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Peslome

BBepeHume. ViccnepoBaHvie npou3BOAHbIX 1,3-OKCa3nHa urpaeT KouyeByld ponb B 06nacT XUMUU reTepoLMKINYECKUX
coefinHeHUn. TeM He MeHee B JiMTepaType OTCYTCTBYeT CMCTEMaTM3MpOBaHHaA WHPopmauma o cnocobax CUHTe3sa
6ucnponsBofHbIX 1,3-0Kca3nH-6-oHOB. Co3faaHne 3PpdEKTUBHBIX METOLOB MONyYEHUA STUX OKCA3VHOB, a TaKXe M3yuYeHue ux
CTPYKTYPbI, XapaKTEPUCTUK M BMONOrMYeckon akTMBHOCTW NPeACTaBnseT coboli MHoroobellaiollee HanpasieHWe Kak Ans
MEeAMNLMUHCKON XMINK, Tak 1 ANA papmaLeBTNYeCKO NPOMBbILIEHHOCTH.

Uenb. Paspabotatb nabopaTopHblii cnocob nonydyeHusa 6uc(4-ruapokcun-6H-1,3-okca3nH-6-0HOB) Ha OCHOBe peakuuu
6eH30n-1,3-auKapbokcamuia n 6eH3on-1,4-gukapbokcammaa ¢ 3aMeLleHHbIMI MaIOHUNIXJIOPUAAMM 1 [10Ka3aTb UX CTPOeHue
C NMOMOLLbIO CMEKTPOCKONUM AJEPHOr0 MarHUTHOrO pe3oHaHca (AMP) Ha sgpax 'H n C.

Matepuanbl u metoabl. Cnektpbl 'H- 1 BC-AMP 6binn 3aperucTprpoBaHbl Ha Npubope Bruker AM-600 B aeliTepupoBaHHOM
ammeTtuncynodpokecmae (AMCO-d6), ux obpaboTka ocyllecTBieHa C MOMOLbI NporpaMmHoro obecneyeHna ACD/Labs.
MOHUWTOPVHI NpOTeKaHUA peakuuii NpoBefeH C NPUMEHEHNEM TOHKOC/IOMHOM XpomaTorpadum Ha NnacTUHaxX C CUSIMKaresnem
TLC Silicagel 60 F,s, C MCNOMb30BaHMEM 3TWUjaLeTaTa B KadecTBe 3/I0eHTa U feTekuuein B ynbTpadumonetosom (YO) csere.
MeToauKka crvHTe3a BKAloYana cycrneHgvnpoBaHue 1 mmosnb 6eH3on-1,4-gukapbokcampa nnu 6eHson-1,3-gukapbokcammaa B
abconoTHOM 1,2-guxnopaTaHe, fob6aBneHne 2,4 MMOJIb 3aMeLLeHHOro MaNoOHUAXJIOPUAA U KUMAYEHUE CMeCU B TeyeHue 15 u.
KoHeL peakuuy onpegeneH no oTCyTCTBUIO NCXOAHbIX AVAaMUA0B B peakLMOHHOM Macce METOA0M TOHKOC/IOMHOM XxpomaTorpadum.
PesynbTatbl n 06cyxaeHmne. B pesynbrate nccnenoBaHus 6ol pa3paboTaH nabopaTopHblil MeTof CrHTe3a 6uc(4-rmgpokcu-
6H-1,3-0KCa3nH-6-0HOB) C GEHUIEHOBbIMY MOCTMKAMU MeXAy reTepoumnKinyeckumm o¢parmeHtamu. Mcnonb3oBaHve B
KauecTBe pacTBOpuTENs abCOMOTHOro 1,2-AMXnop3TaHa MO3BOJIMIO YBENUYMTb BbIXOH LENeBbIX COeAVHEHWUA Ha 5-7 % u
COKpPaTUTb BpPeMsi CUMHTE3a Ha 5 4 Mo cpaBHeHMI0 ¢ abcontoTHbiM 6eH3onoM. CTpoeHVe CUHTE3UPOBAHHbIX BeLECTB 6blno
[OKa3aHO CMeKTPOCKOMNUeln AAepPHOro MarHUTHOro pe3oHaHca Ha agpax 'H u C. B cnekTpax MOfyYeHHbIX COefVHEHUN
NPUCYTCTBYIOT BCE XapaKTEPUCTUNYHbIE CUTHAJbl, COOTBETCTBYIOLME 61C(4-rngpokcn-6H-1,3-0Kca3nH-6-0Ham).

3aknioueHue. Pa3paboTaH, peann3oBaH U ONTUMU3UPOBAH NTAGOPATOPHBIV MeToh cuMHTe3a 6uc(4-rupgpokcn-6H-1,3-oKcasnH-
6-0OHOB) Ha OCHOBe peakuun 6eH3on-1,3-gukapbokcammnga u 6eH3on-1,4-gukapb6okcammpa C MOHO3aMeleHHbIMU
ManoHunxnopugamu. LleneBble coeguHeHus 6biyv MosyyeHbl B abGCONMOTHOM 1,2-AUXNOP3TaHe C BbIXOAOM, OM3KMM K
KONUuecTBeHHOMY. DTO nofTeepKaaeT 3¢deKTUBHOCTL paspaboTaHHoro noaxopa. CTpyKTypa Bcex MosyYeHHbIX 6uc(4-rugpokcn-
6H-1,3-0Kca3nH-6-0HOB) 6blfla JOCTOBEPHO YCTAHOBJIEHA C MOMOLLbIO CMEKTPOCKONUM ALEPHOr0 MarHUTHOrO pe30oHaHCa Ha
apgpax 'Hwn B3C.

KnioueBble cnoBa: 1,3-0Kca3nH-6-0HbI, 6VICFETepOL|,I/IKJ'II/ILIECKI/IE coeanHeHna, ﬂ-BﬂeKTpOHOﬂ,edJVILU/ITHbIe retTepouunknsbl,
ManoHunxnopwuaobl, ,EIVIKap6OKcaMVI,D,bI
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KOoHPNUKT nHTepecoB. ABTOpbI AeKNapupyloT OTCYTCTBME ABHbIX U MOTEHUMaNbHbIX KOHPIMKTOB WHTEPECOB, CBA3AHHbIX C
ny6nvKaumen HacTosALLen CTaTby.
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Abstract

Introduction. The study of 1,3-oxazine derivatives plays a crucial role in the field of heterocyclic chemistry. However, there is
a lack of systematized information in the literature regarding the synthesis methods of bis-derivatives of 1,3-oxazin-6-ones.
The development of efficient methods for obtaining these oxazines, as well as the study of their structure, properties, and
biological activity, represents a promising direction for both medicinal chemistry and the pharmaceutical industry.

Aim. To develop a laboratory method for the synthesis of bis(4-hydroxy-6H-1,3-oxazin-6-ones) based on the reaction of
benzene-1,3-dicarboxamide and benzene-1,4-dicarboxamide with substituted malonyl chlorides, and to confirm their
structure using nuclear magnetic resonance (NMR) spectroscopy on 'H and *C nuclei.

Material and methods. 'H and *C NMR spectra were recorded on a Bruker AM-600 spectrometer in deuterated dimethyl
sulfoxide (DMSO-d6), and their processing was carried out using ACD/Labs software. The progress of the reactions was
monitored using thin-layer chromatography on plates coated with silica gel TLC Silicagel 60 F254 using ethyl acetate as the
eluent and detection in ultraviolet (UV) light. The synthesis procedure included suspending 1 mmol of terephthalic or
isophthalic acid diamide in absolute 1,2-dichloroethane, adding 2,4 mmol of substituted malonyl chloride and refluxing the
mixture for 15 hours. The end of the reaction was determined by the absence of the initial diamides in the reaction mass by
thin-layer chromatography.

Results and discussion. As a result of the study a laboratory method of the synthesis of bis(4-hydroxy-6H-1,3-oxazine-6-ones)
with phenylene bridges between heterocyclic fragments was developed. The use of absolute 1,2-dichloroethane as a solvent
made it possible to increase the yield of the target compounds by 5-7 % and reduce the synthesis time by 5 hours compared
to absolute benzene. The structure of the obtained compounds was proved by nuclear magnetic resonance spectroscopy
on 'H and ™C nuclei. The spectra of the obtained compounds contain all the characteristic signals corresponding to
bis(4-hydroxy-6H-1,3-oxazine-6-ones).

Conclusion. A laboratory method for the synthesis of bis(4-hydroxy-6H-1,3-oxazin-6-ones) has been developed, implemented,
and optimized based on the reaction of benzene-1,3-dicarboxamide and benzene-1,4-dicarboxamide with monosubstituted
malonyl chlorides. The target compounds were obtained in absolute 1,2-dichloroethane with yields close to quantitative,
confirming the efficiency of the developed approach. The structure of all obtained bis(4-hydroxy-6H-1,3-oxazin-6-ones) was
reliably established using nuclear magnetic resonance spectroscopy on 'H and "*C nuclei.

Keywords: 1,3-oxazine-6-ones, bisheterocyclic compounds, m-electron-deficient heterocycles, malonyl chlorides, dicarboxamides
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BBEAEHWUE

MpoussogHble 1,3-0KcasvHa UrpalT 3HAYUTENbHYIO
pofb B XUMWW FeTePOLUKINYECKMX coeanHeHW. B Hayu-
HOW JnTepaType OMUCbIBAETCA KX pPa3HOObpasHas 6uo-
Nornyeckas akTMBHOCTb, BK/OYAsA aHTUOKCMAAHTHble [1-
2], npoTtBoonyxonesble [3] U aHTUMUKPOOHbIE CBOMNCT-
Ba [4-7]. AKTyanbHOCTb UCCNEAOBaHUIN 3TUX COeANHEHWI
NnoATBEP)KAAETCA HanUumMeM TakKuX MPOU3BOAHbLIX, Kak
5-B-D-pubodypaHosmn-1,3-okcasmH-2,4-AUOH, KOTOPbIN
[EMOHCTPUPYET BbICOKYIO MPOTUBOOMYXONEBYID aKTUB-
HOCTb MPOTUB acLUUTHOM KapuuHOMbl dpnuxa [8]. 1,3-0k-
Ca3MH-6-OHbl NCNONb3YITCA Kak 3deKTMBHbIE peareH-
Tbl OJ1A CYHTE3a Pa3/INYHbIX reTePOLUKINYECKUX CUCTEM
B peaKkumax peuunKknmsaumm narogapa snekTpoHoaepu-
LIMTHOM OKCAa3MHOBOW CUCTEME C HECKOJIbKMMW NIEKTPO-
bUNBbHBIMY LIeHTpamMK, YTO obecneurBaeT UX BbICOKYIO
PEAKUMOHHYI0 CMOCOBHOCTb C MOHO- U GUHYKNeopub-
HbiMM peareHTamu [9]. B nuTepatype wwmpoko onwmca-
Hbl MeToAbl NOMYYeHWA OKCOMPOM3BOAHbIX 1,3-0Kcasu-
Ha, BK/IOYasa pasnnyHble peakumm umknmnsauyum [10-15]
1N KoHaeHcaumn [16-17]. OgHako MeTodbl CUHTe3a 6uc-
npou3BoaHbIX 1,3-0KCa3nH-6-OHOB He CUCTEMATU3UNPO-
BaHbl. [o3ToMy pa3paboTKa MeTOLOB MONyYeHNs TaKUX
OKCa3MHOB, U3yYeHMe UX CTPYKTYPbl, CBONCTB U OLEHKA
61onornyeckon akTMBHOCTU NpeacTaBnsAeT cobon nep-
CMeKTMBHOE HamnpaBfieHMe KaK ANnA MefUUMHCKON Xu-
MUK, TaK 1 Ansa papmMaLeBTUYECKON NPOMbILLIIEHHOCTH.

Lienblo gaHHOI paboTbl sBNAeTcA pa3paboTka na-
6opaTopHOro crnocoba nonyyeHus 6uc(4-rugpokcu-6H-
1,3-0KCa3nH-6-0HOB) Ha OCHOBe peakuum 6eH30n-1,3-
Avkapbokcammaa n 6eH3on-1,4-gukapbokcammpa ¢ 3a-
MELLEHHbIMW  MaNoHUNXNopUAaMKM, LOKa3aTenbCTBO MX
CTPOEHMA C MOMOLLbIO CMEKTPOCKONUM ALEPHOro mar-
HUTHOTrO pe3oHaHca (AMP) Ha agpax 'H u 3C.

MATEPUAJIbI U METOAbI

CneKkTpbl AAEPHOr0 MarHUTHOrO Pe30HaHCa Ha Aapax
H n BC 3apernctpupoBaHbl Ha npubope Bruker AM-600
(PubCompare, LUseiuapus) B OAMCO-d6. O6paboT-
Ky CNeKTpOB MPOBOAWIM C MOMOLLbIO KOMMbIOTEPHOW
nporpammbl ChemSketch (ver. 12.01) (ACD/Labs, CLUA

1 KaHapa). MOHUTOPUHI MpPOTEKAHWA peakuuin NpoBo-
AWNNCA C UCNOMb30BaHMEM TOHKOC/IOMHOW XpomaTtorpa-
dun Ha nnactuHax ¢ cunmkarenem TLC Silicagel 60 F,,
(1.05554.0001, Merck KGaA, TepmaHuA), 3M0EHT — 3TU-
nauetat (u.g.a., Merck KGaA, TepmaHus), petekuma B
YO®-cBeTe.

MeToanka cuHTe3a 6uc(4-rmppokcun-6H-1,3-ok-
ca3uH-6-oHoB) (IV, V(a-b)). B kKpyrnogoHHoli konbe cyc-
neHanpytoT 1 mmonb 6eH3on-1,4-gukapbokcamuga (1)
unu 6eHson-1,3-gukapbokcammaa (Il) B abconoTHOM
1,2-guxnopataHe (1,2-DCE), 3atem pob6asnAoT 2,4 MMOJb
3ameleHHoro manonunxnopuga (lll@@-b)). PeakymoHHyto
CMeCb HarpeBaloT A0 KUMEHMA U KMNATAT C obpaTHbIM
XONnoAWNbHUKOM B TeyeHue 15 u (pucyHok 1). MoHuTO-
PUHI MPOTEeKaHUA peakuuil OCyLIeCTBAAIT C NPUMeHe-
HMEM TOHKOC/IOMHOWN XpomaTorpadum Ha mnjacTMHax C
cunukarenem TLC Silicagel 60 F,, ¢ ncnonbsoBaHnem
STunaueTata B KauyecTBe 3/l0EHTa U AeTeKUuen B ynb-
paduronetoBom cBeTe. KoHel, peakuun onpeaensoT no
OTCYTCTBUIO UCXOAHbIX AMaMUAOB B PeakLUUOHHON Mac-
ce. 3aTeM MOJMyYEHHYIO CYCMEH3MI0 OXNaXKAalT, 0CcafjoK
OTOMIBTPOBLIBAIOT MOA BAaKyyMOM U NMEPeKPUCTanin3o-
BbIBAIOT U3 NeAAHON YKCYCHOW KUCOTbI.

2,2'-6eH3on-1,4-gunn6uc(4-rupgpoKcmn-5-meTnn-
6H-1,3-okca3unH-6-0H) (IVa):

Bbixop 92 %. MNopowok cBeTno-xentoro useta. JaH-
Hble cnekTpa 'H-AMP, 6, ppm (J, Mu): 1,85 c (6H; CH,),
8,22 c (4H; CH*), 12,57 yw. ¢ (0,66H, —OH). aHHble crnekT-
pa CAMP, 6, ppm: 8,63 (CH), 91,23 (C)), 127,82 (CAn,
128,89 (C*), 160,35 (C,), 165,73 (C,), 167,72 (C,).

2,2'-6eH3son-1,4-gunn6uc(4-rmupgpokcn-5-peHun-
6H-1,3-okca3unH-6-0H) (IVb):

Boixop 89 %. [lMopowok xentoro uBeTa. [daHHble
cnektpa 'H-AMP, §, ppm (J, Tu): 7,30 T (2H, CH™, J=74),
740 T (4H, CH, J=76), 7,57 o (4H, CH™, J=73), 8,38 ¢
(4H, CH*), 13,05 c (1,89H, —OH). OaHHble cnekTpa *C-AMP,
&, ppm: 96,08 (C,), 127,54 (C*), 127,83 (CH™), 128,08 (CH"),
129,23 (CH™), 130,66 (CH™), 133,78 (C™), 160,86 (C)), 161,32
(C). 167,73 (C)).

2,2'-6eH30n-1,3-gunn6uc(4-ruapokKcn-5-meTun-
6H-1,3-0oKca3unH-6-0H) (Va):

Bbixog 90 %. MNMopowok cBeTno-entoro useta. [laH-
Hble cnekTpa 'H-AMP, §, ppm (J, Tu): 1,85 c (6H; CH,),
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PucyHok 1. O6uian cxema cmHTe3a 6uc(4-ruppokcn-6H-1,3-okcasuH-6-oHoB) (1V, V(a-b))

Figure 1. General scheme of synthesis of bis(4-hydroxy-6H-1,3-oxazine-6-ones) (IV, V(a-b))

730 T (2H, CH™, 3 7.5), 8,28 an (2H, CHY, *J_ 75;
*)q 1.5), 8,96 ¢ (1H, CH™), 13,05 yw. c (1,93H, —~OH). [lan-
Hble cnekTpa *C-AMP, §, ppm: 7,83 (CH,), 91,23 (C,), 127,82
(CHY), 128,89 (CH™), 129,60 (C*), 160,33 (C,), 165,86 (C),
167,70 (C)).

2,2'-6eH30n-1,3-gunn6uc(4-rugpokcn-5-peHnn-
6H-1,3-okca3unH-6-0H) (Vb):

Boixog 90 9%. [lMopowok xentoro uBeTa. [daHHble
cnektpa 'H-AMP, §, ppm (J, Tu): 7,29 T (2H, CH™, ), 7,4),
7,39 T (4H, CH™, 3)_ 7,6), 7,57 p (4H, CH™, 3) 71), 739 7
(1H, CH~, 2, 79), 8,00 ga (2H, CH*, 3J . 76; *),, 1.8),
8,96 c (1H, CHY), 11,46 c (1,21H, -OH). OaHHble cneKTpa
BCAMP, 8, ppm: 95,74 (C), 127,26 (CH*), 128,06 (CH™),
128,71 (CH™), 130,66 (CH™), 130,88 (CH*), 131,59 (CH"),
132,98 (C*), 134,85 (C™), 161,31 (C)), 165,89 (C,), 167,98 (C,).

PE3YJIbTATbl U OBCYXAEHUE

B xopme nccnepoBaHua 6bin pa3paboTaH onTMManb-
HblA NabopaToOpPHbLIA MeToh CUHTE3a O6Uuc(4-rmapokcu-
6H-1,3-okca3unH-6-oHoB) IV, V(a-b). YctaHoBneHo, uto
ncnonb3oBaHWe abconoTHoro 1,2-guxnopaTaHa B Ka-
yecTBe pacTBOpPUTENA NPUBOAMT K YBEIMYEHMIO BbIXO-
Ja ueneBbIX COefMHEHUN Ha 5-7 % n coKpalleHuio Bpe-
MEHM CMHTEe3a Ha 5 4 No cpaBHeHWo C abCcoNMOTHbIM
6eH3onom [18]. KntoueBbiM ¢pakTOpoM, UrpaioLm posb
B ONTUMM3ALNN KONMYECTBEHHDBIX MOKa3aTenen CMHTe3a,

ABNAETCA BNMAHME PAcTBOPUTENA: 3aMeHa HenonsApHO-
ro pactBoputensa (AbconoTHOro 6eH3ona) Ha NONAPHbLIN
(1,2-guxnopaTaH) cnocobcTBOBaNa ynyyleHno CosibBa-
TauMM MONEKYN UCXOAHbIX BELLeCTB U, COOTBETCTBEHHO,
nx nyJwen pacrsopmmoct. CTpyKTypa LeneBbix coeam-
HeHui IV, V(a-b) gokasaHa ¢ NOMOLbIO CNEKTPOCKONUMK
AQEPHOro MarHMTHOro pesoHaHca Ha agpax 'H n C. B
cnekTpax MPUCYTCTBYIOT BCE CUTHabl, XapakTepucTuy-
Hble aAna 6uc(4-rngpokcn-6H-1,3-okcasnH-6-0HOB).

Ha pucyHke 2 npepctaBneH cnektp 'H-AMP 2,2'-(6eH-
3on-1,4-guun)6uc(4-rugpokcn-5-metTnn-6H-1,3-okcasuH-
6-oHa) (IVa). B cnekTtpe HabniogaTca curHasbl NpoTo-
HOB MeTWNbHbIX rpynn Ha 1,83 ppm, 3KBUBANEHTHbIX
NPOTOHOB Napa-peHuNeHoBoro gparmeHTa Ha 8,22 ppm
N YWNPEHHbIN CUrHaN NPOTOHOB MMAPOKCUNbHBIX TPymnmn
Ha 12,54 ppm.

Ha pucyHke 3 npeactaBneH cnektp “C-AMP coepu-
HeHuA (IVa). B cnekTpe npucyTCTBYyeT XxapaKTepucTuu-
HbIl CUrHaN aTOMOB Yrnepoda METWSbHbIX TPYyMn Ha
8,63 ppm u curHan Ha 91,23 ppm, COOTBETCTBYHOLMI
atomam yrnepoga C, 1,3-0KCasvHOBbIX LMKIIOB. Takxe
HabnopaloTCcA  curHanbl, oTHocAwmeca K atomam C,
C2 n C6, B AwanasoHe ot 160,35 pgo 167,72 ppm. lpu
127,82 ppm HabNMOAAeTCA CUrHaM SKBUBAJIEHTHBIX aTOMOB
yrnepoga «b» n atomoB yrnepoga «c» npu 128,89 ppm
napa-¢$eHnNeHOBOro MOCTU1Ka.



1.83

©
¥ i
1
S
H
/
o
H N 0 H H
\c 74 A\ \C/
/N N/
H H e) N H
[o)
/
H
DMSO
&
water|
y
L H ,-'["'-\ |
P I g "
—— i A R N
0.66 4.00 6.00
g e e e v e :
70 65 60 55 50 45 40 35 30 25 20 15 10 05 0 -05

T LRI AL L B A T T
130 125 120 115 110 105 100 95 80 85 8.0 75
‘Chemical Shift (ppm)

PuicyHok 2. CneKTp AAepHOro MarHUTHoro pesoHaHca 'H 2,2-6eH3on-1,4-guun6uc(4-rmuppokcn-5-metun-6H-1,3-okca-

3NH-6-0Ha)
Figure 2. 'H nuclear magnetic resonance spectrum of 2,2"-benzene-1,4-diylbis(4-hydroxy-5-methyl-6H-1,3-oxazine-6-one)
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PucyHok 3. CneKTp sAflepHOro mMarHUTHoro pesoHaHca *C 2,2-6eH3on-1,4-gunn6unc(4-ruppokcu-5-meTnn-6H-1,3-okca-

31H-6-0Ha)
Figure 3. *C nuclear magnetic resonance spectrum of 2,2’-benzene-1,4-diylbis(4-hydroxy-5-methyl-6H-1,3-oxazine-6-one)
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3AKJTIOMEHUE

Pa3paboTaH, peann3oBaH ¥ ONTUMM3MPOBAH Nabo-

PaTOPHbI MeToh CuHTe3a 6uc(4-rmpgpokcn-6H-1,3-okca-
3uH-6-oHoB) IV, V (a-b) Ha ocHoBe peakuun 6GeH301-
1,4-gpukapbokcammnga n 6eHson-1,3-gmMkapbokcammupa ¢
3amMelleHHbIMKU ManoHunxnopugamu 1l (a-b). Lenesbie
coefuHeHNA ObiNN NOMyYeHbl C BbICOKUM BbIXOAOM (89—
92 %) B abCoONOTHOM 1,2-gUXNoOp3TaHe, YTO CBUAETESb-
CTBYEeT O BbICOKOW 3PPEKTUBHOCTM pa3paboTaHHOro
MeToaa.

CTpoeHMe CUMHTE3NPOBAHHbIX 6uKCc(4-rnapokcn-6H-

1,3-0kca3unH-6-oHoB) IV, V (a-b) 6bi10 HageXHO [JoKa3a-
HO ¢ nomMoLbto cnekTpockonuu AMP Ha agpax 'H n *C.
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