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CuHTE3UpOBaH psl 3-aMUHOKYMapaHOHOB. YCTaHOBIIEHO, YTO OHU MPOSBIIAIOT SIPKYI0 XEMUITIOMUHECLIEHIIUIO TIPU
pa3nugHbIX ycioBusx. [Toka3aHo, 4To BBeeHHE 3IEKTPOHHO-JOHOPHBIX TPYII B KyMapaHOHOBBIN (parMeHT u
YBEIUUEHHE CONPSKEHHOM T-CUCTEMBI KyMapaHOHOB MOXKET CMECTUTB MOJI0KEHUE MAKCUMYMOB JTFOMUHECLIEHINH

Ha 30—40 HM B JUIMHHOBOJHOBYIO oOnacTh. [TokazaHO, YTO HEKOTOpHIE 3-aMHUHOKYMapaHOHBI MOTYT OBITh

HCIIOJIb30BaHbI AJI1 OTIPEACIICHUA aKTUBHOCTHU YPCa3bl U IIECPEKUCU BOAOPOJA.
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BBEJIEHME

SIBIIeHME XEMUITFOMUHECIIEHITIH — NCITYCKaHUE CBETa
BEIIIECTBOM TT0CJIC OKUCIICHHS — M3BECTHO OUSHB JaBHO [ 1].
[Toxkamyii, camoe M3BECTHOE BeEIIEeCTBO, 00JaaaroIiee
SIPKOW XEMUJTFOMUHECLIEHIMEN, — 3TO JIFOMUHOJ. biaro-
Japsi TAKOMY CBOHCTBY OH UCIIOJIB3YETCS B OMOJIOTHYEC-
KHX HCCIEIOBAHUAX g oOHapyskeHus noHoB menu(1l),
xkene3a(ll) m nmaanmoB [2], a Takke MHPOKO TIPHME-
HSICTCS B CYZICOHO-MEIUITMHCKON DKCTIEPTH3E TSI OOHAPY-

JKEHUS cen0oB KpoBH (110 xenesy) [3]. Jlanable aHaTuThI

Coxkpamienust: IBY — nna3aOuuKIOyHACICH.

B OTIPEICNICHHBIX YCIOBUIX (HampuMep, IeHUCTBUE Mepe-
KHCH BOAOPOJa HAa MOHBI JKeJie3a B IIEIOUYHON cpese)
MOTYT BBI3BIBATh BBHIJCICHUE KUCIOPOaa, KOTOPHIH
B OCHOBHBIX YCIIOBHUSIX OKHCIISIET JTIOMHHOIN, B PE3YiThb-
Tare 4ero u HaOIIOmaeTcs SPKoe Toy0oe CBEUCHHE.
Jpyrum mpuMepoM BeIIeCTB, 00IaTar0IIINX XEMUITIOMH-
HECIICHILIMEH, CIy>KaT MPOU3BOJAHBIC 3-aMUHOKyMapa-
HOHa [4]. XeMWIIOMHUHECIEHIIUS TAKUX BEIECTB TAKKE
TpeOyeT HaJu4Ius OCHOBAHUS M KHUCJIOPOMIA, KOTOPBIHA
MIPUCOCIUHSACTCS K JCTIPOTOHNPOBAHHON MOJICKYIIE KyMa-

paHoHa (cxema 1), TTociIe 4ero MpOUCXOAUT OKHCIICHUE

# Arop ans cessu: (Ten.: +7 (926) 704-13-72; an. mouta: nsbaleeva@gmail.com).
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Cxema 1. Mexaausm XEMUJIIOMUHECICHIIUN KyMapaHOHOB MpH HeﬁCTBHH Kucjaopoaa, a Takxe BO3MOXKHBIN MEXaHU3M XEMU-

JIJIOMHUHECLCHIIUU T10/Q ,Z[efICTBHeM ypeas.

KyMapaHoHa JI0 TPOU3BOJHOTO aMUIa CATHIIHIOBOM
KHUCJIOTHI C OTHICINICHUEM MOJICKYJIbl YIJIEKHCIOTO
raza [5]. OToT mpouecc CONpPOBOXIAETCS JTIOMU-
HecreHnuen B obmactu 450-550 am [6, 7]. OxHako
B JINTEpaType BCTPEYACTCS HE TaK MHOIO paboT, mo-
CBSIIIICHHBIX CHHTE3Y Pa3HbIX 3-aMUHOKYMapaHOHOB U

UX MIPUMEHEHUIO Ha npakTuke [8—10].

B nmanHO# paboTe MbI H3y4HITH BO3MOYKHOCTD HCITIONh-
30BaHUs 3-aMIHOKYMapaHOHOB I OOHAPYKEHUS Iepe-
KHCH BOJOPOAA U ONpPENENICHUs] aKTUBHOCTHU YpEasbl.
VYpeasza — 310 GepMEHT, KaTaIU3UPYIOMHUH B KUBBIX
OpraHM3Max TUIPOJIN3 MOYEBHHBI IO aMMHUaKa U yIiie-
KHCJIOTO Ta3a. AKTUBHOCTb TaKuX ()EPMEHTOB YacTO
HEOOXOMMO JICTCKTUPOBATh MPU JUArHOCTUKE MH(DEK-
IHOHHBIX 3200JICBAHUI YEJIOBEKAa, HaNPUMEpP, NPHU
anammse Ha Helicobacter pylori [11]. B HacTosIee BpeMs
JUISl IETCKIMKM yPEa3HOW aKTHBHOCTH MPUMEHSIIOTCS
METOJIbI, OCHOBAaHHBIC Ha MCTIOJIh30BAHUU HMOH-CEINEK-
THUBHBIX 3JICKTPOJIOB, H30TOIHBIX METOK HJIH PA3INIHbBIX
KOJIOPUMETPUUYECKUX TeCT-cucTeM [12], B To Bpems
KaK XeMIJIIOMHHECI[EHTHbIE METOIbl OOHAPYKEeHUS
Mori Obl OBITH Oosiee TOYHBIMU U dPPEKTUBHBIMHU.
MBI MpeAnoNoXUIN, 4TO BBEJEHUE B MOJCKYJIBI
KyMapaHOHOB (pparMeHTa MOYCBUHBI MOIJIO ObI C/IeIaTh
WX YyBCTBUTEIBHBIMH K JAHHOMY ()€PMEHTY U BBI3BATh
ux (hepMEHT-3aBHCUMYIO JIIOMHUHECIICHIINIO (cxema 1).

Takum 00pa3oM, LEIbI0 JAHHOW PaOOThI CTAll CUHTE3

BUOOPIAHUYECKAS XNMU A

psaaa 3-aMHHOKYMapaHOHOB, M3Y4YE€HHE UX ONTHYECKHUX
CBOMCTB M BO3MOXHOCTH NPHUMEHECHHS B KadyecCTBE
JIIOMUHECIIEHTHBIX CEHCOPOB IEPEKUCH BOLOPOAA U

OoInpeacICHUs aKTUBHOCTH YpCa3hbl.

PE3VIIBTATBI 1 OBCYXJIEHUE

MBI CHHTE3UPOBAIU PsiJi MPOUZBOIHBIX 3-aMHHO-
KyMapaH-2-0Ha, KOTOPBIM MOYKHO Pa3AeIUTh Ha IBE TPYTIIIBL:
AMHTHBIC MPOU3BOIAHBIC W MPOU3BOAHBIC MOUYCBHUHEL.
AMUIHBIE TPOU3BOAHBIE — N-allMJI-aMHHOKYMapaH-
2-0HBI — OBUIH TIOTYYCHBI U3 4-METHIOCH3MIAMHUIA,
TUTUAPOKCUYKCYCHOW KHCIIOTHI U (eHona (cxema 2,
coequnenus (Ia—c)). Mcxogapie 4-MeTHIOCH3MIAMHI/T
U IUTUAPOKCUYKCYCHYIO KUCTIOTY PacTBOPSIIM B CMECH
YKCYCHOM M CepHOM KUCTIOT, a 4yepe3 30 MUH nmepeMeniu-
BaHUs JI00aBIsIM HeoOXoauMbli (enoi. [lonyueHHbIi
TaKuM 00pa3oM aIUKINYECKUN MPOTYKT BBIICISUIH, a
3aTeM TP HarpeBaHUH B YKCYCHOM aHTHIPHJIC TTOIBEP-
rajv IUKJIN3aliuu B JIaKTOHOBBIH muki. [Ipousson-
HbIE BTOPOH Trpymibl — N-KapOOMOUI-aMHUHOKyMapaH-
2-0HBI — OBLIM CHHTE3UPOBAHBI MyTEM CMCIIMBAHUS
pPa3IMYHBIX 3aMEIICHHBIX KapOaMUJJIOB C JUTHAPOK-
CUYKCYCHOM KHUCIIOTOW B TPU(DTOPYKCYCHOH KHUCIIOTE
C TocHeaylomuM gob0aBneHueM ¢eHoma (cxema 2,
cunte3 coeauaenuii (II-VII)). Tak OputH mOMy4eHBI
MPOU3BOAHBIE CUMMETPUYHO-3aMEIIeHHON 1,3-nuu3o-

nponumimoueBuHbl (coenunenus (Ila—d)) u mpowus-
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Cxema 2. Cxema cunresa coequnenuii (I-VII).

BOJHBIE HECHMMETPHYHO 3aMENIeHHBIX KapOaMuI0B,
KOTOpBIE, B CBOIO OYepejlb, MOXKHO Pa3JIEUTh Ha TPO-
u3Bonusiec MoHO- (coenuHenus (IIla—c) u (IVa—c))
u nu- (coenmuenus (V-VII)) zamemeHHbIX KapoO-

aMuIoB (cxema 2).

MpbI U3yYniIM ONTHYECKUE CBOMCTBA BCEX IMOMYUYCH-
HBIX coeuHeHn. OKa3alloCh, 4TO BCE BEIIECTBA XapaK-
TEPHU3YIOTCS TOTIIONEHHEM C MAaKCUMyMaMH B 00NacTH
258-297 um (tabmn. 1). Hekotopbie coeqMHEHNUs, TaKue
kak coequaenus (Ila, d), (I1la, ¢), (IVa, b), (Ve, f, h, i),
(VIa, d) u (VII), Taxxe sipko (QryopecuupoBalIn ¢
Makcumymamu B oomactu 310-358 am (Tadm. 1). Ocrans-
HBIC )K€ COCIMHEHMSI XapaKTePU3YyIOTCs KpaliHe ci1aboii
(himyopecieHnmen.

3aTeM Mbl U3YUYUIM XEMUIIOMHHECLIEHTHBIE CBOM-
CTBa MOJIyYEHHBIX cOequHEHHI. B mepByro ouepens
pacTBOpPbI KyMapaHOHOB TO/IBEPIIIN IEHCTBHIO CUIILHOTO
OpPTaHMYECKOTO OCHOBAHUS — JMa3abHUIINKIOyH/IeTIeHa
(AbY) — B mpucyTCTBHHM BO3/yXa U 3apErUCTPUPOBAIIH
CHEKTpPHI JIOMUHecHeHnH. Takoi moaxos Hambonee
YaCTO MCIONB3YETCS TS N3yUeHNS XeMUTIOMUHE CIICHITHH

KyMapaHOHOB [5, 6]. DTO m03BOJIMJIO HAM BBHIIBUTH

BUOOPTAHUYECKA S X1MU S ToM 50 Ne 1

COCJIMHEHHUSI, KOTOpPbIEe 00JIaIatoT cJ1aboi JIFOMUHEC-
LEHI[MEeH B II€JIOM, U UCKIIIOYUTHh UX U3 JaJbHEHIINX
9KCTIEPUMEHTOB. TaK, Mbl yCTAaHOBUIIN, YTO IPOU3BOIHBIE
1,3-muuzonpommiMoueBuHbl (coenunenus (Ila—d)) B
npucytctBuu JIbY He nposBIsItOT BBIPAKEHHOM JIIOMU-
HecneHH. OcTanbHbIE IPOU3BOIHBIE XapaKTePHU3YIOT-
Cs 3aMETHOH JIIOMHHECIEHIIUEH ¢ MaKCUMyMaMHU B
obmact ~420-500 M (Tabm. 1). Hanboree MHTEHCHBHYTO
JIFOMUHECIIEHIMIO TTPOSIBIISIIOT MPOou3BoiHbIe N,N-i13a-
MEIIEHHBIX HECHMMETPHYHBIX MOYEBUH (Tab. 1, coenu-
Henwust (V—VII)). 3ameTHbIM 0aTOXpOMHBIM CMELICHUEM
MaKCUMyMa JIIOMHUHECIEHIIUN OTJIMYAIOTCS COEIMHE-
HHUsl C PACIIMPEHHONW CUCTEMON KPaTHBIX CBS3€H WIIH
CoZIepIKalllne AEKTPOHHO-IOHOPHbIE Tpynnbl (Tadi. 1,
puc. 1). Taxxe ObLTO YCTaHOBICHO, YTO COCTUHCHUS,
coJiep Karine aToMbl XJiopa, propa niau Opoma, XapaxTe-
pU3yIOTCS Hauboee MPOIOIKUTEIHHON JIFOMUHECIICH-
et (Tabm. 1, puc. 2).

Ha cnenyromem stare paboThl MBI TOJBEPTIIN COEIH-
Henus (Ia—c) u (III-VII) meiicTBuiO mEepeKUcH BOJIO-
pona B menouHoi cpene. Okazanoch, 4YTO aMUJHBIE

npousBonHsie (Ia—c) u mpousBoAHBIE MOHO3aMeIEH-

2024



66

CMUPHOB u np.

Tadauna 1. Ontuueckue cBoiicta coequnennit (I-VII)

MaxkcumyMm Maxkcumym XeMUITIOMUHECIEHIUS
Coenunenue
abcopOuun, HM (ryopecneHnyy, HM MaKCUMYyM, HM MHTCHCUBHOCTL  |MPOJOJDKUTEIBHOCTD

(Ta) ~280 - ~450 + OBICTpO
(Ib) ~280 - ~480 + MEJUICHHO
(Ie) ~280 - ~500 + MEJIEHHO
(ITa) 284 312 - - -
(ITb) 288 - - - -
(ITe) 288 - - - -
(I1d) 285 313 - — -
(ITa) 283 314 ~450 + ME/JICHHO
(I1Ib) 286 - ~435 + cpeaHe
(IIIc) 297 ~330 ~450 + ObIcTpO
(IVa) 284 315 ~440 + MEJIEHHO
(IVDb) 286 316 ~440 + MEIUIEHHO
(IVe) 286 - ~450 + MEJIEHHO
(Va) 278 - 425 - OBICTPO
(Vb) 278 - 427 +++ MEUIEHHO
(Vo) 281 - 418 +++ ME/JICHHO
(Vd) 281 - 419 ++ ME/JICHHO
(Ve) 296 ~325 463 ++ MeJUICHHO
(V1) 294 ~325 456 +++ ObICTPO
(Vg) 278 - 420 ++ OBICTPO
(Vh) 282 358 453 +++ cpemHe
(Vi) 258 337 428 ++ OBICTPO
(VIa) 280 310 422 ++ OBICTPO
(VIb) 277 - 424 +++ MEJIEHHO
(VIc) 281 - 418 ++ MEJIEHHO
(Vld) 295 331 451 ++ OpICTPO
(Vle) 260 - 426 +++ OBICTPO
(VII) 281 315 427 +++ MEJIJICHHO

IIpumeuanne: aGcopOius u (iryopeclieHIHs — B alleTOHUTPUIIE, XeMUTIOMHHECTeHInsT — B arietoHutpuie u 0.1%-nom JIBY. OTHOCHTENB-
Hasi MHTEHCUBHOCThH HAOJIIOIaeMOT0 CHTHAJIA XeMIJTIOMUHECIICHIINY 0003HaYeHa CIESAYIONMM 00pa3oM: “+++’ — MakCHMaJIbHOE 3HAYCHUE;

“++” — cpeaHee 3HaYCHUE; “+”° — MUHIMAJIbHOE 3HAUCHHE;

w

— CUT'HaJI HE Y1aJ10Ch ACTEKTUPOBATH U3-3a KpaﬁHe HHU3KOH HUHTCHCHUBHOCTH,

JTAaHHAS YCIIOBHAS IIKaJia MPUMEHUMA JIJIsl OTHOCHTEIILHOMN OICHKH WHTCHCHUBHOCTU XEMILTFOMUHECIICHIIMU TOJILKO BHYTPH KaXKIOTO OT/ICITb-
HOT'O CTOJOIA.

HOpMaJ‘IME}OBaHHaﬂ NOMUHecueHuuns

——(Vh)
— (Vi)
——(Via)
——(VIb)
——(VIc)
——(VId)

(Vle)

(v

400

425 450 475

[nvHa BOMHbI, HM

500 525 550

Puc. 1. HopmanuzoBaHHBIE CTIEKTPBI XEMITIOMHHECIICHITH
coequnennii (V-VII) B aneroHuTpuiie nocie n00aBIeHUS
0.1% JIBY.

BUOOPIAHUYECKAS XNMU A

Hopmanu3oBaHHas NioMUHECLEHLMS

0 0.2 04 06

Time, (min)

0 0.04
Bpewms, MuH

0.08

Puc. 2. ['paduxu craga XeMUITIOMUHECIIEHIIMN COSTUHEHUI
(V=VII) B aueronutpuie nocie godasnenus 0.1% JABY.

TOoM 50
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HBIX HecuMMeTpruuHbIX MoueBHH (I1la—c) He mposBIsIOT
3aMETHOH JTIOMUHECIICHIINU B TAaKHX YCIOBHUSAX, B TO
BpeMsi Kak Tpou3BoAHbIE N,N-Au3aMeIIeHHbIX HECUM-
MeTpudHBIX MoueBUH (coenuuenus (V-VII)) B oTnemns-
HBIX CITy4asx XapaKkTepU3yIoTCs 3HAYUTEIbHON XEMUITIO-
MuHecHeHIuerH (taba. 2). Hambonee mHTEHCHBHAS
JIFOMUHECIIEHITNS TI0J] ACWCTBUEM IEPEKUCH BOIOpOIa
oKa3zaiach xapakTtepHa st coequHernit (Ve) u (VII)
1 pou3BOJHBIX Ondennndenona (coenunenus (Vh, i)
u (VIe)). UaTepecHo, 4TO B HEKOTOPBIX CITydasx JTFOMH-
HECIIEHITM HaOMIoaiach B BOJHO-IIEIIOUYHBIX PACTBO-
pax U B OTCYTCTBHE TIEPEKUCH Bogopozaa (Tabi. 2), 94ro
paHee He OBbLTO YCTAHOBJICHO ISl aMHTHBIX IIPOM3BOJHBIX
KyMapaHOHOB U, BEPOSITHO, OOBSCHSETCS UX MEHBIIICH
OCHOBHOCTHIO. OIHAKO B JTFOOOM CITydae TaKas JEOMHHEC-
LIEHINS B BOIHBIX PacTBOpax Oblila Ha MOPSIOK MEHee
WHTCHCUBHOM, YeM JIOMUHECIICHIUS B alleTOHUTPHUIIC

¢ JIBY.

Ha 3akmountensHOM 3Tane pabOThl Mbl H3yUHIIH
XEMUJTFOMUHECIICHTHBIC CBOWCTBA CHHTE3HPOBAHHBIX
COC/IMHEHHI B BOJHBIX PACTBOPAX B MPUCYTCTBHH ypeasbl
u3 Canavalia ensiformis. BbIIO yCTaHOBJICHO, YTO B
MIPUCYTCTBUH YPEa3bl IIOMHHECIIUPYET JIHIIb HEOOJBIIIOH
Habop coenunenuii — (Ve, f, g) u (Vla, e) (tabn. 2).
WuTeHcuBHOCTD HaOMI0IaeMOH JIIOMHUHECIICHIINH OKa3a-
JIaCh HA TOPSIOK MEHBIIIC WHTCHCUBHOCTH JIFOMHHEC-
LEHIINU B BOJHO-IIEIIOYHBIX PAacTBOPaX U, COOTBET-
CTBEHHO, Ha JIBa MOPSJKa MEHbIIE HWHTEHCUBHOCTHU

JIFOMUHECLICHIINY B aieToHuTpuiie ¢ JbY.

Takum 00pa3oMm, MBI YCTAaHOBWIIH, YTO 3-aMHHO-
KyMapaHOHBI XapaKTePU3YIOTCS 3HAUNTETFHONW XEMUITIO-
MHUHECLICHIIMEN B pa3HbIX ycioBusAX. HekoTopsle coenu-
HeHwus, Takue kak coeguuenus (Ve, f, g) u (Vla, e),
TaK)Ke MPOSBISAIOT APKYIO JIOMUHECIIEHLIUIO B MPUCYT-
CTBUH ypea3bl, YTO O3BOJISIET TOBOPUTH O BO3MOKHOCTH
MPUMEHEHUS 3-aMHHOKYMapaHOHOB B Kau€CTBE HMHIM-

KaTopoB ee (pepMEHTaTUBHON aKTUBHOCTH.

Taonanua 2. XemmtoMuHecIeHTHBIE cBoiicTBa coenuuernit (V—VII) B Bome

B Bone mpu pH 11 + 1% H,0, B Boze mpu pH 11 B Bone + ypeasa
Coenunenue MaKCHMYM, MaKCHMYM, MaKCHMYyM,
by | HmTCHCHBHOCTS | MpOZOmKHTEBHOCTS | HHTCHCHBHOCTS | MpOTOMKHTEBHOCT MHTCHCHBHOCTB | IIPOJIOIKHTEIBHOCTD
(Va) 460 + OBICTPO 450 + MEIUICHHO - - -
(Vb) 450 + cpenHe 450 + MEJICHHO - - -
(Ve) 450 +++ cpenHe ~440 + OBICTPO 435 +++ OBICTPO
(Vd) 445 + OBICTPO 445 + cpenHe - - -
(Ve) ~480 + OBICTPO - — - - — —
(V1) 475 ++ OBICTPO 470 + cpenHe 465 ++ cpenHe
(Vg) 435 ++ cpenHe 435 ++ cpenHe 440 ++ MEJUIEHHO
(Vh) 450 +++ MEJICHHO 455 ++ OBICTPO - - -
(Vi) 460 +++ cpenHe 460 +++ MEJICHHO - - -
(VIa) 445 + OBICTPO ~445 + MEIJICHHO 450 + OBICTPO
(VIb) 450 + MEIJIEHHO ~450 MEUIEHHO — — —
(VIe) 440 ++ OBICTPO ~450 MEJIJICHHO - - -
(VId) 470 ++ OBICTpPO 470 ++ cpenHe - - -
(VIe) 455 -+ OBICTpPO 460 +++ cpenHe 450 ++ ObIcTpO
(VID) 455 +++ cpenHe ~440 + MEJICHHO - - -

[TpumeuaHue: OTHOCUTENbHAS HHTEHCUBHOCTH HAOIIOaeMOr0 CHTHAJIA XeMUITIOMUHECIICHIIMK 0003HaueHa CIIeIYIOIUM o0paszom: “+++” —

MaKCHUMaJIbHO€ 3Ha4YeHHUe; “++ — cpeliHee 3HaYeHUe; “+ ’—MUHUMAaJIbHOE 3HAUCHUE;

[TERL

— CHUI'HaJl HC y1aJIOCh JACTCKTUPOBAThL U3-3a KpaﬁHe

HHU3KOU WHTCHCUBHOCTH, JaHHAasA YCJIOBHAA IIKaJIa MIPUMEHUMA IJIA OTHOCHTENIHHON OLICHKH MHTEHCUBHOCTH XEMIUTIOMHHECIEHITUN TOJIBKO

BHYTPHU KaXKJJOTO OTAEIBHOTO CTOIONA.

BUOOPTAHUYECKA S X1MU S ToM 50 Ne 1
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OKCIIEPUMEHTAJIBHA S YACTb

Oo6opynosanue. Crektpsl IMP (0, m.a.; J, I'n)
peructpupoBanu Ha npudopax Fourier 300 (300 MI'n;
Bruker, CIIIA) u Avance III NMR (700 MI't; Bruker,
CIIA) B8 DMSO-d, (BHyTpeHHul cTanmapt — Me,Si).
Cnekrpsl nornouieHus B YO u BUAUMOM auana3oHe
peructpupoBaiu Ha crnektpodoromerpe Cary 100
Bio (Varian, CIIIA). CrnexkTpsl GpayopecHeHIINN H
XEMUITIOMUHECIICHITUN PETHCTPUPOBATN Ha CIEKTPO-
¢myopumerpe Cary Eclipse (Varian, CILIA). Temneparypsr
iaBieHus onpenersuin Ha npudope SMP 30 (Stuart
Scientific, BenmukoOputanus) u He UCTpaBIsIu. Macc-
CHEKTPBI BBHICOKOTO Pa3pelICHHs PEeruCcTPpUPOBAIN Ha
npubope TripleTOF 5600° (AB Sciex, CIIIA) ¢ nonu-
3anueit metomom snexrpocnpes (ESI). Hanpsoxenne na
KalWUBSIpe cOCTaBIsIO 5.5 KB B pekuMe perucTpanuu
MIOJIOKUTEJILHBIX HOHOB U 4.5 KB B pexume peructpauuu
oTpuIlaTebHbIX HOHOB. [10TOK Ta3a-Hocuressi — 15 Arb,
rasza-pacusimuTens — 25 Arb. Beox mpo6 mpon3Boamim
C TIOMOIIIBO MITIPUIIEBOTO HACOCA CO CKOPOCTHIO TIOTOKA
20 mMxJ1/mMuH. []1s MccienoBaHus XeMUITIOMHHECIICHTHBIX
CBOMCTB ncnosb3oBanu ypeasy (KD 3.5.1.5) uz Canavalia
ensiformis (type 1X, powder, 50 000-100 000 en./r)
(Sigma-Aldrich, CILA) n nepekucs Bonopona (30%-Hblit
BOJIHBIN pacTBop; Sigma-Aldrich, CIIA).

Cunre3 N-(5-meTnji-2-0kco-2,3-1uruapooeHso-
¢ypan-3-nn)oenzamuaos (I). 2,2-JIurupoKCUyKCyCHYIO
kucaoty (184 mr, 2 Mmmois) u 4-metunbenzamu (270 mr,
2 MMOJIb) PacTBOPSUIM B CMECH YKCYCHOW KHCIOTBI
(5 MIT) ¥ KOHLIEHTPUPOBAHHOM cepHO KHCTOTHI (0.5 MiT).
[Honyuyennslii pacTBop nepememuBaiu 30 MUH npH
KOMHATHOH Temrmeparype. 3aTeM K CMecH J00aBIIsIH
COOTBETCTBYIOLIHH (peHo (2 MMOITb) U TIepeMEITBAIIH
B TeueHue 12 4. J/lanee peakmnoHHy0 CMECh pa30aBiIsiIH
Bozio# (50 mur), MONIYYEHHYIO CMECh 3KCTParupoBallv
XJIOpUCThIM MeTriieHOM (3 X 50 mut). OObeAMHECHHBIC

OPraHUYCCKHEC BBITAXKU BBICYIIMBAJINA HAI 6C3BOI[HBIM
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cynb(aToM HATpUs U yIapHUBAIU MPH MOHWKESHHOM
JapneHud. [TonmyydeHHbINH 0CTaTOK PacTBOPSIIN B YKCYyC-
HOM aHTHupue (5 M), TOTy4eHHBIH PACTBOP KUITATUIH
B TeueHHe 2 4. 3aTeM PeaKkIIMOHHYI0 CMECh BBIJICPKUBAIIH
pu —10°C B Teuenue 10 4. B cimydae oTCyTCTBUS Ocaaka
PEaKIIMOHHYIO CMECh pa30aBIIsIv TUATHIIOBBIM d(UPOM
(10 mur). IomydeHHBIHN 0camoK OT(GIIETPOBBIBAIIH, ITPO-
MBIBAJTU TU3THIIOBBIM 2(pUpoM (5 MIT) ¥ BBICYILIUBAIH IPU

ITOHM>XKCHHOM J1aBJICHUU.

Cunre3 1-(2-okco-2,3-guruapodensodypan-3-
uwia)moueBuH (II-VII). 2,2-JluruagpoKCUuyKCyCHYIO
kucnoty (184 mr, 2 Mmorb) u 4-metunoensamun (270 mr,
2 MMOIIb) PacTBOPSIN B TPUPTOPYKCYCHOH KHCIIOTE
(3 mm). IMomyguennsnii pacTBop nepememmBain 30 MUH
MIpY KOMHATHOM Temreparype. 3aTeM K CMeCH J100aBIIsIN
COOTBETCTBYIOIINH (heHOJT (2 MMOJIb) U ITepeMEeITHBAIN
B TeueHue 24 4. /lanee peakInOHHYIO CMECh YIIapHBAIH
MpY MOHM)KEHHOM AaBieHHH. [lodydeHHBIH ocTaTOK
pactBopsy B dTIuTanerare (100 M), mpoMBIBaTy HaCHI-
IIEHHBIM pacTBOpPOM xJyiopunaa kamausg (3 x 50 ma) u
ylapuBald NpU HOHUKEHHOM JaBicHUU. LleneBbie
COC/IMHEHHMS BBIICISUTH U3 OCTATKA MOCTIE YIIApUBAHHUS C
MOMOIIIO (UIAII-XpoMaTorpaduu (IMFOSHT — dTHIIAIeTaT

urekcas, 1 : 1).
4-Metua-N-(5-MeTII-2-0KCc0-2,3-1TUruapodeH30-
dypan-3-ua)oenzamua (Ia). benbrit mopomrok (213 wmr,
38%); T. 1. 179-182°C. 'H-SIMP (700 MI', DMSO-d):
2.27 (¢, 3H, CH3), 2.36 (¢, 3H, CH;), 5.48 (1, J 6.9, 1H,
NHCH), 7.06-7.11 (m, 2H, Ar), 7.15 (1, J 8.4, 1H, Ar),
7.30 (m, J 7.8, 2H, Ar), 7.77 (1, J 8.2, 2H, Ar), 9.63
(n, J 7.1, 1H, NH). 3C-IMP (176 MI'u, DMSO-d,):
20.5,20.9,51.1,109.9,124.1,126.3,127.4,129.0, 129.4,
129.7, 133.2, 142.0, 151.5, 165.7, 173.6. HRMS (ESI)
m/z: naiineno M 282.1128; paccuurano wist C;;H;(NO;™,
[M+H]" 282.1125.
N-(5-Bpom-2-oxco-2,3-quruapodensodypan-3-ui)-

4-metnadenzamun (Ib). bessrit mopomok (289 mr, 42%);
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T. 1. 190-193°C. '"H-SIMP (700 MI'u, DMSO-d,): 2.36
(c, 3H, CHy), 5.52 (o, J 7.1, 1H, NHCH), 7.21 (n, J 8.4,
1H, Ar), 7.30 (m, J 8.0, 2H, Ar), 7.47 (c, 1H, Ar), 7.55
(nm, J 8.5, 2.2, 1H, Ar), 7.78 (n, J 8.2, 2H, Ar), 9.76
(1,J7.1, 1H,NH). 3C-5IMP (176 MI', DMSO-d;): 21.0,
51.1, 112.5, 115.6, 126.5, 127.5, 129.0, 129.1, 129.4,
131.9, 142.1, 152.8, 165.9, 172.7. HRMS (ESI) m/z:
Haiineno M 346.0078; paccuurano mwisn C,H;3BrNO;",
[M + H]" 346.0073.
N-(5-Uon-2-okco-2,3-nuruapoden3opypan-3-ui)-
4-metnadenzamun (Ic). bemnsrit mopomox (188 mr, 24%);
T. 1. 202-205°C. "H-5IMP (700 MI'n, DMSO-d;): 2.36
(c, 3H, CHy), 5.50 (1, J 7.1, 1H, NHCH), 7.08 (1, J 8.4,
1H, Ar), 7.31 (n, J 7.8, 2H, Ar), 7.59 (c, 1H, Ar), 7.71
(nm, J 8.5, 1.0, 1H, Ar), 7.76 (n, J 8.2, 2H, Ar), 9.67
(1,J7.1, 1H,NH). 3C-SIMP (176 MI';, DMSO-d): 21.0,
50.8,87.3,112.8,127.4,129.0,129.3,129.4, 132.0, 137.7,
142.2, 153.3, 165.9, 172.6. HRMS (ESI) m/z: naiineno
M 393.9939; paccunrano mis C¢H3;INO;Y, [M + H]"
393.9935.
1,3-Imm3onponui-1-(5-MeTniI-2-0kco-2,3-1uruapo-
oenzodypan-3-uia)moueBuna (Ila). benbrit mopomok
(228 wmr, 39%); T. 1. 206-209°C. 'H-SIMP (700 MTI'n,
DMSO-dy): 0.84 (1, J 6.7, 3H, CHCH;), 1.13 (1, J 6.9,
3H, CHCHj), 1.31-1.36 (M, 6H, CHCH;, CHCHj), 2.20
(c, 3H, Ar-CHj;), 3.88 (cenT, J 6.8, 1H, CHCHj;), 4.19
(cemnt, J 6.9, 1H, CHCH,), 5.01 (ym.c., 1H, NCH), 6.69
(n,J 8.0, 1H, Ar), 6.90-7.08 (m, 2H, Ar), 9.51 (yur.c., I1H,
NH). BC-IMP (176 MI'n, DMSO-d,): 19.2, 19.4, 19.5,
19.9,20.5,42.6,44.2,115.4,121.5,127.4,130.3, 153.8,
155.1, 171.9. HRMS (ESI) m/z: naiineno M 291.1710;
paccuntano st C,H,3N,O5", [M + H]" 291.1703.
1-(5-bpoMm-2-okco-2,3-muruapoden3odypan-3-ui)-
1,3-nun3zonponuamouyesuna (IIb). benblil mopouok
(250 wmr, 35%); T. 1. 210-213°C. 'H-SIMP (700 MTI'n,
DMSO-dy): 0.85 (m, J 6.7, 3H, CHCH3;), 1.13 (g, J 7.1,
3H, CHCH;), 1.31-1.35 (M, 6H, CHCH;, CHCHj;), 3.90
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(cent,J 6.8, 1H, CHCHj;), 4.19 (cent, J 6.9, |H, CHCH,),
5.08 (ymr.c., 1H, NCH), 6.76 (n, J 8.6, 1H, Ar), 7.36 (1,
J 8.6, 2.7, 1H, Ar), 7.47 (yu.c., 1H, Ar), 10.17 (c, 1H,
NH). 1*C-SIMP (176 MI'u, DMSO-dj): 19.2, 19.4, 19.5,
20.6, 42.7, 44.3, 109.6, 117.7, 124.4, 132.6, 155.1,
155.6, 171.3. HRMS (ESI) m/z: naitneno M 355.0654;
paccunrano st C sH,oBrN,O5", [M + H]" 355.0652.
1-(5-Hon-2-oxco-2,3-qurnapodenzodypan-3-ui)-
1,3-qun3onponuiamovyeBuna (Ilc¢). benwiii nopomox
(223 wr, 28%); T. . 217-219°C. 'H-SIMP (700 MIw,
DMSO-d,): 0.85 (1, J 6.9, 3H, CHCH3;), 1.13 (1, J 6.9,
3H, CHCH,), 1.31-1.35 (m, 6H, CHCH;, CHCHj;), 3.88
(cent, J 6.8, 1H, CHCHj;), 4.19 (cent, J 6.9, 1H, CHCHj;),
5.05 (yurc., 1H, NCH), 6.64 (1, J 8.4, 1H, Ar), 7.50
(mm,J8.5,2.2,1H, Ar), 7.60 (ym.c., 1H, Ar), 10.14 (c, 1H,
NH). BC-AIMP (176 MI', DMSO-d,): 19.2,19.4, 19.5,
20.6,42.7,44.3,80.3, 106.2, 118.2, 124.9, 138.4, 153.8,
155.0, 171.3. HRMS (ESI) m/z: naitneno M 403.0515;
paccuurano st CsH, IN,O5", [M + H]" 403.0513.
1-(5-®T1op-2-0Kco-2,3-Aurnapoden3odypan-3-ui)-
1,3-nun3zonponuamouesuna (IId). benbrit mopomok
(173 mr, 29%); T. m1. 203-205°C. 'H-SIMP (700 MIw,
DMSO-dj): 0.84 (1, J 6.9, 3H, CHCHy), 1.14 (1, J 6.9,
3H, CHCH,), 1.31-1.35 (m, 6H, CHCH;, CHCHj;), 3.92
(cent, /6.9, 1H, CHCHj;), 4.19 (cent, J 6.9, 1H, CHCHj;),
5.08 (ymr.c., 1H, NCH), 6.78 (nz, J 8.8, 4.6, 1H, Ar),
7.04 (om, J 8.6, 3.1, 1H, Ar), 7.14 (ym.c., 1H, Ar), 9.82
(c, 1H, NH). *C-5IMP (75 MI', DMSO-dj): 19.2, 19.4,
19.5,20.6,42.7,44.3,116.2 (n, J 22.4), 116.4 (1, J 6.0),
123.1 (m, J 6.7), 152.6, 155.0 (1, J 233.9), 155.2, 171.4.
HRMS (ESI) m/z: natineno M 295.1458; paccunrano juis
C,sH,,BrN,O5", [M + H]" 295.1452.
1-(4-bpomdenunir)-3-(5-prop-2-0kco-2,3-1uruapo-
oenzodypan-3-ua)mouesuna (Illa). bensiii nopomok
(314 wr, 43%); T. . 230-233°C. 'H-SIMP (700 MI'w,
DMSO-d,): 5.29 (c, 1H, NHCH), 6.82 (ax, J 8.9, 4.7,
1H, Ar), 7.06 (tn,J 8.6, 3.2, 1H, Ar), 7.20 (11, 9.0, 3.1,
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1H, Ar), 7.35-7.38 (M, 2H, Ar), 7.69-7.72 (m, 2H, Ar),
8.65 (c, 1H, NHCH), 9.98 (c, 1H, NH-Ar). 3C-IMP
(176 MI'n, DMSO-d,): 57.4, 116.1 (n, J 22.8), 116.5
(mn, J 8.0), 117.3 (m, J 23.4), 120.4, 123.3 (n, J 7.4),
128.5,131.7,131.9, 152.2 (n, J 1.7), 155.1 (m, J 234.7),
155.5, 171.8. HRMS (ESI) m/z: naiineno M 364.9930;
paccuurano st C sH,BrFN,O;", [M + H]" 364.9932.

1-(4-bpomdenu)-3-(5-uoa-2-okco-2,3-1uru-
poden3odypan-3-uan)mouesuna (IIIb). Benrrii
nopomok (313 mr, 33%); T. mn. 221-223°C. 'H-IMP
(700 MI'u, DMSO-dy): 5.27 (c, 1H, NHCH), 6.68
(m,J 8.4, 1H, Ar), 7.35 (n, J 8.6, 2H, Ar), 7.52 (o, J 8.4,
2.3, 1H, Ar), 7.64 (n, J 2.1, 1H, Ar), 7.70 (1, J 8.6, 2H,
Ar), 8.61 (c, IH,NHCH), 10.31 (c, 1H, NH-Ar). 3C-SIMP
(176 MI'm, DMSO-dy): 57.3, 80.5, 118.3, 120.4, 125.0,
128.4, 131.7, 131.9, 138.4, 139.2, 155.4, 155.8, 171.9.
HRMS (ESI) m/z: naiinerno M 472.8991; paccantano Juist
C,sH,,BrIN,O;*, [M + H]" 472.8992.

1-(4-bpompennn)-3-(5-3ToKcH-2-0KC0-2,3-TUTHIPO-
oenszodypan-3-ua)moueBuna (Illc). bensrii mopomok
(173 mr, 22%); T. 1. 199-202°C. 'H-SIMP (700 MI'1,
DMSO-dy): 1.29 (1,J 6.9, 3H, CH,CHj;), 3.94 (x8, J 7.0,
2H, CH,CH;), 5.22 (c, 1H, NHCH), 6.71-6.75 (™, 1H,
Ar), 6.77-6.81 (M, 1H, Ar), 6.87 (1, J 3.1, 1H, Ar), 7.35
(M, 2H, Ar), 7.69 (M, 2H, Ar), 8.60 (c, 1H, NHCH), 9.45
(c, 1H, NH-Ar). 3C-5IMP (176 MI', DMSO-d,): 14.8,
58.0,63.5,115.8,116.3,117.2,120.3, 122.6, 128.4, 131.7,
132.0, 149.5, 151.2, 155.5, 172.2. HRMS (ESI) m/z:
Haiineno M 391.0292; paccunrano st C,-H,(BrN,0,",
[M+H]" 391.0288.

1-(5-®Top-2-0xco-2,3-qurnapodensodypan-3-ui)-
3-meTuamoueBuna (IVa). bensrit mopomrok (183 wr,
41%); T. 1. 205-207°C. 'H-5IMP (700 MI'u, DMSO-dy):
2.86(c,3H,CH;),5.16(c, 1H,NHCH), 6.79 (a1, 8.8, 4.8,
1H, Ar), 6.98-7.07 (m, 2H, Ar), 8.31 (¢, 1H, NHCH), 9.78
(c, 1H, NHCH3). '3C-5IMP (176 MI', DMSO-dy): 24.2,
56.9,115.8 (n,J22.4),116.4 (n,J 12.4),116.5 (11, J 19.1),
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123.4 (n, J 7.4), 152.1 (m, J 1.3), 155.1 (0, J 234.2),
157.3, 173.0. HRMS (ESI) m/z: naiineno M 225.0670;
paccunrano st C;oH,FN,O5", [M + H]" 225.0670.

1-(5-Xs10p-2-0Kc0-2,3-1uruapodeH3opypan-3-ui)-
3-meTnamoueuHa (IVb). benbiit nopomox (163 wmr,
34%); T. . 213-215°C. 'H-SIMP (700 MI'y, DMSO-d):
2.87 (c, 3H, CH3), 5.17 (¢, 1H, NHCH), 6.82 (z, J 8.6,
1H, Ar), 7.20-7.25 (M, 2H, Ar), 8.30 (¢, 1H, NHCH),
10.10 (c, 1H, NHCH,). 13C-IMP (176 MI', DMSO-dj):
24.2, 56.8, 117.2, 122.2, 124.1, 129.3, 129.8, 154.8,
157.2, 172.9. HRMS (ESI) m/z: naiineno M 241.0377,
paccuurano st C;oH,,CIN,O5", [M + H]" 241.0374.

1-(5-bpom-2-oxco-2,3-quruapodenzodypan-3-ui)-
3-meTuamoueBuHa (IVe). bensrii mopormok (152 wr,
27%); T. 1. 223-225°C. "H-SIMP (700 MI't, DMSO-dj):
2.86(c,3H, CH3),5.16 (¢, 1H,NHCH), 6.77 (n,J 8.4, 1H,
Ar), 7.28-7.40 (M, 2H, Ar), 8.29 (¢, 1H, NHCH), 10.12
(¢, IH, NHCHj;). 3C-SIMP (75 MI'n, DMSO-dy): 24.2,
56.8, 109.7, 117.7, 124.6, 132.3, 132.7, 155.2, 157.3,
173.0. HRMS (ESI) m/z: naiineno M 284.9871; paccuu-
tano gt C,oH,(BrN,O5", [M + H]" 284.9869.

1,1-JumeTnn-3-(5-MeTHJI-2-0KC0-2,3-TUTHIAPO-
o0eHzodypan-3-un)moueBuna (Va). benbiil mopouok
(167 mr, 36%); T. . 201-203°C. 'H-SIMP (700 MIw,
DMSO-dy): 2.28 (¢, 3H, CHj;), 2.78 (c, 6H, N(CH;),),
5.10 (m, J 6.1, 1H, NHCH), 7.00 (m, J 8.0, 1H, Ar),
7.03 (c, 1H, Ar), 7.10 (g, J 8.4, 1H, Ar), 7.61 (1, J 7.1,
1H, NHCH). BC-SIMP (176 MI'u, DMSO-d;): 20.5,
35.7, 51.8, 109.7, 124.0, 127.6, 128.9, 132.8, 151.3,
156.8, 174.7. HRMS (ESI) m/z: naitneno M 235.1077;
paccunrano st C,HsN,O5", [M + H]" 235.1077.

3-(5-®1op-2-0xco-2,3-nuruapodensodypan-3-umin)-
1,1-numeTnamoueBuHa (Vb). benbrit mopomox (161 wr,
34%); T. 1. 210-213°C. "TH-IMP (700 MI', DMSO-dj):
2.78 (¢, 6H, N(CHj3),), 5.16 (1, J 6.7, 1H, NHCH), 7.09
(nn, J 7.6, 1.7, 1H, Ar), 7.11-7.18 (M, 2H, Ar), 7.67
(m,J6.9, IH, NHCH). *C-IMP (176 MI', DMSO-d):
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35.7, 52.3, 111.0 (n, J 25.1), 111.3 (m, J 8.4), 115.0
(m,J24.4),129.6 (n,J 8.7),149.4,156.8,158.7 (1, J 239.3),
174.5. HRMS (ESI) m/z: natineno M 239.0827;
paccuurano st C;,H,FN,O;%, [M + H]" 239.0826.

3-(5-Xnop-2-okco-2,3-quruapoden3odpypan-3-mi)-
1,1-numeTnamoueBuHa (V). bensrit moporok (189 mr,
37%); T. 1. 214-216°C. "H-SIMP (700 MI', DMSO-dj):
2.78 (¢, 6H, N(CH3),), 5.15 (1, J 6.7, 1H, NHCH), 7.17
(n, J 8.4, 1H, Ar), 7.26 (c, 1H, Ar), 7.36 (nn, J 8.5, 2.2,
1H, Ar), 7.68 (1,J 6.9, 1H, NHCH). 3C-SIMP (176 MI'ny,
DMSO-dy): 35.7, 52.0, 111.8, 123.5, 127.6, 128.5,
130.1, 152.1, 156.8, 174.0. HRMS (ESI) m/z: naiineno
M 255.0526; paccuntano s C;;H;,CIN,O5", [M +H]"
255.0531.

3-(5-bpom-2-0kco-2,3-guruapodensopypan-3-
wi)-1,1-rumernamoueBuna (Vd). bensiii mopormok
(156 mr, 26%); T. . 221-223°C. 'H-SIMP (700 MT1,
DMSO-dy): 2.78 (¢, 6H, N(CH3),), 5.16 (n, J 6.7, 1H,
NHCH), 7.13 (n, J 8.6, 1H, Ar), 7.38 (c, 1H, Ar), 7.50
(m,J9.9, 1H, Ar), 7.67 (1, J 6.7, 1H, NHCH). *C-IMP
(176 MI'y, DMSO-dy): 35.7, 51.9, 112.3, 115.3, 126.3,
130.5, 131.4, 152.6, 156.8, 173.8. HRMS (ESI) m/z:
Haiineno M 299.0027; paccuntauo mist C; H;,BrN,O;",
[M + H]" 299.0026.

3-(5-I'uapoxcu-2-okco-2,3-nuruapodoerzodypan-
3-un)-1,1-mumeTuamoueBuna (Ve). benblii mopoiok
(112 mr, 24%); T. . 230-233°C. 'H-SIMP (700 MTI'n,
DMSO-dy): 2.78 (¢, 6H, N(CHs),), 5.07 (1, J 6.7, 1H,
NHCH), 6.62 (1, J2.3, 1H, Ar), 6.65 (1, J 8.6, 2.5, 1H,
Ar), 6.91 (1, J 8.6, 1H, Ar), 7.56 (n, J 6.9, 1H, NHCH),
9.22 (¢, 1H, OH). 3C-IMP (176 MI'u, DMSO-dy):
35.7, 52.3, 110.5, 110.7, 114.6, 128.4, 145.9, 153.8,
156.9, 174.9. HRMS (ESI) m/z: naitneno M 237.0867;
paccunrano st C;H ;sN,O,", [M + H]" 237.0870.

3-(5-9Tokcu-2-0kco-2,3-1uruapodeH3opypan-
3-wia)-1,1-qumerunmoueBuna (Vf). bensrit mopomok
(99 mr, 19%); T. mn. 175-177°C. 'H-SIMP (700 MIw,
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DMSO-d): 1.30 (t, J 7.0, 3H, CH,CH,), 2.78 (c, 6H,
N(CHy),), 3.92-4.04 (m, 2H, CH,CHj), 5.11 (1, J 6.5, 1H,
NHCH), 6.77 (n,J 1.7, 1H, Ar), 6.83 (mn, J 8.7, 2.6, 1H,
Ar), 7.03 (7, J 8.8, 1H, Ar), 7.59 (n, J 6.9, 1H, NHCH).
3C-SIMP (176 MI'u, DMSO-dy): 14.6, 35.7, 52.3, 63.6,
110.2, 110.5, 114.0, 128.7, 147.1, 155.2, 156.9, 174.8.
HRMS (ESI) m/z: natinerno M 265.1185; paccuntano Juis
C;H;N,O,", [M + H]" 265.1183.

3-(5-(AnamanTan-1-wi)-2-0kco-2,3-1urupooeHso-
dypan-3-un)-1,1-numerusamoueBuna (Vg). benorit
nopomok (190 mr, 27%); T. m1. 243-245°C. 'H-IMP
(700 MI'u, DMSO-dy): 1.67-1.77 (m,6H,Ad), 1.84 (n,J2.7,
6H, Ad), 2.05 (ym.c., 3H, Ad), 2.79 (c, 6H, N(CH;),),
5.16 (n, J 6.1, 1H, NHCH), 7.05 (n, J 8.4, 1H, Ar), 7.20
(c, 1H,Ar), 7.31 (an,J 8.7, 1.6, 1H, Ar), 7.57 (1,J 6.9, 1H,
NHCH). '3C-SIMP (75 MI', DMSO-d;): 28.3,35.6,35.7,
36.1,42.8,52.0,109.6,119.8,125.1, 127.2,146.7, 151.3,
156.9, 174.8. HRMS (ESI) m/z: naiineno M 355.2023;
paccunrano st C, Hy,N,O5", [M + H]* 355.2016.

3-(5-(4-Huanodenmi)-2-okco-2,3-1urugpooeH3o-
¢ypan-3-nia)-1,1-numernamodesnna (Vh). bensiit
nopomok (114 mr, 18%); T. m1. 233-236°C. 'H-IMP
(700 MI'u, DMSO-dy): 2.79 (¢, 6H, N(CHj),), 5.22
(m, J 6.7, 1H, NHCH), 7.28 (m, J 8.4, 1H, Ar), 7.59
(c, 1H, Ar), 7.69-7.73 (M, 2H, Ar, NHCH), 7.85 (M, 2H,
Ar), 7.90 (m, 2H, Ar). 3C-5IMP (75 MI'ny, DMSO-d;):
35.7,51.9,109.7,110.8,118.9, 122.2,127.4,127.9, 129.0,
132.9, 134.1, 144.1, 154.0, 156.9, 174.4. HRMS (ESI)
m/z: Haiineno M 322.1192; paccuntano s C gH; N;O5",
[M+H]" 322.1186.

3-(5-®ennia-2-okco-2,3-qurngpodensopypan-3-
uia)-1,1-numernamoueBuna (Vi). bensrit mopormox
(295 mr, 50%); T. . 183-185°C. 'H-SIMP (700 MI'1,
DMSO-d,): 2.79 (¢, 6H, N(CHs),), 5.21 (n, J 6.5, 1H,
NHCH), 7.22 (0, J 8.4, 1H, Ar), 7.35 (1, J 7.3, 1H, Ar),
7.46 (1, J 7.7, 2H, Ar), 7.48 (c, 1H, Ar), 7.58-7.63
(M, 3H, Ar, NHCH), 7.68 (1, J 6.9, 1H, Ar). '*C-IMP
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(176 MI', DMSO-dy): 35.7, 51.9, 110.5, 121.8,
126.5, 127.2, 127.2, 128.6, 128.9, 136.1, 139.7, 153.1,
156.9, 174.5. HRMS (ESI) m/z: naiineno M 297.1239;
paccunrano st C,H,,N,O5", [M + H]"297.1234.
N-(5-MeTua-2-okco-2,3-nurujgapoodenzodypau-
3-na)nuppoaunaun-1-kapooxkcamug (VIa). benblii
nopomok (181 mr, 35%); T. mr. 208-210°C. 'H-IMP
(700 MI'u, DMSO-d;): 1.80 (yur.c., 4H, NCH,CH,,
NCH,CH,), 2.29 (¢, 3H, CHj3), 3.20 (ym.c., 4H,
NCH,CH,, NCH,CH,), 5.12 (n, J 6.5, 1H, NHCH),
7.00 (m, J 8.0, 1H, Ar), 7.05 (c, 1H, Ar), 7.10 (1, J 8.2,
1H, Ar), 7.42 (1, J 7.1, 1H, NHCH). '3C-5IMP (75 MTI'n,
DMSO-d,): 20.5, 25.0, 45.3, 51.6, 109.7, 124.1, 127.6,
128.9, 132.8, 151.3, 155.1, 174.7. HRMS (ESI) m/z:
Haiineno M 261.1237; paccunrano mis C,4H;,N,05",
[M+H]" 261.1234.
N-(5-DT1op-2-0Kkco-2,3-nuruapodensodypan-3-
uia)nuppoauaun-1-kapookcamun (VIb). bensiit
nopomok (180 mr, 34%); T. mn. 210-212°C. 'H-IMP
(700 MI'u, DMSO-d;): 1.80 (yur.c., 4H, NCH,CH,,
NCH,CH,), 3.20 (y.c.,4H, NCH,CH,, NCH,CH,), 5.18
(n,J6.7,1H,NHCH), 7.10 (nn,J7.5,2.2, 1H,Ar), 7.12-7.18
(M,2H, Ar), 7.47 (1,J 7.1, 1H,NHCH). *C-SIMP (75 MI'ny,
DMSO-d): 25.0, 45.3, 52.1, 111.1 (&, J 25.3), 111.3
(n,J8.2),115.0 (n,J23.8), 129.7 (1, 8.9), 149.4, 155.1,
158.7 (m, J 239.2), 174.5. HRMS (ESI) m/z: naiineno
M 265.0987; paccunrano st C,H ,FN,O5", [M + H]"
265.0983.
N-(5-Bpom-2-0kco-2,3-guruapoodenzodpypan-3-
uia)nuppoauan-1-kapooxkcamuna (VIc). benbiit
nopomok (245 mr, 38%); T. w1 238-240°C. 'H-IMP
(700 MI'y, DMSO-dy): 1.80 (yur.c., 4H, NCH,CH,,
NCH,CH,), 3.20 (yur.c.,4H, NCH,CH,, NCH,CH,), 5.18
(m,J6.9, 1H,NHCH), 7.13 (1, 8.4, 1H, Ar), 7.39 (1, J 1.9,
1H, Ar), 7.46-7.52 (m, 2H, Ar, NHCH). '3C-5IMP (75 MI'1y,
DMSO-dy): 24.9,45.3,51.7, 112.3, 115.4, 126.4, 130.5,
131.5, 152.6, 155.1, 173.9. HRMS (ESI) m/z: naiineno
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M 325.0185; paccunrano s C3H,,BrN,O5", [M +H]"
325.0182.
N-(5-9T0oKCH-2-0KCO0-2,3-TUTHAPOOEH30pYypaH-
3-na)nuppoaunaun-1-kapooxkcamua (VId). bensrii
nopomok (180 mr, 31%); T. mn. 197-199°C. 'H-SIMP
(700 MI', DMSO-dy): 1.30 (t, J 7.0, 3H, CH,CH,),
1.80 (yumr.c., 4H, NCH,CH,, NCH,CH,), 3.20 (yurc.,
4H, NCH,CH,, NCH,CH,), 3.93-4.04 (m, 2H, CH,CHy),
5.14 (n, J 6.7, 1H, NHCH), 6.76-6.81 (m, 1H, Ar), 6.83
(nm, J 8.8, 2.7, 1H, Ar), 7.03 (n, J 8.8, 1H, Ar), 7.40
(n,J7.1, IH,NHCH). '3C-5IMP (75 MI', DMSO-d;): 14.7,
25.0,45.3,52.1, 63.6,110.3, 110.6, 114.0, 128.7, 147.1,
155.2, 174.8. HRMS (ESI) m/z: naiineno M 291.1345;
paccunrano st C sH,gN,O,", [M + H]" 291.1339.
N-(2-Oxco-5-penna-2,3-guruapodenzodypau-
3-nam)nuppoaunann-1-kapooxcamuna (Vle). benorii
nopomok (315 mr, 49%); T. mn. 210-212°C. 'H-IMP
(700 MT', DMSO-dy): 1.79 (yur.c., 4H, NCH,CH,,
NCH,CH,), 3.22 (yur.c., 4H, NCH,CH,, NCH,CH,),
5.24 (n, J 6.7, 1H, NHCH), 7.23 (n, J 8.2, 1H, Ar), 7.35
(t, J 7.3, 1H, Ar), 7.46 (1, J 7.6, 2H, Ar), 7.47-7.51
(M, 2H, Ar, NHCH), 7.58-7.64 (M, 3H, Ar). 3C-IMP
(75 MI'n, DMSO-d,): 24.9, 45.3, 51.7, 110.5, 122.0,
126.5, 127.2, 128.6, 129.0, 136.1, 139.7, 153.0, 155.2,
174.6. HRMS (ESI) m/z: naiineno M 323.1383;
paccunrano st CoH,gN,O5", [M + H]"323.1390.
N-(5-®T1op-2-0Kco-2,3-nuruapodeHzopypan-3-
wi)Mopgoann-4-kapookcamua (VII). bensiii mopo-
1ok (224 mr, 40%); T. 1. 205-207°C. 'H-SIMP (700 MI'w,
DMSO-dy): 3.23-3.27 (m, 4H, OCH,, OCH,), 3.54
(1, 4.8, 4H, NCH,, NCH,), 5.22 (1, J 6.7, 1H, NHCH),
7.11 (nn, J 7.4, 1.7, 1H, Ar), 7.12-7.16 (m, 1H, Ar),
7.16-7.20 (m, 1H, Ar), 7.91 (1, J 6.9, 1H, NHCH).
BC-SIMP (75 MI', DMSO-dy): 43.7,52.2,65.7, 111.1 (n,
J26.1),111.4 (n,J8.2), 115.2 (n,J 23.8), 129.4 (1, J 8.9),
149.5,156.3,158.7 (1, 239.2), 174.4. HRMS (ESI) m/z:
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Haiineno M 281.0934; paccuurauno s C,H,,FN,O,",
[M + H]* 281.0932.

Peructpanusi ceKTpoB XeMHUJIIOMUHECIHEHIMH.
PactBopsr coenunenuit (I-VII) B aneronutpuie wiu
JUCTUIITMPOBaHHOM Bojie cMmemmuBaiu ¢ JIBY, ruapok-
cugoM Hatpus (13 6 M pacTBopa), EPEKUCHI0 BOIOPOIA
WM ypeasoit (cM. Tadi. 1 u 2) u cpa3y perucTpupoBaIn
CIICKTDP JTIOMUHECICHITNH. KoHeuHasi KOHIICHTpaIus
coeaunenwii (I-VII) cocrasmisa 0.2 MM, JIBY — 6.5 MM,
ruapokcuaa Harpus — 150 MM, nepekucu Bogopona —

300 MM, ypeassl — 1000 ej./mt.

3AKJIIOYEHUE

B nmanHOi1 pabore cuHTe3UpoBaHa cepusi 3-aMHUHO-
KyMapaHOHOB. YCTaHOBJICHO, YTO aMHUIHbIE TIPON3BOIHbIE
(Ia—¢) 1 mpou3BOAHBIE HECUMMETPHYHO 3aMEIICHHBIX
moueBuH (III-VII) oGmagaroT 3HAYUTETLHOW XEMH-
JIFOMMHECLICHIIUEN TIPHU pa3JInYHbIX yclloBusX. ITpucyr-
CTBHE 3JIEKTPOHHO-JOHOPHBIX IPYIII UK 3aMECTHUTEIEH,
YBETMYUBAIOIINX CHCTEMY KPaTHBIX CBA3€H B MOJEKY-
JlaX CHUHTE3MPOBAHHBIX COEJMHEHUI, MPUBOAUT K
3aMEeTHOMY 0aTOXpPOMHOMY CMEIIEHHI0 MaKCUMyMa
WX JNIOMUHECHeHIuH. Ha mpuMepe mpou3BOIHBIX
N,N-nu3aMelmeHHbIX HECUMMETPUUHBIX MOYEBUH
(coemuuenus (V-VII)) mokazaHo, 9T0 HHTEHCUBHOCTD
JIIOMUHECIICHIINM CHIDKAETCS B PALY: alleTOHUTPHII C
JABY > Boma (pH 11) ¢ mepekucwro Bomopoja > Bojaa
(pH 11) > Boga ¢ ypea3oii.

IToka3zano, yto npousBoaHble N,N-IH3aMENIEHHBIX
HECUMMETPUYHBIX MOYEBHH MOTYT OBITh UCTIOIB30BaHBI
JUTSL OTIPEJIENIeHNs TIEPEKUCH BOJIOPOA, & COCTUHEHUS
(Ve, 1, g) u (Vla, e), 6narogapst sspKoii TIOMUHECLICHLIUH B
MIPUCYTCTBHUHU ypeas3bl, MOTYT TAKXKe HANTH IPUMEHEHHE B

KaueCTBE MH/IMKATOPOB ee (pepMEeHTaTHBHOW aKTUBHOCTH.

®OHJIOBASI ITIOJIJIEPXKKA

Pabota BeIMoONTHEHA TIpU (GUHAHCOBOW TOAIEpkKe Mu-

HHUCTEPCTBA HAyKHW W BBHICIIEro oOpazoBanusi Poccuiickoit
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Aminocoumaranones As Chemiluminescence Indicators
of the Urease Activity and Hydrogen Peroxide
A. Yu. Smirnov* ** N. S. Baleeva* #, A. S. Mishin*, Yu. A. Bogdanova*, and M. S. Baranov* **
# Phone: +7 (926) 704-13-72; e-mail: nshaleeva@gmail.com

* Shemyakin—Ovchinnikov Institute of Bioorganic Chemistry RAS, ul. Miklukho-Maklaya 16/10, Moscow, 117997 Russia
**Pirogov Russian National Research Medical University, ul. Ostrovitianova 1, Moscow, 117997 Russia

We report a series of 3-aminocoumaranones possess significant chemiluminescence under various conditions.
The introduce of the electron-donor groups in the coumaranone moiety and increasing of the conjugated n-system
of coumaranones allow to shift 30—40 nm of the chemiluminescence maxima to the long-wavelength region. We

showed that some 3-aminocoumaranones can be used for detecting of the urease and hydrogen peroxide.

Keywords: aminocoumaranones, chemiluminescence, hydrogen peroxide, ureases
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