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1. Beryn

Cy4acHMii cTaH OpraHi4HOIO CHUHTE3y MOTpPeOye HOBUX IMpPENapaTUBHUX CTpaTeriit
Ta KOHLEMIiH, 010 Jal0Th 3MOT'Y €()EeKTHBHO YTBOPIOBATH HOBI BYIJICLb-BYIJICLIEBI 3B SI3KH
MK (YHKIIOHANI30BaHUMH (parMeHTaMH MOJIEKYJI, a TaKO)X HOBHX CHHTETHYHHUX
nigxoziB. CHHTE3 CKIIaJHUX CIIOJYK € HaJA3BHYAIHO aKTyaJ bHHM 3aBIaHHSAM, OJHAK BiTOMi
METOAM KOHCTPYIOBAHHS MOJICKYNl HE 3aBXKIH Jal0Th MOMIIMBICTH JIEIKO OJEpPXKyBaTH
OUTBOBI TPOAYKTH, OTXKE, IIe MOoTpedye TMOIyKy e(QEeKTHBHUX Ta OpHUTiHAIBHUX
CHHTETHYHUX MeTOAiB. OCOONMBO I[KABUMH € MaJOCTaJiiHI CHHTETHYHI CXEMH, IO
IPYHTYIOTbCS. Ha JIErKOJOCTYITHHX BHXIJHHMX CIIOJIyKax 1 BHUPI3HSIOTBCS perio- Ta
crepeocenextuBHicTiO [1]. Ile mae 3Mory BecTH e(peKTHBHHI IMONIYK HOBHX O0i0JOTTYHO
AKTHBHUX CIIOJYK, PO3POOJISITH MaTepiaiu AJsl pI3HOMaHITHUX rajry3ei TeXHIKH.

Cepen noxigHuX (peHaHTPUANHY 3HAIIEHO 3HAYHY KUIBKICTh NPAKTUYHO KOPUCHUX
CHUHTETHYHUX Ta NPHPOAHUX CIIONYK, 30KpeMa i TaKHX, IIO0 BHUSBISIOTH MPOTUPAKOBY
aKTUBHICTS [2, 3]:
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N-Methylcrinasiadine N-Isopentylcrinasiadine

Crnonyku 3 ()eHaTPUIMHOBUM CKEJIETOM BiJJlaBHa 3aCTOCOBYIOTH SIK IPOTHPAKOBI,
AQHTWICHKEeMilHI, TPOTHIYXJIMHHI, TPOTHUBIPYCHI, AHTHMIKpPOOHI, NPOTUTPHUOKOBI,
AHTUMAJISIPiiHI Ta TPOTUIOAPA3HIOBAIBHI mpenapaTtu [2, 3 1 uuToBaHi Tam mparii]. Y [4]
ONHCAaHO OfCp)KaHHA MOXiTHWX (EHAHTPHUIOHY — TOTCHLIHHUX iHTIOITOpPIB (epMeHTy
(AA®-pubo3n)-nonimepasu-1 (PARP-1). 3a naamipHoi aktusaiii PARP-1 BigOyBaeTbcs
inTeHcuBHA nomiMepm3anis AJ1®-pubo3u, mo Bexe mo 3HmkeHHI AT® y kimiThHaxX Ta ix
JECTPYKIIi Ta CIPUYMHIE YAMAJIO 3aXBOPIOBaHb, HaTOMicTh iHTiOiTOpH PARP-1 — moxinHi
(heHAaHTPHUOWHY TO3WTHUBHO BIUIMBAIOTH Yy JIKYBaHHI imemii cepis # y KOMIUIEKCHOMY
JKYBaHHI OHKOJIOTIYHUX 3aXBOPIOBAHb.

Kpim Toro, moxigHi (eHaHTPHIOHIB BUKOPUCTOBYIOTh B €JIEKTPOJIOMIHECIIEHTHUX
Marepiaiax i B 1a3epax Ha OCHOBi OpraHiuHuX OapBHHUKIB [5].

2. Pe3yabTaTH A0CTiI:KEeHb Ta IX 00roBOpeHHs

st KoHCTpyrOBaHHs ()eHAaHTPUIMHOBOTO CKEJIeTa 3aCTOCYBAIM IHTPaMOJIEKYJSIPHY
peakuito Jlinsca-Anbaepa B psaay moximaux ¢ypany [6-9]. Sk Buximauii cyGerpar ams
CHHTE3y MOXiTHUX (DEHAHTPUAWHY BHKOPHCTOBYBAJIM MOXiJHI 2-(2-aminodenin)dypany,
SKAN ollepKau apuitoBaHHIM Qypany 1 2-HiTpodeHIIia30HIi XJIOPUAOM 3 HACTYITHHM
BIZIHOBJICHHSIM HITPOTPYIH OOpOTiIpUAOM HATPII0 3a HAsBHOCTI TeKcarigpaTy XJIOPHIY
Hikenmo. OTpuMaHWi aMmiH 4 aIUTIOBaNM MaJeiHOBUM AaHTIiOpuUAoOM 5 y O€H3eHi 3a
KiMHATHOI Temriepatypu. Peakmiro [linbca-Anpaepa Beld, HarpiBalOYH allMIIbOBaHI ITOXiTHI
6 y miokcadi. SIk 3’sCyBanock, y peakmifHOMY CEpeIOBHIII ITiJl Yac HATPIBaHHS y AiOKCaHI
BiIOYBA€THCS PO3MICTUICHHS OKCAOIIMKIOTENTEHOBOTO (PparMeHTa CIIONyK / 3 YTBOPEHHIM
npoaykry 8. BapTo 3ayBakuTH, IIO NPOBEACHHS INepeTBOpeHHsS 6—8 3a HarpiBaHHA Y
OCH30ITI 3aKIHIYEThCS YTBOPEHHSIM TEMHO3a0apBICHUX CMOJIONOIIOHUX MPOIYKTIB.
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Ilin dwac wHarpiBaHHA MalneiHiMiny 2-aminodenin-2-pypany 6 y miokcaHi
BiOyBa€eThCS YTBOPEHHS amykTy peakiii [limbca-Anpaepa 7, YHACHIOK YOTO YTBOPEHHUI
OKCaOIIIMKIIOTENTeHOBHI  ()parMeHT  apoMaTu3yeThcs.  Takumii — mepebir  peaxmii
MiATBEPKYIOTH JaHi XpOMaTO-Mac-CIIeKTpoMeTpii. 3 miteparypuux mwkepen Bimomo [10],
MO0 Taki IHTPaMOJEKYJSIpHI IMKIONPUEIHAHHA 32 Yy4acTio (ypaHOBOTO  KiJbLis
BiZI0OYBAIOTHCS 3 YTBOPEHHIM €K30-ayKTiB peakuii [inbca-Anbaepa. Ha Hanry nymky, yuc-
PO3MillIeHHs] KapOOKCHIIBHOT TPYIIH T2 MOCTHKOBOTO aTOMa KHMCHIO CIIPHSIE JIETKIH Mirpaii
NPOTOHA 13 PO3KPUTTSAM  OKCaOILMKIOrenTeHy. YTBOPEHUH  KapOoOKaTioH — jaii
apoOMaTH3Y€EThCS, HIMOBIPHO, 32 HABEICHUM HHKYE MEXaHI3MOM:
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Bapro Takox 3a3HauWTH, 10 Y PO34YMHI MPONYKT 8 mepeOyBae y (eHaHTPUAMHOHOBIN

TayTOMepHii (opMmi, PO IO CBIJYUTH CHTHAJI aTOMa BOAHIO TiIpoKcH-Tpynu mpu 12,83
m.4. Ta mpotona NH-rpynu npu 11,76 m.u. y H SIMP cniektpi cronyku 8.

3. Marepiajiu Ta METOIHKA eKCIIEPHMEHTY

Cnexrpu SIMP 3anucysanu Ha npunagax Bruker 500 ta Bruker 400, po3unHHUK —
IMCO-ds. Mac-criekTpu OTpuMaHO Ha Xxpomaro-mac-criektpomerpi GC/MS  Agilent
Technologies 6890N/5975B, ocHalieHuM KanisipHOrO Kojionkoto HP-5MS (mosxuna — 30
M, miametrp — 250 MKM, Ta3-HOCIH — remniif; mocTiHME moTik — 1,5 MuI/XB) 31 crmocobom
HOHI3alii eNeKTPOHHUM ymapoM, eHepris Howizamii — 70 eB. JlaHi exeMeHTHOTO aHami3zy
cnoiyk 3, 4, 6, 8 y3rouKyroThCs 3 00YHCICHAMH 3HAYCHHSIMH.

2-Hitpodenia-2-¢pypan 3. Y TpummiikoBy KOOy 3 MIIIATKOI0, KpPAaIeIbHOIO
JiiKor0 1 MYmIbHUKOM OynbOamok momimanu 68 r (1 moms) ¢ypany 1, 1 r xkynpym(ID)
xmopuay i 100 mn anerony. Jlo omep)kaHOTO pO3YMHY 32 iHTCHCHBHOTO TEpPEMIITyBaHHS
MOCTYIOBO JIOJIaBaAIM PO3UUH 2-HITPO(EHUI1a30HIl XJIOPHILY, OEepKAHUIA /1ia30TyBaHHIM
13,8 r (0,1 mone) 2-HiTpoanininy 2. Ilicist 3aKiHY€HHS BHALIECHHS a30Ty 0 PEAKIiHHOL
cymimi goxaBanu 200 MI BOIM, €KCTparyBall METHIICHOM XJIOPUCTHUM, EKCTPaKT
NPOMHUBAJIM BOJHMM PO3YMHOM COAM JI0 HEWUTpanbHOI peakiii, Cymmin Oe3BOJHUM
cynb(haToM HATpilO0, PO3UYMHHUK YIaploBalM M IeperaHsiv y BakyyMmi. Buxinm — 6,4 r
(34 %); Temneparypa kuminas — 120-123 °C/2 MM pr. CT.

2-Aminodenin-2-¢pypan 4. 3a iHTCHCHBHOTO TEepeMillyBaHHS IO po3uuHy 6,4 T
(0,034 momnb) 2-HiTpodenin-2-pypany 3 B 215 mu meranony monasanu 23,75 r (0,1 moib)
rekcarigpary xiaopuny Hikemro (I). ITicis moBHOTO pO3UMHEHHS COJi IO CYMIIIi OCTYIIOBO
noxasanu 19 r (0,5 monp) Goporiapuay HATPiO MiJx Yac OXOJOMKEeHHsS (KpvkaHa Oaws).
Micns monaBaHHs ychoro Goporiapuny Hatpito (2,5-3 rom) cymimn mepemimryBanu mie 2
ron, po3Boawau Boxoto (0,7 ), ekcraryBamu OEH30JI0M, CYIIMJIM Cydh(haToOM HaTpilo Ta
micast BiAroHkW Oensosy 2-amiHodeHin-2-dypan 4 BUKOPHCTOBYBAIM Y MOJAIIBIINX
MEPETBOPEHHSIX 0€3 OYNCTKH.

(2-2)-4-(2-(2-®ypua)penin)amino)-4-okcodyTeH-2-onoBa  kucaora 6. Jlo
OenzonbpHOro posumny aminy 4 (0,481 B 20 mnm CgHg) momarots 0,35 r maseiHoBOro
AHTIAPUAY S 1 BUTPUMYIOTh CyMilll 32 KIMHATHOI TeMIiepatypu npotsarom 24 roa. Ocan, mo
BUIIaB, BiAQUIBTPOBYIOTH 1 MPOMHBAIOTE 5 Mil Oenzeny. Buxin 49 %. T. torur. 130-131°C.
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!H NMR (400 MHz, DMSO-Ds), §: 13,35 (s, 1H, COOH), 10,16 (s, 1H, CONH), 7,79 (s,
1H), 7,74-7,72 (m, 1H), 7,56-7,50 (m, 1H), 7,37-7,32 (m, 2H), 6,84 (d, 1H, J = 3,2 Hz),
6,64-6,59 (m, 2H), 6,35 (d, 1H, J = 12,0 Hz).

Cunre3 ¢penantpuaony 8. [lo po3urHy 3 MMOIb aMiHy 4 y cyxoMy AiOKCaHi JOJA0Th 3
MMOJIb PO3TEPTOrO B TMOPOMIOK MaJIeiHOBOTO aHTiApumy. CyMill KHIl STATH mpoTsaroM 36 To.
Ocap Bin(iIbTpOBYIOTh, IPOMHUBAIOTH CIIUPTOM 1 IEPEKPHUCTATIZ0BYIOTH 3 cyMili cupT—/ IM®A.

6-TI'inpoxcudenanTpuann-7/-kapéonoBa kuciaora 8. Buxin 83 %. T. Tomn. 310-
311°C. *H NMR (500 MHz, DMSO-Ds), &: 12,83 (s, 1H, COOH), 11,76 (s, 1H, NH), 8,58
(dd, J = 8,4, 1,1 Hz, 1H), 8,42 (dd, J = 8,3, 1,3 Hz, 1H), 7.87 (dd, J = 8,2, 7,3 Hz, 1H),
7,54-7,50 (m, 2H), 7,38 (dd, J = 8,1, 1,2 Hz, 1H), 7,28 (ddd, J = 8,3, 7,1, 1,3 Hz, 1H). *C
NMR (125 MHz, DMSO-Dg), 6: 170,83, 159,62, 136,98, 136,56, 134,77, 132,47, 130,01,
126,07, 123,60, 123,20, 122,40, 121,52, 117,10, 116,05.

PoGoty BuKoOHaHO 3a miaTpuMkn HamioHampHOTO (QOHAY IOCHIIKEHb YKpaiHh
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Phenanthridinone derivatives have long been used as anticancer, antileukemic, antitumor,
antiviral, antimicrobial, antifungal, antimalarial, and anti-irritant drugs. Despite several methods for
the synthesis of phenanthridinone derivatives, flexible and versatile methodologies to construct
phenanthridinones are still desirable.

An intramolecular Diels-Alder reaction was used to construct the phenanthridine skeleton.
The starting material was 2-(2-aminophenyl)furan.

2-(2-Aminophenyl)furan was obtained by arylation of furan with 2-nitrophenyldiazonium
chloride followed by reduction of the nitro group with sodium borohydride in the presence of nickel
chloride hexahydrate. The amine was acylated with maleic anhydride in benzene at room temperature.
The formation of the Diels-Alder reaction adduct occurs when maleinimide 2-(2-aminophenyl) furan
is heated in dioxane. During heating, the oxacycloheptene moiety is cleaved. And as a result, the
oxabicycloheptene fragment is flavored to form 6-hydroxyphenanthridine-7-carboxylic acid. This
reaction is confirmed by chromato-mass spectrometry. It is also interesting that when maleinimide 2-
(2-aminophenyl) furan is heated in benzene it's leads to the formation of dark-colored resinous
products.lt is known that such intramolecular cycloadditions involving the furan ring occur with the
formation of exo-adducts of the Diels-Alder reaction. In our opinion, the cis-placement of the
carboxyl group and the bridging oxygen atom promotes easy proton migration with the opening of
oxabicycloheptene. It should also be noted that in solution the Diels-Alder reaction product is in
phenanthridinone tautomeric form. Proof of this is the signal of the hydrogen atom of the hydroxy
group at 12.83 ppm and NH group proton at 11.76 ppm in the HX NMR spectrum of the obtained
compound.

Keywords: furan derivatives, 2-arylfurans, tandem cyclizations, phenanthridines
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