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Peakmiero  apenmiazonieBux coneil 3 1,2-HadTOXIHOHOM B yMOBax KympoKaTali3y
CHUHTe30BaHO 3-apmi-1,2-nHadToxinoHn 1-6. JlocmimpkeHO peakmiidHy 3IaTHICTh CHHTE30BaHHX
3-apun-1,2-nadproxinonis y peakuii 3 OenseH-1,2-miamiHoM. CHHTE30BaHO YHMAlO HOBHX
6-apmn3amimennx 6en3o[a]penasunis 7-12.
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1. Beryn

XiHOIAHI CHOJIyKH LIMPOKO PO3MOBCIOMKEHI B JKUBIH NpUpoOi, OepyTh y4acTb y
OaraTboX OIOJIOTIYHHMX MPOIECaX 1 € HAJA3BHYANHO BAXJIMBUMH Maibke IS KOXKHOTO
xwuBoro oprauizmy [1]. 3 iHmoro Goky, 0COGIMBOCTI OyJOBH XiHOHIB 3yMOBIOIOTH
MIUPOKHAN CHEKTP IXHIX XIMIYHUX TEepeTBOpeHb. BOHM aKTHBHI y 0araThO0X rOMOJIITHIHUX
Ta TETEPOJITUYHUX PEAKILiAX, 3MaTHI 10 LMKIONpUENHAHHS. LlIKaBUMH Ta Ba)KIMBUMH €
TeTepPONITUYHI PeaKiii XiHOHIB 3 HYKJICO(QUIBHUMHU peareHTamu, 30kpema 3 S-, N- i C-
Hykneodimamu. 3aBASKH TaKUM pPEaKmisM OJepXKaHO pPI3HOMaHITHI TOXimHI, fKi
3aCTOCOBYIOTh K JIKapChKi, TepOimumHi, (YHTIMUIHI, PICTPEryIrodi MpenapaTH,
aHANITHYHI peareHTH, MOAM(IKATOpH TONIMEpiB, KATANi3aTOpH, PEareHTH A TOHKOTO
oprasiuHoro cuHTe3y [2].

3a yMOBH, KON [0 CKJIAAy HYKICO(ITBHUX PEarcHTIB BXOIWTH Il Xoua O OxHA
peakiiiiiHo31aTHa (QYHKINHHA TpyIa, peakilii Takux OieHTATHUX HYKICO(DLIIB 3 XiHOHAMU
YacTO HE 3YNHHSIOTHCS Ha CTajil MPHUEAHAHHS JO MOJBIHHOTO 3B’s3KY, a BiOyBaeThCs
BHYTPIIIHBOMOJIEKYJISIPHA [IUKITI3AIisl 3 YTBOPEHHSIM KOHJICHCOBAHHUX T'€TEPOLIMKIIIB.

[IpakTHYHO BaXJIMBOIO TPYIOIO pEaKIiif, IO BEeIyTh O YTBOPEHHS TIeTepo-
MUKTIYHIX CIOTYK 3 aTOMaMH a30Ty y IMKII, € B3aeMoJis OeH30- Ta Ha(TOXIHOHIB 3
amidaTHIHUMA i apOMaTHYHUMH JiaMiHaM¥ Ta ixHiMu moxigaumu [3]. Pasom 3 TiM, cepen
KOHJICHCOBAaHMX a30TOBMICHHUX I'€TEPOLMKIIIB 3HAWEHO IPAaKTHIHO KOPUCHI PEYOBHHH, JUIS
SAKUX 3a(iKCOBAaHO TNPOTUIYXIIUHHI, MPOTHUIIAPA3UTAPHI, AHTUMIKPOOHI Ta IHIN BHIU
GiosoriuHoi  aktuBHOcTi [4]. Hampuknan, OCHOBHMMH TpEICTaBHUKAMH TPyNH
apuiIaMiHOBHX OapBHHKIB € MOXinHI (eHa3uHy, (peHoTia3uHy Ta (eHokcasuHy. PeHa3uHn
TaKOX [IUPOKO 3aCTOCOBYIOTh y Tally3i OpraHidHOI eJeKTPOHIKH, 30KpeMa BOHHU
IHTETPOBaHi B COHSYHI €IEMEHTH Ta MPHUCTPOI 3 OPraHiYHIM CBITIOII0IOM.
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2. Pe3yabTaTH A0CTiIzKeHb Ta X 00roBOpeHHs

VY momepennix myOmikamisx [5, 6] My 3amnponoOHyBalld CIIOCOOM OTPUMAaHHS a30To-
BMICHHX T€TEPOIHKIIIB, SKi MMOJIATAIH Y B3a€MOJil ACIKUX alipaTHIHIX Ta apOMaTHIHUX
aMiHiB 3 apmTHaQTOXiHOHAMH.

[IpomoBxkyroun Hamm JOCHDKEHHS, y Wil mpali MM OIUCYEMO pE3yJbTaTH,
oJlep>KaHi MiJi yac OINPALIOBAaHHS CIIOCOOIB CHHTE3y KOHJICHCOBAHUX TETEPOLMKIIIYHUX
CHOJIYK aHTyJISIpHOT OyJTOBU Ha OCHOBI JIOCTYMHUX 3-apwi-1,2-HadTOXIHOHIB.

JocraTtHbo eheKTHBHUM crocoOOM apuiiroBaHHs 1,4-0€H30XIHOHY Ta JESKHX HOTro
JU3aMIIEHUX TIOXITHUX € TXHS B3aEMOJIIS 3 apuiiia3oHieBUMU cossiMu [ 7]. Y Bunaaky 1,4-
HaTOXIHOHIB apIITIOBaHH:, 32 MeepBeHHOM, ykKe MOoTpedye 3aCTOCYBaHHS KaTali3aTopiB
Ha OCHOBI MiIi Ta i CHOJYK, Ta BCE JX 3aBEPIIYETHCS yYTBOPEHHIM apHIIHAPTOXiHOHIB,
MPOTE 3 BUXOJAaMH, CYTTEBO HIDKYMMH, HiK y BuUmanky 1,4-Oemzoxinoni [8]. Came e,
OYEBHIHO, 3yMOBHJIO TIOIIYK HOBHX C(EKTUBHHX DPEArcHTiB Ta PO3poOKy CIPHATINBUX
YMOB Tiepebiry peakmiid apmiroBaHHA. Jl0 TakWxX peakiii, o HemoraHo cebe 3ape-
KOMCHIYBaIH y BUOAnKy 1,4-HaTOXiHOHIB, MOXHa BIiHECTH TWaladili-KaTalliTHYHE
apuiroBaHs, 3a I'ekom uu Cya3yki [9].

3HaYHO MEHIIIe BUBYAIIM B peakiii apuiitoBanHs 1,2-HadTOXiHOHU. 30KpeMa, aBTOpU
npaiti [10] mpoBenH KympoKaTaTiTHYHE apUIOBaHHS He3amimieHoro 1,2-Had)TOXiHOHY B
MOJIOKCHHST 3 XIHOHOBOTO IHKIIY apWIAia30HIEBUMHU CONSIMU. Y MaNafii-KaTaliTHIHOMY
apWIIIOBaHHI yTBOpIOIOThCs 4-apwii-1,2-HadroxiHonu [11], a peakuis 1,2-HadTOXiHOHY 3
apWIOOPHUMHU KHCJIOTAMH HECEJIEKTHBHA — YTBOPIOETHCS CyMill 3- Ta 4-apHii3aMillleHuX
xiHonis [12].

3py4YHHUM METOIOM CHHTE3Yy apHIHA(TOXIHOHIB € B3a€EMOJIS apOMaTHYHUX COJICH
Mia30HII0 y CEpeAOBHUINI BOJHOI MYypaIIWHOI KHUCIIOTH 3a HAasBHOCTI aleTaTy HATpilo B
YMOBaX KaTaJiTHIHOI Iii croyk Mifi 3 1,2-HadToXiHOHOM (apmiIroBaHHA 32 MeepBeHHOM)
[13] (mauB. cxemy). Peakuis BinOyBaethest 3a temmeparypu 30—40 °C, suxoau 3-apumi-1,2-
HadroxinoHiB 1-6 cranoBisaTs 20-50 %.

NH,
H,N Ar
ArN Mol Ar OO
c Cl,/ AcON O‘ | oN
U C a O N
1-6 © 7-12

Ar=4-CICH, (1, 7), 4-BrCiH, (2, 8), 3-NO,C:H, (3, 9), 4-NO,CH, (4, 10),
2,5-Cl,C¢H, (5, 11), 3,4-CL,C4H, (6, 12).
Cunre3 6-apunbensola]penasuniB Ha ocHOBI 3-apuii-1,2-HadhTOXIHOHIB
Synthesis of 6-arylbenzo[a]phenazines from 3-aryl-1,2-naphthoquinones

Ckmag Ta OynoBy croinyk 1-6 miATBEpIKEHO NaHHMH EJIEMEHTHOTO aHaTi3y Ta
nanumu cnekrpockorii ‘H SIMP. 3okpema, y cnekrpi ‘H SIMP apuinadroxiHony 6 €
xapaktepHuii curran npotoHa Cs-H xinonoBoro mukiy (cuHriaer 7,82 M.4.), CHTHaJIN
MPOTOHIB apWJIBHOTO 3amicHuKa (myOsnetn B obmacti 7,50-7,90 M.u.), a TakoX CHIHAIA
apoOMaTHYHKX MPOTOHIB HAQTOXIHOHOBOIO IUKITY (MyNbTHILIETH — 7,45—7,54 T2 7,62—7,75 M.1.).

Iloemnanns y monekyini 1,2-HaQTOXiHOHIB JBOX KapOOHINBHUX TPyM, IO Iepe-
OyBarOTh B Opmo-TIOJIOKEHHI OJIHA IIOJO0 IHINIOI Ta TMOABIMHOTO 3B’SI3KY, 3YMOBIIOIOTH
MOSIBY IIKaBHX XIMIYHUX BJIACTUBOCTEH. 30KpeMa, Taki CHOIYKH MOXYThb OYTH 3py4YHHMH
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peareHTaMu U1 CHHTE3y TeTepOUUKIIB pi3HUX KiaciB. OmHIEIO 3 TAKUX peakiiil, mo Bexae
IO YTBOPEHHS TETEPOIMKIIYHHX CIIONIYK 3 aTOMaMH HITPOTeHYy B IHKIi, € B3a€MOJIISA
apmwIHaTOXIHOHIB 3 amipaTHYHUMH Ta apoOMaTHYHMMHU AiaMiHamMH. BusBmioch, mo 3-
apwi-1,2-sadToxiHoHN 1-6 J1erko pearyroTs 3 6eH3eH-1,2-1iaMiHOM y CepeIOBHII OLTOBOT
KUCJIOTH 32 HETPHUBAJIOTO HArpiBaHHS PEakIiifHOI CyMillli, BHACHIIOK YOTO YTBOPIOIOTHCS 3
BHCOKHMH BuXojamu 6-apunbenso[a]denasunu 7-12 (muB. cxemy). BynoBy Genso[a]be-
HasuHiB 7—12 MiATEEPHKEHO JaHUMHU criekTpockorii SIMP 1H.

3. BucHoBKkH

ITokazaHo, mO 3py4HHM Ta e(PEKTHBHAM METOIOM OJepXaHHA 3-apmi-1,2-
HaTOXIHOHIB € peaKilis apiToBaHHA 1,2-HaQTOXIHOHY apOMaTHYHUMH COJISIMH Jia30HiIO.
3’scoBaHO, IO apWIHAQTOXIHOHM € XIMIYHO aKTHBHI y peakmifsx 3 OiQyHKIIHHUMHI
apOMaTHYHUMH aMiHaMH 1 MOXYTb OYTH 3acCTOCOBaHI Ui CHHTE3y a30TOBMICHHX
TOJISIICPHAX aHTYIIPHUX TETePOLUKITIYHIX CIIONYK — HOXiTHUX OeH3o[a]deHasuny.

4. Marepianu Ta MeTOAMKA eKCIIEPUMEHTY

TeMneparypu IUIaBIEHHS CHHTE30BaHMX CIOJYK BHU3HAYaJIM Yy BIJKPUTHX
KanJsipHUX TpyOkax Ha enekrporepmiuHomy mpwiani [ITII-M i He BigKOpeKTOBYBaH.
Crnexrpu IMP 'H 3anucysanu nHa npunazi Bruker DRX500 (500 MI'w) (cronyku 5, 6, 9,
10), pozunnauk — JJMCO-Dg. Ximiuni 3mimenss (8, M.4.) HABEIACHO CTOCOBHO CHUTHAIY
JMCO (2,50 m.4.), KOHCTaHTH CIIiH-CITIHOBOI B3aeMo/ii 3a3HaueHo y repuax. 1,2-HadroxinoHn
OTPUMYBAJIH OKHCHEHHAM TiZpoxiopuay 1-amino-2-nadrony 3a merogom JI. dizepa [14].

3-Apui-1,2-nadroxinonn 1-6 orpumysanu 3a Meroaukoro [13]. XapakTepucTuku
crnionyk 1-4 HaBeneno y mpari [13].

3-(2,5-Auxaopodenin)-1,2-nadroxinon 5: Buxin 31 %. Opamxesi kpucranu; Tny =
244-245 °C (niokcan—JIM®A, 3:1). 'H SIMP &: 7,39-7,47 m (2H, ArH), 7,49-7,59 m (3H,
ArH i CgHs), 7,68-7,74 m (2H, ArH i C¢Hs), 7,93 1 (1H, J = 7,5, CeHs). 3naiineno, %:
C 63,36; H 2,69. C16HsCl>0,. O6uncneno, %: C 63,39; H 2,66.

3-(3,4-Auxaopodenin)-1,2-nadroxinon 6: Buxin 42 %. Uepsoni kpucranu; Tny =
270-271 °C (AMCO). H SIMP §: 7,45-7,54 m (2H, ArH), 7,57 1 (1H, J = 7,0, CsHs), 7,62~
7,75 m (3H, ArH i CeHa), 7,82 ¢ (1H, 4-H), 7,89 n (1H, J = 7,0, CeHs). 3naiineno, %:
C 63,28; H 2,61. C16HsCl,0,. O6uncneno, %: C 63,39; H 2,66.

3arajbpHa MeTOaMKA CHHTe3y 6-apuiiben3o[a]denasunis 7-12. Posunnsim 1 MMosb
BixnoBigHoro 3-apmi-1,2-nadroxinony 1-6 B 10 Mi1 Kpr>kaHOT OLTOBOT KUCJIOTH 32 HArpiBaHHS.
Jo orpumanoro pozumny pomaBamu 0,11 r (1 mmomp) 1,2-miamiHOOCH3eHy, MICIS 9OTO
peaKIiiHy cyMim Kurm st roauHy. Ocaj, o YTBOPHBCS, BiI(iIBTPOBYBANH, POMUBAIH
HEBEJMKOIO KUIBKICTIO OLTOBOT KHCIIOTH, TOJIi €TaHOJIOM Ta NEePEKPUCTATII30BYBAIH.

6-(4-Xaopodenin)oenszo[a]dpenasun 7: Buxin 79 %. CBiTiio-k0BTI KpucTanu; Tny =
236-237 °C (1,2-muxnoperan). 3naiineno, %: C 77,40; H 3,79; N 8,28. CyHi13CINo,.
O0uucneno, %: C 77,53; H 3,84; N 8,22.

6-(4-bpomodenin)oenso[a]penazun 8: Buxin 81 %. XKosti kpucramu; Ty, = 257—
258 °C (1,2-muxnoperan). 3naiigeno, %: C 68,65, H 3,46; N 7,28. CxHi3BrNy.
O0uucneno, %: C 68,59; H 3,40; N 7,27.

6-(3-Hirpodenin)oenso[a]penazun 9: Buxig 75 %. XKosri kpucranu; Tn; = 260-
261°C (IM®A). 'H IMP §: 7,74-8,05 m (4H, ArH i CsH4NO,), 8,09-8,28 m (3H, ArH),
8,34-8,40 m (4H, ArH i CeHsNO,), 8,43 ¢ (1H, 5-H, ArH), 8,67 ¢ (1H, CeHsNO,). 3naiineHo,
%: C 75,11; H 3,68; N 11,87. C2H13N30,. O6uncneno, %: C 75,20; H 3,73; N 11,96.
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6-(4-Hitpodenin)oenso[a]penasun 10: Buxin 84 %. Citiio-KOpUIHEBI KPUCTAIH;
Tu = 271-272 °C (IM®A). 'H SIMP &: 7,48-7,55 m (4H, ArH), 7,76-7,92 m (4H, ArH),
8,15 n (2H, CeHaNOz, J = 8,0 T'm), 8,40 n (2H, CeHsNO, J = 8,0 T'm), 8,48 ¢ (1H, 5-H,
ArH). 3naiineno, %: C 75,27; H 3,76; N 12,04. CxH13N30,. O6uncneno, %: C 75,20;
H 3,73; N 11,96.

6-(2,5-Auxaopodenin)oenso[a]denasun 11: Buxing 68 %. CBiTiio-KOBTI KpHCTaNy;
Tun = 263-264 °C (AM®A). 3mnaiigeHo, %: C 70,53; H 3,28; N 7,55. CxH12CIoNo.
O6uucineno, %: C 70,42; H 3,22; N 7,47.

6-(3,4-Auxaopodenin)oenso[a]denasnn 12: Buxin 87 %. CBiTio-XOBTi KpUCTaIH;
T = 285-286 °C (1,2-nuxnoperan). 3uaiiaeHo, %: C 70,38; H 3,17; N 7,42. CH12CIoN,.
O6uncneno, %: C 70,42; H 3,22; N 7,47.
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ARYLNAPHTHOQUINONES. 8. SYNTHESIS
OF 6-ARYLBENZO[a]PHENAZINES
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Quinonoid compounds widespread in wildlife are involved in many biological processes and
are extremely important for almost every living organism. On the other hand, the features of the
structure of quinones cause a wide range of their chemical transformations. They are active in many
homolytic and heterolytic reactions capable of cycloaddition. A practically important group of
reactions leading to the formation of heterocyclic compounds with nitrogen atoms in the cycle is the
interaction between benzo- and naphthoquinones and aliphatic and aromatic diamines as well as their
derivatives. However, among the condensed nitrogen-containing heterocycles there were found
practically useful substances for which anticancer, antiparasitic, antimicrobial and other biological
activities were recorded. For example, the main representatives of the group of arylamine dyes are
derivatives of phenazine, phenothiazine and phenoxazine. Phenazines are also widely used in the field
of organic electronics, in particular, they are integrated into solar cells and OLED devices.

Possibility of preparation of angular heterocyclic systems based on 3-aryl-1,2-naphtho-
quinones were investigated. The 3-aryl-1,2-naphthoquinones 1-6 (aryl = 4-CIC¢Ha (1), 4-BrCeHa (2),
3-NO2CsH4 (3), 4-NO2CesH4 (4), 2,5-Cl2CsHs (5), 3,4-Cl2CsHs (6)) were obtained by means of the
reaction between arenediazonium salts and 1,2-naphthoquinone under Meerwein reactions conditions.
The reactions were carried out in formic acid — water medium in the presence of sodium acetate and
catalytic amounts of copper salts. The yields of arylnaphthoquinones 1-6 are in range of 20-50 %.
The reaction of 3-aryl-1,2-naphthoquinones 1-6 with benzene-1,2-diamine led to the formation of
fused angular heterocyclic systems of 6-arylbenzo[a]phenazines 7-12 in high yields. The structures of
the synthesized compounds were verified by the *H NMR spectroscopy and element analysis data.

Keywords: 1,2-naphthoquinone, benzene-1,2-diamine, 3-aryl-1,2-naphthoquinones, Meer-
wein arylation reaction, benzo[a]phenazines.
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