, CH,); 1.36 (3H, T,
3J=7.1, CH,). Criexrp SIMP °C (100 MI', CDCly), 8, m. x.: 164.2; 152.3; 143.6;
140.1; 130.8; 130.2; 126.1; 125.1; 124.2; 121.7; 116.0; 114.7; 110.3; 95.6; 61.9;
27.7; 25.2; 14.3. Mac-ciiexrp (EY), m/z (I, %): 373 [M (¢'Bn)]* (80), 371 [M
(™Br)]" (82). 3maiineno, %: C 58.18; H 3.65; N 3.89. C;5H14BrNO;. PospaxoBao,
%: C 58.08; H 3.79; N 3.76.

Etna (2E)-3-(12-xn0opo-10,11-nqurinpo-9H-6en3o[a]kcanTen-8-in)-2-
uianoakpuiaar (2.15). Buxix 71%, seponmuii mopomok. Ty, =222°C. *H SIMP (400
M, IMCO-dg), 8, m. 1. (J, T'w): 9.19 (1H, x, °J=8.8, H Ar); 8.36 (1H, ¢, CH);
8.09 (1H, x, %J=9.3, H Ar); 7.97 (1H, 1, ®J=7.8, H Ar); 7.62 (1H, T, *J=7.8, H Ar);
7.54 (1H, T, *J=7.8, H Ar); 7.39 (1H, x, *J=9.3, H Ar); 4.25 (2H, xBaprer, *J=7.1,
CH,); 2.70-2.74 (4H, m, 2CH,); 1.78-1.80 (2H, M, CH,); 1.29 (3H, T, *J=6.8,
CHs). Crexrp SIMP *C (100 MI'u, CDCly), 8, m. x.: 164.9; 156.3; 152.91; 147.1;
133.6; 131.4; 129.4; 128.8; 128.8; 127.6; 125.6; 125.3; 116.3; 108.9; 94.2; 61.8;
27.5; 24.7; 20.2; 14.3. Mac-criextp (EY), m/z (1, %): 393 [M (CIP)]" (15); 391
[M (CI®)]* (100). 3maiimeno, %: C 70.39; H 4.75; N 3.68. CyH1sCINOs.
Pospaxosano, %: C 70.50; H 4.63; N 3.57.
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Etna (2E)-2-uiano-3-[11-(numernaamino)-7,8,9,10-
TeTparigpouukJjorenta[b]xpomen-6-inJakpuaar  (2.16¢c).  Buxix  11%,
¢ioneroBwmii moporrok. T, =180°C. '"H SIMP (400 MTI', CDCly), &, m. x. (J, I'):
8.71 (1H, ¢, CH); 7.46 (1H, x, *J=7.8, H Ar); 7.35 (1H, T, *J=7.3, H Ar); 7.23 (1H,
1, 2J=8.1, H Ar, mepexpusaerscs 3 curuanom CDCl); 7.12 (1H, 1, 23=7.6, H Ar);
4.30 (2H, kBaprer, %J=7.1, OCH,); 3.05 (6H, ¢, 2CH5); 2.92 (2H, m, CH,); 2.59
(2H, M, CH,); 1.86 (4H, M, 2CH,); 1.35 (3H, T, *J=7.1, CH3). Mac-cniextp (EVY),
m/z (I, %): 364 [M]" (100). 3naitneno, %: C 72.36; H 6.51; N 7.79. C,5H24N,0s.
PospaxoBano, %: C 72.50; H 6.64; N 7.69.

[(9-Xa0po-2,3-aurinpo-1H-kcanTeH-4-i)MeTHIEH|MATOHOHITP I
(2.17). dopminmoximay 2.10b (1.2 MMOJb) pO3UMHSIOTH B KHIUITYOMY
aleTOHITPUI1, T0AAI0Th MAIOHOHITPMI 1 2-3 kparmti EtzN (1.2 mmonb). Peakiiiiny
CyMIII KHUITSITATh BOPOJOBXK 4 TrOiA. 31 3BOPOTHHUM XOJIOAUIBLHUKOM. Po3umH
OXOJIOJDKYIOTh J0 KiMHATHOi Temmeparypu. Ocan, 0o BHUMaB, (UIBTPYIOTH,
PO3UMHSIOTH B MiHIMaIbHIH KilbkocTi CH,Cl, 1 mpoBoasiTh dutem-xpomarorpadito
Ha cwiikarem. OTpuMaHW pO3YMH BHUIIAPOBYIOTh HA POTOPHOMY BHUIAPHUKY, a
3anumiok kpucrtanizytors 13 CH3;CN. Buxin 57%, dbioneroBuii nopormok. T,,=218—
220°C. 'H SIMP (400 MI', CDCl3), 8, m. . (J, T'w): 8.07 (1H, ¢, CH); 7.71 (1H, x,
3J=7.8, H Ar); 7.48 (1H, T, *J=7.6, H Ar); 7.26-7.29 (1H, m, H Ar); 7.22-7.24 (1H,
M, H Ar); 2.87 (2H, T, J=6.4, CH,): 2.80 (2H, T, *J=6.4, CH,); 1.87 (2H, ksiuter,
3J=6.4, CH,). Criextp SIMP °C (100 MI't, CDCly), 8, m. x.: 156.7; 152.0; 150.6;
135.6; 132.0; 126.5; 124.9; 119.9; 116.8; 115.6; 115.0; 110.7; 73.1; 26.9; 24.3;
19.8. Mac-criextp (EY), m/z (1, %): 296 [M (CI)]" (24); 294 [M (CI®®)]" (100).
3uaiineno, %: C 69.17; H 3.88; N 9.37. C47H{;CIN,0. Po3paxoBano, %: C 69.28;
H 3.76; N 9.50.

Erna (2E)-2-niano-3-[9-(numeTniiamino)-1,2-
purigpounukaonenralb]xpomen-3-in]akpuiaar (2.18). KcanrenoBuii OapBHHUK
2.13a (1.5MMoIb) PO3YMHSIOTH B alCTOHITPWJII TPU HArpiBaHHI, IICIS IbOTO
PO3UMH OXOJO/DKYIOTh IO KIMHATHOI TeMIIepaTypd 1 depe3 HbOoro 0apOoTyroTh

ra3onoi0HuN AUMeTWIaMiH npotsaroMm 1 roa. PeakuiiiHy Macy 3anumaroTh Npu
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KiMHaTHIA TemnepaTypi Ha 1 mg00y. Ocan, nio Bumas, GUIBTPYIOTH 1 OYUIIAIOTH
kpuctamizamiero 3 CH3CN. Buxing 80%, dioneroi kpuctamm. T,,=218-220°C. H
SIMP (400 MI', CDCly), 8, m. 1. (J, T'w): 8.19 (1H, ¢, CH); 7.52 (1H, x, *J=8.1, H
Ar); 7.34 (1H, 1, *J=7.8, H Ar); 7.15-7.23 (2H, m, H Ar); 4.28 (2H, ksaprer,
3J=7.1, OCH,); 3.14-3.19 (2H, m, CH,); 3.05-3.08 (2H, M, CH,); 3.02 (6H, c,
2CH3); 1.34 (3H, 1, 2J=7.1, CHj). Mac-criexrp (EY), m/z (I, %): 336 [M]" (97).
3naineno, %: C 71.29; H 5.85; N 8.46. C,oH,oN,O3. Po3paxosano, %: C 71.41; H
5.99; N 8.33.

3arajbHa MeToAMKA OTpUMaHHs OapBHHMKIB 2.19a-C. Bianosiguuii
nepxJsiopat 2.2a-C (1.1 MMoJb) PO3YMHSIOTh y KUIUITYOMY aleToHITpuii (5 i),
nonath (enunerunigeH manoHoHiTpua (1.1 mmons) Ta DABCO (0.8 mMMoib).
PeakuiiiHy cyMilll KWITATATH 31 3BOPOTHUM XOJIOAWJIBHUKOM BIIPOJIOBX 2 TO/I.
Po3unH 0X0N01KYIOTh 10 KIMHATHOI Temneparypu. Ocaj, mo Bunas, QGuUIbTPYIOTh
1 OYMINAIOTH KpUCTamizaliero npomuBaHHsaM KuistauM CH3CN.

[(2E)3-(9-Xutopo-1,2-nqurigponukiaonenralb]xpomen-3-in)-1-penianpon-
2-eH-1-iminen|manononiTpun (2.19a). Buxig 65%, ¢ioneToBUil MOPOIIOK.
T.,=278°C. 'H SIMP (400 MI', IMCO-de), 8, m. 1. (J, T'): 7.60-7.62 (3H, M, H
Ar); 7.49 (1H, n, %J=7.3, H Ar); 7.43-7.44 (2H, m, H Ar); 7.35 (1H, T, *J=7.3, H
Ar); 7.23 (1H, T, *J=7.3, H Ar); 7.06 (1H, x, %J=7.8, H Ar); 6.81 (2H, m, CH);
2.83-2.86 (2H, M, CH,); 2.74-2.77 (2H, M, CH,). Criextp SIMP *C (100 MTI'w,
CDClg), 6, m. n.: 170.5; 157.9; 152.8; 138.9; 137.9; 133.8; 130.6; 130.3; 128.9;
128.8; 125.6; 124.7; 123.6; 122.1; 121.2; 117.6; 115.9; 114.6; 113.9; 25.6; 24.9.
Mac-criextp (EY), m/z (I, %): 384 [M (CP)]" (35); 382 [M (CI®]" (100).
3uaiineno, %: C 75.42; H 3.80; N 7.19. Cy4HsCIN,0. Po3paxoBano, %: C 75.29;
H 3.95; N 7.32.

[(2E)-3-(9-Xmopo-2,3-muriapo-1H-kcanren-4-in)-1-penisimpon-2-en-1-
imizen]mamononirpua (2.19b). Buxig 57%, senenuii mopomok. T,,=285°C. 'H
SIMP (400 MI', IMCO-dg), 0, M. 1. (J, I'my): 7.60—-7.66 (3H, m, H Ar); 7.53 (1H, n,
3J=7.3, H Ar); 7.38-7.46 (3H, m, H Ar); 7.18-7.27 (1H, m, H Ar); 6.86 (1H, n,
3J=14.7, CH); 6.64 (1H, m, °J=8.3, CH); 2.66-2.69 (2H, M, CH,); 2.46-2.49 (2H,
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M, CH,, nepekpuBaethest 3 curHamiom JIMCO); 1.74-1.78 (2H, m, CH,). Criektp
SMP *C (100 MI'y, CDCl), 8, m. n.: 171.2; 153.7; 152.1; 143.2; 134.1; 131.1;
130.9; 130.5; 129.0; 128.6; 127.4; 124.4; 123.9; 121.2; 120.3; 115.0; 114.7; 114.1;
112.7; 27.2; 24.2; 19.9. Mac-ciektp (EY), m/z (I, %): 398 [M (CIPN]" (37); 396
[M (CI®]" (100). 3maiineno, %: C 75.51; H 4.46; N 7.18. CyHy;CIN,O.
PospaxoBano, %: C 75.66; H 4.32; N 7.06.

[(2E)-3-(11-Xnopo-7,8,9,10-TeTparinpouukiaorenta[b]xpomen-6-im)-1-
¢eninpon-2-en-1-itinen |magononirpua  (2.19¢). Buxig 58%, 3cnenuit
nopomok. T,,=285°C. 'H SIMP (400 MI't, IMCO-ds), 8, M. 1. (J, T'y): 7.53-7.67
(4H, m, H Ar); 7.35-7.46 (1H, m, H Ar); 7.19 (1H, T, *J=7.3, H Ar); 6.93 (1H, x,
*J=14.7, CH); 6.53 (1H, 1, °J=8.3, CH); 2.82-2.86 (2H, M, CH,); 2.58-2.60 (2H, M,
CH,); 1.75-1.77 (4H, m, 2CH,). Criektp SIMP *C (100 MI';, JIMCO-dg), 8, M. 1.:
171.1; 156.3; 151.5; 145.4; 133.8; 132.9; 131.7; 130.5; 128.8; 128.6; 128.3; 124.5;
124.2; 120.4; 119.6; 118.6; 114.7; 114.2; 113.9; 27.4; 24.5; 23.4; 22.8. Mac-
criextp (BIIIA), m/z (i, %): 413 [M (CFN]* (25); 411 [M (CI*®)]* (78). 3naiinero,
%: C 76.13; H 4.77; N 6.96. C,H13CIN,O. Po3paxosano, %: C 76.00; H 4.66; N
6.82.

3arajbHa MeToAMKA OTpUMaHHs OapBHukiB 2.20a,c. Bianosimuuii
nepxjopart 2.2a abo 2.2¢, (1.2 MMoJib) pO3YUHSIOTh Y KUIUITYOMY alleTOHITpwII (5
M), T0Aar0Th (eHuteTwIiaeH ManoHoHITpua (1.2 mmonb) Ta minepuauH (1.2
MMoOJIb). PeakuiiiHy cywmiml KUISTSTh BOPOAOBXK 2 TOA. 31 3BOPOTHUM
XOJIOAWIBHUKOM. PO3UMH OXOJOKYIOTh A0 KIMHATHOI Temmeparypu. Ocan, 110
BUMAB, GUIBTPYIOTH 1 ounIaoTh Kpuctanizamiero 3 CH3;CN.

[(2E)-1-®Denin-3-(9-minepuamuu-1-is-1,2-muringpounkionenralb]xpomen-
3-in)npon-2-en-1-inigen |manononirpua (2.20a). Buxin 64%, 3eneHi KpucTaH.
T.,=235°C. 'H SIMP (400 MTI't;, IMCO-de), 8, M. . (J, T'rr): 7.56-7.57 (3H, m, H
Ar); 7.49-7.50 (1H, M, H Ar); 7.36-7.37 (3H, m, H Ar); 7.25 (1H, T, %J=7.3, H Ar);
7.09 (1H, n, %J=8.3, CH); 6.91 (1H, &, *J=13.7, CH); 3.22 (4H, m, 2CH,); 3.08—
3.11 (2H, m, CHy); 2.70 (2H, m, CHy); 1.67 (6H, M, 3CH,). Mac-cnektp (EY), m/z
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(lyiny %): 431 [M]" (91). 3maitneno, %: C 80.61; H 5.96; N 9.87. CyH,sN30.
Pozpaxosano, %: C 80.72; H 5.84; N 9.74.

[(2E)-1-®Denin-3-(11-minepuaun-1-in-7,8,9,10-
TeTparigpouukJorenra[b]xpomen-6-in)npon-2-en-1-imigeH|ManoHoHITPp U
(2.20c). Buxix 71%, 3eneni kpucramu. T,,=203°C. 'H SIMP (400 M1, JMCO-
de), 8, M. 11 (J, Tm): 7.59-7.64 (3H, m, H Ar); 7.51 (1H, x, *J=7.8, H Ar); 7.43-7.45
(2H, M, H Ar); 7.15-7.20 (1H, m, H Ar); 6.93 (1H, x, %J=14.7, CH); 6.59-6.67 (1H,
M, H Ar); 6.52 (1H, n, *J=7.8, CH); 3.25 (2H, M, CH,); 3.05 (2H, M, CH,) 2.83
(2H, M, CHy); 2.57 (4H, m, 2CHy); 1.76 (6H, m, 3CH,); 1.65 (2H, m, CH;). Mac-
ciextp (EY), m/z (1., %): 459 [M]" (11). 3naitneno, %: C 81.16; H 6.26; N 9.03.
C31H29N30. Pozpaxosano, %: C 81.02; H 6.36; N 9.14.

bapBHuku 2.21a-C oTpuMy0Th 32 MeTOAUKOIO 151 2.11a-C.

5-[(9-Xnopo-1,2-qurinpounksonentalb]xpomen-3-ia)merunien]-2,2-
auMeTmiI-1,3-giokcan-4,6-mion (2.21a). Buxix 50%, TeMHO-4epBOHHIA ITOPOIIIOK.
T.w=201°C. 'H SIMP (400 MTI', IMCO-ds), 8, m. x. (J, T'm): 8.20 (1H, ¢, CH);
7.68 (1H, n, %J=7.8, H Ar); 7.52-7.59 (2H, M, H Ar); 7.40 (1H, T, *J=7.3, H Ar);
2.98-2.99 (2H, M, CHy); 2.91-2.92 (2H, m, CHy); 1.68 (6H, c, 2CH3). Cnektp
SIMP C (100 MI'u, CDCls), 8, M. 1.: 165.9; 164.9; 160.5; 152.9; 144.1; 137.1;
131.4; 131.1; 125.5; 123.9; 121.0; 117.3; 116.6; 104.9; 103.5; 27.8; 27.2; 25.6.
Mac-criextp (EY), m/z (I, %): 360 [M (CPF)]" (9); 358 [M (CP)]" (24).
3uatigeHo, %: C 63.74; H 4.33. C19H15ClOs. Po3paxosano, %: C 63.61; H 4.21.

5-[(9-Xmopo-2,3-murigpo-1H-kcanTen-4-in)meTnnen]-2,2-numerna-1,3-
miokcan-4,6-mion (2.21b). Buxix 36%, uepBonuii mopourok. T,,=187-190°C. 'H
SIMP (400 MI', CDCly), 8, M. 1. (J, T'w): 8.87 (1H, ¢, CH); 7.70 (1H, x, %J=7.3, H
Ar); 7.46 (1H, 1, *J=7.3, H Ar); 7.34 (1H, g, %J=8.1, H Ar); 7.23-7.27 (2H, M, H
Ar, nepekpuBaethest 3 curHanom CDClg); 2.83-2.86 (2H, M, CHy); 2.57-2.59 (2H,
M, CH,); 1.80-183 (2H, M, CH,); 1.77 (6H, ¢, 2CH5). Crrexrp SIMP *C (100 MTI'1,
JIMCO-dg), 0, m. 1.: 163.7; 159.4; 158.6; 151.7; 148.3; 134.5; 132.4; 127.6; 125.3;
124.4; 119.5; 115.8; 112.3; 107.2; 103.3; 27.4; 26.9; 26.7; 20.1. Mac-cniextp (EV),
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m/z (1, %): 374 [M (CPF)]* (7); 372 [M (CI®)]* (18). 3maiineno, %: C 64.29; H
4.49. CyoH17CIOs. Pospaxosano, %: C 64.44; H 4.60.

5-[(11-Xnopo-9,10-guriapodenso|fluuxnonentalb]xpomen-8-
in)MeTniien]-2,2-qgumerni-1,3-giokcan-4,6-gion  (2.21c). Buxig 50%, TemHo-
¢ioneroBuii moporiok. T,,=201°C. 'H amp (400 MI'u, AMCO-dg), o, m. 1. (J,
T'm): 9.38 (1H, 1, %J=8.8, H Ar); 8.15-8.17 (2H, m, CH, H Ar); 8.04 (1H, r, %J=7.8,
H Ar); 7.61-7.68 (3H, M, H Ar); 2.99 (2H, m, CH,); 2.94 (2H, m, CH,); 1.68 (6H,
¢, 2CHs). Mac-criextp (BILIA), m/z (1, %): 411 [M (CPF)]" (1); 409 [M (CP®)]*
(3). 3uaiineno, %: C 67.68; H 4.32. C,3H;17ClOs. Po3paxosano, %: C 67.57; H
4.19.

2-[(E)-2-(9-Xumopo-2,3-qurigpo-1H-kcanren-4-in)Binia)-1-eTua-3,3-
aumeTwi-3H-ingosiym opomin (2.22). Pozuunstors anpaeria 2.10b (1 mmons) B
KUIUISTYOMY alleTOHITPUIII, T0AAa0Th 1H107 Opomia (1 MMOIB) 1 OUTOBUM aHT1IPUA
(1 MMonp). Po3unH KU’ ATATH 5 XB, 1 OTIM 3aJIMIIAIOTh HA | 700y Mpu KIMHATHIH
temnepatypl. [IpoaykT y BUIJsSAl Macia pO3YMHAIOTh B MiHIMajdbHINA KUIBKOCTI
CH,CI, i mpoBomsats ¢ueni-xpomarorpadiro Ha cumikarem. OTpUMaHHA PO3UNH
BUTIAPOBYIOTh Ha POTOPHOMY BHIAPHUKY 3 YTBOPCHHSM IIUJILOBOTO TPOAYKTY.
Buxin 65%, TemHo-zenenuii mopomok. T,,=250-253°C. 'H amp (400 MIm,
JIMCO-ds), 8, m. x. (J, T'mp): 8.57 (1H, x, %J=15.2, CH); 7.79-7.82 (2H, M, H Ar);
7.72 (1H, n, J=7.3, H Ar); 7.48-7.66 (4H, M, H Ar); 7.39 (1H, T, *J=7.3, H Ar);
6.75 (1H, 1, °J=15.2, CH); 4.49-4.54 (2H, M, NCH,): 2.84 (2H, m, CH,); 2.68 (2H,
M, CHy); 1.85 (2H, m, CHy); 1.76 (6H, c, 2CHjs); 1.38-1.42 (3H, M, CH3). Mac-
ciektp (BIHA), m/z (1, %): 416 [M (CFF')]" (33); 414 [M (CP®)]" (100).
3uaiineno, %: C 65.14; H 5.33; N 2.71. C,7H»;BrCINO. Po3paxoBano, %: C 65.27,;
H 5.48; N 2.82.

2-{(E)-2-[9-(AueTrnaamino)-2,3-qurigpo-1H-kcanren-4-in]Binia}-1-eTuiu-
3,3-mumeTmin-3H-ingomiym opomin (2.24). Posuunsiors inmon Opomim (1.8
MMOJIb) B OILITOBOMY aHTIJpUIl, A01ar0Th (opMminmoxigny 2.23 (1.8 mwmonb),
KHIT SITATh 5 XB, 1 MOTIM 3aJIMIIAIOTh MPU KIMHATHIN TemmepaTypi Ha 7 1i6. Ocan,

mo yrBopuBcs, QuibTpytoTh. Buxin 91%, temno-zenenui nopomok. T,,=310—
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313°C. 'H SIMP (400 MI't, CDCl3), &, m. 1. (J, I'ry): 11.19 (1H, ¢, NH); 8.65 (1H,
1, 2J=14.4, CH); 7.53 (1H, 1, *J=7.8, H Ar); 7.43-7.46 (2H, m, H Ar); 7.31-7.39
(3H, m, H Ar); 7.24 (2H, m, H Ar, nepekpuBaethces 3 curnaiom CDCIs); 6.15 (1H,
1, 2J=14.4, CH); 4.22 (2H, kBaprer, *J=7.3, NCH,); 2.78-2.81 (2H, M, CH,); 2.60—
2.62 (2H, M, CHy); 2.54 (3H, ¢, CHg3); 1.82-1.85 (2H, M, CH,); 1.76 (6H, c, 2CHj3);
1.49 (3H, T, *J=7.3, CHs). Mac-cuiektp (BLLIA), m/z (I, %): 439 [M+H]" (100).
3naineno, %: C 67.17; H 6.13; N 5.27. CygH3;BrN,0O,. Po3paxosano, %: C 67.05;
H 6.01; N 5.39.

2-[(E)-2-(9-{[(LE)-(AumeTHIaMiHO)MeTHIIeH |amMiH0}-2,3-1urigpo-1H-
KcaHTeH-4-in)Biniia]-1-eTni-3,3-numerni-3H-ingoniym opomin (2.25).
Pozunnstors iHA0m Opomin (1.8 MMoib) B IPOMIOHOBOMY aHTIIPHUIL, JOIAOTh
dopminmoxinmay 2.23 (1.8 MMOb), KHITIATATH 5 XB, 1 MOTIM 3JIMIIAIOTH TPH
KIMHATHIN TemrepaTypi Ha 7 110. Ocan, mo yrBopuscs, GuibTpyroTs. Buxing 83%,
TeMHO-3eneHnit mopomrok. T,,=160-162°C. 'H aMmP (400 MTI'u, CDCly), 6, m. 1.
(J, Tw): 8.47 (1H, ¢, CH); 8.38 (1H, x, %J=13.7, CH); 7.93 (1H, x, *J=7.8, H Ar);
7.63-7.72 (2H, M, H Ar); 7.30-7.32 (2H, M, H Ar); 7.12 (1H, T, 3J=7.3, H Ar);
7.00-7.04 (1H, m, H Ar); 6.97 (1H, x, %3=7.8, H Ar); 5.79 (1H, n, *J=13.7, CH);
3.96-3.97 (2H, M, NCHy); 3.42 (3H, ¢, CHz); 3.20 (3H, ¢, CHz); 2.89 (2H, m, CH));
2.64 (2H, m, CH,); 1.85 (2H, M, CH,); 1.68-1.70 (9H, m, 3CHj3). 3naiineno, %: C
67.78; H 6.31; N 7.75. C3,H34,BrNz;O. Po3paxoBano, %: C 67.66; H 6.44; N 7.89.

3aragbHa MeTOAMKA oOTpuMaHHs cnoiayk 2.30-2.35. Bianosiguuit
nepxJopar 2.2a ado 2.2b, (0.7 MMOJIb) PO3UHHSAIOTH Y KAIUIYOMY aneToHITpui (5
MIT), JIOJAlOTh BiAmoBigHuii apomatudawuii amin (0.7 mmomnb, a6o 1.4 mmonb).
Peakriiiny cymim Kuml'sSTSATh BOPOAOBXK S5 XB. 1 3a]MINAIOTh 3a KIMHATHOI
TemrepaTypu Ha omHy n00y. Ocazn, mo Bumas, QUIBTPYIOTh 1 OYHIIAIOTH
npomuBaHHsIM rapsaum CH3CN.

4-{[(3E,92)-3-[(AumeTnIamMiHO)MeTHIeH]-2,3-
murigponukaonenralb]xpomen-9(1H)-iminen]amino} penon  (2.30) i 4-
{[(3E,92)-3-{[(4-rinpoxcudenin)amino|meTnien}-2,3-

murigpounukaonentalb]xpomen-9(1H)-iminen]amino}penon  (2.31).  Buxia
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14.662% 1 85.338% BiANOBIIHO, TEMHO-KOpHUYHEBHM moporiok. T,,=>360°C. H
SAMP (400 MTI', AIMCO-dg), 6, m. a. (J, T'm): 10.33 (1H, ¢, OH); 10.13 (1H, &,
3J=13.7, NH); 9.94 (2H, yurc., OH); 8.48 (1H, x, %J=8.3, H Ar); 8.39 (1H, x,
3J=8.3, H Ar); 8.05 (1H, x, *J=13.7, CH); 7.79 (1H, T, 3J=7.8, H Ar); 7.66-7.74
(3H, M, H Ar); 7.48-7.57 (3H, m, H Ar); 7.11-7.25 (6H, m, H Ar); 6.78-6.89 (6H,
M, H Ar); 3.20 (6H, c, 2CH3); 2.80-2.84 (2H, m, CH,); 2.59-2.61 (2H, M, CHy);
2.16-2.19 (2H, m, CH,). MS (ESI), m/z (1., %): 333 [M+H]" (100), 397 [M+H]"
(22). 3maiineno, %: C 75.99; H 6.18; N 8.29. C,;H»N,0,. Po3paxosano, %: C
75.88; H 6.06; N 8.43.

4-{[(3E,92)-3-{[(4-T'inpoxcudenina)amino |mernsien}-2,3-
murigpounukaonenta[b]xpomen-9(1H)-ininen]amino}dpenon (2.31). Buxing 66%,
TEMHO-KOopu4yHeBH# nopoimok. T, =>360°C. 'H amp (400 MI'u, IMCO-dg), 6, M.
n. (3, Tw): 10.07 (1H, x, 2J=13.2, NH); 9.96 (1H, ym.c., OH); 9.53 (1H, ym.c.,
OH); 8.43 (1H, 1, %3=8.3, H Ar); 8.10 (1H, x, %J=13.7, CH); 7.82 (1H, T, *J=7.8, H
Ar); 7.72 (1H, n, J=8.3, H Ar); 7.56 (1H, T, %J=7.3, H Ar); 7.19-7.25 (4H, M,
H Ar); 6.87 (2H, 1, *J=8.3, H Ar); 6.78 (2H, 1, *J=8.8, H Ar); 2.60 (2H, m, CH,);
2.20 (2H, m, CH,). MS (ESI), m/z (l,e, %): 397 [M+H]" (100). 3naiineno, %: C
75.85; H 5.20; N 7.09. Cy1H»N,0,. Po3paxoBano, %: C 75.74; H 5.08; N 7.07.
N-[(3E,92Z)-3-[(IlumeTnaaMiHO)MeTHIIEH]-2,3-

purigpounukaonenra[b]xpomen-9(1H)-ininen]-4-merokcianinin  (2.32) i (4-
meTtokcipenin)[(3E,92)-3-{[(4-meTokcipenin)amino|mernaen}-2,3-
murigpouukaonenta[b]xpomen-9(1H)-iminen]amin (2.33). Buxin 39%, TemHo-
yepBoHuUi nopomok. T,;=>360°C. 'H aMmP (400 MI', AMCO-dg), 0, m. 1. (J, T'm):
10.93 (1H, ¢, CH); 8.55 (1H, x, *J=7.8, H Ar); 7.82 (1H, T, %J=7.8, H Ar); 7.73
(1H, x, %3=7.8, H Ar); 7.56 (1H, T, %J=7.8, H Ar); 7.39 (1H, 1, *J=8.3, H Ar); 7.93
(1H, 1, °J=8.3, H Ar); 3.81 (3H, ¢, CH3); 3.20 (6H, c, 2CHs); 3.73-3.75 (6H, M,
2CH3); 2.63-2.65 (2H, m, CHy); 2.17-2.19 (2H, m, CHy). MS (ESI), m/z (1,5, %):
347 [M+H]" (33), 425 [M+H]" (100). 3naiineno, %: C 76.42; H 6.27; N 8.23.
C22H2N,0,. Po3paxosano, %: C 76.28; H 6.40; N 8.09.
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(4-Metoxkcidenin)[(3E,92)-3-{[(4-meTokcidenin)amino|meTnaen}-2,3-
murigponukaonenta[b]xpomen-9(1H)-iinen]amin (2.33). Buxin 54%,
yepBoHuUi nopomok. T,,;=>360°C. 'H SIMP (400 MI', IMCO-dg), 8, M. 1. (J, T'r):
10.21 (1H, g, 2J=13.2, NH); 8.53 (1H, 1, %3=7.3, H Ar); 8.13 (1H, x, *J=13.7, CH);
7.83 (1H, 1, %J=7.8, H Ar); 7.73 (1H, &, *J=8.3, H Ar); 7.57 (1H, T, *J=7.3, H Ar);
7.32-7.39 (4H, M, H Ar); 7.03 (2H, x, %J=8.3, H Ar); 6.94 (2H, x, %J=8.8, H Ar);
3.82 (3H, ¢, CHy); 3.73 (3H, ¢, CH3); 2.63 (2H, m, CHy); 2.18 (2H, m, CH,). MS
(ESI), m/z (l,i,, %): 425 [M+H]" (100). 3naiineno, %: C 76.51; H 5.85; N 6.73.
C,7H24N203. Po3paxosano, %: C 76.39; H 5.70; N 6.60.

4-{[(3E,92)-3-{[(4-Kapoboxkcudenin)amino|mernnen}-2,3-
murigpounukaonenta[b]xpomen-9(1H)-iminen]amino}6ensoiina kucaora (3.34).
Buxin 12%, TemHo-3enenuii mopomrok. T,,=>360°C. '"H IMP (400 MI';, IMCO-
de), 8, M. 1. (J, T'm): 11.41 (1H, ¢, COOH); 10.41 (1H, 1, *J=13.2, NH); 7.55 (1H,
1, 2J=8.3, H Ar); 8.34 (1H, x, *J=13.2, CH); 8.05 (2H, &, J=8.3, H Ar); 7.92 (2H,
1, 2J=8.3, H Ar); 7.84 (1H, 1, %J=8.3, H Ar); 7.61-7.67 (2H, m, H Ar); 7.52 (2H, x,
3J=8.3, H Ar); 7.48 (2H, n, *J=8.3, H Ar); 2.73-2.75 (2H, M, CH,); 2.29-2.31 (2H,
M, CHy). MS (ESI), m/z (l,;,, %): 453 [M+H]" (100). 3naitneno, %: C 71.78; H
4.35; N 6.33. Cy6H2,N,0. Pospaxosano, %: C 71.67; H 4.46; N 6.19.

N-[(4E,9Z)-4-(annainomeTnnen)-1,2,3,4-rerparinpo-9H-kcanten-9-
imimen]aninin (2.35).Buxig 30%, TeMmHO-uepBOHMiT mopomok. 265-267°C. 'H
SIMP (400 My, IMCO-de), 8, m. 1. (J, T'y): 8.59 (1H, ¢, CH); 8.05 (1H, x, *J=8.3,
NH); 7.98 (1H, n, %J=8.3, CH); 7.83 (1H, T, *J=7.8, H Ar); 7.51-7.53 (2H, M, H
Ar); 7.40-7.48 (5H, M, H Ar); 7.29-7.35 (4H, m, H Ar); 7.16 (1H, T, %J=7.3, H Ar);
2.59 (2H, M, CH,); 2.25 (2H, m, CHy); 1.70 (2H, M, CH;). Mac-cniektp (BIIIA), m/z
(lyiz, %): 379 [M+H]" (100). 3naiineno, %: C 82.65; H 5.99; N 7.27. CysHxN,0.
Pospaxosano, %: C 82.51; H 5.86; N 7.40.

PeHTreHoCTPYKTYpHE H0CTiIKEeHHS.

Kpucranu 2.11a monoxkminsi, CigHisN3O, mpu 20°C a = 24.867(2), b =
7.4577(3), ¢ = 16.6128(9) A, = 111.346(6)°, V = 2869.5(3) A°, M, = 289.33, Z =
8, mpoctopoa rpyna C2/c, dyo,= 1.339 r/em®, u(MoK,) = 0.086 mm *, F(000) =
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1216. [Tapamerpu enemMeHTapHOI KOMIpKH Ta 1HTeHCMBHOCTI 10458 Bim0Opa’keHb
(2527 neszanexnux, Ri=0.059) Bumipsno Ha nudpakromerpi «Xcalibur-3» (MoK,
uripomineHHsi, CCD-aerekTop, TpadiToBHii MOHOXpOMATOp, (®-CKaHyBaHHS, 20
vaxe= 90°).

CtpykTypa po3mmu@poBaHa MPSIMAM METOAOM [0 KOMIUIEKCY Mporpam
SHELXTL. IlonoxxeHHs aTOMIB BOAHIO BHSBICHI 3 PI3HUIEBOIO CHHTE3Y
€IEKTPOHHOI IIIILHOCTI 1 yTOouHeH1 3a Mojemto "Hai3HMKA" ¢ Uy, = NUgq
HEBOJITHEBOT'O aTOMa, 3B’S3aHOT0 3 JIAHUM BOJHEBUM (N=1.5 1JII METUJIBHUX TPYII
ra n=1.2 gus iHmmx aromiB BoxHio). CTpykTypa yrouHeHa mo F°
noBHoMatpuunuM MHK B aHi3oTpomHOMY HaOJMIKEHH1 11 HEBOJHEBUX aTOMIB
10 wR, = 0.142 no 2527 Bimoopakenusm (R; = 0.053 no 1986 BimoOpaskeHHAM 3
F>46(F), S =1.032).
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PO3JIUIT 3
MTEPETPYITYBAHHS CITIPOIIOXIJTHUX TIEHO[2,3-d(b)JIITPUMIJINHIB
T JUICIO EJEKTPO®UIBHUX ATEHTIB

Y  momepenHboMy  po3nuii  Oylo  PO3TIASHYTO  MEperpynyBaHHS
TeTePOIMKIIYHUX CHUCTEM 3 T€MIHAJIBHO PO3TAIIOBAHUMHU aTOMaMU OKCHUIEHY ITiJl
miero pearenty Binmbcmaiiepa-Xaaka, a came 1,3-0enzo(Hadro)miokcun-4(1)-oHis,
HAa OCHOBI TPOJYKTIB SKOro OyJ0 CHHTE30BAHO HHU3KY paHillle HEBIJIOMUX
KCAaHTEHOBUX OAapBHUKIB 3 TMEPCHEKTUBHUMH (HOTO(DI3UYHUMH BIACTUBOCTSIMHU.
[IpeacraBnsyio iHTEpeC BUBYUTU €NEKTPO(UIbHI MeperpynyBaHHsS Ha HOBHX
MOJICIIBHUX CIOJYKaX — CHiponoxiguux Oen3otieno[2,3-d(b)]mipuminuHax, ski
3aBASKA CBOIM OINUKIIYHIA CTPYKTYpl € 3pyYHUMHU OO ’€KTaMHU OPraHiyHOroO
CHUHTE3Y JJIsi OTPUMAaHHS HIUPOKOTO pALY MOM1(yHKIIOHAIBHUX TeTEPOIUKIIYHUX
CHOIYK.

Ak BiIOMO, KpIM CHHTETHYHOIO IMOTEHIaNy, TIEHOMPUMIIUHA MaIOTh
MUPOKUN crekTp Oiojoriynoi pAii. CuHTE3y, XIMIYHUM BIJIACTUBOCTAM Ta
010JIOTTYHIN aKTUBHOCTI IIBOT'O KJIACy CITOJIYK MPUCBSYEHO BEIHMKY KIIBKICTH POOIT
[97-103], ase 0cOOMMBO BUILISIIOTH HASIBHICTH Y JAHOTO KJIACY MPOTHITYXJIHMHHOT
aktuBHOCTI [104-107]. Takox BiZIOMO MPO CHIBHY AHTHMIKPOOHY IO JCSIKHX
npeacTaBHUKIB TieHomipuminuHiB [108]. 3Haunwmii apceHan QapmakororiyHux
BJIACTUBOCTEM MOXIJHUX TIEHOMIPUMIIUHIB 1 BEJIbMU OPHUTIHAJBHI MIJAXOAU JI0 iX

Mou(iKalii MpeACTaBIA0Th JOCUTh NEPCIEKTUBHUN HAIPSIMOK OpTaHIYHOT XiMii.
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3.1 CuHre3 Ta meperpynyBaHHs cripornoxigaux tieno|2,3-d(b)]mipumiauHis

i Ji€0 eIeKTPpO(UILHUX areHTiB

CunTe3 HOBUX MoueinbHUX  OeH3oTieHo[2,3-d(b)|mipuminunie  Oyio
pO3MOYaTO 3 BapifOBaHHS PO3MIPY aHEIHOBAHOTO ali(haTUYHOTO MHKIY, a TaKOX
po3Mipy cmipo Kuiblld. Ha mowaTky, 3a KJIIaCMYHOIO peakiicro ['eBanpaa mpH
B3a€EMOJII1 MaJIOHOHITPUITY, €JIEMEHTApHOI CIPKHM Ta BIAMOBIIHUX ITUKJIIYHUX
KETOHIB KHUIT'ATIHHSAM y O€H30J11 3a NPUCYTHOCTI MOpPQOIiHY OTpUMaHO 2-

aminortiodpeH-3-kapoonitpuiau 3.1a-b [109] (cxema 3.1).
o
o ()
N S<__NH,
H
Ne” en TSt — cmn, || ]
n

(CH,) CN
3.1a-b

a—n=2;b-n=3
(Cxema 3.1)
[TonanpIo KoHAEHCcali€o eHaMiHOHITpUIIB 3.1a-b 3 muKIoOneHTaHOHOM
a00 IUKJIOreKCaHOHOM IS CIoJyKH 3.1a Ta IUKI0reKCaHOHOM IS crioayku 3.1b
3 BUKOPHCTaHHSM €THJIATy HATPil0 B SKOCTI KaTaji3aTopa BIPOAOBXK 3 TOAHUH NPH
KUITISITIHHI B €TWJIOBOMY CIHHUPTI CHHTE30BaHO MOJICIbHI  CHIPOIOXiTHI

oen3otieno[2,3-dnipumiaunis 3.2a-c [110] (Cxema 3.2).

o i CH
S<_-NH, NaOH SN (CH,m
ey [ - —— (CHyn_ | -
CN (CH,yn EtOH
o)

3.1a-b 3.2a-c

a—n=2, m=2 (58%); b — n=3, m=2 (55%); ¢ — n=2; m=1 (65%)
(Cxema 3.2)
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bynoBy yTBOpeHHX CHIpOKOHJEHCOBAHMX CIIONYK 3.28-C JOBEIEHO 3a
noromororo  mammx SIMP 'H ta °C cmexrpockomii Ta Mac-crekTpomerpii.
XapakTEepUCTUYHUMH CUTHAJIAMU B crekrpax JAMP "H OTPUMaHUX NPOAYKTIB,
sammcaanx B JIMCO, € curHanum TpOTOHIB aMiHO- Ta aMmigHOI TpymH, IO
PE30HYIOTh B 00JIacTi BiTHOCHO ciabkoro moss mpu 7.32 1 7.39 M. a. y BUDISIAL
currieris (puc. 3.1). B crexrpax SIMP °C cronyk 3.2a-C Ha KOPHCTH yTBOPEHHS
CHIPOCIIONYKH CB1lYaTh CUTHAJU siiep BY3JOBUX aToMmiB kapOoHy C-2 B obnacrti
70-80 M. 1. (puc. 3.2). B Mac-criekTpax mux cHojiyk 3 ioHizari€ B pexxumi BIITA
MICTSTBCS TKH MPOTOHOBAHUX MOJICKYJI 3 BUCOKOI 1HTEHCHBHICTIO. Jljisi Ouibin
TOYHOTO MIATBEPIXKEHHS CTPYKTypH OyJIO TPOBEIEHO €JIEeMEHTHUN aHami3

MIPOJIYKTIB KOHJICHCAII].

1.62

S N

NH
DMSO-d6

0.7 DMSO-d6

1.77

Intensity

7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15
Chemical Shift (ppm)

Puc. 3.1. Criexrp SIMP 'H crionyku 3.2¢
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Puc. 3.2. Cextp SIMP **C crionmyku 3.2¢

Jlist 301TbIIIeHHST KUTHKOCTI MPHUKIIAJIIB CHIPOMOXITHUX MOAI0HOT OymaoBH
Oysio cuHTE30BaHO OeH30TieHO[2,3-b|mipumianHu 3 aHenbOBaHMM (PparMEHTOM
OUThbII CKJIAMHOI CTPYKTypu. CHHTE3 IMX CIOIYK PO3MOYaTO 3 OTPUMAHHS 3a
BIJIOMUMH METOJMKAMH BIJAMOBIIHUX MPEKypCcOpiB, TaKWUX SK 3-aMiHO-7,/-
IUMETHI-5-0kc0-5,6,7,8-TeTpariapoTieno[2,3-bxiHomiH-2-kapOokcami 3.3a
[111], 3-amino-5,6,7,8-teTpariaporieno[2,3-b]xinomnin-2-kapookcamin 3.3b [112]
Ta 3-amino-4,6-mumerunrieno| 2,3 -bmipuaun-2-kapookcamin 3.3c [113].

B pesynbrari HacTymHOI KOHZAEHcamii BUXiIHUX KapOokcaminiB 3.3a-C 3
ITUKJIOT€KCAaHOHOM B YMOBAX KHUCJIOTHOTO KaTalli3y M-TONYOJICYIh(OKUCIOTOIO TIPH

HarpiBaHHI B METAHOJI MPOTATOM 2-3 TOIWH OTPUMAHO OYIKYBaHi CITIPOMOXITHI

3.4a-C (Cxema 3.3).
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O CH,
Bl Y Bl
N~ N™ ™~ H,C N~ i
H.C
a (75%) b (70%) c(78%)

(Cxema 3.3)

BynoBy oTpumMaHMX MNPOAYKTIB BCTAHOBJIEHO aHANI30M KOMILIEKCY
criekrpanbHux gannx SIMP 'H, *C-crexTpockorii, a Takox Mac-CreKTpoMeTpii,
OpyTTO-hopMyly MATBEPIKEHO JAHUMH €JIeMEHTHOro aHani3dy. B cnexkrpax SAMP
'H crionyk 3.4a-C mpucyTHI XapaKTepUCTUYHi CHTHAIIM ATOMIB FiApOreHy aMiHo- Ta
aminHoi rpymu. CurHanu aTtomiB kapbony B cmektpax SIMP °C yrBopenmx
CHIpOMOXIAHUX HE CcynepeyaTh BCTAaHOBIEHHUM CTpPyKTypam. B mac-cmekTpax
JaHUX CHONyK (1oHi3awisa B pexkuMi BIIIA) MicTATbCS MiKU TPOTOHOBAHUX MOJIEKYJT
31 100%-B010 IHTEHCHUBHICTIO.

[Ipu nii Hagmumky peareHTy Binbcmaiiepa-Xaaka Ha OeH30TieHO[2,3-
d]mipumigua 3.2a 3a MiABUINEHOT TeMIEpaTypH MPOTATOM JBOX TOJUH OTPUMAHO
1-(umkiorekc-1-en-1-i1)-5,6,7,8-terparinpobenso[4,5 | rieno[ 2,3 -d ] mipumiauH-
4(1H)-on 3.5. AnanoriuHuii pe3yabTaT OTPUMAHO 1 3a KIMHATHOI TEMIIEpaTypH

npu 30UIbILIEHH] Yacy peakiiii 10 4oTupbrox 116 (Cxema 3.4).

1. POCl,, DMF
H 80°C, 2 h
S N orrt,4d S NW
| NH P |
2.15% NaOH N
0 0
3.2a 3.5(39%)

(Cxema 3.4)

HasiBHICTh aHETHLOBAHOT'O TIEHOMIPHUMIJIMHOBOTO LUKy CIPSAMOBYE Iepedir
peakiii yOiKk YTBOPEHHS MPOAYKTY 31 CTPYKTYporo 3.5, 110 MiATBEPKEHO JaHUMHU
SIMP 'H crekrpockomii. B o6nacti cnabkoro mons crekrpa SIMP *H (8 IMCO)
CHOJNYKA 3.5 CIIOCTEpIraloThCsl XapakTepHi curdHaiu mnpotony CH-rpymnu

MiPUMITAHOBOTO KIS 3 XiMidHUM 3cyBoM 8.05 M. a., a takox CH-rpymum
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IIUKJIOTEKCEHOBOTO 3aMICHHKA 3 XIMIYHUM 3CyBOoM 5.84 M. 1. Mac-criekTp J1aHoi
CHOJIYKU 3 10Hi3amiero B pexuMi BIIIA xapakrepusyeTbcsi MIKOM MOJEKYISIPHUX
ioniB 3 m/z 287 [M+H]" 3 intencusHicTIO 100%.
3anponoHOBaHUI MEXaHI3M peakIlii MpeacTaBiIeHo Ha cxeMi 3.5. Ha mepmriii
cramii B3aemofii peareHTy Binbcmaiiepa-Xaaka 31 cmipomoxigaum  3.2a
YTBOPIOETHCS  IMITOIIXJIOPUA, SKU TEepeOynoBYEThCS A0 iHTepMeniaTy A B
pe3ynbTaTi pospuBy 38'13ky C-N". Henosiinena enekTpoHHa napa aToMa HiTpOreHy
atakye o*-opb6itanp 38’s3ky C-N*, B Hacmimok 4oro BinOyBaeThCs PO3PHB IIHOTO
3a’s13Ky. [lomanpiie BiAIEIIIEHHS TPOTOHY 1 (POPMUTIOBaHHS 32 aTOMOM HITPOTCHY
IMIZIOIIXJIOPUAY MPUBOJUTH O YTBOpPEHHs ImpoMixkHOI crionyku B. IlpoctopoBa
HAOJIMKEHHICTh HEMOIEHOI eJIEKTPOHHOI Mapu IMIHHOTO aToMa HITPOIeHY Ta
NO3UTUBHO 3apsJ)KEHOr0 aMiJIMHOBOIO (PparMeHTa cropuse HUKIi3amii, 1 micias
NepeHocy TMPOTOHY yTBOproeTbes iHTepMmerniar C. Hacrymuuii  rigpomis
auMmetuiaamiHorpynu 15%-BuM pO3UMHOM TiAPOKCHIY HATPiI0 NPHUBOJUTH O

YTBOPEHHS KIHIIEBOT'O MPOAYKTY 3.5.

|
POCI3, DMF S_ _NT
N | N
ZNsg NH _H*
A

3.2a

o Lo
POCI,, DMF S N _NJ S N _N.
! z CH
—_— | \7(\_4 CH3 [ | N ;»
2N 2
Cl Cl
B
HG i
S N N 5% NaOH
E—— Y  CH, W
2N -HCI -HNMe,
c a _

(Cxema 3.5)
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Ha Bigminy Big 1,3-6en3o(HadTo)miokcuH-4(1)-oHIB, pO3IISHYTHX B
NONIEPENHBOMY po3aiii, CHIPOIOX1/IHI 0enzotieno[2,3-d|mipumignau
IPEICTaBIAIOTh COOOI0 MIECTUWIEHH] T€TEPOLUKIIN, Kl MICTATh B CBOIN CTPYKTYpI1
TeMIHAIBHO PO3TAIIOBaHI aTOMHU HITporeHy. lle KpUTHYHMM YWHOM BIUTMBA€E Ha
nepedir BHYTPIMTHbOMOJICKYJISIPHOTO eleKTpoduTbHOro meperpymyBanas. [lo-
mepiie, YTBOPEHHSA IMIOLIXJIOpHIY BIIOyBaeThcsi Habarato Jiermie HiK
OKCOHIEBHUX 10HIB, YOMY CHpHsi€ OLIbINA €JIEKTPOHHA JOHOPHICTh aTOMa HITPOTEHY.
[To-npyre, 3a HassBHOCTI OLIBII CHUJIBLHOTO JOHOpPA EJIEKTPOHIB, PO3KPUTTS COJI
IMIJIOUIXJIOPUAY BiOYBAa€Thsl MIBUIYE, aHDK PO3KPHUTTS OKCOHIEBUX 10HIB, IO
BIUIMBA€ HAa IIBUAKICTh pEAKIlii B LUJIOMY, OCKUIBKH 3rajyBaHe€ PO3KPUTTA €
JTIMITYIOUOIO CTaJIIEr0 perukiizaiii [86].

JUIst pO3IIMPEHHST MOJAENBHOIO PAAY CIONYK 1 MIATBEPAKEHHSI HAIPSMKY
neperpynyBaHHs IIECTUWICHHUX T'€TepOLMKIIB, B yMOBaxX peakuli Biibcmaiiepa-
Xaaka HaMu OyJi0 BHWBYEHO TIOBEMIHKY CIIPOMOXiAHOTO OeH30TieHO[2,3-
blmipuMinuay 3.4a 3 OUIBII CKIQJIHOK CTPYKTYpPOIO IiJa €0 (POpPMIIIOI0YOro
areHry.

Bzaemoniero criponoxigHoro 3.4a 3 TpbOX KpaTHUM HAJIUIIKOM PEareHTy
Binbcmaliepa-Xaaka mpu KIMHATHIM TeMrmeparypl BIPOAOBXK YOTHPHOX 10 3
HACTYITHOIO HeWTpanizaiielo 15%-BuUM BOJHUM PO3YMHOM TiAPOKCUIY HATPIIO
cuHTe30BaHoO l-mmkiorekc-1-eq-1-11-8,8-numernn-8,9-
aurigponipumino[4°’,5’:4,5]rieno[2,3-b]xinonin-4,10(1H,7H)-mion 3.6 (Cxema
3.6).

1. POCI3, DMF
rt,4d

—_——

3.6 (40%)

(Cxema 3.6)
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CTpykTypy cmonykd 3.6 BcraHoBmeHo 3a gomomorooo SIMP  'H

CHEKTPOCKOMIi, a TaKOX Mac-CIEKTPOMETpii, OpyTTO-PpopMyny MIATBEPAKEHO

JAHUMU €JIEMEHTHOI0 aHaiizy. XapaKTepUCTUYHUMU CUTHaiamMu B crektpl AMP

'H orpumanoro MIPOJIYKTY TEPErpyIyBaHHs € CUrHal atoma riaporeny CH-rpymu

MiPUMIAMHOBOTO KUThIS, MmO pe3onye mpu 8.47 m. n., a Takox CH-rpymu

ukIorekceHoporo ¢pparmenra npu 6.01 M. 1. (puc. 3.3). HasBHICTh B Mac-crieKTpi

3

ionizaniero BIIA miky MonekynsapHux ioniB 3 m/z 380 [M+H]" 3i 100%-Boro

IHTEHCUBHICTIO TaKOX CBIJ4aTh HAa KOPUCTh camMe Takoi OYyJO0BM OTPUMAHOI

crioryku 3.6.

Intensity

DMS(I)-dG

DMSO-d6

1.08

—2.36
~-2.23
—1.25

0.90 1.07
HoH

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
Chemical Shift (ppm)

Puc. 3.3. Criektp SIMP *H crionyku 3.6

HesBaxkaroum Ha 3HAYHY KUJIBKICTh OTJISAJIIB Ta KHUT, 110 OXOIUTIOKOTH XIMIIO

TieHomnipuMiauHiB [97-103], 30BciM BiACYTHsS 1HGOpMaIlls MMIOA0 PEHMKII3aIi

cripokoHgeHcoBaHUX  TieHO[2,3-d|mipuminuuie  mix  giero  POCl;.  Hamum

BCTAHOBJICHO, 10 B pe3ynbTari Ail Hagmmmky POCI; va noxinny 6en3orieHo[2,3-

dlmipumiguay 3.2a B KUIUITYOMY CYXOMY TOJNYOJi MPOTSATOM 2 TOAWH

yrBoproeThes 1,2,3,4,7,8,9,10-okrariapo[ 1 Joen3orieno[2,3-b]xinomin-11-amin 3.7

(Cxema 3.7). Takox BiIOMO, 110 CHOJYKY 3.7 MOXJIMBO OTPUMATH, HarpiBaHHSM B
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JTUXJIOpeTaHi cymimn 2-aMmiHoTioheH-3-kapOoHiTpuiny 3.1a 3 HHMKIOreKCaHOHOM B
npucytHocti  AlCl;  Bmpomorx 18  romun  [114]. Takum  9mHOM,
BHYTPIIIHBOMOJIEKYJISIPHE TIEPErpyNMyBaHHs CIIPOMOXiZHOTO 3.2 MiI i€

XJIOPOKHCY (pochopy BiAKpuBa€e HOBUM, OUIBIT MBUIKUHN MUISIX CHHTE3Y MOX1THOTO

3.7.

H H |
s N\Q POCI, s NEO S N
| — | € |

—

NH NIt NH
H H*
0o Cl Cl
3.2a (not considering the anion)
B, i cl
S N S N\
-H* -HCI
\91
HN) NH
S N
N
I |
-HClI Z
NH,
3.7
(Cxema 3.7)

Ha Biaminy Bij BuxigHoro cmipomnoxigHoro 3.2a B crektpi SMP H
IMPOJYKTY peruKiIi3aiii 3.7 XapakTepHyIO € MOosiBa CUTHATY MPOTOHIB aMIHOTPYITH
3 XIMIYHUM 3CyBOM 5.49 M. 1. y Buriisial cunriery (puc. 3.4). B mac-cnekrpax
naHoi crnonyku (ioHzauis B pexumi BIIIA) wmicTuthcs miK NPOTOHOBAHOI

Mouiekysu 31 100%-Boro IHTEHCUBHICTIO.
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DMSO-d6

\

NH

1.79

Intensity
2.70
2.69

2.97
L
2.43

5.49

2.01 2.23 4.00 2.02 8.49
— — (. (=] —

L o e e I o B o o e B L o s o o B L e o o T
5.5 5.0 4.5 4.0 3.5 3.0 25 2.0

Chemical Shift (ppm)

Puc. 3.4. Crexrp SIMP 'H crionyku 3.7

3.2 [IporHo3yBaHHs MPOTUIYXJIMHHOI aKTUBHOCTI CIIPONOXITHUX TiEHO[2,3-

d(b)JmipuminuHiB Ta X TPOIYKTIB MEeperpynyBaHHs

[IpoTsirom nEKUTBKOX OCTaHHIX JECATWIITh BIKWBAHHSI XBOPUX Ha
OHKOJIOT14H1 3aXBOPIOBAHHS 3HAYHO MOKPAIIUIOCS 3aBISKH IMPOTPECYBaHHIO B
HoTepeKEHHI XBOpOoOH, 11 JiarHOCTHIN Ta JiKyBaHHI [115].

['enoMm moanHu konye 538 kiHa3 OUIKIB, sIKI MEpeAaroTh Y-pochaTHy Ipyny
3 AT® no 3anumikiB cepuHy, TPEOHIHY Ta TUPO3UHY. Bennka KiIbKICTh MUX KiHA3
NOB’sI3aHa 3 PO3BHTKOM 1 MPOTPECyBaHHSAM paKy JIOAMHU. B ocTaHHI pOKH
YCHIIIHOK KIIHIYHOI TEpami€lo CTajo JIKYBaHHS PI3HUX BHJIB OHKOJIOITYHHX
3aXBOPIOBaHb PO3POOJIEHUMH 1HTIOITOpaMH HH3BKOMOJEKYJSIpHHX KiHa3. Bubip
EGFR, CK2, FGFR1 i B-Raf mnporeinkinasm o00yMOBIICHHH HEOOXITHICTIO
BHUBUCHHS JICKUTHKOX MEXaHI3MiB 1HT10yBaHHS Ha 0a3i BXKe ICHYIOUUX MEPEBIPEHUX

JITaHIIB, SIK1 YCIIIIHO BUKOPUCTOBYIOTHCS K MPOTUITYXJIMHHI JIKapChKi 3aCO0OM.
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Iariditopu EGFR nepimioro mokosiiHHsS — HEBENMKI MOJEKYIH 1HT10ITOpIB
tuposunkinazu (TKI), taki sk epmoTuni0 [116] i reditunio [117], sxi 3B’ A3y10ThCs
3 peUentopHuM caWtom aneHosuHTpudocdarazu (ATD), npurHiuyroud IOMEH
BHYTPIMIHBOKIIITUHHOI TUpo3uHKiHa3u (TKD) penenopa.

JloBeneHo mo kasein kuHaza CK2 rpae BakiauBYy poib B MaTOreHe3l paky
[118], a FGFR1 kpuTHYHUM YHHOM BIUIMBA€ Ha PO3BUTOK PAKOBHX KJIITHH,
IUIIXOM MOCWJICHHSI TOUYKOBOI MyTarlii abo TpaHciokaiii. [loBimoMisimocst Takox
npo 30utbmieHHs abo aktuBanii FGFR1 B 6ararbox pakoBUX 3aXBOPIOBAHHSX
[119].

AKTHuBaIlis cepuH/TpeoHiHOBOI KiHa3u B-Raf i, BiAMOBiIHO, MITOI€HHOTO
curHany B3noBxk nuiixy MAPK / ERK mpuBoguTh B OUIBIIOCTI BUMAIKIB 10
MEJIAHOMH LIKIPH.

JUIs MMpOKOro CHEKTpy NyXJWH JIOAWHM CIHocTepiragacs TOCTidHA
3AJIEKHICTD MDK MIJIBHUINEHOI TSODKKICTIO Ta 3HIWKEHHSM BIOmoBlal Ha
XiMioTeparrio B pa3i oHKoreHHuX MmyTtariii rera B-Raf [120, 121]. Orxe, npsmve
TepaneBTHYHEe IHTIOyBaHHA  OHKOTreHHOi  akTuBHOCTI  B-Raf-kinasu  mae
MEPCIeKTUBY JIJIsl JIKYBAaHHA IUX MyXJUH. OCKUIBKM OUIBIIICTh YCIX MEJaHOM
MICTSTh TOMUJIKOBY Jierko aktuBoBany myTaitiro (V600E) B onkoreni B-Raf [120],
ilecnpsMOBaHe 1HriIOyBaHHS MNOpoAykTy TeHa V599E € pamioHalbHOIO
TEPaneBTUYHOIO MIIICHHIO IIPH JIIKYBaHHI MYXJIMH.

3 ornasgy Ha pojib NPENCTaBICHUX KiHA3 B TNPOLECT PO3BUTKY 1
POrpPECYBaHHS OHKOJIOTTYHUX 3aXBOPIOBaHb, BOHU OyliM OOpaHi HAMHU B SKOCTI
MOJIEKYJIAPHUX MIIICHEH AJSl MOAANIBIIOT0 PEeLEeNTOPHO-OPIEHTOBAHOTO CKPUHIHTY
cepell CHHTe30BaHUX MoXimHuX Oen3otieno[2,3-d(b)]mipuminuHis.

Marepianu Ta MeTOaH 1JIs1 MPOBEIEHHSI MOJIEKYJISAPHOTO IOKIHTY.

CtpykTypu miradaiB Oyiau MIATOTOBJIEHI 3a JIOMOMOTOI MPOTrPaMHOTO
3abe3neuennss MGL Tools 1.5.6 (MGL Tools 1.5.6 (Scrips Research Institute)
http://mgltools.scripps.edu/) Ta Vega ZZ [122]. BipryanbHuii CKpUHIHT Ha OCHOBI
peniennTopiB OyB BUKOPHUCTAHUM JJIsI aHAJI3y 3B'sI3yBaHHs HaOOpy croiyk. JIokiHT

npoBogwin B Mmicusax AT®-3B’s3yBanHa mnporeinkinaz CK2 (kox 6a3u maHuMx
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RCSB 4GRB — 2,15 A), FGFR1 (xox 6a3u mauux RCSB 3GQI — 2,50 A), EGFRY'
(xox 6asu marmx PDB: 4HJO — 2,75 A), V**?EBRAF (kox 6a3u ganux PDB: [UWJ
—3,5 A) 3a nonomororo nporpamu Autodock 4.2.6. CTpyKTypH, B3STi 1J1s JOKIHTY,
Oynu TOMEHaMM KiHa3W B aKTUBHOMY CTaHi. Monekyiau BOIM, 10HM Ta JraHIu
Oymu Bumaneni 3 Qaitity PDB. PenentopHi cTpykTypw Oynau miATOTOBIIEHI 3a
nornomororo mporpaMm MGL Tools ta AutoGrid. AToMu BOIHIO BUAQISUIH 3
HENoJISIpHUX aToMiB. Bximni dopmaTu gaHMX TPO pEUEnTopU Ta JIraHad Oyiu
neperBoperi y ¢opmar PDBQT 3a gomomororo Vega ZZ y cwioBOMY IOIi
AUTODOCK.

I’'nyukmii  gokinr. J[{ns TrHydkoro JOKIHTY Ha OCHOBI pELENTOopiB
BUKOPHUCTOBYBaBcs naker nporpam Autodock 4.2.6.

Bisyanbuuii anajiz. BizyanbHuil aHaniz pe3yiabTaTiB  MOJEKYJISPHOTO
JIOKIHTY (B3a€MOJISl CIONYK 3 amiHOKHCJIOTHUMM 3anuiikamu CK2 1 caifty
3B'si3yBanHs AT® FGFR1) nmpoBoaunm 3a qomomoroto nporpamu Discovery Studio
Visualizer 4.0 (http://accelrys.com/).

JUIss  THYYKOTO CKPHHIHTY, OpPIEHTOBAaHOTO Ha PEIENnTOpH, HAMH
BUKOPUCTOBYBaHO makeTw nporpaM Autodock 4 ta AutoDock Vina [123, 124].
Kpim Toro, Oyio mnpoBeleHO IOCTIIKEHHS MOJICKYJISIPHOTO MOJIENIOBaHHS 3
METOI0 pallioHaJ13allil MPOTUITYXJIMHHOI aKTUBHOCTI1 3alPOMIOHOBAHMX CIIONIYK. Y Ci
CHHTE30BaHI  moxigHi  Oenzorieno[2,3-d(b)[mipuminuny  Oynum  miggaHi
JNOCHIDKEHHIO 3B’SI3yBaHHA pa3oM 3 BHYTPIIIHIM JITaHAOM €pJIIOTUHIOOM SIK
€TAJIOHHOIO MOJIEKYJIOIO JIJIsl BUBUEHHS 1X PO3PAaXyHKOBHUX PEKHUMIB 3B 3yBaHHS 3
peuenropom EGFR amkoro tumy (EGFR"', PDB: 4HJO) [125]. Kumens mms
3B's3yBaHHA ATO EGFR"" cknamaerscst 3 I'SITH OCHOBHHX YACTHH! LYKpOBOI1
KHIIIEHl, JBOX TiApodoOHUX oOnacTel, aaeHiHOBOI 3B'S3yBajbHOI KHIICHI Ta
o0macTi 3B’ s13yBaHHs (ocdartis.

PesynbraT  nmociimkeHHS 3B S3yBaHHSA OO EGFRWT MoKazajau, 1o
CHHTE30BaHI CIOJYKH MarOTh MOJIOHY OpIEHTAIlII0 BCEPEINHI CAWTy 3B’S3yBaHHS
AT®. Po3pobieHi Croiaykd MarOTh XOpolll eHeprii 3B’s3ky Bix -8,4 no -10,2

KKaj/mMob (Tadm. 3.1).
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Tabnuus 3.1 — 3HavueHHs HalMEHIIOI BUIBHOI €Heprii 3B’sI3yBaHHS
OTPHMAHKX CITIPOIOXifHMX 3 mpoTeinkinazoo EGFRY'
Binding B'][‘rg:ang
Cromyka free energy Cromyka energy
(kcal/mol) (kcal/mol)
Y
S N
| NH -9.3 -10.2
0
3.2a
-8.7 -9.2
-9.5 -8.4
0
3.2¢

ATOM OKCcUIeHy CHOIyku 3.4a yTBOPIOE BOJHEBHM 3B SI30K 3

aMiHOKHMCIIOTHUM 3anuiikoM Lys721 nosxunoro 2,30 A (puc. 3.5).

Y5
ATI3

LEU VAL
AB20 AT02

Leu764

GLY
R, ABS5

H A

THR -, AB17
AT66
‘s ASP
AT A3

THR
ILE AB30 B3y
AT20 et ATE4

Interactions

|:| wan der Waals |:| Alkyl

|:| Conventional Hydrogen Bond |:| Pi-Alkyl

B nfavorable Donor-Donor \
'

Puc. 3.5. Monens 3B’ s3yBaHHS CIONyKH 3.4a 11 HAMKpamioi CTUKOBAHOI

no3u B AT®-3B’s3yrouomy micti perentopa EGFR
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Pe3ynpTaTu mepeBipKM CIONYK B SIKOCTI 1HTIOITOpiB mpoteinkiHazu CK2

npeacTtasieHi B Tabmumi 3.2. Cepen JOCHIIKYBAaHUX CHIPOMOXITHUX Kpally

EHEprito 3B’SI3yBaHHS NPU HASBHOCTI BOJAHEBOI'O 3B’S3KY 3 aMIHOKUCIOTHUM

3anumikoM Val66 mokasana crionyka 3.4b (puc. 3.6).

Tabmunss 3.2 — 3HadYeHHS HAWMEHIOI BIUTBLHOI OTPUMAaHHX
cripornoxigHux juist mpoTeinkinazu CK2
o Binding
Binding
free
Cronmyka free energy Crionmyka
energy
(kcal/mol)
(kcal/mol)
YO
S _N
| NH -9.3 -9.5
0
3.2a
-8.8 -10.0

3.2¢

ASN
A:llg

{ )
ASP \ / dan laas
A:LTS o=t A:66 Gy

A:l13 ILE
A:174

n s
[ van der Waais [ irsulfur
[ conventional Hydrogen Bond [ Ak

- Unfavorable Acceptor-Acceptor |:| Pi-Alkyl

- Pi-Sigma
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Puc. 3.6. Mopenb 3B’sa3yBaHHs crioyiyku 3.4D ais Haiikpainoi cTHKOBaHOT
no3u B AT®-38’s3ytouomy micti perentopa CK2
Bci  cmipornoxigHi  B3aemoniroTh 3 ABoma  kimouoBumu s CK2
aMIHOKHUCIOTHUMHU 3anuinkamMu — Val66 1 Ilel74, yrBoproroun -G 1 m-ankiibHUNA
3B’S130K BIATOBIIHO, IO € HEOOX1THOIO YMOBOIO JIJIsl CENIEKTUBHUX 1HT161TOpiB CK2
[126]. Cnonyku 3.4a 1 3.4C CTHKYIOTHCS 32 JIOTIOMOTOFO T1IpooOHUX B3a€EMOJIiH B
AT®-akuenropaomy caiiti CK2 3 aminokucinoTHuME 3anumkamu Val53, Val6o6,
Metl1163, Ilel74, a TakoXX 3aBASKH YTBOPEHHIO BOJHEBOro 3B’s3ky 3 Valll6
(2,67 A), sknii 3HAXOAMTHCA B MIApHipHiKA o6nacTi kiHasu. Takoxk HpHCYTHiil 7t-
cynbdyp 3B’ A30K MK TIOPEHOBUM ITUKIIOM 1 aMiHOKHUCIOTHUM 3aIMIIKoM Met163.
[Ipu nepeBipui B sikocti iHriOiTOpiB KiHazu FGFR1 Oyno BusiBieHo, mio
XKOJHA 3 JOCHIUKYBAHMX CIOJIYK HE YTBOPIOE BOAHEBUH 3B 530k 3 ATO-
akuentopaum caiiltom FGFRI1. Jlani nmo eHeprisx 3B'A3yBaHHs MpPEACTaBJIEHI B
Tabnui 3.3.
Tabmunss 3.3 — 3HadeHHs HAWMEHIIOI BIUTBHOI EHEPrii OTpPUMaHUX

cripornoxigaux st npoteinkinazu FGFR1

Binding Blprtileng
Cronmyka free energy Crionyka energy
(kcal/mol) (kcal/mol)
-10.1
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[Tonepenni nokoniHHs 1Hri0iTopiB B-Raf nposBisnu iHridyrouy akTUBHICTb

Raf mpu HHM3BKMX HAHOMOJSIPHUX KOHIIEHTpALisX, ajie BIJHOCHA TepaneBTUYHA

€(EeKTUBHICTh TAaKUX IHTIOITOPIB YCKJIAJHEHA BIJACYTHICTIO O10IOCTYMHOCTI a0o

KUTBKICTIO Hecltenu(pivHUX MillleHeH, SKi TaKoXK BIUIMBAIOTH Ha iHTiOyBaHHS [127].

Crin 3a3Ha4MTH, MO PaHINIE TOXITHI TIEHOMIPUMIIUHIB HE BUBYAINUCH B SKOCTI
iHTi0iTopiB KiHa3u B-Raf. Exeprii 3B’sa3yBanHs HaBeneHO B Ta0wiIi 3.4.

Tabnuus 3.4 — 3HadyeHHs HaWMEHIIOI BIUIBHOI €HEPrii OTpPUMaHUX

CHIpONOXIAHMX JJIs poTeinkinasu B-Raf

Binding Blprgleng
Cromyka free energy Crionyka energy
(kcal/mol) (kcal/mol)
0
S\ __N
| NH -9.9 -10.1
o)
3.2a
-9.2 -10.2
-9.9 -94
0]
3.2¢

Kpim Buaumux pisHux B3aemojiii Ban nep Baambca, ski JTOMIHYIOTH B
KoHTakTax 1HTi0iTOpiB B-Raf, BogHeBi 3B’A3kM 3 aKTUBHMMH JUISTHKaAMHU Oilka
Glu500, Cys531 takox crnpusiioTh 3B’si3yBaHHIO. B cromyiii 3.4a aToM OKCHUIEeHY
KapOOHIIBLHOI IPyNH 30UIBIIYE CIOPITHEHICTh B TOPIBHSAHHI 3 aTOMOM KapOOHY 1
YTBOPIOE BOJIHEBUH 3B'S30K 3 OCHOBHUM aTOMOM a3oty 3anuiky Cys531 B o0acTi
MibKIoMeHHoro TrapHipy. Crnonyku 3.4a-D yTBOpHOIOTH 7-T B3a€EMOIII0 MiX

TioheHOBUM LIUKJIOM 1 peHONbHUM KinbiieM Phe594 (puc. 3.7).
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Puc. 3.7. Monens 3B’ s3yBaHHs CIONyKH 3.4a 1711 HaMKpamioi CTUKOBaHOI

no3u B AT®-38’s13yr0doMy Micwi pererrropa ¥ B-Raf

Ha macTymHOMY KpoIlli JOCTiIKEHHS MPOTHUIYXJIHHHOI Jii CHHTE30BAHUX
CIIOJIYK OYyJI0 MPOBEACHO PELENTOPHO-OPIEHTOBAHUM CKPUHIHT ISl TPOJIYKTIB
neperpynyBaHHs criponoxigaux Oen3orieno[2,3-d(b)]mipumigunis. Pesynpratn
JOCTIHKEHB MOJISKYJIIPHOTO TOKIHTY crioiyk 3.5-3.7 mpencraBiieHi B Tabauii 3.5.

Tabnuus 3.5 — 3naueHHs HalMEHINOi BUTbHOI eHeprii crnonyk 3.5-3.7 mns

BUOpaHUX MPOTETHKIHA3

EGFR CK2 FGFR1 B-Raf
En. (xkxkan/ | Bogm. En. BosH. En. BosH. En. BosH.
Ne , (xxan/ , (xxan/ , (xxan/ ,
MOJIb) 3B’SI30K 3B’ 130K 3B’ 130K 3B’ 130K
MOJIb) MOJIb) MOJIb)
Valll6
3.5 -9.2 - -10.4 (1,83 A) -9.6 - 9.5 -
Lys721
3.6 -9.8 (2,49 A) -10.3 - -10.3 - -10.5 -
Thr830
2 73 A) Ala564 Cys531
3.7 -8.9 ’ ’ -8.8 - -8.8 (2,68 i -9.0 (2,011
Asp831 2,79 A) 2,80 A)
(2,29 A) ’ !

BcranoBieno, 1mo TieHOMIpUMIIUH 3.5 YTBOPIOE BOJIHEBUH 3B 30K 3
aMiHOKHMCIIOTHHUM 3anumkoM Val66 (1,83 A) i nokasye Haiikpamuii pe3yasTar npu
eHeprii 3B’s3ky -10,4 KkKkajm/mMojib, TOMY HOro MOXHA pO3TJSIATH  SIK

nepcrnekTuBHUM 1HT161TOp KiHAa3u CK2 (puc. 3.8).
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LEU Lvs
A5 &is8
MET
A:163

P ILE
A:l18 f ILE .
\ | AlLTa A5
L "N
VAL
A:ll6 JL‘K s \ PHE
R— / . A:l13
— /
A, A\
—/
HIS 2 ASP
A:115 VAL A:175
A:66
GLU
A:ll4
Interactions
|:| van der Waals |:| Pi-Sulfur
- Conventional Hydrogen Bond |:| Alkyl
- Pi-Sigma |:| Pi-Alkyl

Puc. 3.8. Mogenp 3B’s3yBaHHs CHONYKH 3.5 g HaWKpamioi CTUKOBAHOI

no3u B AT®-3B’s13yrouoMy Mmicti perentopa CK2

Opnak, HEOOXITHO BU3HATHU, LIO0 NPU TMOMIPHUX EHEPrisix 3B’ SI3yBaHHA,
MPOJIYKTH PEIMKII3aIli 4acTO HE YTBOPIOIOTh BOJHEBHUX 3B’S3KIB 13 3aJIUILIKAMU
aAMIHOKHCIIOT MpOTeiHKiHAa3. Haxanb, BIACYTHICTh 3a3HAYEHOrO 3B A3yBaHHS HE
JI03BOJISIE  PO3TIIANIATA TPOJAYKTH TIEPErPyMyBaHHS B SKOCTI MEPCHEKTUBHHUX
MIIIIEHEH JJIS TOAAIIBIIIOTO CKPUHIHTY.

Takum dYumHOM, OyJIO CHHTE30BaHO HOB1 CHIpPOMOXigHI Ti€HO[2,3-
d(b)|mipumiguuau. [leperpymyBaHHAM [JaHHX CHOJAYK I JI€0  pPEarcHry
Binbcmaliepa-Xaaka oTprMaHO HOBI IMOXIJHI TIEHOMIPUMIAMHIB Ta XIHOJIWHIB. B
X0/l OCHIHKEHHS IIUX CIOJYK Ha MPOTUIYXJIMHHY aKTUBHICTH BCTAHOBJICHO, IO
OTPUMAaHI CIIPONOXIJHI MOXHAa PO3TJSJaTH B SKOCTI MOTEHLIMHUX 1HT10ITOPIB
nporeinkinaz EGFR, CK2, FGFR1 Tta B-Raf. Takox Oyno BusBIEHO, IO
cripokoHAeHcoBaHl  OeH3o0TieHo[2,3-d(b)]mipuMinuHl  TIEperpymnoByOThCS i
JI€EI0 eNEeKTPOPUILHUX areHTIB B MOXiJHI TIEHOMIPUMIAUHIB 3 IUKIOIE€KCEHOBUM

(dbparMeHTOM, a TaKOXK B MOXiHI XiHOJIHIB.
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3.3 ExcnepumeHTaiibHa YacThHA 10 PO3LTY 3

Crextpu SIMP 'H ta BC sammcano Ha npuoopi Bruker Avance II 400
(400,13 i 100,62 MI'n, BiamoBigHo) y JAMCO-ds a6o DMSO-d6 — CF;CO,D
(10:1). B sxocti cTaHmapTy BUKOPHCTOBYBAJIM IIK 3aJMIIKOBOTO PO3YMHHUKA
(6=2.50 m. . st 'H; 39.50 m. 1. st ta °C). Mac-CrieKTpy oTpHMaHO Ha Iproopi
MX1321 13 BUKOPUCTAHHSM CUCTEMH MPSIMOTO BBEICHHS 3pa3Ky MpH TeMIeparypi
kamepu ioHizamii 200°C 1 e”eprii ioHI3yrounx enekTpoHiB 70 eB. Cnexktpu BIIIA
peectpyBanucs Ha criektpomeTpi VG7070. JlecopOiris 10HIB 13 pO3YHHY 3pa3KiB Yy
M-HITPOOEH3UJIOBOMY CIUPTI 3A1HCHIOBANIACS MyYKOM aTOMIB aproHy 13 €HEepricro
8 KeB. Enementnuii anam3 npoogwin Ha npuiaai LECO CHN-900. Toukwu
IUIaBJICHHS 3aMiproBalid 3a Jonomoror nudposoro anapaty Electrothermal 9100
Digital Melting Point a6o mnpumany Tine. KoHTponas peakmiii Ta YHCTOTH
OTPUMaHUX CIOJYK KOHTpomroBanu 3a monomororo TIIIX Ha mmactuakax Merck

Silica gel 60 F-254 3 10:1 CHCIl/i-PrOH B siKOCTi €/TFOCHTIB.

3arajgpHa MeTOAMKA OTpUMaHHA cmipocnoayk 3.2a-c. Jlo cywmimi
cnonyku 3.1a a6o 3.1b (1 MMoIIb) 1 BiAMOBIAHOTO HUKIIYHOTO KETOHY (1 MMOJIb) B
EtOH (5 mi1) no kpamisax npu nepemimnyBanHi gogaoTh po3und NaOH (1 MMo:b)
B EtOH (5 wmu1), 1 peakiiiiiny cymill HarpiBarOTh 31 3BOPOTHUM XOJIOJUILHUKOM
npotsiroM 3 roj. PeakiiitHy cymill OXOJOMXYIOTh 10 KIMHATHOI TeMIepaTypHu.
Otpumanuii ocan GUIBTPYIOTH 1 KpUCTai3yloTh 3 1-PrOH 3 oTpuMaHHSIM 4mrCcTHX
IIPOYKTIB.

5,6,7,8-Terparinpo-1H-cnipo[6en3oTieno[2,3-d|mipumignn-2,1"-
nukyorekca|-4(3H)-on (3.2a). Buxin 58 %, xopuuneBuit nmopomiok. T,,=208—
210°C. Cnextp SIMP 'H (400 MI'u, AMCO-dg), 6, M. a.: 7.32 (1H, ¢, NH); 7.09
(1H, ¢, NH); 2.63-2.65 (2H, m, CHy); 2.43-2.45 (2H, m, CH); 1.50-1.60 (10H, M,
5CH,); 1.69-1.80 (4H, m, 2CH,). Crrekrp SIMP °C (100 MI', JMCO-dg), 8, m.
n.: 161.8; 155.4; 131.6; 117.9; 108.8; 70.2; 36.1; 25.4; 24.7; 23.8; 23.0; 22.1; 20.9.
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Mac-criektp (BILIA), m/z (14, %): 277 [M+H]" (90). 3naiineno, %: C 65.29; H
7.15; N 10.26. C15H20N,0S. Po3paxosano, %: C 65.18; H 7.29; N 10.14.

3,5,6,7,8,9-T'ekcariagpocnipo[uukJorenrta[4,5] tieno[2,3-d|mipumiamn-
2,1'-muknorexcan]-4(1H)-on (3.2b). Buxim 55%, kopuYHEBHH TOPOIIOK.
T=204-205°C. Cnextp SIMP 'H (400 MI'n, IMCO-dg), 8, M. x.: 7.20 (1H, c,
NH); 7.16 (1H, c, NH); 3.00-2.98 (2H, m, CH,); 2.54-2.52 (2H, m, CH,); 1.74—
1.79 (4H, M, 2CH,); 1.49-1.58 (12H, M, 6CH,). Crekrp SIMP *C (100 M,
JIMCO-dg), 6, m. 1.: 161.9; 153.8; 136.9; 121.5; 109.9; 69.6; 35.8; 31.9; 28.1; 27.6;
26.9; 26.8, 24.5; 20.8. Mac-ciektp (BIIIA), m/z (I, %): 291 [M+H]" (79).
3naitneno, %: C 66.28; H 7.50; N 9.52. C;6H2,N,0OS. Po3paxosano, %: C 66.17; H
7.64; N 9.65.

5,6,7,8-Terpariapo-1H-cnipo[6en3oTieno[2,3-d]mipumignn-2,1'-
nukjaonenta]|-4(3H)-on (3.2¢). Buxin 65%, kopwuneBuii moporrok. T,,=233—
235 °C. Cnextp SIMP 'H (400 MI't, IMCO-dg), 8, m. .: 7.39 (1H, ¢, NH), 7.32
(1H, ¢, NH), 2.62-2.64 (2H, m, CH,), 2.45-2.43 (2H, M, CH,), 1.58-1.62 (8H, m,
4CH,), 1.69-1.77 (4H, M, 2CH,). Cmextp SIMP *C (100 MI'y, IMCO-dg), §,
M. 1.: 162.3; 156.0; 131.8; 118.2; 109.3; 79.2; 38.5; 25.5; 23.9; 23.1; 22.1; 21.9.
Mac-ciextp (BLIA), m/z (I, %): 263 [M+H]" (100). 3naiineno, %: C 64.21; H
6.79; N 10.53. C14H1gN,OS. Pozpaxosano, %: C 64.09; H 6.91; N 10.68.

3aranbHa MeTOAMKAa OTpMMaHHA cmipocmoayk 3.4a-c.  Po3uuH
BIJMOBIAHOTO 3-aMiHOTI€HO[2,3-b]mipunun-2-kapbokcaminy 3.3a-C (1 mmorb),
nukiorekcaHony (1 mmonp) Ta katamiTuyHoi kuibkocTi p-TsOH y MeOH (10-15
MJI) HarpiBalOTh 31 3BOPOTHUM XOJOIWIBHUKOM IMpoTsaroMm 2-3 roauH. Ilotim
pEaKIiifiHy CyMIIl OXOJIOKYIOTh O KiMHATHOI Temmeparypu. OTpumaHuii ocaj
biIBTPYIOTH 1 KpUCcTANi3yOTh 3 EtOH 3 oTpuMaHHSM 9UCTHX MPOTYKTIB.

8’,8’-lumeTni-8°,9’-nurigpo-1’H-cnipo[mukiaorexkcan-1,2’-
nipumino[4°,5°:4,5]|rieno[2,3-b]xinonin]-4’,10°(3°’H,7°H)-nion  (3.4a). Buxin
75%, xopwdnenii mopomok. T,,=312-315 °C. Crmextp SIMP 'H (400 ML,
JIMCO-dg), 0, m. a.: 9.07 (1H, ¢, H Pyridine); 7.81 (1H, ¢, NH); 7.71 (1H, ¢, NH);
3.06 (2H, ¢, CH,); 2.60 (2H, c, CHy); 1.31-1.88 (10H, m, 5CH,); 6.13 (6H, c,
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2CHs). Crextp SIMP °C (100 MI'y, JMCO-dg), &, M. x.: 196.9; 164.8; 161.7;
160.9; 143.7; 129.9; 123.6; 123.3; 101.1; 70.1; 51.1; 45.6; 35.9; 32.4; 27.5; 24.5;
20.6. Mac-criextp (BILIA), m/z (I, %): 370 [M+H]" (100). Mac-criextp (EY), m/z
(lyiz, %0): 369 [M]" (55). 3naiineno, %: C 65.13; H 6.38; N 11.24. CyH,3N30,S.
PospaxoBano, %: C 65.01; H 6.27; N 11.37.
7',8',9",10'-Terparigpo-1'H-cipo[nukiorekcan-1,2"-
nipumino[4',5':4,5]rieno[2,3-b]xinonin]-4'(3'H)-on  (3.4b). Buxim  70%,
KopruuHeBHil mopomok. T,,=270-272°C. Cnextp SIMP 'H (400 MI', IMCO-ds),
o, M. 1.: 8.17 (1H, ¢, H Pyridine); 7.62 (1H, ¢, NH); 7.21 (1H, ¢, NH); 2.85-2.90
(4H, M, 2CH,); 1.76-1.85 (10H, M, 5CH,), 1.50-1.59 (4H, M, 2CH;). Cnektp SIMP
BC (100 MI', IMCO-dg), &, m. 1.: 161.4; 158.5; 158.2; 143.1; 131.0; 128.2;
123.1; 101.3; 69.9; 36.1; 32.4; 28.2; 24.7; 22.4; 22.2; 20.9. Mac-criektp (BIIA),
m/z (l,, %): 328 [M+H]" (100). 3maiineno, %: C 66.14; H 6.35; N 12.72.
C18H21N30S. Pozpaxosano, %: C 66.02; H 6.46; N 12.83.
7',9'-Inmerni-1'H-cnipo[uukJiorexcan-1,2"-nmipugo[3*,2":4,5]rieno[2,3-
d]mipumignu]-4'(3'H)-on (3.4c). Buxin 78%, xopuuneBuii moporiok. T,,=271—
273 °C. Cnexrp SIMP 'H (400 MI'u, IMCO-dg), &, m. 1.: 7.81 (1 H, ¢, NH); 7.04
(1H, ¢, NH); 5.87 (1H, ¢, H Pyridine); 2.70 (3H, ¢, CHz3); 2.50 (3H, ¢, CHjs,
nepekpuBaeThes 3 curnanom JIMCO); 2.02-2.04 (2H, m, CHy); 1.50-1.54 (8H, c,
4CH,). Mac-criextp (BIIA), m/z (I, %): 302 [M+H]" (100). 3maiineno, %: C
63.88; H 6.20; N 13.82. C15H;9N30S. Pospaxosano, %: C 63.76; H 6.35; N 13.94.
3arajbpHa MeTOMKA OTPUMAHHS NPOAYKTIB neperpynyBanusa 3.5, 3.6.
Metoa A. PeaktuB BinmbcMmaiiepa-Xaaka TOTYIOTh HUIIXOM 3MIITyBaHHS
POCl; (2 mut, 22 mmoms) Ta JIM®PA (5 M, 66 MMoIlb) Ha KprokaHid Oani. [o
IIPUTOTOBAHOTO PO3YMHY pPEareHTy MOMAI0Th BIAIMOBITHI CIIPOCTONYKH 3.28 abo
3.4a (7,2 mmomnb). Peakmiiiny cymim HarpiBaroTh Ha BojsHiM Oani mpu 80°C
IPOTITOM 2 TOJ, MOTIM OXOJOKYHTh 10 10°C 1 00pobmstoTs 15% BogHUM
posurtHoM NaOH (15 mu). Ocan QinbTpyroTh, NPOMHUBAIOTH BOJOIO, a IOTIM

KpucTtanizytorb 3 MeCN 3 oTpuMaHHsIM YUCTHX MPOJIYKTIB.
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Meton b. Cnonyky 3.2a (2 r, 0,007 moinb) 3mimyoTs 3 MDA (1 mn),
OTpUMaHy CYCIEH31I0 JI0Aal0Th MOPUIAHO 3 OXOJOJKEHHSAM y KpuXkKaHii OaHl A0
pearenty BinscMmaitepa-Xaka, nmpuroroanoro 3 JIM®PA (5 mi) ta POCI; (2 M,
0,022 monp), a MOTIM BUTPUMYIOTh MPU KIMHATHIN Temmepartypi mpotsrom 0,5
roguHu. PeakifiiiHy cyMiml BUTPUMYIOTH 1€ MPOTATOM 4 JIHIB MpPU KIMHATHIN
TeMIIepaTypl, BWIMBAIOTH HA JIIJI 1 HEUTPATI3YIOTh 10 CIA00IYKHOTO CEpPEIOBHIIA,
BukopuctoByroun 10% pozuun NaOH. I[Ipoaykt GpinbTpytoTs.
1-IlukJorekc-1-en-1-in-5,6,7,8-Terparinpo[1]6en3orieno[2,3-
d]mipumigna-4(1H)-on (3.5). Buxin 39% (merox A i b), kopuuHeBHii MOPOIIOK.
T.,=115-117 °C (Ilerponeiitnii epip). Crextp SIMP H (400 MI'y, IMCO-ds), §,
M. 1.. 8.05 (1H, ¢, CH); 5.84 (1H, ¢, CH); 2.82-2.84 (4H, ™M, 2CH,); 2.70—
2.72 (4H, m, 2CH,); 2.17-2.25 (6H, m, 3CH,); 1.20-1.22 (2H, m, CH;). Mac-
crextp (BIIA), m/z (1, %): 287 [M+H]" (100). 3Haiineno, %: C 67.23; H 6.18; N
9.68. C16H18N,0OS. Pospaxosano, %: C 67.10; H 6.33; N 9.78.
1-Iluxaorekc-1-en-1-i1-8,8-qumerni-8,9-
purigponipumino[4',5':4,5]rieno[2,3-b]xinomain-4,10(1H,7H)-xion (3.6). Buxin
40%, xopwdHeBmii mopomok. T,=213-215°C. Cmektp SIMP 'H (400 M,
JAMCO-dg), 9, m. n.: 8.80 (1H, ¢, H Pyridine), 8.47 (1H, ¢, CH), 6.01 (1H, ¢, CH),
3.16-3.18 (2H, m, CH,), 2.67-2.69 (2H, m, CH,), 2.23-2.36 (4H, m, 2CH,), 1.65-
1.77 (4H, M, 2CH,), 1.08 (6H, ¢, 2CH3). Mac-cniektp (BILIA), m/z (1, %): 380
[M+H]" (100). 3maiineno, %: C 66.33; H 5.48; N 11.19. CyH,N30,S.
PozpaxoBano, %: C 66.47; H 5.58; N 11.07.
1,2,3,4,7,8,9,10-OxTrarinpo[1]6en3oTieno[2,3-b]xinomin-11-amin (3.7).
Cymim crnomyku 3.2a (2,0 r, 0,013 mmomns) Ta POCIl3 (20 mur) xum’sTath 3i
3BOPOTHUM XOJIOJWJIBHUKOM B a0COMOTHOMY TOdyomdi (70 mur) mpoTtsrom 2 Toj.
Tosyou 31MBatOTh, @ TEMHO-KOPUYHEBUH B’SI3KUH 3aIUIIOK pOo3unHA0OTh B MeOH.
JlJis TOBENEHHS CyMIIll JI0 JYXKHOTO CEPEJOBHINA 0/IaBaI0Th KOHIICHTPOBAHHIA
amiak, 1 mpoaykT ekcrparyiotb CH,Cl, (30 mi). Excrpakt cymrate Hag Na,SO,y, a
PO3UMHHUK BUTNIAPOBYIOTH HA POTOPHOMY BUNApHUKY. Buxinm 45%, xopudyHEBUiA

noporuok. T,,;=192-194°C (T,,=218°C [14]). Crextp SIMP 'H (400 MTI'r, IMCO-
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dg), 0, M. 1.: 5.49 (2H, ¢, NH,); 2.97 (2H, M, CH,); 2.69-2.70 (4H, M, 2CH,); 2.43
(2H, M, CH,); 1.79 (8H, M, 4CH,). Mac-cniektp (BILIA), m/z (l,i,, %): 259 [M+H]"
(100). 3maiineno, %: C 69.51; H 7.18; N 10.79. Cy5HygN,S. Po3paxosano, %: C
69.73; H 7.02; N 10.84.
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B CHOBKHA

Y pe3ynabTaTi TPOBEACHUX JOCHIDKEHb JOCATHYTO OCHOBHY METY
JTUCEPTAIfHOI POOOTH — JOCTiMKeHO (POTO(hI3NYHI BIIACTUBOCTI OAapBHUKIB 3
PI3HMMH KIHIIEBUMH TPyHamMu Ha OCHOB1 9-xy10po(OpoMO) TifpoBaHUX MOXI1THHUX
KCAaHTEHIB, Kl YTBOPWJIHCH Yy DPE3yJIbTATl MeperpynyBaHHs cHiponoximHux 1,3-
oenso(nadro)aiokcun-4(1)-oniB B ymMoBax peakiiii Binbcmaiiepa-Xaaka. BusueHo
ocobmuBOCTI  B3aemofii  crmiponoxigHux —Oenszorieno[2,3-d(b)]mipumiguniz 3
eNeKTPOGIILHUMU areHTaMU Ta CIPOTHO30BaHO in silico 010710T1YHY aKTUBHICTb.

1. TleperpynyBanusm criponoxinaux 1,3-6eH30(HadTo)niokcun-4(1)-oHiB
mij i€l KJIacu4yHoro Ta MoaudikoBaHoro peareHra BinbcMmaiiepa-Xaaka
(PBrs/DMF) otrpumano B omny cramito panime HeBimomi N-[(12-xmopo-10,11-
aurigpo-9H-6ensolalkcanten-8-im)meruseH|-N-MeTuiIMeTaHaMiHIyM  TIEpXJIOpaTh
3 OenzaHenpoBaHuM (parMmeHTom Ta N-[(9-Opomo-2,3-murinpo-1H-kcanren-4-
ur)metusieH |-N-meTunMeranaMiniym nepxyiopaTH.

2. Monuodikamiero aumerwiiminieBoi rpymu  N-[(9-xmopo(6pomo)-2,3-
nuriapo-1H-kcanTen-4-un)merminex|-N-meTuaMeTaHaMiHIyM nepxJioparTiB
axtuBHUMHU CH-kucnoramu 3a peakiiii KHboBeHarenss CHHTE30BaHO HOB1 OapBHHKHU
KCaHTEHOBOTO PSY.

a) OCHOBHMMH TIPOJIYKTaMH B3a€MOIi 3 I[IaHOOIITOBUM €CTEPOM,
(deHUTEeTUIIICH MAJIOHOHITPUIIOM, KHUCIIOTO0 Menbapyma Ta iHjponom @imepa €
KJIacM4Hi  mponyktu  KoHaeHcarii — KupoBeHarems 31 30epeKeHHSIM
PEaKIifHO3/1aTHOTO aTOMa XJIOpY.

0) Peakmiero N-[(9-xmopo(6pomo)-2,3-muriapo-1H-kcanTeH-4-i1)MeTHIeH |-
N-meTrnMeraHaMmiHiyM  MEpXJOpaTiB 3  MAJOHOHITPWIOM Ta  JUMEPOM
MaJIOHOHITPWJIY OCHOBHHUMH IPOAYKTAMHU PEaKIii € AUMEeTHIaMiHO-Iuriapo-1H-
KCaHTEH-4-1JI-METWJICH-MAJIOHOHITPUIIM Ta aMiHO-4-TUMeTHIaMiHo)-auriapo-1H-

KcaHTeH-4-11-0yTa-1,3-nien-1,1,3-tpukapOoHiTpuiin =~ 13 3aMillIEHHSIM  aToMa



136
rajJloreHy Ha AUMETWIAMIHOTPYIY 32 paxyHoK Hik4oi eHeprii HBMO nponykrty
KOHEHCAIl].

3. B pe3yabTaTi mneperpynyBaHHS CHIPOKOHIEHCOBaHUX TI€HO[2,3-
d]mipuminuHIB Tix giero peareHTy BinmbcMmaliepa-Xaaka OTPHMAaHO HOBI ITOXITHI
tieHo[2,3-d(b) Jmipumigua(xinonuny). [iero wHammmmky POCl; nHa 5,6,7,8-
terpariapo-1H-cmipo[6en3orieno[2,3-dmipuminun-2,1'-nukinorekcan]-4(3H)-on
BHACIIJIOK MepeOyaoBH KapOOHOBOIO OCTOBY cuHTe3oBaHo 1,2,3,4,7,8,9,10-
okrariapol[ 1]6en3orieno|2,3-b]xinonin-11-amim.

4, HoBi KCaHTCHOBI OapBHHKH JAEMOHCTPYIOTh CHJIbHE TIOTJIMHAHHS Y
BUJIUMIN 007acTi CHEKTpy, (IIyOpeCliEHTHE BHUIIPOMIHIOBAHHS 3 TOMIPHUMU
KBaHTOBUMM Buxoaamu (2.1-7.3%) 1 croxoBumu 3cyBamu (1890 — 3450 em).
HasBHICTh 1BOX CHpPSDKEHMX PEAKLIMHUX LEHTPIB J103BOJIAE BHOIPKOBO XIMIYHO
MOAU(IKYBaTU CTPYKTYpPY 3 YTBOPEHHSM OapBHHUKIB 3 MPOTrHO30BAaHUMU
boTodi3MIHUMHU BJIACTUBOCTSAMH. bapBHUKM 3 TI'SITHYICHHUM aHEIbOBAHUM
ampaTHIHAM IUKJIOM MOJXJIMBO BHUKOPUCTOBYBATH Yy SKOCTI OpraHIYHUX
dyopodopis, a GapBHUKYU 3 CEMUUYICHHUM aHEIhOBAaHUM alli(paTUUHUM ITUKIIOM —
AK CBITIOQUIHTpU. Bucoka po3unHHICTH OapBHUKIB 3 pparmenTom iHgomy Dimepa

JI03BOJISIE€ PO3TIISLATH 1X SIK MOTEHIIIMHI O10JIOT1YHI MapKepH B )KMBHUX OpraHi3Max.
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JIOJJATOK B

Jleski maHi peHTTeHOCTPYKTYPHOTO JOCTIKEHHS cionyku 2.11a

Tabnunsa b1 — 3HauenHs 70BXWH 3B’ s3KiB B KpucTam 2.11a
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Atom Atom H?B}KHHE Atom ATtom H?B)KHHE
3B’SI3KY, 3B’SI3KY,

01 Cl12 1.341(2) C5 C6 1.404(3)

Ol C1l 1.376(2) C6 C7 1.472(2)

N1 C7 1.363(2) C7 C8 1.392(2)

N1 Cl4 1.448(2) C8 C12 1.397(2)

N1 C13 1.464(2) C8 C9 1.514(3)

N2 Cl7 1.149(3) C9 C10 1.542(3)

N3 C18 1.145(3) C10 C1l1 1.509(3)

Cl C2 1.383(3) C1l1 C15 1.374(2)

Cl C6 1.393(2) C1l1 C12 1.391(2)

C2 C3 1.368(3) C15 C16 1.396(3)

C3 C4 1.380(3) C16 C18 1.413(3)

C4 C5 1.373(3) C16 C17 1.420(3)

Ta6nuus b2 — 3nauenns KyTiB 3B’s13KiB B KpucTami 2.11a
Atom | ATom | AToM Kyr, ° AtoMm | Atom | ATom Kyr, °

C12 01 Cl |118.02(13)| C7 C8 C12 |120.33(16)
C7 N1 Cl4 |122.94(15)| C7 C8 C9 |133.02(15)
C7 N1 C13 |123.48(15)| C12 C8 C9 |106.14(16)
Cl4 N1 C13 |112.85(15)| C8 C9 C10 |106.11(15)
O1 C1 C2 |11457(16) | C11 C10 C9 |105.15(15)
01 C1 C6 |122.24(16) | C15 Cl1 Cl2 | 122.56(17)
C2 C1 C6 |123.19(18)| C15 C1l1 C10 |130.27(17)
C3 C2 C1 119.5(2) C12 Cil1 C10 |107.16(15)
C2 C3 C4 119.2(2) 01 C12 Cl11 |120.75(15)
C5 C4 C3 121.0(2) 01 Cl12 C8 |123.71(16)
C4 C5 C6 |121.66(19)| C11 Cl12 C8 |115.43(16)
C1 C6 C5 ]115.32(17)| C11 C15 Cl16 |129.75(18)
C1 C6 C7 ]119.15(16) | C15 C16 C18 |119.73(17)
C5 C6 C7 ]125.33(17)| C15 C16 Cl7 |124.36(17)
N1 C7 C8 |123.38(16) | C18 C16 C1l7 |115.89(17)
N1 C7 C6 |120.55(16) | N2 Cl7 C16 176.8(2)
C8 C7 C6 |116.05(15)| N3 C18 C16 179.3(2)




Tabnuus b3 — 3HauenHs TopciiHUX KyTiB B kpuctani 2.11a
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ATtomu Kyr, ° Atomu Kyr, °
Cl2 | O1 | Cl1 | C2 | -174.23(14) | C6 | C7 | C8 | C12 7.5(2)
Cl2 | 01 | C1 | C6 5.1(2) N1 C7 | C8 | C9 -3.5(3)
Ol |C1|C2| C3 | 179.35(16) | C6 | C7 | C8 | C9 177.96(17)
C6 | Cl1 | C2 | C3 0.0(3) C7 | C8 | C9 | C10 | -171.48(18)
Cl | C2 | C3 | C4 -2.3(3) Cl12| C8 | C9 | C10 0.00(18)
C2 | C3 | C4 | C5 1.2(3) C8 | C9 |C10| C11 0.12(18)
C3 | C4 | C5 | Cb 2.3(3) C9 |C10|Cl1l1| C15 | 178.82(17)
Ol | Cl1|C6 | C5 | -176.08(15) | C9 |C10|Cl1| C12 -0.20(19)
C2 |C1|Ce6 | C5 3.2(3) Cl | O1 |Cl12| C11 | -179.00(14)
Ol |C1 | C6 | C7 -1.0(2) Cl |01 Cil2| C8 -2.9(2)
C2 | Cl1|C6 | C7 | 17833(15 |C15|/C11 C12| O1 -2.5(3)
C4 | C5 | Co | C1 -4.3(3) Cl0|C11|C12| O1 176.60(14)
C4 | C5 | C6 | C7 | -179.09(16) | C15|C11 | C12| C8 | -178.89(15)
Cl4 | N1 | C7 | C8 -23.3(3) C10 | C11|C12| C8 0.2(2)
C13 | N1 | C7 | C8 | 146.27(17) | C7 | C8 |C12| O1 -3.6(2)
Cl4 | N1 | C7 | C6 | 155.17(16) | C9 | C8 |C12| O1 | -176.40(14)
C13 | N1 | C7 | Cb6 -35.3(2) C7 | C8 |Cl2| Cl1l1 | 172.65(15)
Cl | C6 | C7 | N1 | 176.16(15) | C9 | C8 |C12| Cl1 -0.1(2)
C5 | C6 | C7 | N1 -9.2(2) C12 |C11 | C15| Cl16 | -179.30(16)
Cl | C6 | C7 | C8 -5.3(2) C10 | C11 | C15| Cl6 1.8(3)
C5 | C6| C7 | C8 | 169.30(16) | C11 | C15|Cl16| C18 | -179.82(17)
N1 | C7 | C8 |C12| -174.05(15) | Cl11 | C15 | C16 | C17 2.0(3)




