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O0600111eHb METOABI CUHTE3a, CBOMCTBA U 00JIaCTU IMMPUMEHEHMSI Pa3IMYHbIX O0pcoaepKallrx IIpOru3BOI-
HbIX KymapuHa. Ocoboe BHUMaHUe yIeJIeHO MPOU3BOIHBIM C PA3IMYHBIMU TTOJIUINPUIECKUMU OOPHBIMU
KJacTepaMM B KaueCTBE 3aMeCTUTeJIel, TAKUMU KaK KapOopaHbl, MeTalljlakapOopaHbl U K2030-10AeKa00-
paTHBII aHUOH. PaccMOTpeHbI TakKe MPOU3BOIHBIE KYMapHHa ¢ TPOCTHIMU O0POPTaHMIECKUMU 3aMECTH -

TEJISIMU — OOPOHOBBIE KUCIOTHI U UX 3(DUPHIL.
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BBEAEHUE

KymapyiHpl — KJ1acc IpUPOOHBIX OpraHMYeCKUX
COCTMHEHWM, TPEACTABISIONINX COO0M HEeHACHIIIIEH -
Hble apoMaTU4YeCKue JIAKTOHbI, B OCHOBE KOTOPBIX
JIEXUT 5,6-0eH30-0-MUPOH (KyMapuH) — JIAKTOH
yuc-opmo-oKCUKOPUIHOM KucaoTel (puc. 1) [1-5].
ITpuponHble KyMapyHBI U UX CHHTETUYECKUE aHaJIO-
v 00J1a1al0T pa3HOCTOPOHHEN (hapMaKOJIOTHIECKOM
aKTUBHOCTBIO, IIPOSIBJISIIOT CIIa3MOJIMTUYECKOE, IIPO-
THUBOOITYX0JIEBOE, aHTUOAKTepUaJIbHOE, aHTUBUPYC-
HO€, aHTUKOAryJIIHTHOE U IPYyrue BUIOBI OEVCTBUS
[6—27]. Hapsimy ¢ GMOI0rM4ecKOil aKTUBHOCTBIO KY-
MapuHBI 001a0a10T YHUKAJIbHBIMU (DJIyOpEeCLIEHTHBI-
MU CBOMCTBaMHM, YTO IIPUBEJIO K MX IIUPOKOMY MC-
MOJb30BAHUIO B MEAUIIMHCKON XMWY 1 Pa3IUIHBIX
OUOJIOTUYECKUX HCCIAEAOBAaHUSIX B KayecTBe (yo-
PECLIEHTHBIX 30HI0B U METOK [28].

OTO 00YCIOBIMBAET UHTEPEC K CUHTE3Y U UCCIIEA0-
BaHUIO pa3IMYHbBIX O0pCOAepKALIMX ITPOU3BOIHBIX KY-
MapuHa, B IIEPBYIO OYEPEIb COENUHEHUI, COOEPKAIIX
B CBOEM COCTaBe OOpPHBIE KJIAaCTEPhl, BKITIOYAST MTOJTUI-
puyeckue 00pOBOIOPOOHBIE aHWOHBI, KapOOpaHbl U
METaJUIOKapOOpaHbl, KOTOPHIE MPEACTABISIIOT NHTE-
pec UTST UCTIOJIb30BaHUSI B OOp-HEUTPOHO3aXBaTHOM
Tepanuu paka [29—31], a Takxke 111 psiia Ipyrux Ha-
MpaBJICHUI UCTIOJIb30BaHUs B MenuninHe [32—40].
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B npeniaraeMmoM 0630pe paccMaTpUBaeM pasiind-
HbIE TIOAXOOBI K CHHTE3y OOpCOmepKalluxX ITPOU3-
BOIHBIX KyMaprHa, BKJII0Yast KaK COeIUHEHUSI C O6Op-
HBIMM KJIaCTepaMM, TaK U TUITUYHBIE GOpOpraHude-
CKHE COEIMHEHMSI.

[MPOU3BOAHbLIE KYMAPUHA C KJIO30-
KAPBOPAHAMMHA B KAYECTBE
SAMECTHUTEIA

Kap6opaHconep:xaiiue ITpon3BOIHbIE KyMapHHa
OBUTH TIEPBBIMU M3 OIMCAHHBIX O0pcomepKaIIx Ipo-
WM3BOMHBIX KyMapyHa, 4YTO BO MHOTOM O0YCJIOBIIBACT-
csl MPOCTOTOM X cUHTe3a. biarogapsi cuiibHOMY 3JIeK-
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7
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Puc. 1. CtpyKkTypa U MOpsSIIOK HyMepalii aTOMOB B Ky-
MapuHe.
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TPOHOAKIIENTOPHOMY 3((heKTy KapOopaHOBOTO OCTO-
Ba, CH-rpymniisl B opmo-KapoopaHe 001agaloT KUCIbIM
xapakTtepoM (pK;, ~ 23 [41]), OIU3KUM K KUCIIOTHOCTHU
aneTwieHOB [42]. DTo mO3BOJSIET METAUIMPOBATh
KapOopaH U ero MPpOU3BONHbIE CUJIBHBIMU METAJLJIO-
OpraHMYeCKMMU OCHOBAaHMSIMM, TaKUMU KakK H-Oy-
TWUIUTUHN WIN peaKTUBH [puHbsApa, ¢ o6pa3oBa-
HYEM COOTBeTCTBYIOINX C-TUTHEBBIX M C-MarHUeBBIX

JJACBKOBA wu np.

MpOoM3BOAHBIX. [locenHue SIBIIIOTCS XOPOIIMMUI HyK-
JleopuIaMy M pearupyroT ¢ KapOOHWIBHOM I'PYIIIION
KyMapuHa ¢ o0pa3oBaHUEM IIPOAYKTOB 1,4-1ipuco-
enuHeHus. Tak, peaKllMy JUTUEBOTO NPOU3BOTHO-
ro l-uzomnponuir-opmo-KapoopaHa ¢ KYMAapUHOM U
6,7-6eH30KyMapUHOM IIPUBOISIT K 0Opa30BaHUIO CO-
OTBETCTBYIOILLIMX NPOAYKTOB 1,4-nipricoenuHenus 1 u
2 (cxema 1) [43—435].

i-Pr
1. C¢Hg/Et,0
—_—
2. H;0™"
(0]
i-Pr
1. C¢Hg/Et,0
B — e
2. H;0"
(@)
Cxema 1.

HecMmoTpst Ha TO, YTO IJII TUTUMOPraHUYECKUX COCTMHEHU, B OTIIMYKE OT peaKTUBOB [ prHbsIpa, 0GBIMHO
XapakTepHBbI peaknu 1,2-TIprcoennHeHs, B JTAaHHBIX peaKIINIX 00pa3yloTcsl TOJIBKO IIPOAYKTHI 1,4-TIprco-
eIUHEHUsI, YTO, TTI0-BUAUMOMY, OOYCIOBJIEHO CTEPUUECKUMU 3aTPyAHEHUSIMUA CO CTOPOHbBI U30MPONUIbHOMN
TPYIIIBI IPU COCEAHEM aTOMeE YIiiepoaa opmo-KapoopaHa.

CoenuHeHust 1 1 2 Takke MOTYT OBITh HOJIYYEHBI ¢ MCIOJIL30BaHMEM MEIHOIO MPOU3BOAHOTO 1-M30Ipo-
n-opmo-kKapoopaHa [46]. AHATOTUIHBIM 00Pa30M peakIIns METHOTO MPOU3BOTHOTO 1-heHuT-opmo-Kap-
GopaHa ¢ KyMapyuHOM IPUBOAUT K 00pa3oBaHUIo coenuHeHus 3 (cxeMa 2) [46].

1. C¢Hg/Et,O

[

2. H;0"

3 92%

Cxema 2.

AHaJOTMYHBIM 00pa3oM peaklMu JUTUEBOro U
MarHMeBOTro MPOM3BOIHEIX 1-u3onpornuia- u 1-de-
HWI-opmo-KapbopaHa ¢ 3-Kap03TOKCUKYMapHUHOM
U 3-KapO3TOKCU-6,7-0€H30KyMapruHOM HPUBOASIT
K 00pa30BaHUIO COOTBETCTBYIOIIMX ITPOAYKTOB 1,4-

KYPHAJI HEOPTAHUYECKOW XUMUU

npucoenmHeHus 4—7 (cxema 3) [43—45, 47]. Co-
eIMHEeHN 5 1 6 Tak:Ke MOTYT OBITh ITOJTYYEHBI C HIC-
MMOJIb30BaHMEM MEOHBIX IIPOU3BOAHBIX 1-(eHMI- 1
1-u3omnponuia-opmo-KapoopaHa COOTBETCTBEHHO
[46].

Ne 6
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Puc. 2. MosekymsipHast KpUCTALTMYEeCKast CTPYKTYpa opmo-KapOoopaHUIbHBIX IIPOM3BOAHBIX 3-KapO3TOKCMKyMapuHa 5 (a) u

3-kap06aTOKCH-6,7-0eH30KyMapuHa 6 (6).

1. CgHg/THF

—_—

2. H;0™"

M = Li, MgBr

Cxema 3.

CrpoeHue opmo-KapOOpaHWIBHbBIX TPOU3BOIHBIX
3-kap6aToKcuKyMapvHa 5 [43] u 3-kap63TOKCH-6,7-
OeH3zokymapuHa 6 [44] ToOTBEpXIEHO METOIOM
PEHTIEHOCTPYKTYPHOIO aHau3a (puc. 2).

AHaJJOTMYHBIM 00pa30M B3aMMOICMCTBUE JINTHE -
BOTI'0 MPOU3BOMTHOIO 1-U30MpOIMI-opmo-KapobopaHa
¢ 3-eHmn-kapbaMOMIKyMapuHOM U 3-(6'-MeTUJIITH-
pun-2'-min)Kap6aMOMJIKyMapyuHOM TIPUBOIUT K obOpa-

XYPHAJI HEOPTAHUYECKOU XUMUU  ToMm 68

R=i-Pr 6 88%
R=Ph 7 90%

30BaHMIO COOTBETCTBYIOLIUX MPOAYKTOB 1,4-mprco-
enuHeHus1 8 u 9 (cxema 4) [49].
ATOM BOAOpOJa B O.-MOJIOXXEHUM K KapOOHWIIb-
HBIM TpyIIIlaM OpOU3BOMHLIX 4 1 5 (mmonoxeHue 3
KyMapuHa) 00J1a1aeT BbIpa>ke€HHbBIM KHUCJIBIM XapaK-
TePOM U JIETKO 0OpaTUMO AEMPOTOHUPYETCS B MPU-

cyrctBun ocHoBaHuii (KOH, EtONa,

MeNH,,

Me,NH, Et;N, nunepuanud, MOopdoJuH, TUPUIUH,

Ne 6
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mesiouHbie MeTauibl Li, Na n K i Mg B reTparun-
podypaHe) ¢ oOpa3oBaHUEM COOTBETCTBYIOIIMX
eHonsttoB 10 1 11 (cxema 5) [43, 46, 48, 50]. Tuapo-
JIN3 €HOJISITOB IIPUBOAUT K COOTBETCTBYIOIIUM TH/I -
pokcunpousBonHbiM 12 1 13 (cxema 5), KOoTophle

1. C¢Hg/THF
—_—

JJACBKOBA wu np.

TaK3Ke MOTYT OBITh BBIIEJIEHBI HEITOCPEICTBEHHO U3
peakiMyu MeTAUIOOPTaHUYECKUX MPOU3BOIHBIX Op-
mo-KapbopaHa ¢ 3-KapO3TOKCHMKyMapuHOM B OT-
CYTCTBHME KMCIIOTHOI mMocJie peakKlIMOHHOM oOpa-
ootku [43, 50].

1. CgHg/THF
—_—

2. H;0™"

2. H;0"

R=i-Pr 4 R=i-Pr 10 R=i-Pr 12
R=Ph 5 R=Ph 11 R=Ph 13
Cxema 5.

AcOH
reflux

HCI-AcOH
(HBr-AcOH)
reflux

H4P,0-
250-300°C

or

CxemMma 6.

KYPHAJI HEOPTAHUYECKOW XUMUU

TOM 68 Ne 6 2023
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Kumnssuenue opmo-xapO6opaHUIBHOTO HPOU3-
BOJTHOTO 3-KapOO3TOKCHMKyMapuHa 5 B JeIssHON
YKCYCHOI KUCJIOTE€ NPUBOAUT K TUAPOJINUIY CIIOXK-
HoTro 3(dupa ¢ oOpa3zoBaHUMEM COOTBETCTBYIOIICHA
KucioTel 14, Torma Kak ero HarpeBaHHE B IHUPO-
dochopHoit kuciaore npu 250—300°C uam Kuns-
YeHNEe B CMECH YKCYCHOM M COJSTHOI MU OpOoMU-
CTOBOJOPOJIHOM KUCIOT ITPUBOAUT K MOJTHOM MOTE-
pe 3aMecTuTessI ¢ oOpa3oBaHUEM COCAMHEHUS 3
(cxema 6) [43].
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[MonyuyeHHBIEe KapOOpPaHWIbHBIE ITPOU3BOIHEIE
KyMapurHa MOTYT ObITh OABEPXKEHBI JaTbHEHIIe MO-
mudukanuy. Tak, aMMHOMETWIMpOBaHue 3,4-TUTWI-
poxkyMapuHa 1 ¢ UcIIoab30BaHUEM TUAPOXJIOPHUIA
MeTUJIaMUHa U (popManbaeruaa MpuBOIUT K aMU-
Hy 15 (cxema 7) [51].

Peakuus 3,4-guruapokymapuHa 3 ¢ XJIOPUIOM
deHnIINa30Hu TaeT ruapa3oH 16, B To BpeMs Kak
peakius 3-kKap0sToKcU-3,4-gurnapokymapuHa 4
IIPUBOIUT K 00pa3oBaHUIO 4-(PeHWIAMA30IIPOU3BO/I-
Horo 17 (cxema 8) [51, 52].

(MeNH3)Cl, (CH,0),, (81
EtOH, 70-75°C
1 15
Cxema 7.

PhN,*CI™

—_—

EtOH-H,0

OEt pnN, CIm

—_—

EtOH-H,0

CxemMma 8.

Peakiimg 3-6pomManeTuiiKyMmaprHa ¢ 1 9KB TUTHE-
BOT'O MPOU3BOAHOTIO 1-M30Mponui-opmo-KapoopaHa
MPOTEKAaeT ¢ 3aMeHOIl aToMa Opoma KapOopaHUIb-
HOW Tpy1IIoii ¢ oopazoBaHueM 18, B To BpeMs Kak peak-
LIMSI C 2 KB JIMTUEBOTO MTPOU3BOIHOTO 1-M30IPOITHII-
opmo-KapbopaHa NpUBOAUT K 1,4-TIpUCOENVUHEHUIO C
0o6pa3oBaHUEM COOTBETCTBYIOIIETO ITPOU3BOIHOIO 19 ¢
JIByMsI KapOOpaHWIbHBIMU Tpyriramu (cxeMa 9) [49].

B oTnuune ot AUTHIi- U MAarHUMAOPTaHUYECKHX
MPOM3BOMHBIX |-M30IPOIMII-opmo-KapbopaHa, aHa-
JIOTUYHBIE NPOU3BOAHLIC 1-u30nponuiI-mema-Kap-
GopaHa pearupylor ¢ 3-KapOO3TOKCUKYMAapUHOM C
oOpa3oBaHUEM ITPOAYKTA IBOMHOTO MPUCOSIUHEHUS

XYPHAJI HEOPTAHUYECKOU XUMUU  ToMm 68

Ne 6

kapoopana (1,2- u 1,4-npucoenunenust) 20, a peak-
LIUSI IMTUEBOTO MPOX3BOIHOIO 1-U30MponuiI-Mema-
KapbopaHa ¢ 3-Kap0G3ToKcU-6,7-0eH30KyMapUHOM
IIPUBOIUT K 00pa30BaHUIO CMeCcH poaykrTa 1,4-mpu-
coenquHeHMs 21 ¥ TIpoayKTa IBOWHOTO IMTPUCOETITHE -
Hus (1,2- u 1,4-nnpucoenuHerune) 22, KOTopble o0pa-
3yIOTCS B XOHe IapaJUleJIbHbIX peaknuii (cxema 10)
[43—45]. B 1O e Bpems peaklus MeHee aKTUBHOTO
MEIHOTO ITIPOM3BOIHOrO 1-M3omponui-mema-Kap-
6opaHa ¢ 3-Kap63TOKCH-6,7-0eH30KYMapUHOM TIpU-
BOIUT WCKJIIOUUTEILHO K OOpa3zoBaHUIO TPOAYKTa
1,4-tipucoenunenus 21 [46].

2023
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N

0 B
N Li
O O

i-Pr

JJACBKOBA wu np.

19 51%

Cxema 9.

21 2% 2234%

Cxema 10.

CrpoeHue mema-KapOOpaHUIIBHBIX IIPOU3BOI-
HBIX 3-Kap0o3TOKcU-6,7-6eH30KyMapuHa 21 u 22
TMOATBEPKIEHO METOIOM PEHTIEeHOCTPYKTYPHOTO
aHanu3a (puc. 3) [44].

Cnenyer OTMETUTbh, UTO BO BCEX PAaCCMOTPEH-
HBIX BbIllIEe MpUMepax (3a UCKJIIOUEHUEM COeNrHe-
Hus 18) BBemeHUe KapOOPaHWUIbHOM TPYIIITLI TPU-
BOJUT K HAPYIIEHUIO 3JIEKTPOHHOI CUCTEeMbI JIaK-
TOHHOTO KOJblla, YTO NMPUBOAUT K 3HAUYUTEIbHBIM
U3MEHEHUSIM (HOTOPUINIECKUX XapaKTEPUCTUK MO~

JIy4EHHBIX MTPOU3BOIHBIX 10 CPABHEHUIO C UCXO-
HbIM KymMapuHoM. [ToatomMy OBIITO pa3paboTaHO He-
CKOJIBKO TIONXOMOB K TIOJYYEHUIO KapOOpaHWIbHBIX
MPOU3BOIHBIX KyMapuHa ¢ COXpaHeHEM IBOMHOM CBsI-
31 B JJAKTOHHOM Kojblie. Tak, 3-(opmo-KapbopaH-1-
WJT)-7-TU3TUIIAMUHOKYMapUH 23 ObLI MOJIyYeH pe-
axKliMeil COOTBETCTBYIOIIEro aleTUJIEHOBOTO MpO-
M3BOIHOIO KyMapuHa c 1eKabopaHOM B TOJYyoJie B
NpUCYTCTBUU alieToHUTpUIa (cxema 11) [53].

//CH
c” BioHy4
N MeCN
m toluene
Et;N (0] (6] reflux Et;N
eC e CH o BH
Cxema 11.

KYPHAJI HEOPTAHUYECKOW XUMUU

TOM 68 Ne 6 2023
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Puc. 3. MoJsekyisipHast KpUcTalJindeckasi CTpYKTypa Mema-KapOoopaHUIbHBIX 3-KapOaToKcu-6,7-6eH3o0kymapuHa 21 (a)

u 22 (6).

HMccnenoBaHue BHYTPUKJIETOYHOTO HAKOTUIEHUS
KyMmapuHa 23 B KJIeTKax paka jerkoro A549 ¢ momMo-
b0 KOHDOKATHLHON MUKPOCKOIUU TIPOIEMOHCTPH-
pPOBAJIO €r0 BHICOKYIO JIOKATIM3ALIMIO B JTUMTUIHBIX Karl-
Jax (amurocomax). IToMrMo 3TOTO B HEMOJISIPHBIX pac-
TBOPHUTEJISIX, TOJSIPHOCTb KOTOPBHIX CpaBHUMA C
MOJISIPHOCTBIO JIMMTUIHOM Cpeabl, KyMapuH JIe€MOH-
CTpPUpPYeT KBAHTOBBIN BBIXOH (hIyOpPECIICHITNM Ha TBa
rmopsinka OoJibllle, YeM B BOOHBIX PACTBOPUTEIISX,
YBEJIMUMBAsI CEJIEKTUBHOCTb BU3YaJMU3aLIUU JIUTIUI-
HBIX Kamejib. TakuM oOGpa3oM, KyMapuH 23 MOXKeET
OKpaIlInBaTh JIUITUAHbIE KAIUIM B ATUTIOLIMTAX ex Vivo,
a TakxKe B KYJIbTUBMPYEMbIX KJI€TKaX U MOXET MC-

MOJIb30BaThCSI B IIPOTOYHOM LIUTOMETPHUU, a TAKXKE B
KOH(MOKAILHON MUKPOCKOITUH [53].

C 1eabio U3ydeHusl BIMSHUSI IPUPOIBI Clieiicepa
MEXIYy KyMapUHOBBIM CKEJIETOM U KapOOpaHOBBLIM
OCTOBOM Ha (DOTOXMMUYECKHE XapaKTEPUCTUKHU COETU-
HEeHUIi, B3auMoeincTeueM 1-hopMuii-opmo-Kapoopa-
Ha ¢ 3-Kap6oruapasui-7-Iu3THIAMUHOKYMApUHOM
B 3TaHoOJIe MOJyYyeH KapOoopaHWITuapa3oH 24, a pe-
akuus l-amMuHO-opmo-KapbopaHa ¢ 3-opmun-7-
IUBTUIAMUHOKYMAPUHOM J1ajla COOTBETCTBYIOIIEE
ocHoBaHue Iludpda 25 (cxema 12) [54].

X . N
EtOH
EtzN O reflux EtzN (@) (@)
24 44%
O
N H . X7 ON
MeCN
Et,N (0] O reflux.  EtyN (0) (0]
25 57%
Cxema 12.

IMonyyeHHbIE MPOU3BOAHBIE AEMOHCTPUPYIOT 3HA-
YUTEJIbHBIA 0aTOXPOMHBIN CABUT MO CPaBHEHUIO C 7-
IUATUJIAMUHOKYMapUHOM, OCOOEHHO B Cllydae Kap-
O6opaHmikymapuHa 25. MccnegoBaHuss BHYTpUKIIE-
TOYHOTO HAKOIUIEHUSI COEAMHEHUI B KJIETKaX aJIeHO-
KapunHOMBI A549 ¢ ToMoI11b10 KOH(OKAJIbHOM MUK-
POCKOIIMM MOKa3aJu, YTO MOIydYeHHbIE KapOOpaHMII-

XYPHAJI HEOPTAHUYECKOU XUMUU  ToMm 68

Ne 6

KyMapUHBbI 24 11 25 JToKaIu30BaHbI B IUIIMIHBIX Kall-
JISIX (aQUIIOCOMAX), 3TO CBUACTEIBCTBYET O ITOTEHIIN -
aJie MX MCIIOJIb30BaHMS B KAa4eCTBE KpacUTelIeH IS
HaOII0CHUS JIMITUIHBIX KaTesb ¢ TOMOIbIO KOH(O-
KaJbHOI MUKPOCKOIINH [54].

s moaydeHns KapOoopaHWIBHBIX TTPOU3BOTHBIX
KyMapHWHa MOTYT OBITh MCITOJIb30BAHBI PeaKIINU MO-

2023
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mdrKam 0eH30IbHOTO Koblla. Tak, B3anmMoeii-
CTBUEM 7-TUAPOKCUKYMapuHa U 7-TUAPOKCU-4-Me-
TUJIKyMapHrHa C XJIOPAaHTUIPUIOM opmo-KapOopaH-

JJACBKOBA wu np.

1-mn1 KapOOHOBOIT KMCIOTHI OBUIA TOJIYYeHBI COOT-
BETCTBYIOIIIYE CIOXHbIE 3DUpbl 26 1 27 COOTBET-
CTBeHHO (cxeMma 13) [44].

AN
EtONa O O
= THF
reflux
HO [0 Y0 26 83%
R=Me 27 88%
Cxema 13.

[MPOU3BOAHDbLIE KYMAPHWUHA C KJIO30-
JOAEKABOPATHBIM AHMOHOM
B KAYECTBE 3AMECTUTEJIA

I1epBBIe Oopconepalre Mpon3BOIHbBIC KyMapyHa,
B KOTOPBIX B KQ4eCTBE OOPHOI COCTABJISIIONICH BBICTY-
Maer K2030-10j1eKaboparHblii aHuoH [By,H,]>~, 6bum
MOJIydeHbl Ha OCHOBE MEPKAMNTOMPOU3BOIHOTO K/1030-
JIo1eKabopaTHOTO aHMOHA, KOTOPOE HaXOAMUT MpUMeE-
HEHUE B KIIMHUYECKOI OOp-HEHTPOHO3aXBaTHOM Te-
panuu paka [55], a TakKe IIMPOKO UCIIONb3YETCS OIS

2 Me
L
+
B
"“~">o 0 o

—_—

CHHTE3a IIeJIOTO psia OMOJIOTUYECKH aKTUBHBIX CO-
eaMHEeHUI Ha ero ocHoBe [56—62]. Tak, B3aumomeii-
CTBUIEM HAaTPUEBOM COJIM MEPKATITOIPOU3BOTHOTO K10~
30-nonekabopatHoro anuoHa Na,|[B,,H;;SH] ¢ 7-(2'-
OpPOMAITOKCH)-4-METUIKYMapuHOM B alleTOHUTPUJIC
W MOCJIEIYIOMNM OCaXXKIeHNEM B BUIE TeTpaMETHII-
aMMOHMEBOI cosiu nipu godasneHuu (Me,N)I nomny-
YeHO cojepxalllee IBa KyMapMHOBBIX (parMeHTa
cyibdoHueBoe npousBoaHoe 28 (cxema 14) [44].

NaOH

MeCN, 70°C

Cxema 14.

ITponsBomHbIE ¢ OMHUM KYMApHUHOBBIM (hparMEHTOM
29 1 30 6bUTM OJTyYEHBI peaklveil TeTpaMeTUIaMMOHM -
€BOI1 COJTU 2-1IMaHOSTWITUOIIPON3BOIHOIO K/1030-10/Ie-
kaboparHoro annona (Me,N),[B;,H;;SCH,CH,CN] ¢
7-(2'-6poMaTOKCH)KyMapuHOM U 7-(2'-6pOM3TOK-
CH1)-4-METWJIKYyMapUHOM COOTBETCTBEHHO U IIOCJIe-
IyIomei saMMUHaIuel aKpMJIOHUTpUiIa IIpu oopa-
00TKe 00pa3yoLIUXCs CYIb(POHNEBBIX TPOU3BOTHBIX
(Me4N)OH (cxema 15) [44].

Psanm 6opcomepxammx MpOU3BOIHBIX KyMaprHa
OB TTOJTyYeH PACKPHITUEM ITMKINIECKIX OKCOHM -

KYPHAJI HEOPTAHUYECKOW XUMUU

€BBbIX IPOU3BOIHBIX K1030-00IeKaOOpaTHOIO aH-
oHa [63, 64] 7-rUOAPOKCUTPYMIION MPOU3BOIHBIX
KymapuHa. Tak, B3amMopeiicTBUeM TeTpadyTH-
JJAMMOHUEBBIX coJieii TeTparuapodypaHoOBOTO U
1,4-1MOKCAaHOBOTO IIPOM3BOMHBIX K/1030-IIOJC-
kabopatHoro aHuoHoB (Bu,N)[B,H,O(CH,),] u
(Bu,N)[B,H,;O(CH,CH,),0] ¢ 7-runpokcukymapu-
HOM U 7-TMIPOKCU-4-METUIIKYMAapUHOM B alIeTOHUTPU-
Jie B mpucytctBuM K,CO; MostydeHbl COOTBETCTBYIOIIME
bopconep:Kallye IIPOu3BONHBIE KyMapuHOB 31-—34,
BbIICJICHHBIC B BUJIE 1Ie3MEBbIX cojieii (cxema 16) [44].
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CN R —I -
N
2 MeCN, 70°C S\/\O o o
O 0
R ]2-
N
S
~"0 o0 Yo
R=H 29 61%
R=Me 30 63%
Cxema 15.
R |-
R X
lbv':\ _‘ - X K,COs5 ~"0 (0] O
-\.q;-;- 0C| + MeCN
!'.2 HO 0~ 0  reflux R=H 31
R R=Me 32 R |2-
B, N e \
o% o— 0O O + W
\.’b&.? — HO (0] O reflux e O/\/O\/\O 0 e}
R=H 33
R=Me 34
Cxema 16.
o ]2-
0 R
O
}.'(."‘\ _]_ AN R K;PO, "0 0" ™0
&
O X
=3 HO 0 "0 refiw R=Me 35 50%
R=Ph 36 54%
O R=OEt 37 80% o |2-
jsey /—\—| - X R KiPO, N
R
..A. HO O O reflux O/\/ \/\O (o) (e}
R=Ph 38 58%
R=O0Et 39 83%
Cxema 17.

DTOT MNOOXOH TakKXKe OblI MCIIONb30BaH g
CUHTE3a OopcoAepKalluX MPOU3BOIHBIX KYMapu-
Ha, coJepXKallluX pas3JIMYyHbIie 3JEKTPOHOAKIIEM-
TOPHBIE 3aMeCTUTENIN B TIOJIOXKEHUU 3 KyMapuHO-
BOI'O CKe€JIeTa, BBEAEHUE KOTOPBIX CIIOCOOCTBYET

XYPHAJI HEOPTAHUYECKOU XUMUU  ToMm 68

YAYYIIEHUIO (QOTOGU3NIESCKUX XapaKTePUCTUK
[65]. B3zaumopneiicteuem (BuyN)[B,H;,O(CH,),]
u (Bu,N)[B,,H,;,O(CH,CH,),0] ¢ 7-runpokcu-3-aie-
TUIKYMApUHOM, 7-TUAPOKCU-3 -0 H30MITKyMapUHOM
n 7-TUAPOKCHU-3-KapOOITOKCMKYMapWHOM B aIle-

Ne 6 2023
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ToHUTpuUie B ipucytcTBun K;PO, ronydyeHbl cooTBeT-
CTBYyIOIIIME OOpCOAEPKAIIME TIPOU3BOAHbBIC KyMapUHOB
35—39, BbBIIEIEHHBIE B BHUIE IE3UEBBIX COJIEH
(cxema 17) [66].

Llvkanyeckue OKCOHHMEBBIE TIPOU3BOMHBIE K/A030-
JI0IeKabopaTHOTO aHNOHA OBUTH MCITOIh30BaHbBI TAKKE

711 MoauUKaLIMKA KyMapyHAa CO CTOPOHBI JIJAKTOHHOIO
kosipua. Tak, peakumeit (BuyN)[B,H;O(CH,),] n
(Bu,N)[B,H,,O(CH,CH,),0] ¢ 7-nuatuiaMuHo-4-
TUIPOKCUKYMapUHOM OBLJIM MOJTyYeHBI COOTBETCTBY -
romue npousBonHbic 40 1 41, BeAEIeHHBIE B BUJIE
Le3MeBBIX coseid (cxema 18) [67].

2_
OH O/\/\/ 0 —l
oy - A K;PO, A
NZSS! Et,N 0”0 refix  Et,N 0~ o
4
0 86% —|2—
.'. _I—
/‘(“ /\ X K3PO, A
Cp-d_p - Sren
= Et,N o O reflx  E,N @) o
41 84%
Cxema 18.

OueHka TUIo@MILHOCTY ITPon3BOIHBIX 40 1 41 ¢ MOMOIIBIO SKCIIEPUMEHTA 110 X PacCIpeae/IeHUIO B CH-
creMe H-oKTaHojl—Boaa (pH 7.4) mokazaja, 4To OHa Ha IBa IOPsIKa HIDKE, YeM Y UICXOTHOIO 7-aIU3THUIaMMU-
HO-4-TUAPOKCUKYMaprHa. DTO yYKa3bIBaeT Ha MX HECIIOCOOHOCTh IPOHUKATh Yepe3 KJICTOUHYI0 MeMOpaHy

ITyTeM ITacCUBHOM nuddys3nn [67].

DTO BBI3BAJIO MHTEPEC K CUHTE3Y COCNMHEHMI C OOIIMM MEHBIIUM 3apAId0M. TaK, C IIOMOIIBIO KIIMK-pE€aK-

1uu auerunena (Bu,N)[B,,H,,OCH,CH,0CH,

CH,NMe,CH,C=CH], B KOTOpOM 3apsij K1030-101€KadOpaTHOrO aHKUOHA YaCTUYHO CKOMITIEHCUPOBAaH BHYT-
PUMOJICKYJISIPHBIM aMMOHUEBBIM LIEHTPOM, C 7-METOKCU- U 7-AU3TUIaMUHO-3-(2'-a3ua03TII-KapOaMOWIT ) Ky -
MapUHaMU ObLIH MOJYyYeHBI 60pcoaepkaine KymapuHbl 42 u 43 (cxema 19) [68].

Me Me _ O
\ / ///CE‘ ~_N;
O\/\O/\/%‘vc o~ II}II
+
R (0] (0]
Cul, E;N
MeCN
(0] N=N Me Me
/ \ \N /
N /C\/g\/\o/\/o

R=OMe 42 91%

R=NEt,

43 63%

Cxema 19.

KYPHAJI HEOPTAHUYECKOW XUMUU

TOM 68 Ne 6 2023



BOPCOAEPXAIINE KYMAPUHBI (OB30P)

ITponsBonnabic 42 11 43 He TIPOIBIIIOT TOKCUIHO-
CTH IIPOTUB Pa3IMYHBIX JIMHUI KaK 3I0POBHIX, TaK 1
PaKOBBIX KJIETOK, OIHAKO YPOBEHb MX KJIETOYHOTO
HaKOIUICHUS HegocTaToueH I 3 PeKTUBHOM 00p-
HEWTPOHO3aXBaTHOM Tepalluy paka [68].

IMTPOU3BOAHBIE KYMAPHMHA C IUKAPDBA-
HHJ]O-YHAEKABOPATHBIM AHMOHOM
B KAYECTBE 3AMECTUTEJIA

OmHuM u3 TIyTeit yBeaWdeHUs JTUMOMDUIBHOCTH
OopconmepKalIx KyMapuHOB SIBJISIETCST 3aMeHa IByX3a-

CsF

EtOH
reflux

711

PSIIHOTO  K030-10IeKabopaTtHoro anuoHa [B,H ]~
OIHO3aPsITHBIM AMKapOa-Hudo-yHaeKabopaTHBIM aHM-
oHoM [7,8-C,ByH ,]~ (#udo-xapbopanom) unu metai-
JIOKOMITJIEKCaMM Ha ero ocHoBe. Hudo-kapbopaH 06-
pasyeTcs IpH yaaJeHUU OOHOM 13 CBSI3aHHBIX C 000-
MU aTOMaMU yriaepoja OOpHBLIX BepiuuH [69].
IToaTOMYy HEYIUBUTENBHO, YTO IIEPBOE IPOU3BOTHOE
KyMapuHa ¢ Hudo-KapOopaHOM B Ka4eCTBE 3aMeCTH-
Tess 44 OBLIIO TTOJIYYEHO CEJIeKTUBHBIM Ae00pUpOBa-
HUEM 0pmo-KapOopaHOBOTO MPou3BoaHOrO 23 (hTo-
punoM 1e3us B aTaHoue (cxema 20) [53].

Et,N

44

56%

Cxema 20.

CpaBHUTEbHAS OlLIeHKA TUNO(GILHOCTU IPOU3-
BOIOHBIX 23 11 44 110 UX pacnpeneIEeHUIO B CUCTEME H-
okrtaHon—sBoxaa (pH 7.4) mokasana, 4To 1e0opupoBaHUe
opmo-KapbopaHa NPUBOAUT K CHUXKEHUIO JTUHOMUIb-
HOCTH ITOJyYeHHOTO KyMaprHa Ha aBa rmopsiaka [53].

ITono0HO x1030-mO0KEKAOOpPAaTHOMY aHMOHY, pac-
KpbITHE LIMKINYECKUX OKCOHMEBBIX ITPOU3BOIHBIX

Hudo-KapbopaHa SIBJsIeTCs yIOOHbIM CIIOCOOOM CUH-
Te3a ero pa3HOOOpPa3HbIX IPOU3BOIHBIX, B TOM YUCJIE
obOjagalolMX OMOJIOTUUYECKOM aKTuBHOCThIO [70].
Bbopconepxaiiue KymapuHbl 45 1 46 ObUIM MOJTyYEHbI
B3aumozpeicrsuem 10-O(CH,CH,),0-7,8-C,BoH,, u
10-(CH,)s0-7,8-C,B4H,;, ¢ 7-nustriiaMuHoO-4-TUn-
pokcukymapuHoM (cxema 21) [67].

—|_

K\ X OH O/\/ X \/\O
‘ OQ ~N K5PO4 X
M + MeCN
7 Et,N 070 rfux  E,N 0 o
X=0 45 72%
X=CH, 46 41%
Cxema 21.

O1ieHKa TUTTO(PUIBFHOCTH OOpCcomepKamInx KyMa-
puHOB 45 11 46 110 pacnpeaeIeHUIO B CUCTEME H-OKTa-
Hon—Boaa (pH 7.4) mokazana, 4To UX JUMO(MUIb-
HOCTb OJIM3Ka JUIMOMMIBHOCTH MCXOTHOTO 7-IH-
STWJIAMUHO-4-TUAPOKCUKYyMapuHa [67].

IMPOU3BOAHLIE KYMAPWUHA
C BUC(AUKAPBOJUIMA)AMU KOBAJIbTA
N XKEJIE3A B KAYECTBE SAMECTUTEJIEN

buc(nukapOoina)Hble KOMIUIEKChI KOOajabTa U
xene3a [3,3'-M(1,2-C,ByH,,),]~ (M = Co, Fe) npu-
BJIEKAIOT BHUMaHUE UCClieIoBaTeeit, paboTaronmnx B

XYPHAJI HEOPTAHUYECKOU XUMUU  ToMm 68

o0JTacTi OOp-HENTPOHO3AaXBATHOM Tepaltiy paka Oja-
rojgapsi CBOeii 3aMedaTeIbHOI YCTOMUYMBOCTH, BEICOKO-
MY COJIEp>KaHUIO OOpa, XOpOoIleil OMOJTOrMYECKOIl COB-
MECTUMOCTH M NPAKTUYECKU HEOTPaHUYEHHBIM BO3-
MOXHOCTIM uX Mommdumkanmu [71-73]. Kak n B
clIydae K/1030-101eKabopaTHOro aHMOHA, IS IIPUCO-
eIUHEeHUs1 6uc(IUKapOOoIMI)OB KobaabTa U Xeje3a
K Pa3JInYHbIM OMOJIOTMYECKN aKTUBHBIM MOJIEKYJIaM
IIUPOKO WCIIOJIb3YIOTCS PEaKIIMM PACKPBITUS MX
HMUKJINYECKNX OKCOHMEBBIX IIPON3BOIHEIX [74]. B3a-
uMmojeicTeuem 1,4-1MOKCaHOBOIO 1 TeTparuapornu-
PaHOBOTIO MMPOU3BOIHBIX Ouc(IUKAPOOIUTHI)a KODaIbTa
¢ 7-Tmapokch-3-aneTmIKyMapuHOM, 7-TUAPOKCH-3-

Ne 6 2023
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OCH3OMIKYMapuHOM, 7-TUIPOKCH-3-KapOOKCHUKyMa-
PUHOM U 7-TUIPOKCU-3-KapOOITOKCMKYMapUHOM B

MeCN

X=0,R=0H 49
X=0,R=O0OEt 50

arieroHuTpuie B npucyrctsuu K;PO, nonyueH psin
GopcoaepKaimx KyMapuHoB 47—54 (cxema 22) [66].

o |-

47 479% X=CH,R=Me 51 50%
48 60% X=CH,R=Ph 52 43%
76% X=CH, R=OH 53 58%
78% X =CH, R=OFEt 54 45%

Cxema 22.

Jas mojydeHUs Oopcolaep:KalluxX KyMapHuHa
TaK>Xe MOTYT OBbITh MCITOJIb30BaHbl peaKIIU MO -
dukalm JaKTOHHOro KoJiblia. Tak, B3auMOAEH-
cTBUEM 1,4-AIMOKCAaHOBOIO M TETparuaponupaHo-
BOTO MPOM3BOIHBIX Ouc(nuKapOoiuing)a KobanbTa
¢ 7-mMeTokcu-4-(4'-TuapoKCuOeH30MI ) KyMapuHOM
B alleToHuTpuie B npucyrcrsuu K;PO, Obl1M no-
JIydeHbl bopcoaepkaliue KyMapuHbl 55 1 56 (cxe-

S STt
TN O/\ +

MeO

K3PO4

MeCN
reflux

Ma 23) [66], a peakuuu 1,4-1MOKCAaHOBOIO IIPOU3-
BOJIHOIO 6Ouc(mukapOoiana)a KobaabTa U TeTpa-
TUAPOIUPAHOBOTO  IIPOU3BOAHOrO  Ouc(oukap-
ooJutna)a xejue3a ¢ 7-AUATUIAMUHO-4-TUIPOKCHU-
KYMapuMHOM B aHaJIOTUYHBIX YCJIOBUSX IPUBEIN K
KymapuHaM 57 u 58 cooTBeTCTBEHHO (ITOCIEAHMIA
ObLI BBIICJEH B BUIE 1Le3ueBOi conm) (cxema 24)

[67].

O O OH
O O EA

MeO /\/X\/\O S
e

X=0 55
X=CH, 56

82%
48%

Cxema 23.

OH

K3PO,

MeCN Et N

reflux

M= Co,X=0

57 45%
M =Fe,X=CH, 58 51%

Cxema 24.

KYPHAJI HEOPTAHUYECKOW XUMUU

TOM 68 Ne 6 2023
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O1ieHKa TUITOPUIHFHOCTA TPON3BOIHEIX 57 1 58 ¢
IMOMOIIbIO SKCIIEPUMEHTA I10 paclpeneIeHUIO B Cr-
cTeMe H-OKTaHOJ—BoOja IToKa3aja, YTo IO CpaBHe-
HUIO C UX KA2030-noj1eKabopaTtHbiMu (40 u 41) 1 Hudo-
KapOopaHoBeIiMU (45 1 46) aHajmoramMu MeTaLIOKap-
OopaHcoaep:Kalllie KyMapWHBI 00JagaloT ropasio
OoJiblIeit TUMOMUIBHOCTBIO, TIPUOIMKAIOLIEHCS K
JIMNOo(GUIBHOCTH opmo-KapOopaHCOoaepXKalllero Ky-
mapuHa 23 [67].

BOPOPTAHUYECKHWE ITPOU3BOJIHBIE
KYMAPHWUHA

B otnnyne oT pacCMOTPEHHBIX BBIIIE TTIPOU3BO/I-
HBIX KyMapMHa ¢ MOJIU3IpUIECKUMU TUApruIaMu 60-
pa, B KaUecTBe 3aMeCTUTeNell MHTepeCc K 00POHOBBIM
KMCJIOTaM Ha OCHOBE KyMapHHa U3HA4YaJIbHO CBSI3aH
HE C MEPCIIEKTUBOM UX UCIIOJb30BaHUS B OOp-Heli-
TPOHO3aXBaTHO TepallMy paka, a ¢ UX UCIOJb30Ba-
HYEeM B KauyecTBe MHIUKATOPOB aKTUBHBIX (hopm
Kucyiopona (reactive oxygen species, ROS), Takux kak
ruapokcuit-pagukan HO®, mepokcunutpur ONOO™,

cynepokcun O , mepekuch Bogopona H,0,, Koro-

PbIC YaCToO BI)Ipa6aTI)IBaIOTCH BO BpEMSA OKUCIIUTEIIb-
HOro CTpecCa 1 MOIr'yT MOBpPEKAaTh JIUIINADBI, OeJIKU U

JIHK, 910 CIT0COOCTBYET CTApEHWIO W Pa3BUTHIO MHO-
rux 3aboJieBaHMIi YeloBeKa, BKIIIOYasl pak, BocIaje-
HUE, CEPAECUYHO-COCYAMCThIE U HepoaereHepaTuBHbIE
3aboyeBaHMsI. B yacTHOCTM, KOMMEpUYECKU AOCTYII-
Hasi KyMapuH-7-00opoHoBas kucyoTa 59 (puc. 4) us-
BECTHA KaK CEJICKTUBHBLINA 1 YYBCTBUTEIbHBII MHIV-
KaTop Ha IIEPOKCUHUTPUT U TUIPOIICPOKCUIEI [75].

DTO BBI3BAJIO MHTEpPEC K CHHTE3y M MCCIeooBa-
HUIO CBOWMCTB MOZOOHBIX IMPOM3BOIHBIX KyMapHHa.
Tak, 7-nmuHakon60par-4-MeTUIKyMapuH 60 ObLT IoJTy-
yeH Pd-katammsmpyeMbIM Kpocc-codeTaHUeM 7-Tph-
daar-4-mMeTunkyMapuHa ¢ Ouc(IIMHAKOJIaTO)aIn00-
pom. Ilocnenyromasi peakiysi muHakojibopaTta 60 ¢
METHJIOOPOHOBO KMCIOTOM B IUXJIOPMETaHEe B TIPH-
CYTCTBUM TPpUPTOPYKCYCHOM KHUCIIOTHI mana 4-me-
TWI-7-KyMapuHOOPOHOBYIO KUCIOTYy 61 (cxema 25).
B cBoto ouepenp, peakuus nuHakonoopara 60 c de-
HWUIATHEM B TeTparuapodypaHe TpuBesia K COOTBET-
cTByIOIIEH (DeHMIIOOPUHOBOIT KUcoTe 62 (cxeMa 25).
DenunndbopruHoOBas KUCI0Ta 62 MpoaeMOHCTPUPOBa-
J1a GecriperieNeHTHO KOPOTKUI OTKJIIMK Ha TTepeKUCh
BOJIOPOJIa, MIPUYEM 3Ta TOBBILLIEHHAS] pEaKTUBHOCTh
COXpaHseTCsl U B Tex ciiydasix, korna H,O, aHnoreH-
HO BbIpabaThIBaeTCsd KjeTKaMu [76].

Me
N
(HO),B O O
MeB(OH), 61 87%
Me CF;COOH Me
CH,Cl,
Pd(dppf)C12 N
I - I
n " ACOK
TfO loluene 130C Me O\B O O
Me“\g/é PhLi 60 65%
toluene
Meg. _78°C
Me
L. )
]|3 O (6]
OH 62 16%
Cxema 25.
Me
Me A
N, gBr @Ao 0" o
O- O~
HO 0”0 Me, /OB K.co, Me, /7B
M™\_0 DMF,80°C -~ Me” \__O 63 53%
K M\‘
Me Me eMe
Cxema 26.
JKYPHAJI HEOPTAHUYECKOW XUMUNU TOM 68 2023
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(HO),B

JJACBKOBA wu np.

X

(6] O

Puc. 4. Kymapun-7-6opoHoBast kuciora 59 (CBA).

I[MnaakonbopaTHOE Mpou3BOmHOE 63 OBLIO ITOTY-
YeHO aJIKMJIMPOBAaHUEM 7-TUAPOKCU-4-MeTUIKyMa-
pYHa napa-NUHAKoJI00paToOeH3MJIOpOMUIOM (CXe-

Ma 26). [TonyyeHHOE coeqMHEHE TPOIEMOHCTPUPO-
BaJIO BBICOKYIO 4yBCTBUTEIBHOCTDb KaK K 9K30T€HHOM,
Tak ¥ K 3HnoreHHoit H,0, B kiretkax [77].

(0]
(0] H
H B
HO OH Me, OB KCOn Kl Me, ©O~B
MeCN !
Me'g/o e M\ O
MeMe MeMe Me Me piperidine
O/"(O CH;00H
EtOH
OMO reflux
e
Me,, O\l|3
Me™ \__O 64 27%
Meyte
Cxema 27.
COOH
/@fi NH,CH,CH,R
o o X0 HATU, DIPEA, TMAP
DMF 0
Me O\B R
" T
Me O H
Meyge 0 Yo

RO

M%ﬂo/\ | R = CH,CH,PPh;*Br 65 18%
Me (0]
Me\i/[e R j N(CHzCHz)QO 66 28%
R = NHTos 67 24%
Cxema 28.

IMmaakonbopaTrHOE Mpon3BogHOE 64 OBITO TTOJTydJe-
HO aJIKMJIMpOBaHUEM 2,4-TUTHapoOeH3aIbIeruaa na-
Ppa-TIMHAKOJI00paTOOCH3UIOPOMUIOM B alIeTOHUTPUIIS
¢ mocleayiolleil KoHAeHcauueil obpa3yloierocs
apupa ¢ Kkucnoroit MenbapyMa B 3TaHOJIE B MIPU-

KYPHAJI HEOPTAHUYECKOW XUMUU

CYTCTBUM IHUIIEpUANHA U YKCYCHOM KMCIOTHI (CXe-
Ma 27). BzaumopaeiicTBueM KMCIOTHI 64 ¢ aMUHaAMu
[Ph,P(CH,),NH,]Br, O(CH,CH,),NCH,CH,NH, u
TosNHCH,CH,NH, B N,N-mumMmerundopmamuie
OBUTM TIOJIYYeHBI COOTBETCTBYIOIIME aMUIbI 65—67
Ne 6

TOM 68 2023



BOPCOAEPXAIINE KYMAPUHBI (OB30P)

(cxema 28). [IpoBeneHa olieHKA MOJIyYEHHBIX COSI-
HEHUI 111 OOHApYKEeHUSI SHIO0- U 9K30TeHHOTO Te-
poxkcuHutputa ONOO™ B MBIIIMHBIX MakKpodarax
RAW264.7 [78].

715

IMurakombopaTHOE Tpon3BogHOE 68 OBLIO TTONTY-
YeHO allJIMPOBaHUEM 7-aMHUHO-4-METWIKyMapuHa
napa-nMHaKOI00paTOOEH3MITOKCUKAPOOHWIT XJIOPU-
oM B TeTparuapodypane (cxema 29) [79].

T I
X 0" >al
Me
H,N OB §
e\ 0 )OL
Meye 0" N o o
THF O H
Me,, \]I.%
Me’&/O 68 64%
Meyje
Cxema 29.

IMuHakos6opaTHOE ITPOU3BOAHOE 69 OBLIO CUHTE-
3upoBaHO Pd-KaTamm3mpyeMBIM KPOCC-COYeTaHHEM

Ph

m
TfO O

I IMC Pd(dppCl/dppf
B— B
e " ay

ouc(nuHakosnato)nuoopa B,pin, ¢ 7-tpudnar-3-(4'-
deHnunTpuaszoi-1'-un)-kymapuHom (cxema 30) [80].

Ph

AcOK
1,4~ d1oxane 80°C Me

Me™

Meffle

Cxema 30.

IMunakosoBblit 2¢pup 3-(6eH30THA30I-2’-UIT)-7-
KyMapruHOOpOHOBOIT KucioThl 70 ObUT moaydeH Pd-
KaTaTu3uPyeMBbIM KpOCC-codeTaHueM 7-Tpudiar-3-
(6eH30THA30/1-2'-WII)-KyMapuHa ¢ Ouc(IIMHaKoIa-

)
- Me
A N Meaz—O,
+ B—
Me'y O/
fO O O Me

Me

S

to)nubopom (cxema 31). ITomyyeHHOE TIPOU3BOTHOE
SIBJSIETCST (PIIyOPECUEHTHBIM WHIAUKATOPOM C OBICT-
PBIM OTKJTUKOM [IJIsST OOHAPYKEHUS TTepOKCHHUTPUTA
ONOO™ [81].

Pd(dppf)Clz/dppf X N
T A0k
1,4- dloxane 100°C Me O\B (0] O
e l
Me™\_ o 70 73%
Mel\:/le

Cxema 31.

IMnnakonbopaTtHOe mpou3BomHoe 71 ObLIO ITOTY-
YEeHO aJIKWIMpoBaHMeM xjopuiaa 1-atui-3-(4'-me-
TUJI-7-TUAPOKCUKYMapPUH)MUMUAA30JIUsI napa-TiHa-
Koj0opaTooeH3mIopomMuaoM (cxema 32). IlomydyeHHOE

XYPHAJI HEOPTAHUYECKOU XUMUU  ToMm 68

Ne 6

MPOU3BOAHOE 00JIaIaeT XOPOoIleil paCTBOPHUMOCTBIO B
BOJZE U MOXET OBbITh MCHOJIb30BAHO I OOHapyxKe-
HHS 1 KoJimdecTBeHHOTO aHamm3a ONOO™ B 6moJio-
TMYECKUX cucTeMax [82].
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_\ CI”
N /N—Et
_\ CI”
/N—Et
N
N . /@/\Br /@AO (@) (0]
- O~
HO 0" "0 Me, 0 1’3 K>COs Me,, ]|3
Me 0 DMF-MeCN  Me 0] 71 73%
Me MW, 80°C Mo
Me Me
Cxema 32.

Bonee peakumu SBISIIOTCS TPUMEPHLI BBEACHUS  7-OU3TWIAMUHO-3-(2'-aMUHO3TUI)KapOaAMOWIKY-
MTHAKOJIOOPATHOIO 3aMECTUTENIS B IAKTOHHOE KOJIb- MapuHa ¢ 3-dpTopMeTHia-4-TTMHAKOJIOOpaTOeH301i-
mo. Tak, coequHeHure 72 OBLJIO MOJYYEHO peaklimeil  Hoii kuciortoii (cxema 33) [83].

COOH
0]
NH,
AN E/\/ + Me, 0\1'3
Me O CH,F HBTU, DIPEA MemMe
BN oo Mo DMF (0]
Me BI\ “Me
0 Me
o
O CH,F
H
EtzN O O
72 10%
Cxema 33.

KatnoHnHoe mpou3BogHOE KyMapuHa ¢ TMHAKOI-  HOTO K 3-My TTOJIOXKEHUIO 7-IM3TUIIaMUHOKYMapuHa,
OoparHoii rpymnIioit 73 ObLJIO TTOJyUYeHO alKWJIUPOBa-  kapa-NMUHAKOJ00paToOeH3uIopoMuaoM (cxeMa 34)
HUEM ITMPUIMHOBOIO 3aMECTHTENs, MpucoenuHeH-  [84].

+ Me, /"B
Me™\_0 MeCN, 90°C
EtN "
Me

Et,N

73 63% mMe

Cxema 34.

ITomuMo 3TOro moiiydeH psi COeOMHEHMI, co- podopa — KyMapuH u ¢iryopecueuH 74 (puc. 5) [85],
JepXalluX B CBOEM COCTaBe IBa Pa3aUYHBIX (JIl00-  KyMapuH U Hadtanumun 75 u 76 (puc. 6) [86, 87| u

KYPHAJI HEOPTAHUYECKOW XUMUU  Tom 68 Ne 6 2023



BOPCOAEPXAIINE KYMAPUHBI (OB30P)

npyrue [88], B KOTOPBIX ITMHAKOJIOOpaTHAasI TPymIa
HaXoOgUTCsI BO BTOpoM Jiroopodope.

Peakiiueit komruiekca upunus(Ill) ¢ mukiaome-
TAJJIMPOBAHHBIM 3-(0€H30THA30JI-2"-1JT)-7-KyMapHu-

717

HOBBIM JINTAHIOM C AHapa-TIMHAKOJIOOPaTOOCH3MII-
OPOMHIOM MOJIYIeH KOMIUICKC 77, KOTOPBII MOXKET
ciy>XuThb pocdopecueHTHol nTpodoit Ha H,0, (cxe-
ma 35) [89].

7O\
4-pinBCgH4CH,Br =0
Cs,CO4
MeCN-CH,Cl,
reflux
/B\
o O 77 45%
Mel\/ie MeMe 2
Cxema 35.

CrouT OTMETUTh, YTO OOPHEIN pparmeHT (Oopo-
HOBAasl KUCJIOTa WU €€ 3(up) B TMOJTYYCHHBIX UHAN-
KaTopax akKTUBHbIX (DOpPM KHCJIOpOda WUTpaeT poJjb
pacrio3HaoIei IpynIbl, OKMCIUTEIbHBIA TUAPOIN3
KOTOPO MPUBOAUT K 0OPa30BaHUIO COOTBETCTBYIO-
IIETO TUAPOKCUIIBHOTO nmpousBogHoro [90—92]. Ta-
KUM 00pa3oM, 37eCb MOXXHO OTMETUThH aHAJIOTHIO C
Oop-HeUTpOHO3axXBaTHOU Tepamuei paka, Tae pojb
OopHoro (parmMeHTa Takxke 3aKjoyaeTcs B pacro-
3HaBaHUU U 3aXBaTe TEIJIOBbIX HEUTPOHOB, YTO MPU-
BOOUT K pa3pylIeHUIO caMoro (pparMeHra.

CyllIecTBYIOT U IPUMEPHI UCITOJIb30BaHUSI 6OPCO-
Jiep>KaluxX MpOU3BOAHBIX KyMaprMHa B KAUeCTBE CEH-
COpPOB ¢ coxpaHeHreM O0opHoro ¢pparmMenTa. Tak, Ky-

MapuH 78, TToydeHHBIN peakiueit 7-TuaTuiIaMiHO-
3-cbopMUIKyMapuHa ¢ napa-ImHaKoaoopaT-aHWIn-
HOM (cxeMa 36), ucciieqoBajics B KAYeCTBE CEJICKTUB-
HOTO CeHcopa Ha KaTUOoH pryTy Hg?" 1 MoxeT HaiiTi
MpUMeEHeHe ISl ee OOHapyXKeHUsI KaK BO BHEIIIHe i
cpelie, Tak M Ha KJIETOYHOM ypoBHe [93].

B kxauectBe mpyroro mpumepa MOXHO IPUBECTU
KyMapuH 79, TIOJIydeHHBIN alKUJIMPOBAHUEM OpmOo-
(MeTUIaMUHO )METUIGHEHMIOOPOHOBOU KUCIOTHI 7-
IUBTUIAMUHO-3-dopMuii-4-(5'-noaneHTII ) KyMa-
puHOM (cxema 37), KOTOPBIi SIBASETCS CEJIEKTUBHBIM
CEHCOPOM Ha J0oITaM1H U HopanuHepuH [94].

M:e Me
M .
e_\\Me ];) .\\Me
0 Q7 N\ Me "0" "Me
B\O Me >
XL LT IPh &
+ —_—
thanol
Et,N 0~ ~o H)N e EGN o "0
78 72%
Cxema 36.
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H
N
o (6]
AN N
Et;N O (6]

Puc. 5. bopconepxaiuuit KymapuH-dyopeclieMHOBbI I MHIUKATOP Ha MepeKUCh BOAOPOA.

l\lfle
I N
NHMe B(OH),
+ I
K,CO;
Et,N (0] (0] (HO),B THF Et;N (@) O 79 40%
Cxema 37.

Kymapun 80, monyyeHHbIi Pd-KaTann3npyeMbIM KpOocc-coueTaHUEM 7-IU3TUIaMUHO-3-(4"-MeTOoKCH-5'-
drop-2'-xnopdeHI)KyMapyHa ¢ 6uc(IIMHAKOJIAaTO)IMOOPOM C IIOC/ICAYIOIIUM BBeaeHUuEeM (QOPMUILHOMN
rpynnsl peakiueit ¢ POCl; B N,N-ngumetundopmamune (cxema 38), sIBASIETCSI CEJICKTUBHBIM CEHCOPOM Ha
DIoKo3aMuH [95].

OMe OMe

Me Me

Meaz O, O~ZMe  p(appnCl/dppt

+ B—B Rl
Mell / \ AcOK

o Y ‘i'\‘/’ll‘\afle THF, 105°c~ EtyN

OMe

Cxema 38.

IMuHakonbopaTHBIE MMPOM3BOAHBIC KyMaprHa 81 u 82 monyuyeHsl Pd-katanusupyeMbIiM Kpocc-coueTaHUEM
COOTBETCTBYIOIIUX TpUDIATOB C Hduc(ruHakonaTo)audbopomM. Obpadotka 81 u 82 nusTaHOIAMUHOM B TeTpa-
runpodypaHe npusenaa K 6opoHoBbIM KuciaotaM 83 u 84 (cxema 39). [TonyyeHHbIE KyMapHOOPOHOBEIE KMC-
JIOTBI OBICTPO CBS3BIBAIOTCS C CEMUKApOa3naIoM ¢ 00pa3oBaHUEM A1Ma3a00pPUHOB, 00JIaaIOIIMX TMTOBBIIICHHOM
dayopecueHImMe, 4To AeIaeT X YIOOHBIMU MHCTPYMEHTAMMU IUTST M3YYeHUS OaKTepHATbHOM BUPYJICHTHOCTH
in vitro [96].
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Me Me

Et,N (6] 0
75

0
Yoyt
° J
S AN ﬁ/\/N
. 6
O O O
76

MezN

Puc. 6. Bopconepxaiiye KymapuH-HabTUIMMUIHbIE MHIMKATOPBI Ha MEPEKUCh BOAOPOA.

E;,N Et,N

Me Me Pd(dppf)Cly/dppf Me Me Pd(dppf)Cly/dppf
Mes-O,  O<ZMe 2 Mes 0 0 MMe (dppf)Cly/dpp
B-B AcOK I B-B I AcOK
Merf/~g  0—\y'Me | 14-dioxane, 95°C Melé~g  ‘0-W'Me | 1,4-dioxane, 95°C
Me Me Me Me
O

[
(6] Me

Et2N O O ")
81 72% MeMe
HN(CHZCHZOH)zl THF o HN(CHZCHZOH)ZJ THF

83 72% 84 74%

Cxema 39.

82 70%

719

C uenblo M3y4eHMs] BIMSHUSI NPUPOALI OOpPHOTO  TMApasva-7-IU3TWIAMUHOKYMapMHA C ajJbAeTHIaMu
KOMIIOHEHTA Ha BHYTPUKJIETOUHOE HAKOIUIEHUE Oop-  (eHMIO0POHOBBLIX KHCIIOT B 3TAHOJIE MOYYEH PSII Ky-
coIepKalinx KyMapMHOB B3aMOICUCTBMEM 3-Kapbo-  MapuHOB 85—87, aBigiommxcsl CTPyKTYPHBIMU aHAJIO-
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ramu kapoopaHuicoaepxaiero Kkymapruta 24 (cxema 40).
B ormnmuuune or kapObopaHUJIKyMapHMHOB, OOpPOHOBBIC

(0)
N N/NHQ O
H

N
T
Et,N 0~ o H

B(OH),

EtOH
reflux

KHUCITOTH 85—87 nokanm3yioTcsl He B JIMITUIHBIX Kall-
JISIX, a B 9HJIOIJIa3MaTUUECKOM pEeTUKYJIyMe [54].

0 Nv@»B(OH)Z
X N
H
Et,N 0" o

ortho 85 72%
meta 86 87%
para 87 98%

Cxema 40.

BopoHoBBIE KMCITOTHI U UX 3(PUPHI IIUPOKO UC-
MOJIb3YIOTCSI B OPraHMYECKOM CHHTe3e ISl ToJydye-
HUSI TMAPWIBLHBIX COeAUHEeHMI 110 peakuun Cy3yKu.
Taxk, nmnHakog0opaTHbIe ITpou3BoaHbIe 88 1 89 ObLIN
noJiydeHsl Pd-karanmmsupyeMbIM Kpocc-codeTaHUEM
3-(4'-6pomdeHnIT)KymMapuHa U 7-IU3TUWIAMUHO-3-

(4'-6pomdeHT)KyMaprHa ¢ 6uc(IIMHAKOJIaTO )00~
poM B,pin, (cxema 41). [TonydyeHHble TUHAKOI00-
paTHbIe MPOU3BOAHBIE ObLIM 3adeCTBOBAHBI IS
CUHTe3a OU(EeHUTKYMapUHOB, MPOSIBISIONINX
CBOMCTBA MePCHEKTUBHBIX IIOMUHECIIEHTHBIX MaTe-
puasios [97].

MeMe
C|) ’ A‘\\Me
B~y Me
Me
O~uMe Pd(dppf)Cl,
\O \'''Me K,CO3
M 1,4-dioxane, 90°C R’ O (@)
R=H 88 84%
R=NEt, 89 74%
Cxema 41.

IMPOYMNE BOPCOOEPXAILIIME
IMTPONU3BOAHBLIE KYMAPUHA

Eme omuoii rpymmmoit 6opcoaepKaimmx IIpou3-
BOMHBIX KyMapMHa, KOTOpPYIO M3-3a OTCYTCTBUS
CBSI3U OOP—YTJIEPO HeJIb3sI OTHECTU K OOpOpTaHU-
YEeCKMM NPOM3BOIHBIM, SIBJISIOTCS OOpIUITAPPU-
HoBble (BODIPY) npousBomHbie. K HacTosiiemy
BpPEMEHM CUHTE3MPOBAHO OOJIBIIOE KOJIMYECTBO Ta-
KX IIPOM3BOMHBIX CAMOIO Pa3HOOOPA3HOIo CTpoOe-

(0)

HUS, OObEANHSIONINX B CBOEM cOCTaBe ABe (hJII00pO-
¢dopHbIe cUCTEMBI. DTa 00JIaCTh XMMUU KyMapUHOB
ObLIa HEJaBHO ITOAPOOHO paccMOTpeHa B 0030ope [98]
U BBIXOAWT 3a MpeAesbl JTaHHOK paboThI.

IToMyMO TIPOM3BOOHBIX, B KOTOPBIX pa3INYHbIC
GOpHBIe (hparMeHTHI CBSI3aHbI CO CKEJIETOM KyMapy-
Ha KOBaJICHTHOI CBSI3bI0, HEJABHO ObLa OITMCaHa
aMMOHMEBasi COJIb 7-aMUHO-4-MeTWIKyMapuHa ¢
K1030-1eKabopaTHLIM aHMOHOM [99].

Puc. 7. beH3o[c|]KymapuH 1 ero KapoopaHOBBIC AHAIOTH.

KYPHAJI HEOPTAHUYECKOW XUMUU

TOM 68 Ne 6 2023



BOPCOAEPXAIINE KYMAPUHBI (OB30P)

Puc. 8. MosekynsipHast KpYCTaIMYeCKast CTPYKTypa op-
mo-KapObopaHOBOTO aHaIora KyMapuHa.

Ewme omHy rpyniy coemMHEHUW NpPEeaCTaBISIOT
IIPOM3BOIHbBIC Opmo-KapOopaHa, B KOTOPBIX OH 3aMe-
HSIET CO0OIf OMHO M3 apOMAaTUYECKUX KoJjell OeH-
30[c]kyMapuHa (puc. 7, 8), oOpasyromiuecs: B xone Ir-
KaTaJIM3uPyeMOro KpOCC-CoYeTaHUsI KapOopaHUIKap-
OOHOBBIX KMCJIOT ¢ OeH30MHBIMM K1cioTamu [100].

3AKJIIOYEHHME

B 0630pe paccMOTpeHBI METOIBI CUHTE3a pa3ind-
HbIX 60pcoaepKalluX MTPOM3BOIHBIX KyMapyuHa, BKITIO-
yasi IIPOM3BOAHBIC, COMEPKAIIE B KAUYSCTBE 3aMECTH -
Teaeit moausaprudeckue OopHbIe KiacTephbl (Kap0o-
paHbl, MeTajlakapOOpaHbl, K.1030-101eKabopaTHBIN
aHMOH), a TaKXe IIPOM3BOAHEIC C IUTMAPOKCHOO-
puibHo# (—B(OH),) u nuHakon6opuiabHoii (—Bpin)
rpynnamu. [Ipu 3TOM OCHOBHBIMM MeCTaMU MOJIM-
duKalMK SIBIISIIOTCS MOJOXEeHMS 3 1 7 KyMapuHOBO-
ro ckejieta. OOCyXIaroTCsI CBOMCTBA U MOTECHIIUAJIb-
Hble 00JIaCTU IPUMEHEHUsI Pa3IMYHbIX OOpcoaepKa-
X IIPOMU3BOAHBIX KyMapuHa. O HeocabeBamoIeM
WHTEpece ucciienoBaTesieil K bopcoaepxkaiiuM mpo-
WU3BOIHBIM KyMaprHa CBUIETEJILCTBYIOT HOBBIE CTAaTbU
[101, 102], omy6nMKoBaHHEIE B TeUEHHE MeCsIIa IOCie
OTIIPaBKU JAHHOT'O 0030pa B peAaKLIMIO XKypHaa.

PMHAHCHUPOBAHUE PABOThI

HccnenoBaHue BBIMOJIHEHO B paMKax rocygapCTBEH-
HOTO 3amgaHusI MO (yHIAMEHTAIbHBIM HCCIICTOBAaHUSIM
MuHucTepcTBa HayKy M BBICIIEro oopa3oBaHust Poccuii-
ckoii Degepaunu Ne 075-03-2023-642.

KOH®IMKT UHTEPECOB

ABTODBI 3asIBJISIIOT 00 OTCYTCTBUM KOH(MJIMKTA MHTEPECOB.
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