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Hocnimkeno B3aemonito 2-apui-1,4-6enzoxinoniB 1-5 3 1-mopdomiHo-1-1ukio-rekcerom 6 B
ymoBax peakuii Heninmecky. 3’sCOBaHO, IO peakiis IPOXOAWUTh CEJICKTHBHO 3 YTBOPECHHIM
3amimenux  4-apuin-5a-mopdoin-4-in-5a,6,7,8,9,9a-rekcarinpoantdenso-[b,d]bypan-2-onip - 7-11.
BynoBy cuHTe30BaHMX PEYOBHH MIATBEPIKEHO JaHUMHU criekTpockomii “H- ta ~°C SIMP.
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Heninecky, nu6enso[b,d]dypan-2-oiu, reTeponrKim.
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1. Beryn

BaxnueuM criocoboM (hopMyBaHHS iHIOIBHOTO MKy € peakmis Hewirmecky [1].
3pydyHEMH TIpEeKypcopaMu ISl IIi€l peakmii € JIeTKOAOCTYIHI [-KeToecTepd YH
1,3-muKeToHH, SIKI Micis EPETBOPEHHS Y €HAMIHM pearyioTh 3 1,4-XiHOHAMH, YTBOPIOIOYU
moJizaMimieHi iHmonmu. Perio- Ta XeMOCEeNIeKTHBHICTh B3a€MOJIl 3alekarh BiJl YMOB
MpOBeIcHHS, OYyIOBM XIHOHY Ta €HAMIHHOTO KOMIIOHEHTa, ENEKTPOHHUX e(eKTiB
3aMICHHUKIB. 3aBISKU MPOBEACHUM TOCIIIKSHHSAM CTaJIO BiZJOMO, IO KOHJICHCAI[ISl XIHOHIB
3 €HaMiHaMI/I MOXE TIPOXOAUTHU H_[OHaﬁMCHIHC B KiJ'II)KOX OCHOBHUX HaIllpsAMKax.
Haituacritie yTBOpIOIOTBCS S5- uM  6-TiAPOKCHIHIONHM, S-TimpokcuOeH3opypaHu Ta
5-rizpoxcuinnazonu. [Ipote cuHTETHUHMI NOTEHLIAN peaklii Ha bOMY HE BUYEPIYEThCH,
OCKUJIKM BOHA Ja€ MOJIIMBICTh OTPUMYBATH I 1HINI BaXKOJOCTYIHI CIHONYKH —
Oensokapbasonu,  mipumo[2,3-blinmonu,  dypo[3,2-hlinmonn,  ¢ypo[2,3-glinmonu,
iminaszo[4,5-g]innomnu, guriapobenso[glinmonu, mipono[2,3-h]xinominu [1-4].

BopHowac iHTepec 10 wi€l peakiii He 3MEHIIYETHCS i 10 ChOTO/IHI, OCKLIBKH BOHA €
3py4HUM MeToJIoM (popMmyBaHHs 6a30BOTO (pparMeHTa Jjisi 6aratboxX O10JIOTIYHO aKTUBHHX
pedoBuH. DparMeHT S5-TigPOKCHIHAONY JOBOJI TOIIMPEHHH Cepell MPUPOIHHUX CIOJYK,
TaKUX SK AMIHOKHCIOTa S-ciopoxcumpunmogan, HEHPOMENIaTop cepomowuin, TOPMOH
MelamoHiH, aNKaloil TBAapHHHOTO IIOXOMKEHHS Oygomenin. YUMano CHHTETHYHHX
MOXITHUX 5-T1IPOKCHIHAONY MAaIOTh MPOTUIYXJIMHHY, aHTUMIKPOOHY, aHTHOAKTepiaibHy,
MPOTHBIPYCHY Ta TpoTH3ananbHy miro [1, 3]. Hanpukian, HecTepoinHuii MpoTH3amaIbHIM
mpemnapar iHoomemayur, TIPOTUBIPYCHUH Tpenapar apbioon Ta iH. bionoriuHa akTHBHICTH
NPUPOJHUX 1 CHHTETHYHHUX CIOJIYK, IO MICTATh IHIOJBHUHA (parMeHt, CTUMYJIIOE IO
HOBHX JIOCIiIKeHb B 00acTi peakiii HeHinecky.
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2. PesynbTaTn qociinKeHnb Ta ix 00roBopeHHs

Panime mMu gocnigumm B3aeMomito 2-apui-1,4-0eH30XiHOHIB 3 AEIKIMU €HAMiHAMH
B yMoBax peakuii Herimecky Ta po3pobuim merToz cuHTe3y 6-apui-5-rimpoxcu-1-R-2-
MeTHITiH0-3-KapOokcunaris [5]. ¥V il cTtarTi MU OMUCYEMO PE3yNbTaTH NOCIIHKCHb,
OJIeprKaHi ITiJ] Yac BHBUCHHs PEaKIiHOI 3MaTHOCTI MOHOAPHIIXIHOHIB CTOCOBHO €HAMIHIB,
OTPUMaHMX 3 IMKIIYHUX KETOHIB Ta BTOPMHHUX aMiHIB. 32 BUKOPHCTaHHS caMe TaKuX
€HaMIHIB OfiepXKaHHs IHIONIB 3a peakiiero HeHilecky HEMOXIJIMBE, TOMY O4iKyBaJOCh
YTBOpEHHST TOXiAHUX OeHzodypany [6-11], mpoTe BIAKPUTHM 3aTHUIIATIOCS MUTAHHS
PeriocesIeKTUBHOCTI POILIeCy.

3’sicoBaHo, 10 MiJ yac B3aemomii 1-mopdomnino-1-nukinorekceny 6 3 2-apui-1,4-
OenzoxiHoHamMu 1-5 3a KIMHAaTHOI TeMIeparypd B CEPEAOBHII CyXOro OeH30iy
YTBOPIOIOTBCST  4-apuit-5a-mopdorin-4-i1-5a,6,7,8,9,9a-rekcariapoanbdenso[ b,d |pypan-2-
omu 7-11 (gus. cxemy 1).
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Ar=CyH; (1,7), 4-MeC4H, (2, 8), 2-C,jH, (3, 9), 4-CIC;H, (4, 10), 3,4-Cl,CH, (5, 11).

Cxema 1. Cunres 3amimenux mubenso[b,d]bypan-2-omis
Scheme 1. Synthesis of substituted dibenzo[b,d]furan-2-oles

Sk 3’acyBanoch, peakilisi MPOXOIUTH PETiOCENEKTHBHO: 3 TPHbOX MOMKIUBUX
perioizoMepiB  yTBOPIOIOThCS JHIle 4-apui3aMimeHi anOeH3zodypaHH, a IPOAYKTIB
IHIOMBHOI muKI3amii He 3adikcoBaHo. Takwii BHCHOBOK 3pOOJICHO Ha OCHOBI JaHUX
'"HSMP chektpiB cmonyk 7-9, y SKHX IPOCTEXYIOThCA IBA AyONETH apOMATHUHHX
MIPOTOHIB, IO TepedyBalOTh B Opmo-TIONOXKEHHI 10 TiapokcwmnbHoi rpymu (1-H, 3-H) 3
XapakTepHUMH KOHCTaHTaMH Jajekoi criH-crinoBoi B3aemomii (J=1,5-2,5Tm) (mus.
pucyHok). CuUrHaiiB apoMaTHYHUX HPOTOHIB, siKi Oyam O xapaktepHumu mis 1- abo
3-apwamimenux nubenso[b,d]bypan-2-omnis, y criekTpax HeMae.

MmoBipHuii MexaHi3M B3aeMoaii apuiXiHOHIB 1-5 3 eHaMiHAMH MOXe TIOJIATATH Y
TaKoMy (JIMB. cXeMy 2): Ha TepIIOMY eTarli HykJIeopiipHul J-ByrieneBuil atoM eHaMiny |
NIPUETHYETHCS B TIOJNIOJKEHHS 6 XIHOHOBOTO IIMKJIY 3 yTBOpeHHsM aaykTiB |l (peakmis
Mixaens), sKki Jami dYepe3 BHYTPILIHBOMOJNEKYNsApHY Imkiizamiro (amykta 111)
MEePETBOPIOIOThCS B rekcariapoaubenso[b,d]dypan-2-omu 7-11:
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Cxema 2. MexaHi3m yTBopeHHsI 3amireHux auderso[b,d]pypan-2-omis
Scheme 2. Mechanism formation of substituted dibenzo[b,d]furan-2-oles
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Crextp "H SIMP (500 MI'ir) mu6enso[b,d]dypan-2-ony 8 B JIMCO-dg
"H NMR (500 MHz) spectrum of dibenzo[b,d]furan-2-ole 8 in DMSO-ds
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3. BucHoBKH

OTxe, TOKa3aHO, MO0 B3aEMOXis 2-apmi-1,4-0eH30XIHOHIB B yMOBaxX peakiii
Heninecky 3 C-aHykneogizom — 1-MopdomiHO-1-IUKIOTeKCEHOM — TIPOXOAUTH CEIEKTUBHO
3 YTBOPEHHSIM 3aMIIIEHUX 4-apun-5a-mopdosnin-4-i1-5a,6,7,8,9,9a-rexcariapo-
mubenso[b,d]bypan-2-omis. 1li cronyku, 30KpemMa 3aBASKHA HAsIBHOCTI Yy iXHIH CTPYKTypi
6en3o[b]bypaHoBOrO MUKy, MOXYTh CTAaHOBHTH 3HAYHHH iHTepec SK OO0 €KTH st
JTOCITIIPKSHHS 010JI0T1YHOT aKTHUBHOCTI.

4. MaTepiaJin Ta METOANKA eKCIIEPUMEHTY

TemmepaTypyn IJIaBIEHHS CHHTE30BAHMX CIIOJYK BH3HAuadd Yy BIIKPUTHX
KanusipHuX TpyOkax Ha enekrporepmiuHomy npwiazai [1TII-M i ne koperyBanu. CriekTpu
'H- ta BC SIMP sammcyBanu ma mpummaxi Bruker DRX500, posununmk — JIMCO-ds.
XimiuHi 3MimenHs (8, M. 4.) HaBesieHo ctocoBHO curaairy JMCO (2,50 m. 4.). 2-Apui-1,4-
Oen3oxiHoHM 1-5 cHHTe3yBau apuITtOBaHHAM 1,4-0€H30XIHOHY apeH/11a30HIEBUMU COJISIMH
[12]. 1-Mopdomino-1-tmknorekceH 6 OTpUMYBaIH 38 METOAUKOFO TIparti [7].

3arajgnHa MEeTOIUKA CUHTE3Y 4-apuir-5a-mopdoin-4-in-5a,6,7,8,9,9a-
rekcarigpoaudenso[b,d]pypan-2-onie  7-11. Jlo poszumny 0,01 wmoms 2-apmi-1,4-
6en3oxinoHy 1-5 y 15 mi cyxoro 6eH3ony nogaBanu 3a KiMHaTHOT Temmepatypu 0,01 mons
1-mopdomnino-1-muknorekceny 6. PeakifiifiHy cymim nepeminryBaii BIpoaoBxK 1,5 roa ta
3IMIIATH Ha 100y, PO3YMHHUK BiJIraHsUIH Y BaKyyMi, 0ca1 BiA(iIbTPOBYBaIN, IPOMHUBAIN
Ha QLIBTPI METPOSICHHNUM e(ipOM 1 IEPEKPUCTATIZ0BYBAIH 3 €TAHOTY.

5a-Mopdoain-4-in-4-penisi-5a,6,7,8,9,9a-rexcariapoaundenso[b,d]pypan-2-oa 7.
Buxin 45 %. bini xpucramn; T, = 182-183 °C. Cuextp 'H amp (500 MI'u, AMCO-dg; 3,
M. u@.): 1,25-1,50 m (4H, 2xCH,), 1,74-1,92 m (4H, 2xCH,), 2,68-2,77 m (4H, NCHp),
3,46 T (1H, J = 5,0 'y, 9a-H), 3,54-3,62 m (4H, OCH,), 6,53 ¢ (1H, J = 1,5 T'u, 1-H),
6,66 ¢ (1H, J = 2,0 T'u, 3-H), 7,27 T (1H, CeHs), 7,40 T (2H, C¢Hs), 7,65 n (2H, CgHs),
8,68 ¢ (1H, OH). 3mnaiigeno, %: C 75,27; H 7,21; N 3,92. CyHysNO;. O6uuncinero, %:
C75,19; H7,17; N 3,99.

4-(4-Merundenin)-5a-mopdoain-4-ii-5a,6,7,8,9,9a-rexcarigpoaudenso[b,d]-
(dypan-2-oa 8. Buxin 38 %. Bini kpucrany; T, = 175-176 °C. Cniektp 'H SIMP (500 MI'1,
IMCO-dg; 8, m. u.): 1,20-1,50 m (4H, 2xCHy), 1,70-1,90 m (4H, 2xCHy), 2,32 ¢ (3H,
CgHy), 2,65-2,75 m (4H, NCHy), 3,46 T (1H, J = 5,0 I'y, 9a-H), 3,53-3,63 m (4H, OCH,),
6,54 1 (1H,J = 1,5 Ty, 1-H), 6,66 1 (1H, J = 2,0 I'y, 3-H), 7,22 1 (2H, J = 8,0 I', CgHy),
7,54 1 (2H, J = 8,5 ', CgH,), 8,81 ¢ (1H, OH). Criextp °C SIMP (126 MI'n, IMCO-dg;
S, m. u.): 17,67; 17,85; 20,73; 24,72; 27,38; 42,66; 45,44 (2xC); 66,52 (2xC); 104,26;
109,95; 112,69; 121,23; 127,52 (2xC); 128,95 (2xC); 132,07; 134,36; 135,97; 148,37,
151,16. 3maiigeno, %: C 75,71; H 7,52; N 3,87. Cy3H;7NO3s. Obuncneno, %: C 75,59,
H7,45; N 3,83.

5a-Mop¢oain-4-in-4-(2-nagTun)-5a,6,7,8,9,9a-rexcarinpoaudenso[b,d]pypan-
2-0a 9. Buxin 43 %. Bini xpucramu; T, = 235-236 °C. Cnektp SIMP 'H (500 MI'n,
IMCO-dg; 8, m. w.): 1,22-1,50 m (4H, 2xCHp), 1,72-1,92 m (4H, 2xCH,), 2,67-2,80 m
(4H, NCHy), 3,50 T (1H, J = 5,0 T, 9a-H), 3,53-3,63 m (4H, OCH,), 6,62 n (1H,
J=2,0Tu, 1-H), 6,84 n (1H, J = 2,5 T'u, 3-H), 7,48-7,55 m (2H, CyoHy), 7,83-7,97 m (4H,
CyoHy), 8,17 ur.c (1H, CyoHy), 8,91 ¢ (1H, OH). Crextp **C SIMP (126 MI'n, JIMCO-dg
8, m. u.): 17,70; 17,88; 24,75; 27,43; 42,66; 45,52 (2xC); 66,54 (2xC); 104,60; 110,56;
113,08; 121,06; 125,91; 126,15; 126,20; 126,25; 127,40; 127,60; 128,03; 131,87; 132,33;
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133,06; 134,88; 148,73; 151,32. 3uaiineno, %: C 77,69; H 6,72; N 3,54. CysH,7NOs.
O6uncneno, %: C 77,78; H6,78; N 3,49,

5a-Mopdoain-4-in-4-(4-xaopodenin)-5a,6,7,8,9,9a-rexcarigpoaudenso[b,d]-
¢ypan-2-oa 10. Buxin 48 %. Bini xpucranu; Ty, = 205-206 °C. 3naiineno, %: C 68,63;
H 6,32; N 3,70. C»,H,,CINO;. O6uncineno, %: C 68,48; H 6,27; N 3,63.

5a-Mop ¢oin-4-in-4-(3,4-nuxaopodenin)-5a,6,7,8,9,9a-rexcarigpoandenso-
[b,dlpypan-2-on 11. Buxin 41 %. Bimi kpucramu; T, = 256-257 °C. 3maiineno, %:
C 62,71; H5,46; N 3,39. Cx,H23CI;NO3. O6uncneno, %: C 62,86; H 5,52; N 3,33.
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INTERACTION OF ARYLBENZOQUINONES WITH ENAMINES.
SYNTHESIS OF 4-ARYL-5a-MORPHOLIN-4-YL-54a,6,7,8,9,9a-HEXAHY DRO-
DIBENZO[b,d]JFURAN-2-OLES

R. Martyak’, M. Obushak

Ivan Franko National University of Lviv,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: roman.martyak@Inu.edu.ua

An important way of forming the indole cycle is the Nenitsescu reaction. Convenient
precursors for this reaction are readily available B-ketoesters or 1,3-diketones, which after conversion
to enamines react with 1,4-quinones to form polysubstituted indoles. The regio- and chemoselectivity
of the interaction depends on the conduction conditions, the structure of the quinone and enamine
component, and the electronic effects of the substituents. Studies have shown that the condensation of
quinones with enamines can take place in at least a few main directions. The most common are 5- or
6-hydroxyindoles, 5-hydroxybenzofurans and 5-hydroxyindazoles. However, the synthetic potential
of the reaction is not limited to this, because it also allows to obtain other, more diverse structures that
are difficult to access in other ways — benzocarbazoles, pyrido- [2,3-b]indoles, furo[3,2-h]indoles,
furo[2,3-g]indoles, imidazo[4,5-g]indoles,  dihydro-benzo[g]indoles,  pyrrolo[2,3-h]quinolines.
However, interest in this reaction has not diminished to this day, as it is a convenient method of
forming a base fragment for many biologically active substances.

In this paper, we describe the results of studies obtained during the study of the reactivity of
monoarylquinones to enamines derived from cyclic ketones and secondary amines. With the use of
such enamines, it is impossible to obtain indoles by the Nenitsescu reaction, so the formation of
benzofuran derivatives was expected, but the question of regioselectivity of the process remained
open.

It was found that the interaction of 1-morpholino-1-cyclohexene 6 with 2-aryl-1,4-
benzoquinones 1-5 at room temperature in a dry benzene forms 4-aryl-5a-morpholin-4-yl-
5a,6,7,8,9,9a-hexahydrodibenzo[b,d]furan-2-oles 7-11. The reaction was found to be regioselective —
of the three possible regioisomers, only 4-aryl-substituted dibenzofurans were formed, and no indole
cyclization products were detected.

The structures of the synthesized compounds were confirmed by the H-'*C NMR
spectroscopy and element analysis data.

Keywords: 2-aryl-1,4-benzoquinones, 1-morpholino-1-cyclohexen, enamines, Nenitzescu
reaction, dibenzo[b,d]furan-2-ones, heterocycles.
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