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NMPOrPAMMHbIA U OPFTAHU3ALUUOHHbLIN KOMUTET

BanoBa WU. A., a.x.H., gupekTtop UHcTutyTa Xxummm CI6Iry — npedcedamerns;
CunawwmH O. I'., akagemnk PAH, NHCTUTYT opraHn4eckon n pmnsanveckon Xxmummmn nu.
A.E. Ap6ysosa KHLI PAH, KasaHb — conpedcedamerib;

PoctoBckum H. B., o.x.H., goueHT Cl6IY — yyeHbili cekpemaps;

EdpemoBa M. M., k.x.H., goueHT CIOlIY — cekpemaps;

Ana6byruH WU. B., npodeccop YHusepcuteta ®nopugbl, CLUA;

PecHaTtun [1., npodeccop MunaHckoro TexHm4eckoro yHusepcuteta, tanus;
AHaHukoB B. [l., akagemuk PAH, WHcTUTyT oOpraHuyeckon xumum um. H.L.
3enunHckoro PAH, Mocksa;

BauypuH C. O., akagemuk PAH, UHCTUTYT donanonornyeckmn aktmeHbIx Bewlects PAH,
UepHoronoska,;

Beneukasa W. I., akagpemnk PAH, MoOCKOBCKUI rocyapCTBEHHbLIM YHUBEPCUTET UM.
M.B. JlomoHocoBa, MockBa;

TpodmmoB b. A., akagemuk PAH, VpkyTckun nHCTUTYT xumunmn um. A.E. daBopckoro
CO PAH, UNpkyTck;

CanaxytamHoB H. ®., uneH-kopp. PAH, HoBoCUMBMpPCKNIA MHCTUTYT OpraHnYeckoun
xumum nm. H.H. Bopoxuosa CO PAH, HoBocnbupck;

HenanpeHko B. I'., 0.x.H., MOCKOBCKMIA roCcydapCTBEHHbIN yHMBepcuteT um. M. B.
JlomoHocoBa, MockBa;

TpycoBa M. E., a.x.H., TOMCKMUM NONUTEXHNYECKNIN YHUBEPCUTET, TOMCK;

TpywkoB WU. B., a.x.H., IHCTUTYT opraHmnyeckon xumumn nm. H.O. 3enuHckoro PAH,
MockBa;

MBaHoB A. B., a.X.H., NpkyTcknin HCTUTYT xumum CO PAH, NpKyTck;

Wmuar E. 1O., a.xX.H., NpkyTcknin nHCTUTYT xumum CO PAH, UpKyTck;

Aposasa O. WU., o.x.H., HoBocMBUPCKMIA MHCTUTYT opraHudeckon xumumm um. H.H.
Bopoxuosa CO PAH, HoBocubupck;

BacunbeB A. B., o.x.H., npodeccop CI16Iy;

Xne6HukoB A. ®., a.x.H., npodeccop CI16IY;

HosukoB M. C., o.x.H., npodeccop CI16Iy;

Bokau H. A., 0.x.H., npodgeccop PAH, npodeccop CI6Iry;

KunxkanoB M. A., A.x.H., goueHT Cl1ol'Y;

BakynuHa O. HO., K.X.H., goueHT CI16I'Y;

NoBau A. U., k.X.H., poueHT CIory;

OanunkuHa H. A., K.X.H., goueHT CI16I'Y;

dununnos W. ., acnmupanT CI16ry;

3aHaxoB T. O., acnupaHTt Cl16IY;

KawwuHa M. B., acnupant CI16Iy;

XmeneBckas E. A., acnupaHT Cl1ory;

Bupskuna A. A., acnupaHt CI16IY;

CmupHosa P. B., Cl16I'Y;

MpoueHko H. B., CIory;

WyToBsa E. E., CI16IY.
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OCHOBHbI€ gaTbl }XM3HU U PaboTbl A. E. ®aBopCcKoro

20 $peBpans (4 mapTta) 1860 r. — aaTa poxaeHus, ceno Mas10Bo Hukeropoaxoi rybepHuy;
1878-1882 rr. — 06y4eHue B CaHKT-lleTepbyprckOmM yHUBepCuTeTe;
1882-1885 rr. — paboTta B nepBom lNeTepbyprckom peasibHOM yYniuLLe;

1885-1891 rr. — n1abopaHT Kadeapbl TEXHUYECKOM M aHAIMTUYECKOM Xxumuu MNetepbyprckoro
YHUBEpCUTETQ;

1891 r. — 3aWmMTa AUCCEpPTALMM HA CTENEeHb MarucTpa XxMumuu. MNpusaT-goueHT Kadespsbl
TEXHUYECKOMN U aHA/IUTUYECKON XUMUY;

1891-1894 rr. — npenogasaTte/ib OPraHM4eCcKon XM Mmnxain/i0BCKOro apTU/1I/1€pUMCKOro YYnauLLLa
1 MMXaiN0BCKOM apTU/A/IEPUNCKOM aKkagemMuuy;

1895 r. — 3aLMTa gMCCepTaLMM Ha CTEMNEHb AO0KTOPa XxuMuun. Npodeccop Kadeapbl TEXHUHECKOM
M QaHA/IMTUHECKON XUMUU;

1897-1909 rr. — 3aBegyrowmin Kadpeapown opraHmyeckon xummun Metepbyprckoro
TexHO0rn4ecKkoro MHCTUTYTa;

1900-1919 rr. — nNpogeccop OpraHM4eckomn xmmmum MNetepoyprckmx BbiCLLMX XKEHCKUX KypCOB;
1900-1945 rr. — pegakTop *KypHana Pycckoro ¢pusmMKko-xmummnyeckoro obL,ecTsa;

1902-1930 IT. — 3aBeAytoLnit Kadpeapoi oprannyeckom xummum C.-Metepbyprckoro yHMBepcuTeTa;
1919-1945 rr. — paboTa B [0CyAapCcTBEHHOM MHCTUTYTE NPUKAAAHON XUMUK;

1922 r. — 41.-Kopp. Akagemun Hayk CCCP;

1922-1930 rr. — 3aBeAyoLwmin Kabeapon opraHuyeckomr xummu fNeTporpasckoro
TexHO/10rM4eCcKkoro MHCTUTYTa;

1925 r. — MOYeTHbIM Y1eH PPaHLy3CKOro XMMUYeCKoro obLLecTsa;
1929 r. — AENCTBUTE/IbHbIM Y1eH AKkagemun Hayk CCCP;
1930 r. — paboTa Hag y4ebHMKOM «KypC OpraHU4eCcKom XMmmumn»;

1931-1941 rr. — paboTa B crneuunasbHOM OTgeneHun /1abopaTopumn OpraHMyeckon XMMnm
J/IeHUHIPaA,CKOro YyHUBEPCUTETQ;

1931-1934 rr. — paboTa B /labopaTopwum opranmnyeckon xummm AH CCCP;
1934-1937 IT. — AMpeKTop MHCTUTYTa opraHundeckor xumun AH CCCP (MockBa);

1938-1941 rr. — 3aBegyoLWwmii 1abopaTopmert BbICOKOMO/IEKYIAPHbIX COeAUHEHUN
num. C. B. /lebeseBa B /IeHUHIpagCKOM YHUBEPCUTETE;

1940 r. — HarpaxkgeHue opgeHom Tpyaosoro KpacHoOro 3HameHu;

1941 . — rocyapcTBeHHan npemus 3a pa3paboTKy MeToga CMHTE3a M30MPEHOBOrO Kay4yKa;
1941-1944 rr. — nepuog, 3Bakyaumun B boposoe KokueTaBckow 06aacty;

1944 r. — HarpaxgeHue opgeHoM /leHrHa 3a paboTy B Pycckom pu3nKo-xmummieckom obLecTse;

1944 r. — Harpax4eHue opaeHoM /leHnHa 3a paboTy B [0CyaapCcTBEHHOM MHCTUTYTE NPUKAAAHON XUMUMK;
1945 r. — HarpaxkgeHue opAeHoOM /leHnHa 3a pabrooTbl B 06/1aCT OpraHM4eCcKon XMMmK B CBA3M C 85-1eTnem;
1945 r. — y/A,0CTO€H 3BaHuA [epoA coumaiMcTMYeCKoro Tpy4a;

8 aBrycrta 1945 r. — gara cMepTu.



AKAJEMUK WDABOPCKUN

Teopuecmeo Anekces Eszpacdosuua Pasopckozo - ye/nda 3noxd 8 pazsumuu opzaHU4eckol Xxu-
muu. 3mo 0asHO NPU3HAHHbIU OP2AHUK-K/NACCUK, YYE€HbIU SHYUK/I0Nneoucm, HoO8amop 8 HayKe u
€€ npakmuyeckux npusoxeHusx. OH A8/19emcsa yyume/sieMm HeCKO/IbKUX NOKO/1eHUli XUMUKO8-0p-
2dHUKOB U 0cHosamesiem KpynHeliweli Hay4yHoU WKo/bl opzaHU4ecKol Xxumuu 8 Haweli cmpdHe.
KuHnxanoe M. A., Pocmoeckuii H. B.

Ha4yano kapbepbl

Anekceii Eerpadosny daBopckuii po-
amnca 1860 roga Ha peke Oke B cene
MaenoBe Huxkeropogckon rybepHum
(HblHe ropog, MaBnoBo-Ha-OKe B Huke-
ropoAckoi 06,1acTn), B cembe MeCTHO-
ro ceAweHHMKa EBrpada AHgpeesunya
PaBopckoro.

B npaBocC/1aBHbIX KHUIFAax MOXHO
BCTPETUTb C/10Ba: «CBeT PaBOPCKUM».
BoT OT Hero-To M BegeT MPOUCXOXK-
AeHve GamunMA Be/IMKOrO PYCCKOro
xumuka. Ero gepg v npagen cayxuam
NMPUXOACKUMMU CBALLLEHHUKAMKU U HOCU-
m damuamio EnndaHosbl. A BOT oTuy
Anekcena EprpadoBuya u ero gage -
6paTty oTua — npu MNOCTyrn/IeHUU B Ay-
XOBHOE yynauuie bbina gaHa pamuama
«DaBOPCKMN», KOTOPanA U NepeLl/aa K Ux
AETAM M BHyKaM.

PanHee getctBO A. E. ®aBopcKuin
NpOBOAUT B CeMbe poauTesnein. B ce-
Mbe PaBOpCKUX ObIO aecATb aeTeit.
Crapwuin 6pat AHApel noABMACA Ha
CBeT Ha CeMHagLaTh /1eT paHblue npeg-
nocnegHero — Anekcea. banxe Bcex
Anelwa cowenca ¢ 6patom Calue, Ko-
TOPBbIN CTapLUe ero Ha ceMb /1eT. bpaTba
YK€ Y4U/IUCh, U Masblll A/lella C HeTep-
MeHMeM KAan uUX Mpuesaa Ha KaHUKy-
Nbl. OgHaxAbl 3MMOM, 3aC/IbILLIAB CKpUN
CaHel, Ha KOTOpbIX npuexaau bpartbsa,
OH TaK KPerkKo npuxasca 160M K OKHY,
CTpeMACb CKopee yBUAETb UX, YTO pas-
£,@BU/1 CTEK/0 U r/1y6OoKO nopaHua cebe
N06 Hag caMbIM r1a3om. YTobbl ocTaHo-
BWUTb KPOBb, PaHy 3acblnazin TO/HEHbIM
yrnem, otyero y ®aBopcKoro Haecerga
0CTa/IcA CMHeBaTbIl pybell, nepeceKas-
LA 6poBb.

HavasbHOW rpamoTe — 4uTaTh M
CHUTATb — OH YYUTCA Yy «HEePHUYEK», TaK
KaK LLKO/1 B TO BpeMsA He Obl/10 gaxe B
TakoM 6osbliom cene, Kak [1aBnoBoO,
rAe UMe/10Cb HECKO/IbKO LiepKBeii 1 Co-
60p. B geBATb 71eT A/leKCero NPUXOAUNT-
CA yexaTb U3 KMBomnucHoro fas/oBa B
HuwxHuit Hosropog, rpe 6naropgapA
Hac/neACTBY, OCTaB/IeHHOMY  ymep-
wum be3geTHbIM AdAgel, Anewa u ero

MAagLan cectpa /In3a MOrn y4uTbCA
B MMMHasuu, Kyga PaBopckuii B 1869
rogy v nocrynaet. B HuxxHem Hosro-
poge Anekcei Esrpadosuy npoxoaut
CeMb K/1aCCoB; BOCbMOM Kacc A. E. Pa-
BOPCKMIA 3aKaH4uMBaeT B Bosiorogckon
rMMHasuu.

C geTckux net Anekceir Esrpado-
BMY /IOOUT PYCCKylO mpupogy — cTe-
nu, neca u peku. OH OAMH U3 MepBbIX
PYCCKMX /IbI)KHMKOB; YB/IeKaeTCA pblb-
HOW /10B/1ell U OXOTOM C py*bém. OXO-
Ty A. E. ®aBOpCKuii 0CTaBuA /1LLIb B
75-1eTHeM Bo3pacTe. Mo BOCNOMMUHa-
HMAM apy3sen A. E. PaBopckuit 6bia
MUCKYCHBbIM MTULLE/IOBOM U OXOTHWKOM.
B petctBe Anekcell Bcerga paepikan
y cebsa goma pasHbix nTul. OAHaXKAbI
OH BCMOMMHA/, KaK Y Hero 3umoBanu
CKBOpLbI: «3UMbI Bbl/IM XON0AHbIE, KYP
AEepa/an Ha KyxHe B 3aneybe, U K HUM
e A MpUCTPOU/ CKBOPLA Ha 3MMOBKY.
O6cTaHOBKa A/1A CKBOpLA OKasanacb
noAxXoAALLEeln, U OH MPOXKU/ BCO 3UMY C
TO/IKOM — YCBOW/1 BC@ MaHepbl neTyxa u
BOOOparkan ceba BOXKAKOM Kyp».

/Mob0oBb K npupoge He npoLaa
B »M3HM A. E. PaBOpPCKOro Kak npoc-
TOM 3Mu304, a onpeaenuaa ero ys/e-
YeHWe ecTeCTBeHHbIMW Haykamu. B
1878 r., nocne OKOH4aHuA Bosaoroa-
CKOM rMMHasmu, Anekcen EBrpadosuy
®aBOpCKMIA MOCTynaeT Ha ecTecTBeH-
Hoe oTgeneHne (U3MKO-maTeMaTH-
yeckoro ¢akysibteTa [leTepbyprcko-
ro yHuBepcuTeTa, rAe B TO BpemA
paboTaloT 3HAMeHWUTble pycCKue Yy4é-
Hble — /. U. MeHgenees, A. M. ByT-
nepos, H. A. MeHwyTKuH, B. B. JlOKy-
yaes, . M. Ce4yeHoB. OcHOBbI 0bLL el
M opraHuyeckon xumum A. E. dasop-
CKOMY MpenogHOCATCA Ha /IeKUMAX U
B n1abopaTopuax [. U. MeHgeneeBa u
A. M. Bytaneposa. MMeHHO nog pyko-
BoacTBOM A. M. ByTaepoBsa u ero 6aum-
Xalwero nomouwHuka M. [. /lbBoBa
®aBOpPCKUIA HaYMHAET mccaeaoBaTe b
CKylo paborTy ele 6yay4um CTygeHTOM.

B 1881 roay OH nepexoaut Ha
rocneaHuii, YeTBepTbl Kypc. CTyaeH-
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A. E. ®asopckuli 8 1882 200y

TY-BbINYCKHUKY TO/1arasnocb BblbpaTb
cneumanbHOCTb U OnpeaennTbca B COo-
OTBETCTBYIOLLYtO /1abopaTopuio. Pa-
BOPCKUI CTpeMUTCA mnonactb K BbyT-
neposy. EmMy 37O ygaertcAa He cpasy.
A. E. ®aBOpCKUI 3anucbiBaeTca K byT-
/1epoBY, HO OKasblBaeTcA LIecCTbiM, a B
nabopatopuun bytaeposa 6bi10 Bcero
nATb MecT. MpUXoaUTCA CTaTb «meau-
KOM MOHeBO/1e» — aHAaTOMOM. CTyaeHT
no/y4aeT 3agaHue: HalTW OKOH4YaHMA
NEroyHbIX HepBOB Y /AryweK. Hox-
HMLAMKM OH OTCeKaeT ro/soBbl Hecync-
/IEHHOMY YMUCAY NArYLUEeK... «3arybun s
MX TbMy, — BCMOMMHAA BNOC/1€ACTBUM
A. E. ®aBOpCKuii, — @ HEPBHbIX OKOH-
YaHWMA Tak W He Hawén». BHesanHo y
ByTtanepoBa ocBoboxaAaeTcA mecto, u
PaBOPCKMI CNELUNT ero 3aHATb.
Kaxgomy  «cBoemy»  CTygeHTy
AnekcaHgp MwuxalnoBu4 B KadyecTse
UCMbITAaHWA MNpegaaraeT MpUroToBUTb
ABa npenaparta: O4uH — Mo U3BECTHOWM
MeTOAMUKe, APYroi — Mo OMUCaHUIO B
cneumanbHow auTeparype. locae 3To-
ro Aaérca Tema A/1A 3KCNepUMeHTa lb-
Hol paboTbl. Anekceto Esrpadosuuy
6bl1a Npea/ioXKeHa c/1eAyoLLas: B3AB B
KayecTBe MCXOAHOrO0 martepuana amu-



/leH, TOo/y4uTb BasepuieH (nponuna-
LeTU/IEH) U U3Y4UTb €ro no/IMMepusa-
umto B 60/1€e c/10XKHOE BelecTso. JTa
TeMa OKa3blBaeTCA O4YeHb TPYAHON U
NMpaKTUYECKU HEeBbINO/HUMON B /1abo-
PaTOPHbIX YC/IOBUAX TEX /1€T U MPU TOr-
AawHem o6opyaoBaHun. PaBOPCKUi
My4aeTcs TpU roga, TpaTuT Maccy Tpy-
432 W BpEMEHMU, HO TaK U He gobuBaeTcA
HWMKaKUX pe3y/IbTaToB, B TO BpEMA KaK
BCE ero TOBApWLLM yXKe A0/10XUIUCH
Ha 3acegaHuAx Pycckoro xumuyec-
KOro obuiectsa O MO/YHEHHbIX UMUK
MHTEpeCHbIX AaHHbIX. Kossneru, Kak
BCMOMWHAA U3BECTHbIA XUMUK B. E. Tu-
LLIeHKO, YYBCTBOBA/IM HEHOPMa/IbHOCTb
CO3/aBLUEroCA MO/IOKEHUA, TaK Kak
npu3HaBa/mM nepseHcTBo PaBopcKoro
Kak Mo crnocobHOCTAM, TaK U Mo u3A-
wectsy paboTbl. Ho ®daBopckuii He
M3MeHW/ HayKke. HecmoTpA Ha Bce He-
Y/,@41, OH He TepsAeT Bepbl B CBOU CW/Ibl,
He BragaeT B OTYaAHWUe, a MPOAO0/IKaeT
YMOPHO TPYAUTBCA.

Haquble OTKpPbITUA

Mocne OKOHYaHWA YHMBepcuTETa B
1882 r. Anekcet EBrpadoBuy coxpaHs-
€T C HUM Camyto TeCHYl CBA3b. Hako-
Hell, ero ynopHbIi TPys, yBeHUYMBaeTCA
ycnexom. OH genaeT CBOE nepsoe Ha-
y4HOe OTKpbiTME — OTKpbITUE U30Mep-
HbIX MpeBpaleHuii  TepMMHa/IbHbIX
aueTU/IEHOBBIX Yr/1I€BOAOPOAOB MOA,
B/IMAHMEM CMUPTOBOrO pacTBopa rua-
POKCMAA Ka/A U TNPU HarpeBaHuu. Ta-
KuM obpasom, Anekceit EBrpadosuy
BrepBble B WCTOPUM OpraHUyeckom
XUMUW yCTaHaB/MBaeT repemeLleHne

Y A. E. ®agopckozo 6bln 8eaukosen-
Helli 20/10¢ — 2ycmol 6apumoH, u ab-
co/itomHbIl - cyx. YdeHolli yacmo no-
cewan onepy, da 8 nabopamopuu, 3d
pabomoti, Haneeasn ceou /A6UMbIE
apuu. OOHa#Obl KakolU-mo cnezKa
nodsbinuswuli dHmpenpeHep onepe-
MOYHO20 Mmeampd, Yyc/iblWde neHue
$agopcKoz0, HACMO/LKO UM N/IEHU/ICS,
umo ecepbes cmas Npeod1dzams y4eHo-
My 8CmMynume 8 mpynny e2o meampd,
Cy/n8 U3pAOHeIl 20HOpAp. «/a u 4Yem
e mbl MAKUM 3dHUMAEeWbCa?» — 80C-
K/AUKHY/ OH, Koz20a Anekceli Egzpaco-
8UY OMK/IOHU/ €20 npedsoxiceHue. —
«AUemus/IeHO8bIMU y2/1€8000P00AMU»,
- omsemus XUMuk. — «Hy u dypak me
mbl, bpameuy», — C 020p4eHUEM B0C-
KAUKHY/1 dHmpenpeHep U MAxHys py-
KOU Ha M0/100020 Yesno8ekd, OMKasdas-
wezocs om b61ucmamesibHO20, NO €20
MHeHuto, 6ydyujezo.

. P

E CneumastHom -

NABCPATOPMA O

PraHMyECKoH Xumiam .Y 1989 3or

B cneyuanbHol nabopamopuu opzaHudeckol xumuu 8 HUXM /ITY (1929-1930 2.),
8 nepsom psdy caesa: M. B. Usuykul, K. P. Mayynaesuy, A. E. @asopckull, C. H. flaHu-

7108, H. ApHO/160.

TPOWMHOW CBA3M — Nepexoy HeCUMMeT-
PUYHOM MO/1€KY/Ibl C TPOMHOM CBA3bIO
B CMMMETPUYHYI0. BmecTe ¢ Tem nog,
AefcTBMEM MeTa/l/IMYeCcKoro HaTpuA
AM3aMellleHHble  aueTU/IeHOBble  CO-
e/AVHeHVA TpeBpaLLalOTCA B MOHO3a-
MeLleHHble. [Ipy 3TOM Ha NpoMmexy-
TOYHOM CTaguu mnpouecca MUrpaLmu
TPOWHOW CBA3M 06pasyloTCcA a//eHo-
Bble coeamHeHuA. o3aHee 3TOT npo-
Llecc no/sy4aeT HasBaHWe «aleTu/ieH-
a/I/IeHOBOW neperpynnMpoBKM», OHa
e «aueTu/neHoBaA MO/HUA». ITO OT-
KpbITME Cpa3y e BblCOKO OLeHMBaeT
A. M. bytaepos.

OpraHuyeckasa xumua go A. E. ®a-
BOPCKOrO 3aHMMa/sacb CUMHTE30M HO-
BbIX BeLeCTB W YCTaHOB/IEHWEM WX
cTpoeHus. [loBegeHe BelllecTBa U ero
YCTOWYMBOCTb OCTaBa/IMCb COBCEM He-
BblACHEHHbIMKU. Anekcelt EBrpadosuy
NpOAO/IKAET UCC/IeA0BaHUA B 06/1acTh
aueTW/IEHOBbIX U a/l/IGHOBbLIX Yr/1€BO-
aopoaoB. OH 33saeTcA Le/blo HalTK
peaKkuuio, XapakTepHyto A/1A ABy3ame-
LLeHHbIX aueTU/1eHoB, Nog06HO ToMmy,
Kak A/1Aa OAHO3aMeLLeHHbIX aueTu/e-
HOB CylllecTByeT peaKuua obpaszosa-
HMA aueTWIeHnAoB Mean U cepebpa.
B cBA3M C 3TUM OH M3y4aeT B3aUMO-
AeicTBMe gBy3aMelleHHbIX aueTuie-
HOB C X/IOPHOBATUCTOM KUC/IOTOM, Ha
OCHOBE KOTOPOrO NOKa3bIBaeT, 4TO Npu
06paboTke 0OpasyrOLMXCA NpU 3TOM
abda-ANX/I0PKETOHOB BOAHbIM  pac-
TBOPOM MOTaLLA, HAPAAY C OXHUAAeMbI-
MW gMKEeTOHamu 06pasytoTCA KUC/IOTbI
aKpU/IOBOrO pAga B pesy/bTaTe BHYT-
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PUMO/IEKY/IAPHOM  MeperpynnupoBKy,
COMPOBOXAaoLLenca U3MEeHeHueMm
Yr/1epogHoro ckesneta. B pAgy uukau-
YeCKMX MOHO- U AUX/IOPKETOHOB nepe-
rpynnMpoBKa MPOUCXOAUT C U3MeHe-
HMem pasmepa uuKaa. Tak, U3 KeToHa
C LIeCTbIO aTOMaMM Yr/iepoga B Ko/blie
no/y4aeTca KMC/I0Ta C MATbIO aToma-
MU yr/7epoga B LMK/E, TaK e TOYHO
CeMMYNEHHbIM  LUMKA NpeBpallaeTca
B LUECTUY/IEHHbIA. DTU peakuun ABU-
/Cb OAHVUMM U3 MEPBbIX, MOKa3aBLUNX
BO3MOXHOCTb MpeBpaLlleHna Apyr B
APYra LMKANYECKNX COeANHEHUN C pas-
HbIM 4YMC/IOM aTOMOB yr/iepoga. A/ek-
cen EBrpadoBumy npepgnaraetr cxemy
3TOI neperpynnupoBKM, MO/yYMBLLEN
BMOC/1€ACTBMU Ha3BaHWe «Mneperpyrn-
nMpoBkKu ®aBopckoro». OTKpbITOE UM
npespalieHne anbda-gUXN0PKETOHOB
/IOXUTCA B OCHOBY €ro /[OKTOPCKOM
avccepTtauuun. Ee 3awmTa coctoanach B
anpese 1895 roga. TpuguaTtv nATK /€T
OT poay PaBOPCKMI1 NONYYaeT CTeneHb
AOKTOPa, a 3aTeM U1 3BaHue npodecco-
pa Kadeapbl aHa/MTUHECKON U TEXHMU-
YeCKoM XMMUMU.

A. E. ®aBOpCKUI MCNO/b3yeT 3TH
npespalleHna 418 ga/bHeNLero yco-
BEPLUEHCTBOBAHUA CTPYKTYPHOrO y4e-
HWA, TBOPLLOM KOTOPOro AB/A/ICA ero
yuntenb A. M. byTtnepos. ®aBopcKui
n3y4yaeT MO/IEKY/ly OpPraHM4ecKoro co-
e/AMHEeHUA B eé «BUKEHUU» U U3MeHe-
HUU. BaxKHbIMM A/1A OKOHYaTe/IbHOro
YTBEPXAEHUA CTPYKTYPHOrO Y4eHuA
OPraHM4yecKo XMMUM ABUAUCL pabo-
Tl A. E. ®aBOpCKOro no ycTaHoB/e-



HUIO BO3MOXHOCTM CYLL,eCTBOBaHMA
3aMKHYTBIX LUK/ANYECKUX COeAUHEHUI
C TPOMHOWM CBA3bIO B LjMK/Ae. OKa3anoch,
4YTO He/b3A MO/YYUTb MATU-, LIECTU- U
CeMUY/IeHHbIe LMK/ANYeCKne OpraHu-
Yeckue coegnHeHUA C TPOMHOM CBA3BIO
B KO/IbLie, TaK KaK NMosB/1eHne TPOMHOM
CBA3M B Ha3BaHHbIX LUWKAAX gesaeT
MO/IEKY/TY HEYCTOMYMBOM U LMKA CTa-
bunusyetca GnarogapAa nepexody B
M30MepHbIe U MO/IMMEpPHbIE COeAUHe-
HWA, He CcogeprKallme TPOMHOM CBA3MU.
BbiClLMe »Ke LMK/bI, Ha4YMHaA C BOCb-
MUWY/IEHHOIO, Y)Xe€ MOryT COAepKaTb
TPOWHYIO CBA3b B KO/bLiE.

bosblune aoCTUNREHUA MO/yHeHbl
A. E. ®aBopckum B paspaboTke meTo-
fOB CMHTE3a pAga OpraHUYecKUX Cco-
e/AMHEHUN, Hanpumep, alueTU/IeHOBbIX
CNUMPTOB B3aMMOAENCTBUEM KETOHOB
C aueTW/IeHOBLIMU YI/1eBOA0POAAMMU
B MPUCYTCTBUM TUAPOKCUAA Ka/wA.
BrniepBble 3Ta peakuuA OCyLLecTB/eHa
PaBoOpCcKMM U ero ydyeHukom M. M. Cko-
CapeBCKMM eLle B 1900 rogy Ha npume-
pe B3aumoaeincTemna deHmnnaueTnaeHa
C aueToHOM. B 30-e rogbl B KadecTtse
McxogHoro 6bin1 MpumeHeH cam aue-
TU/IEH, @ ONMTUMa/IbHbIE YC/I0BUA 3TOrO
CMHTEe3a pa3paboTaHbl ero y4eHuKamu:
T. A. ®aBopckoii (goyepbto Asekcen
Esrpadosuya) u C. . Konsaguubim. Tak
M3 aueToHa U aueTw1eHa B YC/10BUAX
peakuun obpasyetcA aAumeTHNALETH-
NeHunkapbuHoa (cnupt daBopckoro).
3TOT CNMPT WCMO/L3YIOT B KayecTBe
MCXOAHOrO COEAMHEHUA AN CUHTE3a
u3onpeHa, Npu no/sMmMepm3aLum KoTo-

poOro ro/sy4aeTcA WM3OMpPeHOBbIN Kay-
4yK, Hanbosiee 6U3KKI K NIPUPOAHOMY
M3 BCEX BUAOB CMHTETUYECKUX Kay4y-
KOB. B 1941 r. 32 pa3paboTKy meToAa
CMHTE3a M30MpeHOoBOro Kayyyka A. E.
®aBopckoMy Oblna mpucyxgeHa locy-
AapCTBEHHAA NpeMuA 1-0l CTeneHu.
Becbma cylLecTBEHHBIM B Pa3BUTUK
TEOPUN XMMMYECKUX PeaKLuii ABUIOCh
nonyverve A. E. PaBOpPCKMM OKCOHMe-
BbIX CO€AMHEHWUI CMUPTOB U F/IMKO/EN
C Kuc1otamu. PaBOpCKUA UCMO/Ib3yeT
nx obpasoBaHue ana OObACHEHUA Me-
XaHU3Ma MPOTEKaHWA TaKMX peakuui,
KaK gervapartauma CrvpToB U [/IMKO-
neri. OH NPUHMMAET, YTO OKCOHMEBbIE
COeAMHEHUA KMUC/I0POA0CoAEPKALLIMX
COeAMHEHUIN C MUHEPa/IbHOW KNCI0TOM
AB/IAOTCA NepBbIM 3TarNoM B MpoLjeccax
06pa3oBaHMA MPOCTbIX 3PUPOB, anbe-
rMAOB U KETOHOB M3 CMIUPTOB U I/IUKO-
nei. Tpy M3ydeHMM B3aMMOAENCTBUA
3TWIEHI/IMKO/AIA C CEPHOM KWUC/I0TOM
Anekceit EBrpadoBmy OTKpbIBAET NpOC-
TOM cnocob cuMHTE3a AUITUIEHOBOrO
3¢upa — «gruoKcaHa». OH Ke Bnepsble
TOYHO onpegeniAeT ero CTpoeHue. [Anok-
CaH npegacTaB/seT COOOM LeHHbIM pac-
TBOpUTE/Ib A/17 OPraHUYeCcKMX BeLLecTB
W LUMPOKO MPUMEHAETCA Ha MpakTuKe.
BcregcTBue BbICOKOM PacTBOPMMOCTU
MHOIMMX OpraHuyecKMX BelLecTB AUOK-
CaH Ha3bIBAKOT «OPraHUYeCcKomn BOAOM».

daBoOpCKMit — y4eHbIi U negaror

OcHoBHaA geAtenbHOCTb A. E. ®aBop-
CKOro B 1900-1918 rr. pa3BuBaeTCA
rnaBHbIM 0bpasom B [eTepbyprckom

-

Mempoezpadckuli TexHoso0z2uyeckuli uHcmumym (1923 2.): 8 ueHmpe A. A. IKOBKUH
(3as. kaedpoli HeopzaHuyeckoli xumuu), c1ega om Hezo A. E. dagopckuli (3as. Ka-

¢pedpoli opzaHuyeckoli xumuu).
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yHuBepcuTeTe. B 1902 roay, nocse ne-
pexoga npodeccopa H. A. MeHLWyTKu-
Ha B HOBOe y4yebHOe 3aBegeHue — Mo-
NINTEXHUYECKUI MHCTUTYT — PaBOpPCKUi
nosy4aet B lNeTepbyprckom yHuBepcu-
TeTe Kadeapy OpraHMYeCKOM XUMMUMU.
Ee 6osbwaA nabopaTopmAa 3aHMMana
MoYTM BeCb TPeTUit 3Tax «MeHpenees-
CKOro ueHTpa». /1A Hee 6bl1 OTBEAEH
OFPOMHbIN ABYXCBETHbIN 3a/1 C ABYMSA
pAgaMU MeTaN/IM4ecknx cton60B, noa-
AEPKUBAIOLLMX MOTO/IOK, U A0BO/ILHO
LUIMPOKUM TMPOXOAOM MeXay Humu. C
obenx CTOpPOH nNepreHAUKY/NAPHO K
OKHaM cToAnn paboyne cToAbl. B KOH-
ue 3as7a pacnonarasnacb Tak HasbiBa-
emMaA 4YepHaAd KOMHata C MOTOPOM B
BbITAXKHOM LWKady. B npumMbIkatoLem K
nabopatopun H60/bLIOM LLUMPOKOM KO-
pUAOpe Haxoau/10Cb XpaHW/uLLe BCe-
BO3MOMHbIX XMMMWYECKMX PEeaKTUBOB.
MpoussBogcTBa peakTMBoB B Poccun
TOorga euwe He 6bl10, BCE BbIMUCHIBA-
/10Cb U3-3a FPaHULIbl: OPraHMyecKue pe-
aKTMBbI M3 FepMaHumn oT pupmsbl «Kanb-
6aym», HeopraHuyeckue — OT GUPMbI
«Mepk». Yactb wkados Obiia 3aHATa
N1abopaTopHOW NOCYA0M — CTEK/IAHHON
u papdoposoir.

Mun Anekceir Esrpadosuy Tam
e, B MeHgeneesckom ueHTpe. B
1894 rogy, Korga 6b1/10 NOCTPOEHO 343a-
HMe B YHUBEPCUTETCKOM ABOpe pAAOM
¢ boTaHuyecknm cagom Mo/1040M1 Npo-
deccop nonyyaeT Tam KBapTUpy. «Bcé
6b110 pAgoM. [Jeayllka CrnycKaaca no
/lecTHULE, NPOXOAUA BAO/b 34aHMA U
nogHMMa/cA B CBOKO /1abopaToputo op-
raHU4YecKoM XMMUKU. Ha 3TOM ke 3Taxke
XU akagemuk B. E. TuleHko, cekpe-
Tapb A. N. MeHaeneesa, ¢ A4ByMA CBO-
UMM CbIHOBbAMM» — PAaCCKa3blBAeT BHYK
Anekces Esrpagosuya MBaH HukuTHY
AOMHUH. Bosiblle cTa neT 34eChb XUam
yeTblpe MOKo/eHUAa ceMbu PaBOPCKUX-
[ OMHUHbBIX.

Anekcelt EBrpadoBmy MHOrO BHU-
MaHUA yaenseT MON0AbIM U TaNaHT/Au-
BbIM Y4€HMKaM U CBOEW 3Hepruen npo-
OyKaaeT MHTepec K HayKe U xenaHue
M3y4aTb OpraHuYecKue CoedmuHeHuA U
ux rnpespaleHus. Kak nucan oguH us
ero cotpyaHukos B. I. lLlanowHMKOB,
«pyx nabopatopum PasBopckoro Oy-
AW BOCMOMMHAHUA O LUKOAAX ApeBs-
HUX 3/AMHCKUX ¢unocodoB. Hayka
3aecb Obl1a HamBbICLel cybcTaHumel;
paboTatolime CAMBaAUCh B OAHY ce-
MbtO... PagocTHoe u 6ogpoe HacTpoe-
HMe, KOTOpOe 34eCb rocnoACcTBOBasNo,
CO34aBa/lo OCOBEHHO ApPYXEeCKyt aT-

Mocdepy».



Brocm Anekcesa Eszpacosuya Pasopc-
K020, YCMAHOB/1eHHbIU HA Yemseepmom
amawe Xumu4eckozo dakysbmemad
cnery. Omaum ckynenmopom Muxad-
/108bIM 8 1951 200y 8 MACMeEPCKUX AKd-
demuu xydoxecms.

Axkagemunk H. fA. [embAHOB B
cbopHUKe Uu3bpaHHbIX TpyaoB Asiek-
cen Eerpadosuya, Hanmcan: «Ecim oH
Tak MHOrO cgenan AnAa pasBuUTUA Ha-
YKH, TO, C 4PYrOi CTOPOHbI, OH UMeeT
rpomMagHble 3acayru ... KaK y4yuTe/b 1
co3gaTte/ib Hay4yHOM wWwKoAbl. Co3paaH-
HaA MM LLIKO/Ia OPraHMKOB OYeHb Be-
/IMKA NO YMCAY U BbICOKA NO KayecTsy,
YTO AOKa3bIBAET ero BblAAMOLLMIACA Nne-
Aarornyeckuin TanaHT...». Komuccua,
BblgBUraewwan Anekcesa Esrpadosuya
B gelcTBUTeNbHble Y/1eHbl AH CCCP,
nogyepkusana: «OH nepegan Tpaawu-
umn A. M. ByT/epoBa HeCKO/IbKUM MO-
KO/IEHUAM PYCCKUX XMMUKOB. MHOrune
AECATKU ero Y4eHUMKOB OCTaBW/IN CBOM
cnes B XMMMYECKOM Hayke. HeKkoTo-
pble U3 ero COTPYAHUKOB TOXe CamMu
CTa/M y4UTENAMM... ». [JeNCTBUTE/IbHO,
UM 6blNa co34aHa OfHa M3 KpynHen-
LWMX LIKOA MO OPraHWyeckon XMMWM
nepBOM MO/IOBMHBI 20-TO CTO/ETUA.
Yucno ero yvyeHukos, paboTaBlUMX C
HUM U MPOAO/MKMBLLMX €ro uccaepo-
BaHMWA, NpeBbIllaeT gBe COTHU. [locTa-
TOYHO CKasaTb, YTO €ro y4yeHuKamu
6bl/IM CO3AaHbl LEHTPbl XMMUYECKOM
Hayku B pasHbix ropogax (MeTtepbyp-
re, Mockse, WpkyTcKe, Anma-ATe,
Baky, AywaHb6e).

Cpean npeacTaBUTENIEN  /IGHUHT-
PaACKOMKOropTbl €ro YHeHUKOB MOXKHO
Ha3BaTb XK. U. Moumya, A. E. Mopalii-Ko-

wuya, C. B. /lebegesa, 0. C. 3anbKuH-
43, C. H. Aanunosa, U. A. lbAKOHOBA,
A. W. TuH3bypra, 3. A. BeHyc-AaHuno-
By, T. A. n N. A. ®aBopckux, K. A. Or-
n06/1Ha, T. U. TemHuKoBYy. B MockBe
paboTtaim W. H. Hasapos 1 M. ®. Loc-
TaKOBCKMM, OCHOBABLUMWI, B CBOKO OYe-
peab, MHCTUTYT OpraHnyeckomn xmummm
B MpKyTcKe. MoABMANCD Hay4HO-UCCe-
A0BaTe/IbCKMe LIeHTPbl U B APYrMX ro-
pogax ctpaHbl: Aama-Ate (U. H. Asep-
6aes), Baky (M. A. LUnxues), AywaH6e
(B. U. HUKKUTHH).

B aHBape 1929 r. A. E. ®daBopckuit
e/AMHOr/1acHo BblOMpaeTcA AencTBU-
TE€/IbHbIM  4/I€HOM AKageMuu Hayk
CCCP, a B 1934 r. ¢ nepeBogoM Aka-
AeMun HayK B MOCKBY HasHavaeTcA
nepebiM AWpeKkTopoM MHcTUTyTa Op-
raHuyeckom xummm AH CCCP, rpe He-
Me/A/1IeHHO NPUCTYNaeT K OpraHu3auum
Tam 1abopaTopuM OpraHU4ecKoro CuH-
Tesa. B ero snabopaTtopmu Hay4HbIMM
COTpyAHVKamu paboTatoT  OyayLimii
akagemuk U. H. Hasapos u 6yaywimit
yn.-kopp. M. ®. LLlocTakoBCKuii. Anek-
cent EBrpadoBuy co34aét HOBOE AAPO
CBOWMX YYEHMKOB, LUMPOKO pacKpbiBan
ABepu 1a6opaTopum 418 MONOAEKM U
npus/aeKas e€ B acnmMpaHTypy.

MBaH HuKkosaeBmny Hasapos no
npea/noxeHuto Anekcea Esrpadosuya
pa3pabaTtbiBaeT MeTog nosyyveHus ge-
OULMTHOM NIbHAHOM 0AMdbI, OCYyLLLeCT-
B/AA «peakuunto PaBopcKOro» Mexay
aueTOHOM W BUWHWAALETUAEHOM. [lo-
JlYHEHHbIA CMUPT OKa3a/zcA OT/IMYHBIM
nneHkoobpasoBatesneM W CTan  WC-
Nno/b30BaTbCA B KayecTBe K/ed npwu
W3roTOB/IEHUM ONTUYECKUX NpubopoB
(kneii Hazaposa).

Ewé B 1888 r. A. E. daBopckuii ocy-
LLeCTBU/1 CUHTE3 NepBOro BUHWAOBOrO

SR

3¢upa npucoegMHeHMeM 3TUAOBOrO
CNMpTa K MPOMUHY MpU KaTaause rua-
pokcngom Kaama. Muxama degoposud
LlocTakoBCKMIA  NPOBOAUT  peaKLuto
BMHU/IMPOBAHUA CaMOro aueTu/aeHa u
no/sy4aeT COOTBETCTBYIOLIME BUHW/IO-
Bble 3upbI C BBIXOAOM A0 90%. BuHWA-
ByTH10BbIN 3PMp CTan NMPOU3BOAUTLCA
B MPOMBbILL/IEHHbIX MacliTabax. Moay-
YEHHbIN M3 Hero Nno/MMep «BUHU/IUH»
Halle/ MpUMMeHeHMe B MeauuuHe u
NMPUMEHA/ICA B TOCNUTANAX A/1A 3aXKMB-
/IeHUA paH BO BpemA Besnkon OTevec-
TBEHHOM BOWHbI (6asb3am PaBopcKo-
ro-LLloctakoBCKOro).

B 1891 roay Anekceli EBrpadosumy
Ha4ya/ npenogaBaHWe OpraHu4ecKom
XMMMK B MUXaltI0BCKOM apTw/a/iepuii-
CKOM yun/mwe u Mwuxait/IoBCKOM ap-
TUANEPUINCKOW akagemuun. Ha 3Kk3ame-
Hax HOHKepa MoKasa/zu CTO/b CKyAHble
3HaHuA, 4TO PaBOPCKMI MOYTU BCEMY
Kypcy mocTaBua ABoWku. HOHKepa oOT-
BaXKM/IMCb U MOXa/Z0Ba/MCb HaYa/IbHU-
Ky yunauwa. K vectn nocnegHero, oH
MpUKasan UM B KpaTHanLLIMIA POK /INKBU-
AVPOBATb ABOVKU. B ApTua/iepuiickon
akagemumn A. E. PaBOpCKuMi1 Tak»Ke npu-
06pén yyeHunkoB: Byaymx npodecco-
pos A. B. CanoxHukoBa, H. M. Buttop-
¢da v akagemuKa B. H. MnaTtbeBa.

C1897n1019091€1923N01924roaa
PaBOPCKUI 3aHMMaAeT AO0/MKHOCTb 3a-
Beaylwero Kadeapor oOpraHnyeckom
xummmn  MeTepbyprckoro TexHos0rm-
yeckoro uHctutyta. /o Anekcesa Esr-
padoBMYa KYpPC OpraHMYeCKOn XUMUM
Tam uyutan ®. d. benbwtenH. OH cyn-
Tan, 4YTO 3agayert TeXHO/IOrM4ecKoro
UHCTUTYTa AB/IAETCA NOArOTOBKA CTap-
LIMX MAacTepOB UM TEXHUKOB U He Npu-
B/IeKa/l CTyAEeHTOB K Hay4HOW paboTe.
C npuxogom Ha Kadpeapy PaBopcKOro

Akademuk A. E. @asopckull u akademuk A. E. Apby308 Ha 3aceddaHuu 6 1928 2.

10



CTYAEHTOB HA4YMHAOT MpuUB/JEKaTb K
Hay4HoW paboTe. loABAAIOTCA U 34ecb
ydyeHukun y dasopckoro: B. T. Lanow-
HWKOB 1 A. E. lNopaii-Kowwuy, MomoLyHu-
KoM Anekceit EBrpadosuya CTaHOBUTCA
0. C. 3anbKuHA, BNOCIEACTBMM MpPO-
deccop TexHonorn4yeckoro MHCTUTyTA.

OrpomHoe 3Ha4yeHue Aas pasBuTusa
YKEHCKOro Bbiclero obpasoBaHuA B
Poccum nmenm Boiclume xeHckue (bec-
TY»KeBCKME) Kypcbl. C 1900 roga Ha HuX
npenogaért PaBopCKuUi, OH CTas YUTaThb
Kypc BmecTo I. I'. ['ycTtaBcoHa. /lekuumn
$aBOpPCKUIN 4MTan MO YHWUBEPCUTETC-
KoW nporpamMme (B YHUBEPCUTETHI, KaK
M3BECTHO, MKeHLMHaM AocTyn Obla 3a-
KpbIT). Mpu 3TOM Anekceit EBrpadoBuy
CTaBUT pAg yC/I0BUI: cO34aTb nabopa-
TOPUIO AN NMPAKTUHECKUX 3aHATUN U
OTNYCTUTb CPeACTBa Ha Hay4yHO-UCC/le-
foBaTe/Ibckyto paboTty. Yepes rog sa-
bopatopus obopyaoBaHa, B Hel npo-
BOAATCA 3aHATMA MO OpraHW4ecKomy
cuHTe3y. [pakTUKYM nosb3yeTca 60/1b-
LUIMM YCTIeXOM, U BCKOPE B A0MO/IHEHUE
K MPaKTUKyMy opraHusoBaHa /sabopa-
TOpUA A/A HAay4HOU paboTbl. YpoBeHb
MOArOTOBKM BbIMYCKHUL, KypCOB CTO/b
BbICOK, YTO Ha WX TPYAOYCTPOWCTBO
CTa/n MOCTYyMNaTb MHOIOYMUC/IEHHbIE 3a-
ABKM co BCero MeTepbypra.

YueHolli Ha 8ce spemeHa

B AOBOEHHble roApl MOHATUE «COBET-
CKaA OpraHuMyeckaa XUMUA» acCoLM-
MpyeTCA TMpeXae BCero C UMeHeMm
daBopckoro. B 1930 roay Anekceli Es-
rpadoBuy cocTaBaseT y4ebHuK «Kypc
OpraHuv4yeckom XMMUK», MO KOTOPOMY
YYUTCA HE OAHO MOKO/IEHNE CTY/A,EeHTOB.
Mpv 3TOM OH MPOBOAUT OrPOMHYIO Op-
raHM3aToOpCKyto paboTy. Anekcen Esr-
padoBMY CuMTas, YTO HAy4HbIM paboT-
HUK 40/1KeH OZHY NMO/N0BMHY paboyero
BpeMeHU NpoBOAUTL 3a pabounm mec-
TOM, a BTOpYIO — B bubanoTteke. B yHu-
BEPCUTETCKY0 61bBAMOTERy nocTynanm
HemeLKue, aHrnickune, dpaHLy3ckmue
XMMUYECKME KYPHA/Ibl U KOHEYHO Ke
«KypHan PycCcKOro xumuyeckoro ob6-
LLecTBa», YbMM peAaKTOPOM C Havasa
BEeKa U 40 NOC/1eAHUX AHEN CBOEM KU3-
Hu 6b11 Anekcelt EBrpadoBsuy, a Takxke
HOBble CMpPaBOYHMKM, YH4EOHUKM U MO-
Horpaduu.

HayaB CBOIO HayyHylO peATe/b-
HOCTb C M3y4YeHMA aueTW/IeHOBbIX Yr-
neeogopoaos, A. E. PaBopckuii BCé
BpeMA BO3Bpalla/CcA K aueTU/eHy.
Anekceit EBrpadoBuy nponaraHgmpo-
Ba/l ero noectogy B snabopatopusx, B
yHMBEpCUTeTe, Ha BbICLIMX MEHCKUX

Kypcax. Bcé MHOXeCTBO coeguHeHW,
NMPOUCXOAALLMX W3 aleTu/aeHa, Nnpea-
CTaB/Ife€TCA, KaK Mory4ee «aueTuse-
HOBOe apeBO», O KOTOPOM 0b6pasHo
nobun rosoputb A. E. PaBopckuit: n3
OAHOro CTBO/A — alleTUIeHa — WCXO-
AWUT MHOXeCTBO BeTBEeW, YBEHYaHHbIX
naogamu. Betsu 3TOro «gpeBsa aueTu-
NeHa» crubaroTcA Moy TAMKECTbI Or-
POMHOrO ypOas N/l1040B - Pa3/IMHHbIX
OpraHUYecKMx COeAUHEHWH, YyxKe npu-
MEHAIOLWMXCA Ha MpPaKTUKe: Kayvykwu,
NAacTMaccbl, OpraHM4yeckoe CTeK/o,
pacTBOpUTE/N A/1A /NAKOB, AYLIMCTblE
BeLLecTBa U Ap. U ewé 60/1bLIero Koau-
YyecTBa BeLLECTB, HAWTU MPUMEHEHMe
KOTOpPbIM [AO/IKHO Camoe Heganékoe
Byayuiee.

MogBoAA UTOMM CBOMM paboTam B
3ToM obnactu, A. E. ®aBopckuii B go-
knage Akagemun Hayk CCCP oTmeua-
eT: «HeT coMHeHus, 4YTO AanbHeMiiee
yrny6/18HHOe uccieg0BaHe CBOUCTB U
npeBpaLleHnit  BbICOKOHENpPee/IbHbIX
Yr/1€BOAOPOAOB U WX MNPOM3BOAHbIX
£aCT He TO/IbKO pe3y/bTaTbl UCKAKOUU-
Te/IbHO TEOPEeTUHECKOro 3Ha4eHus, HO
W MpaKTUYeCKne pe3y/IbTaTbl, 3Ha4eHne
KOTOPbIX He/b3A HWU MpeABUAeTb, HU
orpaHuumBaTb. BoobLie HyXHO npu-
3HaTb pa3 HaBcerpa, YTO He CyLecTBy-
eT «HAYKM A/1A HAaYKU», KaK eLLé nHoraa
Ha3bIBaAlOT Y HAaC TEOPETUHECKYIO HaYKYy,
M YTO TO/IbKO Ha OCHOBe eé pasBUTUA
BO3MOXeH ObICTPbI MPOMBbILL/IEHHbIN
nporpecc». HayyHaAa pgeATe/IbHOCTb
aKkagemuka PaBOpCKOro ABAAETCA /Ny4-
WMM  TOATBEPXKAEHWEM CrpaBes/u-
BOCTM €ro C/10B.

B roabl Beaukoit OTeyecTBeHHOWM
BOMHbI A. E. PaBOpCKMIN 3BaKyMpoOBaH
B r. bopoBoe B KasaxctaHe. B OKTAG-
pe 1943 r. OH y4acTBOBYeT B CeCCuM
AH CCCP B MockBe. o ero pekomen-
AaUMU  Y/1€HaMU-KOPPEeCnoHAeHTamMu
AH CCCP wu3bpanbl C. H. AaHunos u
C. U. BosbdKroBuY. B aBrycte 1944 r.
A. E. ®aBopcKuii ¢ cembeli BO3Bpalla-
eTcA B /leHUHrpag, v Bo3r/iaB/AeT pabo-
Ty MO BOCCTAHOB/IEHUIO AE€ATE/IbHOCTH
YHMBEpPCMTETA U HAYYHbIX MHCTUTYTOB
ropoga. B 3Tom e rogy oH Obian Ha-
rpax4eH ABYyMA opgeHamu /lIeHuHa: no
c/lyqato 75-n1eTHero tobunea Pycckoro
Xumumueckoro obuectsa (Kak 4sieH Co-
BeTa obliecTtBa M BeccMeHHbIl peaak-
TOp KypHazna PXO c 1900 r.), gpyrum
— M0 C/1y4aro 25-1€THeW rogoBLUNHBI CO
AHA OCHOBaHWA [0CyAapCTBEHHOMO UH-
CTUTYTA NPUKAAAHOM XuMmM (KaK 04MH
U3 co3garteneil U pyKoBOAWUTENEN UHC-
™MTYTa).
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Anexceli Eszpagposuu c uceHoli Mapueli
MapkesnnogHoli Ha dave g 2. /ly2a (1936 2.).

B rog lNobeabl npectapenbii aka-
AEMUK B CBA3U C ero 85-netmem Obia
yaoctoeH 3BaHuA [epoAa Coumanuc-
Tnyeckoro Tpypga. 8 aBrycra TOro e
roga Be/IMKOro XMmuKa He ctano. Ero
NMOXOPOHWAM Ha BoskoBOM K/aabuiie
B /leHuHrpage.

$PaBOpPCKUI NOAb3YyeTCA LUMPOKOM
M3BECTHOCTbIO U aBTOPUTETOM Cpeau
XUMUKOB BCero mupa. dpaHuysckoe
XUMUYeckoe 0obLwecTBo B 1925 I. U3-
6pano ero cBOUM MOYETHLIM Y4/1€HOM;
OH Obl/1 Y4/1€HOM aMepUKaHCKOro Xu-
Muyeckoro obuectsa. OTmeyasa ero
Bblgatolneca 3acayru, Pycckoe o¢u-
3UKO-XMMUYecKoe obLLLecTBO B 1929 T.
npucyauno emy MpeMuio  UMEeHU
A. M. bytaeposa.

Mmsa akagemunka PaBopcKoro npu-
CBOEHO MPKYTCKOMY UHCTUTYTY XUMUMK
Cubupckoro otaenenns Poccuitckom
aKkagemuu Hayk. B pogHom ropoge Pa-
BOpcKoro [1aB/0BO emy YCTaHOB/eH
NaMATHUK U €ro MMeHeM Ha3BaHa y/u-
ua. B CaHkT-MeTepbypre ycTaHOB/EHbI
AB€ MeMOpMa/ibHble AOCKM B NaMATb
06 Anekcee Eerpadosuye PaBopcKoMm
— Ha cTeHe MeHae/eeBCKOro LeHTpa
(npu BXOAE) M HA 3AaHUM TexHOo/o-
rMY4EeCKOro MHCTUTYTa. MmA y4veHoro
HOCAT y/auubl B MpryTcKke n CaHKT-le-
Tepbypre (BbiBwas MoavTexHUYeckasn
gorora 28 mana 1979 r. npuobpena uma
akagemunka Pasopckoro. OHa pacno-
/0XKeHa mexay Mo/ MTeXHUYECKOoM yAu-
el u yauuei bytaeposa).
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HARNESSING ENERGY OF CHEMICAL BONDS: FROM STEREOELECTRONIC FRUSTRATION
TO ELECTRON UPCONVERSION

Alabugin 1. V.12

1 Department of Chemistry and Biochemistry, Florida State University, Tallahassee, USA
2 Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center, Russian
Academy of Sciences, Kazan, Russia
Professor
ialabugin@fsu.edu

Molecules store energy and, as bonds are formed and broken, every chemical process can either
store or release energy. This talk will discuss practical ways for incorporating this common knowledge
into reaction design and in searching for new physical phenomena.

After outlining the interplay of kinetics with thermodynamics and the special role of weak bonds
in catalysis, | will discuss how much energy can one store in common functional groups, introduce the
familiar textbook functionalities that accumulate more energy than an excited state, and show how O-O
bonds can rival C-C bonds as building block for creating complex polycyclic organic molecules.

| will show that the key to in controlling the flow of energy in chemical reactions is in using unique
stereoelectronic features of each functionality and in coupling unfavorable and favorable elementary
steps in a chain of chemical transformations.

In the final part, | will introduce the phenomenon of electron upconversion, a counterintuitive way
to transform weak reductants into strong reductants in a thermodynamically favorable fashion. Such
processes enable electrocatalytic transformations where a single electron can drive multiple catalytic
cycles..
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NCKYCCTBEHHbIN UHTENNEKT B UCCIEQOBAHUU XUMUYECKMX CUCTEM
AHaHukos B.[1

WHCTUTYT opraHuyveckon xummm um. H.[1. 3enuHckoro PAH, Mockea, Poccus
Mpodbeccop, A4.x.H., akagemuk PAH

val@ioc.ac.ru

CTtpemuTeneHbIn poCT 0O0bEMA HakanmnMBaeMbIX IKCNEPUMEHTarbHbIX AaHHbIX, CIMOXHOCTb
COOTHECEHMS ABMEHMIN HA MOSIEKYNIAPHOM U HAHOPa3MepPHOM YPOBHSAX U HEOBXOAMMOCTb Ka4YeCTBEHHO
HOBOro CKayka B pa3paboTke HOBbIX XUMUYECKMX TEXHOMOrMN obycnaBnmMBalOT akTUBHOE BHEApPEHME
anropuTMOB WMCKYCCTBEHHOIO MHTENNeKTa B XUMWYECKMe uccrefoBaHuns. Ha npvmMepe KOHKPETHbIX
XUMWYECKMX 3afad, B HacToslleM AOKnage paccMaTpuBalTCHA aKTyalbHble TEHAEHUUW B pasBuTUM
NpaKTUYECKMX NPUINOXEHUA anropUTMOB MCKYCCTBEHHOIO MHTENNEKTa AN CO34aHMs BbICOKOAKTUBHbIX
KaTanuaaTtopos [1,2], aHanu3a cnekTpanbHbIX AaHHbIX [3] 1 TOHMMaHUA MeXaHU3MOB (POPMUPOBaHUSA U
YHKUNOHNPOBAHNSA MUKPO- U HAHO-pa3MepHbIX cuctem [4,5].

INutepaTypa
[1] Galushko A.S., Boiko D.A., Pentsak E.O., Eremin D.B., Ananikov V. P. "Time-Resolved Formation
and Operation Maps of Pd Catalysts Suggest a Key Role of Single Atom Centers in Cross-Coupling",
J. Am. Chem. Soc., 2023, asap. https://doi.org/10.1021/jacs.3c00645
[2] Eremin D.B., Galushko A.S., Boiko D.A., Pentsak E.O., Chistyakov I.V., Ananikov V. P., "Toward
Totally Defined Nanocatalysis: Deep Learning Reveals the Extraordinary Activity of Single Pd/C
Particles", 3. Am. Chem. Soc., 2022, 144, 13, 6071-6079. https://doi.org/10.1021/jacs.2c01283
[3] Boiko D.A., Kozlov K.S., Burykina Yu.V., llyushenkova V.V., Ananikov V.P. "Fully Automated
Unconstrained Analysis of High-Resolution Mass Spectrometry Data with Machine Learning", J. Am.
Chem. Soc., 2022, 144, 32, 14590-14606. https://doi.org/10.1021/jacs.2c03631
[4] Boiko D.A., Pentsak E.O., Cherepanova V.A., Gordeev E. G., Ananikov V.P. "Deep neural network
analysis of nanoparticle ordering to identify defects in layered carbon materials”, Chem. Sci., 2021, 12,
7428-7441. https://doi.org/10.1039/D0SC05696K
[5] Kashin A.S., Boiko D.A., Ananikov V. P. "Neural Network Analysis of Electron Microscopy Video
Data Reveals the Temperature-Driven Microphase Dynamics in the lons/Water System", Small, 2021,
2007726. https://doi.org/10.1002/smll.202007726

PaboTta BbinonHeHa npu nogaepxke rpaHta PH® (Ne 22-13-00247).
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MEANUMHCKASA XUMUA U HANPABINEHHOE CO3[AHVE BEWECTB ANA NNEYEHUA
HEWPOOEMEHEPATVMBHbBLIX SABOJIEBAHNN

bayypuH C.O.

UHcTuTyT dhmanonornyeckn aktmeHbix Bewwects UL «pobnem xummnueckon pusmku n meguumHCKon
xumun PAH», YepHoronoska, Poccus
3aBefyloLunn oTaenom, Hay4Hbln pykosoantens MOAB PAH, akapemuk PAH
bachurin@ipac.ac.ru

Mouck wn co3gaHne 3dMEKTMBHLIX FEKApCTBEHHbIX CPEeACTB ANs  JleYeHUs  TaKux
HenpogereHepaTuUBHbIX 3aboneBaHni kak OonesHb AnbureiMepa, OOKOBOW aMMOTPONYECKUI
CKIepo3, MapKMHCOHM3 U T.M. SBMASETCA OCTPO BOCTPeOOBaHHOW 3adayert MeaMUMHCKOW XUMWUWU Ha
NPOTESHKEHUN NOCNEAHUX AECATUNETMI. HECMOTPS Ha 3HAYUTENBbHbIE YCNEXW B MOHOMaHUN MeXaHn3Ma
pa3BuTMa MNodobHbIX 3aboneBaHui, KONMUYECTBO NpenapatoB ANA WX JfleYeHUsl KpalHe Mano U
abcontoTHOe GONBLUMHCTBO MX UMEET CUMNTOMATUYECKMN XapakTep. DTO CBS3aHO CO cneaylowumu
OCHOBHbIMW  MPUYMHaMW: HEOOCTaTOK 3HaHMA O MNaTOreHeTUYECKMX MexXaHusMmax pasBuTUS
OonblWMHCTBA HeWpoaereHepaTuBHbIX 3aboneBaHui; MHoroakTopHas npupoga 6GonblUMHCTBA
HevipogereHepaTMBHbIX 3aboneBaHun; OTCYTCTBME afeKBaTHbIX CKPUMHWUHIOBBIX CUCTEM in vitro wu
CINOXHOCTb MOENMpoBaHWst 3ab0OMNeBaHNn Ha XMBOTHBIX U KNeTouHbIX mogensax. B MOAB PAH B
nocriegHue  rogbl, ObM  padpaboTaHbl Nogxodbl K HanpaBfeHHOMY  KOHCTPYUPOBaHMUIO
MYNbTUTAPreTHbIX (MyNbTNUraHAHbIX) NpenapatoB B KayecTBe OCHOBbI AN CO34aHuMs HOBOTO
MOKOJIEHUST HEMPOMPOTEKTOPHBIX NIEKAPCTB HA OCHOBE OPUIMHAamNbHbBIX KOHBbIOTMPOBAHHbBIX CTPYKTYP,
KoTopble 06 bEeQUHSIOT B OOQHOM MOJeKyrne papMakonormieckn aHadmmMble pparMeHTbl HEMPOaKTUBHbIX
BELLECTB, UMEILMX pasHble MueHn aencteus [1-4]. MogobHble MynbTAUraHgHble CTPYKTYPbl UMEIOT,
Kak npaBuno ©Oornee LWWPOKWA CNEKTP aKTUBHOCTU B OTHOLIEHMW OMONOrMYecKknx CTPYKTYP,
NPUHUMAaOLLMX y4acTne B naToreHese 3aboneBaHus, U1 MOTyT pacCMaTpuUBaTbCA Kak NepCneKkTUBHbIE
coeavHeHua-Nuaepbl AMNst CO34aHMs Ha WX OCHOBE HOBbIX 3(dEKTMBHBIX HENPONPOTEKTOPHBLIX
nekapcTBEHHbIX NpenapaTos.

Pabota nogaepxaHa Cornawennem Ne 075-15-2020-777 MuHHayku PO.

JIlntepaTtypa
[1] BavypuH C.O. n gp. M38. Akad. Hayk. Cepusi xum. 2023, 72, 130-147.
[2] Bachurin S.O., et al. Int. J. Mol. Sci. 2022, 23, 13925.
[3] Bachurin S.0., et al. Scientific Reports 2019, 9, e4873.
[4] Bachurin S.O., et al. Scientific Reports 2017, 7, e45627.
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KATANN3 B CUHTETUYECKOW OPFAHUYECKOW XMW

beneukas U.I1.

MockoBckui rocygapCTBeHHbIN yHUBepcuTeT, Mocksa, Poccusa
Mpodeccop, a.x.H., akagemuk PAH
beletska@org.chem.msu.ru

Eyﬂ,yT pacCMOTpeHbI pa3findyHble BUAbl KaTann3a, OCHOBaHHble Ha UCNOJIb30OBaHUN KOMMIIEKCOB
MeTannoB (nannap,meabm M MeAHblA KaTanus, HaHoKaTanus, aCI/IMMeTpI/ILIeCKMﬁ KaTtanmi, Katanma
XnpanbHbIMMU KNUCIOTaMu ﬂblOI/Ica) B peaKkumax 3amMelleHuna n npucoemHeHud, a TakkKe npuMepbl
MCNOJ1Ib30BaHMNA TaKoro Kataqim3a B CUHTe3e JieKapCTB.

BripaxaeTcsa 6narogapHocts PH® (rpaHT Ne19-13-00223[1) 3a dpMHaHCOBYIO NOAAEPXKKY.
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KAK Mbl MOXKEM OTBETUTb HA COBPEMEHHbIE BbI3OBbI B MEAVLINHE?

CanaxymouHos H.®.

HoBocuBMpPCKUIn MHCTUTYT opraHmdeckon xumumn nm. H.H. BopoxuoBa Cunbunpckoro otaenenus PAH,
Hosocunbupck, Poccusa
Mpodeccop, A.x.H., 4yn.-kopp. PAH
anvar@nioch.nsc.ru

BaxHenwmm HanpasneHnem MeAVMLUHCKON XUMWW, MO3BOMSIOWMM NOoMyvyaTb HOBbIE,
ahbdekTnBHBIE NpenapaTbl, SBNSETCA UCMNOMb30BaHUE CUHTETUYECKUX TpaHcdopMauuin NpUpoaHbIX
coegvHeHun. Hanbonee apdhekTMBHLIM ABMNSAETCA BOBEYEHME B CUHTE3 coeauHeHun, obnagaroLwmx
HaTUBHON BMONOrM4YECKON akTUBHOCTBIO Y UMEIOLLMX AOCTYMHYIO CbipbeByto 6asy.

OCHOBHblE yCUNMA Hallen KOMaHAbl COCPedoTOYEeHbl Ha CO34aHuM areHToB B Havbonee
BOCTPebOBaHHbIX TepaneBTUYECKNX Kraccax — OHKOMOrMM, pasHOOOpasHbIX BUPYCHBIX WHMEKUMSX,
HenpogereHepaTVBHbIX 3ab60neBaHNsX, kKapauonoruu.

Bo Bcex nepeuncneHHbIx obnacTsax HangeHbl coeavHeHusa-nuaepbl, 60MbWNHCTBO KOTOPbIX
NPOLUAW LMK AOKITUHNYECKNX UCTbITAHWUN.

Tak oBHapyXeH NpoTMBOBUPYCHbIN areHT KamdeuunH — nponssoaHoe npupogHom (+)-kamdopel,
KOTOpbln obnagaeT He TOMbKO BblAAKLENCS akTMBHOCTbIO K wtammy H1N1 Bupyca rpunna, HO u
cnocobeH akTMBHO MHIMBMPOBAaTDL LUMPOKWI CNEKTP APYrMX LUTaMMOB BMpyca rpynna.

lMpon3BogHOE MpPUMPOOHON YCHMHOBOW KUCMOThl ABMASETCS 3(PEKTUBHBIM UHIMOUTOPOM
Tuposun-AHK-cdocdoanactepasel 1 (Tdp1), aBnsOWMMCS BaxKHbIM (dEPMEHTOM CUCTEMbI penapawmm
OHK, oTBeTCTBEHHbIM 3a feKapCTBEHHYI0 YCTOMYMBOCTb MHOIMX 3/10KaYeCTBEHHbIX 3aboneBaHuw.
CoBmMecTHOe MCnosfb30BaHWe 3TOr0 areHTa WM UUTOCTaTUKa KamnoTeuuHa No3BONsSeT HadeAaTbCa Ha
ycnex B Nle4eHUN TaKoro HeMPOCTOro oHko3aboneBaHWs Kak pak Nnerkoro.

CepbesHble ycnexu Obinu  AOCTUMHYTbI B CO34aHUM  MpenapaTtoB,  KynupyLIMX
Xu3Heyrpoxarowyo aputmuio. OavMH npenapaTt Ha OCHOBE NPUMPOAHOrO TOKCMHA — OOTYNOTOKCMHA
npenaTcTByeT nepegadye HEpBHbIX CUrHanoB, Bo3byxaawwmx aputmuio. [pyron - HanpaBneH Ha
JoctmkeHne adppekta abnaumm cepaeyHon Mbllilbl € MOMOLBI XMMWUYECKUX BeLecTB, 4TO
3HauUTENbHO A(hpHEKTUBHEE NO CPABHEHUIO C MPUMEHSIOLLENCS B HAcTosILEee BPEMS PagmovacTOTHON
abnsaunen.

Pa6oTta BbinonHeHa npu nogaepxke rpaHta PH® 21-13-00026.

17



mailto:anvar@nioch.nsc.ru

®ABOPCK/N
2023

‘ Brepoccwiickas KoHdhepeHuus
CankT-Metepbypr, 3-6 wions

@h

XMUNA SNEMEHTHOIO OC®OPA — OT BEJIOIO K YHEPHOMY
Sxeapos .12, CuHswuH O.I"1

TMHCcTUTYT opraHmyeckon n usmdeckon xummum um. A.E. Apbysosa dUL| KasHL, PAH, Ka3zaHb,
Poccus
2KazaHckuin dhegeparnbHblil yHuBepcuTeT, KaszaHb, Poccust
Mpodeccop PAH, o.x.H.
yakhvar@iopc.ru

WccnepoBanusa, HanpasreHHble Ha pas3paboTky akonormyeckm 6Ges3onacHbiX MpoLeccoB
nony4deHnsi Hoebix cocdopopraHnyeckux coeanHeHmin (POC) n docdopcogepawmx MmaTepuanos
(PM), obnaparwoWwux npakTUYecKn MOne3HbiIMM CBOWCTBaMW, MNPeAcTaBnAlT cobov ogHoO U3
NPUOPUTETHBIX HanpaBfieHWi pa3BuTUS coBpemMeHHon xumun [1]. benbin docdop (P4) npeacraenset
cobon OAMH M3 OCHOBHBIX UCXOAHbIX peareHToB ansa cuHtesa ®OC. B 1o Xe Bpems, B nocrnegHue
aecsatunetvs 6onblion MHTEpec nNpuobpeTatoT pa3paboTkn, CBA3aHHbIE C UCMONb30BaHNEM YEPHOTO
doccopa B KayecTBe maTtepuana, obrnagatrLero MHTEPECHBIMU KaTanUTUYECKUMN U SNEKTPOHHBIMU
ceBoncTBamu [2].

K nssectHbim metogam cuHtesa ®OC u3 P4 oTHOCATCA Npouecchl NpeBpaLLEHNS] ANEMEHTHOIO
(6enoro) doccopa B P-Cl wunu P-H npousBogHble M ux nocnegywliee B3anMoOencTsue cC
opraHudecknmun cybctpatamun. OgHako cylecTByrowme npoueccbl obnagaT psagoM He4OCTaTKOB, Tak
KaKk peakuuoHHas CrnocoBOHOCTb OOpasyloLmMXCs MHTEPMEAMAaTOB MO OTHOLUEHMIO K OpraHnyecKkum
cybcTpaTam orpaHu4eHa, a ux TOKCMYHOCTb TpebyeT UCnonb30BaHUA SOCTAaTOUYHO XKECTKUX YCNOBUA U
cobnofeHns cneumnanbHbiX Mep NPeAoCTOPOXHOCTU. B 3TOM KOHTEKCTE, NCNOMb30BaHWE KOMMIIEKCOB
MEeTannoB ANd akTueBauuu WM nocriefyowen TpaHchopMaumm 1 yHKUMOHaNM3aumm mornekyrnbl P4
npeacTaBnaeT 3HauUTenbHbIN UHTepec. bonee Toro, NPUMEHeHWe 3MEeKTPOXMMUYECKUX METOOO0B U
9MNeKTpoHa B KayecCTBE «YyHMBEpcanbHOrO» W  «HEUCYEpPNaemMoro» peareHTa, a Takke
BbICOKOPEAKLMOHHOCMOCODOHbIX  OpPraHU4ecKMX W HEOPraHUYeckUx WHTepMeanaTtoB, MO3BoONAET
paspabaTtbiBaTb HOBblE BbICOKOI(MEKTUBHBIE U 3KoNornmyeckn 6GesonacHble MeToabl M NOOXOAb
CENEKTMBHOIrO BBEAEHMWSA 3MNEMEHTHOro ocopa B NpoOLECChl NOMyYEHUss HOBbIX (PYHKLMOHANbHBIX
MaTepuanos, obnagatLmMx NpakTU4ECKM None3HbIM1 CBOMCTBAMM.

B HacTosawen nekuuun ByayT paccMoTpeHbl pa3paboTaHHble MpOoLEecChl METannoKOMMIEKCHOM
akTuBaLumm u TpaHcdopmMaumm monekynbsl 6enoro goccopa B KOOPANHALMOHHON chepe KOMMIEKCOB
nepexogHblx MetannoB [3,4], npeacTaBneHbl npuMepbl  (PyHKUMOHanu3aumm obpasyrowmxcs
nonMdocOopHbIX MNPOM3BOAHBLIX OpraHWYecKUMU W HeopraHMyeckMuMu cybcTpatamu, o6CyXOeHbI
BO3MOXHOCTU 3MNEKTPOXUMUYECKMX METOOO0B Afsi FeHEPUPOBAHUS BbICOKOPEAKLMOHHOCMOCOBHBLIX
docopcoaepKalnx MHTEpMeAMaTOB, NPeaCcTaBnsoLWLmMX cOOOM BbICOKOA(hEKTUBHYIO anbTepHaTMBY
Knaccuyecknum peareHTam B 3neMeHTOOpraHMyeckoMm cuHtese [5], a Takke NpOAEMOHCTPUPOBaHbI
HeJaBHME NoaxoAbl K MOMyYeHUI0 HOBbIX KaTanmTUYeckux CUCTEM Ha OCHOBE MariocrioMHOro YepHoro
docdopa (dhocdopeHa), PYHKLMOHANM3MPOBAHHONO OPraHUYeCKUMN pagukanamm n kapbeHoBbIMU
WHTepmeguatamm [6,7].
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A3A-PEAKLUNA ®ABOPCKOIO: OCOBEHHOCTN N CUHTETUYECKWE CNEOCTBNA
Limudm E.FO., Tpogpumos B.A.

MpkyTckuin MHCTUTYT xumum uM. A.E. ®aBopckoro CO PAH, UpkyTtck, Poccus
[(NaBHbIN Hay4HbIN COTPYOAHUK, O.X.H.
elenayuschmidt@mail.ru

HepnaBHO OTKpbITOE HyKNeoguneHoe NpMcoeaAnHeHe TeEpMUHanbHbIX aueTuneHoB Kk cBA3n C=N,
npotekatollee B CynepocHoBHbIx cpepax (KOH/DMSO, K(Na)OBuYDMSO) wn npuBogsulee K
nponaprunammHam [1], HaNOMMHAET CUHTE3 aLETUNEHOBLIX CMIMPTOB M3 KAPOOHWUIbHBIX COEOUHEHWI 1
aueTWeHoB No OAHOW M3 Kraccuyecknx peakunn PaBopckoro u opmanbHO MOXET paccMaTpmMBaTbCH
KaKk ee asa-aHanor. OTa peaKkuus OTKpbIBAeT HOBble BO3MOXHOCTW AN OPraHM4YecKoro CUMHTe3a U
cenlvac akTMBHO pasBuBaeTcs. ®PyHOameHTanbHOM OCOBEHHOCTBIO peakuun sSBNSeTca  ee
cybcTpaToynpaBnsemMas MHOrOJIMKOCTb (OMBEPreHTHOCTb): MpuM  nepexoge OT OA4HOro  Kracca
coeguHeHmn co cBA3bld C=N Kk dpyromy, nony4awTcs pasHble MpogykTbl (OTAWMYHbIE OT
nponapruriaMmuHoB), T.e., peanu3yeTcs COBOKYMHOCTb HOBbIX (OOYEPHMX) peakuun, paavarnbHO
pacxoasiluxcst OT OAHOr0 MaTepUHCKOro ueHTpa. K HacTosilemMy BpeMeHM OCYLLECTBIEH LenbIi pag
Takux peakuumn, OTKPbIBLUMX MPOCTble OOHOCTAAMMHbIE MYTU K CUHTETUYECKUM W MPaKTUYECKU
nepcrnekTUBHbIM coeanHeHuaM: 1-asagmeHam [2], 2-azagueHam [3], 1-nnpponuHam [4], 2H-nupponam
[4], nmunpaso[1,2-ajnupuanHam [5], nmmnaaszonunctunbbenam [5], aTuHungurngponHgonam [1].

A3a-peakuns PaBOpPCKOro sIBNAETCA KINOYEBOW CTaguen kaTanuampyemon CynepoCHOBaHUAMM
camoopraHm3auum CroXHbIX a3oTcoaepKallmx MOMeKyn 3 aMMHOB U HECKOSTbKMX MOMEKYI aleTuneHa:
1-apun-2,5-gumeTtunnupponos [6], nmnaaso[1,2-alnupmamnHos [7], 1-aueTtnn-1,3-6uc(apunamuHos) [8].
KBaHTOBO-XxMMMYeCKMIn aHanu3 nokasbiBaeT [9], YTO 3TW MPOLECCHI CaMOOpraHM3auMn NpoTekalT B
rekcakoopAUHMPOBaHHOM KOMIMIEKCE KaTMOHa Kanus ¢ naTbio Mmonekynamy DMSO v ruapokcna-moHoMm.
B Takom komnnekce cBsizsb K—OH yanuHeHa Ha ~0.5 A, BcneacTBme Yero rmapokcua-noH npuobpetaet
CBOWICTBO CYNEepOCHOBAHWUSI U CTAHOBUTCA LIEHTPOM (“xabom”) YenHOYHOro nepeHoca NpoToHa Mexay
a30T-LleHTPUPOBAHHBIMU aHMOHAMN U aLeTUIEHOBbIMU KapbaHnoHamm, NnonepemMeHHo nNpeBpaLLasch B
Monekyny Boabl (Mpy 4enpOTOHMPOBaHUN CyGCTPaTOB) M CHOBA B TMAPOKCUA-MOH (NPpy MPOTOHMPOBaHUN
@HWOHHbIX MHTEPMEOMATOB), NPV 3TOM AaXe HenTparnbHble UHTEPMEeAnaThl He BbIXOOAT B pacTBOp, No-
BUAMMOMY, YAEPKMBAsACb B KOMMNIIEKCe 3a CYET NuraHaHoro obmeHa ¢ monekynamu DMSO.

CuHTeTU4ecKknin noteHuman asa-peakumm daBopcKoro Tonbko Ha4YMHaeT packpbiBaTbes [10], ee
HOBbIE BEPCUN (QOYEPHME peakLmn) eLLe XOYyT CBOEro OTKPbITHS.
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FEEHEPUPOBAHWE M PEAKUMN PE3SOHAHCHbIX MPOMAPTIUN-ANNEHUNBHBIX KATUOHOB
Bacunbes A.B.12

1CaHkT-lNeTepbyprcknii rocyaapcTBeHHbIN yHuBepcuteT, CaHkT-MeTepbypr, Poccus
2CaHkT-lMeTepbyprckuin rocyaapCTBEHHbI NecoTexHnYeckunii yHnsepcuteT, CankT-INetepbypr, Poccus
Mpodbeccop, A.X.H.
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B ycnosusax cynepanektpodunbHOM akTuBauuu non Aenctemem cynepkucnot bpeHcTena
(CF3sSOsH, FSOsH, HF) nnu cunbHeix kucnot Jletonca (AICIs, AlBrs, SbFs) n3 nponaprunobix cnvpToB
N COMPSDKEHHBIX aueTUIIEHOBBIX KETOHOB MOXHO reHepuMpoBaTb BbLICOKO PeakLUOHHOCNOCOOHbIE
pe3oHaHCHbIE Mponapru-anneHnribHble KaTuoHbl. Takve 4YacTuubl pearvpyroT C apomMaTUyecKMMM
Hykneodmnammu no atomam yrnepoga C1 (nmponaprunbHbin kKaTnoH) unn C3 (anneHnnbHbIN KaTUOH)
(cxema 1). OT0 3aBUCUT OT HYKINEOMUITBHOCTU apeHa U 3NEKTPOHHbIX JOHOPHO-aKLENTOPHbIX CBONCTB
3amMecTuTenen B TaKkMxX pPe30HaHCHbIX KaTuoHax. [lpeBpalleHuss 3TMX 4YacTuy 3akaH4YMBaloTCs
nonyYyeHneM pasHoobpasHbIX MHAEHOBbLIX U AP. KapObouuKm4Yeckux cTpykTyp [1-5].

propargyl - acetylene
alcohols on H.+,AlnXan ketones

_ I c') Al Xan 3_2 1/,O
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3 "
Ar Ar R NNl
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Cxema 1. 'eHepupoBaHue 1 peakLum nponaprun-aneHnbHbIX KaTUOHOB.
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HAMNPAXEHHbBIE LINMKITMYECKUE ANKNHbBI: OT TEOPUW K NMPAKTUKE

HaHunkuHa H.A., banosa U.A.

CaHkT-leTepbyprckuin rocyaapcTBeHHbI yHuBepcuTeT, CaHkT-leTepbypr, Poccus
[JOLIEHT, K.X.H.
n.danilkina@spbu.ru

HanpspkeHHble LMKnbl Manoro u cpegHero pasmepa ¢ AaBHUX BPEMeH NpuBriekanu BHUMaHue
XUMWKOB C TOYKM 3PEHMS B3aUMOCBA3N MexXAy CTPYKTYPHbIMW MapameTpaMmum U peakuuoHHON
CcnocobHocCTbo. LMknuyeckne aueTuneHoBble COeAMHEHUS SBMASIOTCA OAHUM M3 APKUX NPUMEpPOB
HanpshKeHHbIX UMKNOB. [MepBoHavanbHO pa3paboTka METOAOB CUHTE3a LMKIMYECKMX amnKMHOB U
M3y4YyeHune UxX CBOMCTB NnpecnenoBanu UCKIOYMTENBbHO TeopeTnyeckmin nHtepec [1].

CuTyauus uameHunacb kapguvHanbHbiM obpasom, korga B 80-x rogax npowsioro Beka Obin
OBHapyXeH HOBbIN TUM BbICOKOAKTMBHBLIX MPOTUBOOMYXOMEBLIX aHTUOMOTUKOB, OTHOCSLLIMXCS K Kraccy
LUUKITMYECKUX eHOMWHOBBIX cMcTeM [2]. BTOpol BUTOK BO3POCLUEro MHTEpeca K LIMKIIMYECKUM ankvHam
B Hayane XXI| Beka CBsi3aH C pa3BUTUEM KOHLEMNUMM BMOOPTOroHanbHOW XMMUM U UCMOSb30BaHMEM
LIMKITOOKTMHOB B Ka4eCTBE YHMKanbHbIX BMOOPTOroHanbHbIX peareHToB A58 XMMUYEeCKon Moandurkaumnm
XuBbIX cuctem [3].

Llenb Hawwmx nccnegoBaHWA 3aKMYaeTcs B CUHTE3€ HampshKEHHbIX LMKIMYECKUX ankMHOB
06onx Knaccos C onTUManbHbIM HanaHCoOM MexXy CTabunbHOCTbIO U CBOWMCTBaMK, 0ByCroBNEeHHbIMU
HanpshkeHnem, u onpegensdowmnmmn ob6nacTv NPpUMEHEHNs LMKIoankMHOBbLIX Morekyn. [na HacTponku
fanaHca CcTabUNbHOCTb-aKTMBHOCTL WCMOMb3YIOTCA MOAXOAbl, OCHOBAHHblE Ha aHHenMpoBaHUW
UMKIoanknHa ¢ pasnuyHbIMy reTepoLMKiaMn, a Takke Ha BBEAEHUN reTepoaTtomMa B LUKIOANKMHOBOE
KOmnbLO.

Axanoru

| EHOMMHOBbLIE @aHTUBWMOTUKM i ' SPAAC peareHTbl :
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PﬂcyHOK 1. Haﬂpﬂ)KeHHble UMKIMn4eCKne anknHbl U3 rpynrbl aHanoros eHaUMNMHOBbIX aHTUONOTUKOB
N UuKnoarnknHoBble 6I/IOOpTOFOHaJ'IbeIe peareHThbl.

B poknage 6yoyT pacCMOTPEHbl OCHOBHbIE MNOAXOAbl K CUHTE3Y aHanoroB €eHAMMHOBBLIX
aHTUOBUOTUKOB U LMKIOANKNHOBBIX peareHToB Ansi BUOKOHBbIorauum, MetToapl npeackasaHms U OLEHKN
UX CTabUNBHOCTU N peakLMOHHON CNOCOBHOCTM, a Takke OCHOBHbIE HAMPaBNEHUSA NMPUMEHEHUSA 000UX
KflaccoB coeanHeHnn [4—6].
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®TOPNPOBAHHbBIE HUTPOCTUPOIIbl — CUHTETUYECKNE AHAJTIOT ®TOPALIETUITIEHOB

HeHatideHko B.T.

MockoBcCKkuMiA rocygapCTBEHHbIN yHMBepcuTeT nm. M.B. JlTomoHocoBa
Mpodbeccop, A.X.H.
nenajdenko@gmail.com

Wcnonb3oBaHve  cTopcopepxaliux  CTPOUTENbHbIX  OMOKOB — ANs  KOHCTPyMpOBaHUS
dTopcoaepalWmx retepo- U KapOOLMKIUYECKUX CUCTEM $BMSETCA O4YeHb NpUBMeEKaTernbHbIM
Nnoaxo4oM, NOCKONbKY BBeAeHMe hTopa Ha NO34HeN CTagany 4acTo ConpoBOXAaeTCs HE06X0AMMOCTbIO
MCMNOMb30BaHNs OOPOrMx OTOPUPYIOLLMX peareHTOB U HU3KMMK Bbixodamu. B HacTosiwem goknage
pacKpbIBaeTCsd CUMHTETMYECKM MOTeHuuan @TOpPUPOBaHHbLIX HUTPOONEdUHOB —  aHaroros
HecTabunbHbIX 1 B3pbIBOONACHBIX (PTOpPaLETUNEHOB. 3TN COEANHEHNS ObINM NONYyYEHbl paguKanbHbIM
HUTpoBaHuem 1-6pom-1-cprToponeduHoB [1] 1 ObINK ycnewHO NPUMEHEHbI B CMHTE3e Lienoro psga
HOBbIX hTOpCOoAEpKaLLUX reTepo- n kapboumknuyecknx coegnHeHun (Cxema 1). OTgenbHOE BHUMaHNE
B paboTe ygenseTcsas HOBbIM BO3MOXHOCTAM Ans 3(dEKTUBHOIO CUHTE3a paHee HEeusBEeCTHbIX
dTOopMpoBaHHbIX B octoBe BODIPY.

Fe(NO3)3'9H20
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HOBbIE N3OKCA3OJbHbIE CTPATEMMN CUHTE3A TETEPOLUNKNOB
XnebHukos A.Q.

CaHkT-leTepbyprckuin rocyaapcTBeHHbI yHuBepcuTeT, CaHkT-leTepbypr, Poccus
Mpodbeccop, A.X.H.
a.khlebnikov@spbu.ru

[Mpomn3BoaHble n30Kca3ona ABMASOTCS BaXHbIMU KnaccaMy reTepoLMKIIMYECKNX COeANHEHUN C
LMPOKUM CNEKTPOM ©Buonormyeckor akTMBHOCTUM. CTPYKTYpHbIMKM OCOBEHHOCTAMM M30Kcasona
ABNAOTCH, C OAHON CTOPOHbI, apOMaTUYHOCTb, MO3BOSISAOLLLAS NErko MoanuLmMpoBaTe 3amecTuTenu B
Konble, a C ApYyron - Hanu4ume cnabon CBs3n a3oT-KUCNOopPOoA, Kak NoTEHUManbHOro MecTa ans pa3pbiBa
KonblUa, YTO B 3HAYUTENbHOW CTENEHW onpefensieT Nones3HoCTb M30KCa30SioB, KaK CUMHTETMYECKUX
©nokoB. Jlerkun paspbiB CBSA3M a30T-KMCIIOPOA U30Kca3ona, B YacTHOCTW, B pe3ynbTaTe WM30KCca3osl-
a31pPVHOBON M30OMEPU3aLUN OTKPbIBAET MyTb K BbICOKO PEeaKLMOHHOCMNOCOOHBLIM a3upuHam, KoTopble
npeTepneBalT paclUMpeHne Konbla Npyu OENCTBUMM 3NEKTPOUIbHBIX, HYKNEOMWUbHbIX U OPYrnx
peareHToB, Begyllee k 0bpa3oBaHuio pa3HoobpasHbix N-reTepoumKos.

RS R? 3 R aziridines, pyrroles,

R
7 catalyst o indoles, oxazoles,
N, \ R > tetrazoles, pyridines,
(6) N" "R2 heterocyclic hybrids

N3omepusaumss  5-xrnopu3okcasonoB MO3BOMSIET reHepuposaTb  xnopaHrapug  2H-asvpuH-2-
KapOOHOBOW KMCMOTbI, HEAOCTYMHbIA C MNOMOLLbI0 TPaguUMOHHBLIX noaxoaoB. Ero peakumm ¢
pasnuuHbiMK Hykneodwunamu, Takumu kak N-reTepouukibl, AnasoMeTaH, a3vg HaTpusi, NO3BOMAT
nonyyaTb YyHUKanbHble CUHTETUYECKMe OnokW, Nerko npespaljaemble B pasHOOOpasHble MOHO U
nonureTepouunknnyeckne coeamHeHnsd, 4acTto B pesdynbTate AJOMUHO 1IN OOHOPEaKTOPHbLIX NPOLEeCCOB.

R1
RZ R2 Cl R2 Nu
catalyst Nu
7\l|/\g_0| caays,. T'><EO —»MO —> heterocycles
~0 N™ "Rt N™ "R

Nu = N-heterocycles, CH,;N,, NaN3

Mcnonb3oBaHue katanMTM4eckon 1M3oKcason-a3vpuHOBOW n3oMepu3aumm 1 HeobblHHON peakLMOHHON
CnocobHOCTM psda (PYHKUMOHANM3MPOBaHHbBIX M30KCA30SOB B KayecTBEe OCHOBbI AN pa3paboTku
METOAOB MOMYYEHNs] reTEPOLMKIIOB M reTepOLUKIMYECKMX rMOpUOOB MMCTPUPYIOTCA HegaBHUMMU
npumMepamu.

, Hal , R R3 , R'
R o R 0 R? o R N R /
I\ I\ M T~ |
~0 R O H N~g" Rt 0O R N~g

INutepaTypa
[1] Agafonova A.V. et al. Molecules 2023, 28, 275; DOI: 10.3390/molecules28010275
[2] Galenko E.E. et al. Tetrahedron Lett. 2023, 114, 154270, DOI: 10.1016/j.tetlet.2022.154270
[3] Galenko E.E. et al. J. Org. Chem. 2022, 87, 6459-6470, DOI: 10.1021/acs.joc.2c00386
[4] Zanakhov T.O. et al. Beilstein J. Org. Chem. 2022, 18, 738-745. DOI: 10.3762/bjoc.18.74
[5] Serebryannikova A.V. et al. Tetrahedron 2021, 77, 132153, DOI: 10.1016/j.tet.2021.132153
[6] Galenko E.E. et al.J. Org. Chem. 2021, 86, 6888-6896, DOI: 10.1021/acs.joc.1c00286
[7] Agafonova A.V. et al. Org. Biomol. Chem. 2021, 19, 1976-1984, DOI: 10.1039/d10b00053e
[8] Galenko E.E J. Org. Chem. 2020, 85, 6109-6122, DOI: 10.1021/acs.joc.0c00611
[9] Galenko E.E. et al. Org. Biomol. Chem. 2020, 18, 2283-2296, DOI: 10.1039/D00OB00206B
[10] Funt L.D. et al. J. Org. Chem. 2020, 85, 4182-4194, DOI: 10.1021/acs.joc.9b03367
[11] Serebryannikova A.V. et al. J. Org. Chem. 2019, 84, 15567-15577, DOI:
10.1016/j.tet.2021.132153
[12] Galenko E.E. et al. J. Org. Chem. 2019, 84, 11275-11285, DOI: 10.1021/acs.joc.9b01634
[13] Galenko E.E. et al. J. Org. Chem. 2019, 84, 3524-3536, DOI: 10.1021/acs.joc.9b00115

PaboTta BbinonHeHa npu nogaepxke rpaHta PH® (Ne22-13-00011).

24

T


mailto:a.khlebnikov@spbu.ru

(DABOPCKI/II/I

h|2023

CMINO3UYM NO XUMUUN ATTKUHOB,
AIINNEHOB U MANbIX LUKINOB

NMPUTTIALUEHHBIE OOKJTIAODbI




®ABOPCKW
2023

CankT-Metepbypr, 3-6 wions

2)
-

‘ Brepoccwiickas KoHdhepeHuus

ﬁh

HEOXWOAHHbBIE PEAKLUM MNPPOJTUMITALETUNEHOBBLIX KETOHOB C LIMKITMYECKNMUW
NMMNHAMN

Gensesa K.B., OnapuHa J1.A., CobeHuHa J1.H., Tpogpumos B.A.

NpkyTckmin nHCTuTyT Xumum um. A.E. ®asopckoro CO PAH, UNpkyTck, Poccus
[H.C., O.X.H.
belyaeva@irioch.irk.ru

MupponunaueTnneHoBble KETOHbI, Ferko nonyyaemble KpOCC-COMETaHWEM MMPPOSioB C
aumnbpomaretTuneHamu Ha nosepxHocTn Al203, B HacTosiLee BpeMsi cTanu LieHHOW nnaTgopmon ang
CMHTe3a 6onblIOro MaccuBa pPasfM4YHbIX FETEPOLMKITMYECKMX CUCTEM U (DYHKLMOHANM3MPOBaHHbIX
€HaMWHOHOB.

HoBble ropn3oHTbl XMMUYECKOro MPUMEHEHMS NMPPOSINITALETUIEHOBLIX KETOHOB 1 OTKpbIBAKOTCA
B peakuun C uuKnu4eckumm umumHamu. OOHapyXeHO, 4TO OHM noaBeprawTcs nerkomy [3+2]-
uuknonpucoeamHeHuto K 1-nupponuHam 2 (25+80 °C, MeCN unu MeOH, 24-72 4), npoTekatowemy 6e3
KaTanuMsaTtopoB, NpuMBOAA K auunMmeTuneHTeTparmapoaunuppono[1,2-a:1’,2’-clummgasonam 3 ¢
Bbixogamu o 93% n 90% E-ctepeocenekTnBHOCTLIO [1].

YcTaHoBneHo, 4To 1-3amelleHHble MMMOA30rbl pearnpyloT Kak KatannsaTopbl B OPUrMHanbHOM
peakunmn  [3+3]-uMknogumepusaummM  NUPPONMIaLETUNEHOBbIX  KeToHoB  (40-45 °C) B
ovc(aumnmeTtunuaeH)gunuppono[1,2-a:1',2"-d]nmpasuHel 4 (Bbixogbl 8o 52%) [2].

MokasaHo, 4TO 1-3amelleHHble OeH3anMmaasonbl 5, Kak apomatuyeckme HenTpanbHble
Hykneodwunbl, coaepxatume LUKINYECKYH0 a30MeTVHOBYIO CBS3b, B peakuunu c
anekTpoHoaeMUUTHBIMU NupponunaueTuneHoBbiMu keToHammn (MeCN, 55-60 °C) s3anyckatoT gpyron
KackagHbll  npouecc, npuBoaawmMin K addekTMBHOMY  cuHTedy  5-(1H-nuppon-2-un)-1,6-
B6eH3041a30UMHOHOBBIX aHcambrien 6 ¢ Bbixogamu 4o 92% [3].

1 | <
NN N R Me / \ (\0 R5 3
- 1 O
R == 1
N 40-45°C N RS .
1 AN = N 2
A _ HN B

Cxema 1. Peakuun nmpponunaueTnieHoBbliX KETOHOB C UMKITMYECKMMUN UMUHAMW.

CI/IHTGSVIpOBaHHbIe coeguHeHna npeacTtaBndaloT HOBble cemencTea YHUKalnbHO 3aMeLWleHHbIX
reTepouunKkrioB, npueriekaTeribHbIX Ana MEONLMHCKON XMMNK 1 mMaTepunanosegeHuA.

JlntepaTtypa
[1] Oparina L.A., Belyaeva K.V., Koluvanov N.A., Ushakov |.A., Gotsko M.D., Sobenina L.N.,
Vashchenko A.V., Trofimov B.A. J. Org. Chem. 2022, 87, 9518—9531
[2] Belyaeva K.V., Nikitina L.P., Gen’ V.S., Tomilin I.V., Sobenina L.N., Afonin A.V., Oparina L.A.,
Trofimov B.A. Catalysts 2022, 12, Article number 1604
[3] Belyaeva K.V., Nikitina L.P., Gen’ V.S., Saliy I.V., Sobenina L.N., Afonin A.V., Vashchenko A.V.,
Trofimov B.A. ChemistrySelect 2022, 7, €20220448

PaboTta BeinonHeHa npu nogaepxke rpaHta PH® (Ne 21-73-10134).
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ANKNHWUNA3WMHbBI B CUHTESE NOJNIMAOEPHbBLIX TETEPOUVKINYECKMX MONEKYN
lynesckas A.B.

KOxHbIM dheaepanbHbIn yHuBepenuTeT, PocTtoB-Ha-[oHy, Poccus
Mpodbeccop, A.X.H.
agulevskaya@sfedu.ru

ANKMHUNNPOM3BOAHbIE a3NHOB 1-6 AEMOHCTPMPYIOT BbICOKYH PeakUMOHHYI0 CMOCOBHOCTb Mo
OTHOLWIEHMIO K Hykneodwunam, anektpodunam u 1,3-aunonsam (cxema 1). B bonbwmnHcTBE cnyyaes
npeBpaLleHns HOCAT TaHAEMHbIA MW KackadHbIW XxapakTtep, NpMBoAas K obpasoBaHuio NonusgepHbIX
reTepoumknmyecknx monekyn tuna I-XXIIl, cpegn KOTopbIX 6GrM3KNe CTPYKTYPHbIE aHanorn NpupoaHbIX
ntepuanHos (2 / I11,X) n denasunHos (3 / XI,XIl), a Takke [n]renuueHsl, cogepxaliue B CBOEM COCTaBe
nu(unu) aHHenupoBaHHble reTepokonbuom (3,56 /  XVII-XXIIl). Pesynbtathl wuccnegoBaHwui
npeacTaeneHbl B 0630pHbIX cTaTbsax [1-4].

X

Starting alkynylazines @| X = H, Hal, CN, C=CR, Ar
X
o R
sesderdeedeUpe
| DY _ )
NN N NTON N ]
Me 2 3 4 5 6

Q - z»i% %

Products

X
R1 Ph
X
N~
vil X
NT
Zph
X

(vet]
Rj
C

t,%

XVl R xx XX XX

Cxema 1. lNpoaykTbl B3anmMogencTBuns ankMHUIIasnHOB € Hykneodunamu, anekrpogpunamm n 1,3-
annonsmu.

JlntepaTtypa
[1] Gulevskaya A.V., Tyaglivy A.S. Chem. Heterocycl. Comp. 2012, 48, 82—-94
[2] Gulevskaya A.V., Lazarevich R.Yu. Chem. Heterocycl. Comp. 2013, 49, 116-139
[3] Gulevskaya A.V., Nelina-Nemtseva J.l. Chem. Heterocycl. Comp. 2018, 54, 1084—-1107
[4] Gulevskaya A.V., Tonkoglazova D.l. Adv. Synth. Catal. 2022, 364, 2502—-2539
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MPEBPALLEHVA COEANHEHWN C AKTUBMPOBAHHOW CC CBA3bIO KAK SOPEKTUBHbIV
MYTb CUMHTESA NEPCIMNEKTVBHbBIX (ASA)FETEPOLIMKINOB N NX NMPOMU3BOOHbIX

3bipsHos I.B.12, CaHmpa C.%, Konuyk [J.C.12, Kosanee U.C.1, HukoHos U.J1.12

"Ypanbckuin peaepanbHbivi yHuBepcuTeT uM. b.H. EnbunHa, ExkatepuHbypr, Poccus
2 HCTUTYT opraHmnyeckoro cuHtesa um. MN.A. Moctosckoro YpO PAH, EkatepuHbypr, Poccust
Mpodbeccop, A.X.H.
gvzyryanov@gmail.com

O6pasoBaHne CC cBA3n ABNgeTCS PyHOAMEHTanbHbIM NS OpraHUYecKom XMMUA U NEXUT B
OCHOBE MPOLECCOB MOCTPOEHMUS YrNEPOAHbIX/TETEPOLIMKITMYECKNX KapKacoB pa3HOOOpa3HbIX KnaccoB
OpraHn4eckux coeguHeHnn. Hapsigy ¢ katanusmpyembiMn nepexogHeiMmn metannamm (Pd, Ni, Cun1.4.)
peakunsiMM 3aMeLleHnst yxoasawmx rpynn, Bce Gonbliee BHUMaHWE MCCrnegoBaTernen npuerekalT
npoLecchbl MPSIMOro NOCTPOEHUS YrIepoOaHON CBA3MN.

CoepgunHeHus ¢ aktuBmpoBaHHoM CC CBS3blO ABMAAKTCA MNEPCNEKTUBHBIMWA CMHTOHAMU B TaKOro
poga npeBpaweHuax. Cpeam TakMx CUMHTOHOB OCOObI WHTEpEeC NpeacTaBnsioT COeOUHEHUS,
aKTMBMPOBAHHbIE HampskeHueM uukna, Hanpumep, 1,2-germapobeHsonbl (apuHbl), asmpu(gu)Hbl,
OKCupaHbl U Apyrue, a Takke aueTureHbl, akTMBMPOBAaHHbIE HANMYMEM 3NEKTPOHAKLENTOPHbIX rpynm,
Hanpumep, aueTuneHgukapbokcmnaTol.

B Hactodwem poknage OyoyT pacCcMOTPeHbl  HEKOTOpPble  KIYeBble  MpeBpaLleHnst
BbILLEYNOMSAHYTbIX COEANHEHWNIA, NCCNEA0BaHHbIE HALLMM KOMMEKTUBOM 3a nocnegHue rogpi.

PaboTta BbinonHeHa npu nogaepxke PH® (MpaHTtbl Ne 21-13-00304 n 20-73-10205).
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HE®YHKUMOHAIMM3NPOBAHHbBLIE ASUPUHBLI B CUHTE3E
KOHOEHCMPOBAHHbIX TETEPOLIMKITOB

Hosukos M.C.

CaHkT-lNeTepbyprckun rocyaapcTBeHHbI yHuBepcuteT, CaHkT-lMNeTepbypr, Poccus
Mpodbeccop, A.X.H.
m.novikov@spbu.ru

2H-A3MpVHBI 3aHMMalOT 3aMETHOe MECTO B COBPEMEHHOM OpraHM4YeckoM CUHTE3e, NpuBrekas
K cebe BHMMaHWE OrPOMHbLIM AMana3oHOM CBOW peaKUMOHHOW CMOCOBGHOCTM M CBA3AHHOW C 3TUM
BO3MOXXHOCTbIO MX WCNOMb30BaTb ANS CTPYKTYPHOW MOAMMMKALUM MpakTUYeckn nobbix Knaccos
OpraHunyecknx coeguHeHun. Hambonee yacTo B nocrnegHve rodbl MX MPUMEHSIIOT Ans paspaboTku
HOBbIX METOAOB MOMyYeHuUs MnpeacTaBuUTENnen TakMx KaccoB a30TUCTbIX FeTepOoLMKIOB, Kak
Npou3BOAHbIE NWPpPOna, asonbl W reTepouukibl CcpedHero pasmepa, a Takke Ana cbopku
pa3Hoobpa3HbIX KOHAEHCMPOBaHHbIX cuctem [1]. 3a MOYTM YTO CTOMETHIO MCTOPUIO a3npPUHOBON
XMMUKN BbINIO CMHTE3NPOBAHO OFPOMHOE KOMWYECTBO COEAMHEHWUN C TPEXYNeHHbIM a3VpPUHOBbLIM
LUKIOM, KOTOpOE €XEerogHo NpoAdorikaeT NOMOSHAETLCA MOPON OYe€Hb HEOOBbIYHBIMU U CIIOXKHBIMM
CTpykTypamn. Bmecte ¢ Tem, He MOTEPSANU CBOEW «CUHTETMYECKOW 3HAYUMMOCTM» M NpPOCTenLlne
NPON3BOAHbIE a3MPUHOB, Takne Kak 3-apwn-2H-as3upuHbl, BbICOKAs CENEKTUBHOCTb TpaHccopmauum
TPEXYMNEHHOro LUMKNa KOTOpbIX Aenaet WX MOpoW He3ameHMMbIMW  BunguHr-6rokamu  Aans
KOHCTPYUPOBaHWS HOBbIX FETEPOLIMKITNYECKMX KapKacoB [2-5].

B HacToswem goknage obcyxparoTcs nocnegHne AOCTUMXKEHUs Xumumn 3-apun-2H-asnpuHoB
NPUMEHUTENBHO K CUHTE3Y CIOXHbLIX OPMO-KOHOEHCMPOBAHHbBIX CUCTEM C aKUEHTOM Ha peakuuu,
npoTekalroLime B yCNoBUAX MegHoro katanusa. Hambonee nogpobHo aHanM3npyroTcs 0CobeHHOCTU n
MexaHnambl copmupoBaHusa (5,6)- wun  (5,5)-kOHOEHCMPOBAHHBIX CUCTEM Ha OCHOBE Medb-
KaTanuTuyeckmx peakuun 3-apun-2H-asmpmuHOB C LMKITMYECKUMN eHonamu (cxema 1).

R Ar peakuuu N A peakyuu R
r aHHenuposaHusi
ng\/\g aHHenupoeaHus Xgai . zW/N 3+ Cucatalyst X56| ,)—Ar
H paspsie cessu N-C3 | —/>gy ) pa3spbie cesiau N-C2 OHN
peakyuu
aHHenuposaHusi

C nepeepynnuposkou

R
OH
Cxema 1. 3-Apun-2H-a3npuHbl B CUHTE3E OPMO-KOHOEHCUPOBAHHBLIX reTEPOLMKITOB.

INutepaTypa
[1] Khlebnikov A.F., Novikov M.S., Rostovskii N.V. Tetrahedron 2019, 75, 2555-2624
[2]. Sakharov P.A., Novikov M.S., Rostovskii N.V. Chem. Heterocycl Comp. 2021, 57, 512-521
[3] Sakharov P.A., Rostovskii N.V., Khlebnikov A.F., Khoroshilova O.V. Novikov M.S. Adv. Synth. Catal.
2019, 361, 3359-3372.
[4] Sakharov P.A., Rostovskii N.V., Khlebnikov A.F., Panikorovskii T.L., Novikov M.S. Org. Lett. 2019,
21, 3615-3619
[5] Sakharov P.A., Rostovskii N.V., Khlebnikov A.F., Novikov M.S. Molecules 2022, 27, 5681

Pabota BbinonHeHa npu noggepxke rpaHta PH® (Ne 23-13-00115). WccnepoBaHus
NPOBOAMINCH C UCMONb30BaHMEM 060pyaoBaHMS pecypcHbIX UeHTpoB CaHkT-lNeTepbyprckoro
rocygapCTBEHHOIO YHMBEPCUMTETA: MarHMTHO-PE30HAHCHbIE METOAbl MCCNEed0oBaHMs, MeTOAbl aHannsa
COCTaBa BeLecTBa, PeHTreHoAMdPaKkLUMOHHbIE METOAbI UCCIEA0BaHNS N BbIYMCANTENBHBIA LIEHTP.
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TPAHCOOPMALMN MATBIX LIMKNOB, YNMPABNAEMbBIE COEOMHEHNAMW TANNUA
Hosukos P.A., Tomunos KO.B!

WHCcTUTYT opraHuydeckon xummm nm. H.[. 3enuHckoro PAH, Mockea, Poccus
C.H.C., K.X.H.
novikovfff@bk.ru, lab6@ioc.ac.ru

B noknape 6ynet npeacrtaBneH oauH U3 pa3pabaTtbiBaeMbiX NepeaoBbiX NOAXOA0B BOBEYEHUS
AKTUBMPOBAHHbIX LMKNOMNPONnaHOB U LI,I/IKJ'I06yTaHOB B pa3rinyHble npouecchbl HOBbIX TUMOB, OCHOBAHHbIX
Ha UCNonb30BaHNUN 3HEPTIUN CBA3U HANPAXEHHOIo LUnKna U KOHCTPYKUMKN HOBbIX CBSI3EN U LIMKNOB Ha UX
ocHoBe.[1-4] Bo MHOrMx paccMOTPEeHHbIX MpoLeccax aKTMBMPOBAaHHbIE UWKIoNponaHel 6yayT
BbICTYNaTb B KayecTBe WCTOYHUKOB WM CUHTOHOB 1,2-LBUTTEPUOHOB, CTUPUIIMANoOHaToB,
MEeTUNMOEHMAanoHaToB, a Takke Knaccmyeckux 1,3-UBUTTEPUOHHBIX WHTepMeamatoB. Ocoboe
BHUMaHuWe ByfeT yaeneHo peakumsim ¢ aLueTuneHamu, Kotopble NpeacTaBnsioT cobo 06LINPHBIA knacc
npoLeccoB B AaHHOM KoHTekcTe. Obuas meTogonorus 6asvpyeTcst Ha UCNOMb30BaHUM COeQUHEHWIA
rannua(lll), B nepsyto ovepeab ranoreHMaoB ransus, U No3BonseT NONHOCTbIO MEHATL MYTU NPOTEKaHWS
XNMUYeCKNX peaKLlMVI CO MHOrMMKM TUNamMmun pasnnyHbIX cy60TpaTos. I'Ipm 3TOM BO MHOIMX cny4dadax
rannuMn noka siBNseTcd CI'IeLLVIq.)I/ILIHbIM meTanmnom, a ¢ coegnHeHUAMU noodbIX apyrux mertannos
peakunn He npoTeKkaroT. B atux peakunax ¢ aktTmuBmpoBaHHbIMU LUMKNoONponaHamMmn yaaeTca ycnewHo
ncnonb3oBaTb TakMe npocTble U O6LeAoCTyMnHble CyOCTpaTthl, Kak ankeHbl, aueTWUreHbl, OWEHbI,
TPUEHbI, OpYrue uuKnonponaHbl M LMKNOOYTaHbl, anbgernabl, UMWHbI, a3afgueHbl U asaTpUueHbl,
Anasoadupbl, asuibl, HWUTPOHbI, W OpYyrne, C KOHCTPyMpoBaHWem pasHoobpasHbix Kapbo- u
reTepoLuKnnyeckmx CTpykTyp. KoHuenuusi icnonb3oBaHWsl coeanHeHnn rannmna u 1,2-LBUTTEPUOHHON
peaKkuMOHHOW CMOCOBHOCTM aKTMBMPOBAHHbBIX LIMKMOMNPONAHOB OT/IMYHO 3apekomeHgoBana cebs B
COBPEMEHHON OpPraHW4ecKko XUMWUM U YKe SBMSETCs MONIe3HOW W BaXHOW MeTofonorven Aans
KOHCTPYMPOBAHUS HOBbIX CUHTETUYECKMX NOAX0A0B.
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dimerization
1,2-zwitterionic chemistry OMe TMSOTf D-A cyclopropanes and cyclobutanes
methylidene malonates or GaCls styrylmalonates chemistry
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Cxema 1. MNpumepbl Ga(lll)-MHnummnpyemMbix peakumii Ha OCHOBE PaCKPbITUS aKTUBUPOBAHHbIX
LMKINONpOonNaHoB, MHOTME U3 KOTOPbIX MOKa ABNSAOTCH ranimn-cneumduyHbIMM 1 He paboTatoT Ha
coeaVHeHMsAX ApYrmx MeTtannax

JlntepaTtypa
[1] Novikov R.A., Tomilov Y.V., et al. J. Am. Chem. Soc. 2018, 140, 14381-14390
[2] Novikov R.A., Tomilov Y.V, et al. Angew. Chem. Int. Ed. 2018, 57, 10293-10298
[3] Novikov R.A., Tomilov Y.V, et al. Angew. Chem. Int. Ed. 2016, 55, 12233-12237
[4] Novikov R.A., Tomilov Y.V, et al. Angew. Chem. Int. Ed. 2014, 53, 3187-3191

PaboTta BbinonHeHa npu nogaepxke rpaHta PH® (Ne 22-13-00418) n rpaHta PH® (Ne 22-73-
10232).
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XUPAJbHOE LIMKNOMNPOMNAHNPOBAHNE
C NMOoMoOLWbO PALLEMNYECKOIO POOMEBOIO KATAJIM3ATOPA

lNepekanuH A.C., AHKyduHos H.M., TpugpoHosa E.A.

UHCTUTYT anemeHToOpraHnyeckunx coeamHernin um. A.H. HecmeaHosa PAH, Mockea, Poccus
3asepyoLmi nabopaTtopmen, 4.X.H.
dsp@ineos.ac.ru

AcvmMmeTpuYeckme KaTanMTnyeckue peakuum obblMHO OCHOBaHbI Ha MCNOMb30BaHNM KOMMIEKCOB
MeTanmnoB C xupanbHblMU nNuraHgamn. B HacToswen paboTe nokaszaHo, YTO MX MOXHO MPOBECTU U C
NMOMOLLIbIO 3HAYNTENBHO OOnee AOCTYMHbIX PayeMuYyecKux KOMMIEKCOB B COMETaHUM C «XMparbHbIM
A00M» — cneuuanbHbIM NraHaoM, KOTOPbIA 3axBaTbiBaeT U MHIMOWPYET OAMH M3 3HAHTUOMEPOB
katanusartopa [1]. MMpumeyaTenbHO, YTO ONTUMAnNbHYK CTPYKTYPY Takoro «siga» MOXHO 3apaHee
nogobpaTe C MOMOLLBID KBAHTOBO-XMMWYECKOTO MOAENUPOBaHWs. TakoW noaxod Mo3BOMUIT Ham
ucnonb3oBaTb KOMMMEKCbl POAUSt C  pauLeMUYeckuMu OueHamu  Ans  acUMMEeTPUYecKoro
LMKINonNponaHMpoBaHust apungnasoacumpamm 1 ankeHoB cofepXallMx 3MeKTPOHOOOPHbIEe TpyMMbl
(Hanpumep, NR2). B pesynbtate Obinu nNOMyyYeHbl LEHHbIE MNPOU3BOAHbIE LMKIOMPONAaHOBbIX
aMMHOKMCIIOT 2 ¢ xopoLumnmu Bbixogamm (50-80%) v BbicoKkon aHaHTMOCeneKkTMBHOCTbIO (>90% ee) [2].

]
7 i
NAUF !
i
iPr F i
]
ONa N B 5 R i
I R / i
+ 0O — Rh i
cl/, i
]
pauemu4eckumn XupanbHbIn aKTUBHbLIN XUpanbHbIN  "OTpaBneHHbIN" 3HaHTUOMEpP
katanusatop (2%) "an" (1%) karanusatop (1%) katanusatopa (1%)
N2 NRZ
t NR, t
O'Bu PR— - \\\-Z _O'Bu
R R
o ¢}
1 2 (50-80%, >90% ee)

Cxewma 1. MpuHUmn paboTbl XupanbHOro saa.
INutepaTypa
[1] Trifonova E.A., Ankudinov N.M., Chusov D.A., Nelyubina Y.V., Perekalin D.S. Chem. Commun.
2022, 58, 6709-6712

WcecnepoBaHus BeINOMHAKTCS Npy nogaepxke rpaHta PHO (Ne 23-13-00345).
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ABA NYYLWE, YHEM OOVH: MPUHLWTbI AKTUBALIMN SNTIEKTPO®UINOB COEONHEHUAMN
AIMIOMUHNA B PEAKLUMAX C ALETUNEHAMW, ONEPUHAMU N LIMKITOTMPOMAHAMW

Pama3zaHos U.P.1, [Ixemunes Y.M.2

TMHCTUTYT HedbTexMuK 1 KaTanmaa Ydumckoro eaepanbHOro uccriegoBartensckoro LeHtpa PAH,
Yda, Poccusa
3asepyoLmin nabopaTopmern Xumumn yrnesogopoaos, A.X.H., npod. PAH
ilfir.r-amazanov@gmail.com
2 HCTUTYT opraHuyeckon xummm um. H.[. 3ennHckoro PAH, Mockea, Poccusi
[.H.C., A.X.H., un.-kopp. PAH
dzhemilev@mail.ru

MHorve opraHuyeckne peakuum katanuampytotcs kucrotamu Jlbtonca. TUNUYHBIMU NpUMepamMu
aBnsTca peakunn Ppuaensa-KpadTca (ankunmposaHue, aueTunMpoBaHue), neperpynnmposka dPpuca,
peakuvn [unbca-Anbaepa, anbAofibHble peakuuv, peakuun Muxasans v packpbiTUe 3MOKCUOHOIo
konbua. CoeOuHEHUs amniOMUHUS XapakTepusylTCs [OOCTYMHOCTHIO M BbICOKOW aKTUMBHOCTbIO B
YNOMSIHYTBIX peakuusx. KNCNOTHOCTb COEAMHEHMI antoMUHNS BapbupyeTCsl B LUMPOKUX Mpeaeniax B
3aBUCMMOCTU OT XapakTepa 3aMeLleHus, MO3BONsii TOHKO BapbMpOBaTb XEMOCENEKTUBHOCTb
npoueccoB. B goknage 6yayT paccMOTpeHbl peakumn aueTUreHoB, ofeMHOB M LMKIOMNPONaHoB C
nonurarioreHMeTaHaMu, KeToHaMu, HuTpurnamu, adupamu KapbOHOBBLIX KWCMOT MNOA AeNcTBUMEM
COEQVHEHUN  anioMuHWS  (raroreHUgoB — antoMUHUST U TpuankunanaHoB) B MPUCYTCTBUM
METarnMoKOMMIEKCHbIX  KaTanu3aTopoB. bByayT NpoaeMOHCTPMPOBaHbl — pasnuyHbie  MPUHLMMbI
aKT1BaLUWM 3NeKTPOGUITOB COEANHEHNUSMM antOMUHWS.
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Pa6oTa BbinonHeHa B pamkax rocyfapCTBEHHOro 3aaaHna MuHMCTepcTBa 06pasoBaHns U Hayku

FMRS-2022-0075 n FMRS-2022-0076.
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CHEMISTRY OF a-CHLORMETHYLPROPARGYL(ALLYL)ETHER: RECENT ACHIEVEMENTS

Talybov G.M.

Azerbaijan Technical University, Baku, Azerbaijan
Professor, d.sc.chem.
gtalibov61@gmail.com

The highly reactive a-chloromethylpropargyl(allyl)ether has been widely used in organic synthesis
in recent years. The presence of double and triple bonds, active C-Cl bonds allows the production of a
number of new organic compounds on the basis of this combination. In recent years, our research has
shown that a-chloromethylpropargyl(allyl)ether is not only a simple synthesis based on it, but also a new
method of organic synthesis. For the first time, we determined that p-glycols based on propargyl B-
iodoethes are suitable for the synthesis of a number of six- and seven-membered heterocyclic
compounds due to their use as a starting material for the production of monopropargyl ethers and their
intramolecular closure. For the first time, we discovered a new method for obtaining substituted 1,4-
dioxanes from propargyl B-haloethes. For the first time in our history, the condensation of
chloromethylpropargyl ether with carbonyl compounds resulted in the monopropargyl ethers of a-glycols
of 2-hydroxyoxiranes [1], the condensation of chloromethylpropargyl ether with nitriles, ketoesters [1,3],
alkyl-6- and alkyl-6-dioxane-5-carboxylates [3], (1R,2S)-1-aryl-2-{[prop-2-yn(en)yloxy]lmethyl}spiro-
[2,4]hepta-4,7-diene. We have developed new three-component steroselective synthesis of diones [4],
as well as with the help of NMR spectroscopy we determined the absolute configuration of a number of
unsaturated oxyethers [6]. In the future, we plan to conduct research to obtain different isomers with
higher yields based on the enantiomer variant of these reactions.

The yields of the products depend on their structure: the yields of the propargyl derivatives (prop-
2-yn-1-yloxy)methyl ethanimidothioate, (prop-2-yn-1-yloxy)methyl carbamimidothioate, and (prop-2-yn-
1-yloxy)methyl N-phenylcarbamimidothioate are higher compared to their allyl analogs (prop-2-en-1-
yloxy)-methyl ethanimidothioate, (prop-2-en-1-yloxy)methyl carbamimidothioate, and (prop-2-en-1-
yloxy)methyl-N-phenylcarbamimidothioate. The synthesized compounds are hydrolytically stable, have
an increased reactivity, and are also rich in nucleophilic centers [7].
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Scheme 1. Syntheses based on a-chlormethylpropargyl(allyl)ether

References
[1] Talybov G. M., Dzhafarova N. V., Bairamova S. T. Russ. J. Org. Chem. 2015, 51,1028-1029.
[2] Talybov G. M. Russ. J. Org. Chem. 2017, 53, 296—298.
[3] Talybov G. M Russ. J. Org. Chem. 2017, 53, 123-124.
[4] Talybov G. M. Russ. J. Org. Chem. 2018, 54, 1256—1259.
[5] Talybov G.M. Russ. J. Org. Chem. 2018, 54, 1739-1741.
[6] Talybov G.M., Baghirli A.N. Russ. J. Org. Chem. 2020, 56, 628-630.
[7] Talybov G.M., Shirinova N.A., Yusubov F.V., Gurbanov G.R., Zalov A.Z. Russ.J.Gen.Chem. 2022,
92, 2989-2992.
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JOHOPHO-AKUENTOPHBLIE LUMKNOMPOMAHbI:
PEAKLUMW OAUMEPU3ALIMN N KPOCC-OUMEPU3AL NN

Tpywkos U.B.1, LllepbuHuH B.A.Y, Ecppemosa A.B. 1, [lemudosckas A.B.r, MeaHosa O.A.?

" MHcTutyT oprannyeckor xumum um. H.[l. 3ennHckoro PAH, Mockea, Poccust
2MocCKOBCKMI rocyapCcTBeHHbIN yHuBepcuteT umeHu M.B. NlomoHocoBa, Mockea, Poccus
3asepyoLmi nabopaTtopmen, 4.X.H.

trush@ioc.ac.ru

TpexyneHHbIN LUK, akuenTop, AOHOP...
Bce Bpoae Obl nerko n npocro.

U c aTum kaxgpin pasdbepeTcs:
Makmunnan' n Makrperop KoHop.2

Ho B LuuMKkne 3aToM M3HavyaneHo
Maruyeckasi ckpblTa cuna.

C xameneoHoOM He criyjyanHo

Takon umknonponaH cpaBHuna
Pacnpegenstowas warnka,

3aBbIB OT NepeHanpsKeHbs:

«YT10 32 cybeTpat?! TakoMy TSKKO
[aTb TouHOE onpefeneHse.
AnekTpodunom xo4et ObIThb... U Obin!
Ho ... BMXy B HEM AUNONb...n gunonspodwun...
A BOT Apyrue cBOWCTBA NPUOTKPLIT. ..
CWHTOH ankeHoB ABYX... [neHodurn. ..
[a yT0 e aT10?! A coBcem B oT4asiHbU!
Kakon-To CTpaHHbIN NONMMUIbHbIA TUM.
Bcem peareHTam gaTb roToB CBMAaHuWe,
HeT HuKoro Bokpyr — repmacpoauT.
[(OTOB NpOAYKTOB AaTb HEMaro

OH B x04€e nsomepusaumm,

B npoueccax uukna paclmpeHus.

Ho camon HeoGbI4HOM cTana

Peakuusi gumepwmsauum,

HeT B 3TOM Y MEHSA COMHEHUS.
dparmeHTbl, Kak B kanengockone, D A
Mo-pa3HoMy coeanHsIsCh,

PasnuyHble gatoT gumepsi.

W, kak cKyrnon MOHEeTbI KOnuT,

MpOoAYKTbI KOMUT, HE CTECHAACH,

LinknonponaH 6e3 BCAKON Mepbl.»

Oumepusaumm n npasga HeOObIYHbI,

A Kpocc-aMmepusaumsa Tem Gonee.

Moxxanyn, B 9TOM NpaB BOMNLUEGHbINA YENYMK.

O6 aTux TpaHchopMaLMaX Marn4ecKkmnx

JInwe dakTbl pacckaxy, 6e3 npa3gHocnoBus,

M Ha Bonpochl, kak CMOry, OTBEYy.

anektpocun !

.. annonb?!

... gunonsapodun?

JlntepaTtypa
[1] Ivanova O.A., Trushkov L.V. Chem. Rec. 2019, 19, 2189-2208 n ccbinkn B 3To paboTe.
[2] MeHuukos J1.T"., HoBukoB P.A., Tomunos KO.B. [JoHOpHO-aKuenTopHble LUMKonponaHbl. CUHTE3 n
peakuun gaumepunsaummn. MOX PAH, Mocksa, 2016.
[3] Chagarovskiy A.O., Vasin V.S., Kuznetsov V.V., lvanova O.A., Rybakov V.B., Shumsky A.N.,
Makhova N.N., Trushkov I.V. Angew. Chem. Int. Ed. 2018, 57, 10338-10342.

PaboTta BbinonHeHa npu nogaepxke rpaHta PH® (Ne 21-13-00395).

' Nasua MakmunnaHn — naypeat Hobenesckoi npemum no xumum 2021 r.
2 KoHop Makrperop — akc-4eMnMoH No cMellaHHbIM eguHobopcetea (UFC) B nerkom v nonynerkom sece
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2-(MMPNONH-2-1N)-2H-ASUPUHbI — MEPCMNEKTUBHBLIE CYBCTPATbI AJ1A HAMNPABJIEHHOIO
CVHTESA ASAMHOONNHOB

AzagboHosa A.B., Hosukos M.C.

CaHkT-leTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lNeTepbypr, Poccus
acnupaHT
agg_95@mail.ru

WN3BecTHO, 4TO 2-reTapun-2H-a3npuHbl ABMSIOTCS NEPCNEKTUBHBIMU UHTEPMENaTaMm B CUHTE3e
reTepouMKIIM4YEeCKUX aHcambrien u opmo-KOHOEHCUPOBAHHLIX TeTepouuKnMyeckux cuctem. [1,2]
HenaBHO Mbl Npeanoxumnu 3dp@EKTUBHLIA M NPOCTOM B WCMNOSb30BaHUM MeToq BBeAeHUs 2-
NUPUANNbHLIX 3amecTuTene B nonoxeHne C? yukna NpPou3BOAHBLIX a3VPUH-2-KapOOHOBBLIX KUCMOT
nyTeM  HeKaTanMTeyecKoro  KpOCC-COMETaHUs  MPOWM3BOAHBLIX  2-rafnoreHasMpmHoB C  2-
(TprankuncTaHHun)nMpuanHamu. [3]

Bbinn nogobpaHbl ycnoBus, NO3BONSOLINE CENEKTUBHO OCYLLECTBNSATb NEpPELMKNN3auuio 2-
(MMpuamnH-2-1un)-2H-asaMprMHOB B OPMO-KOHAEHCUPOBaHHbIE CUCTEMbI NMPa3ono[1,5-alnMpManHMnbLHOro
1 umngasono[1,5-ajnMpManHnIbLHOro TUMNOB.

_________________

| N_COR? |
' Ry al
| AN
=
N” SnAlks

________________

_______________

74
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31 examples ~ tommoommomoooooe- 15 examples
up to 96% up to 95%

Cxema 1. CvHTes nupasono[1,5-ajnmpunanHos n nmugasono[1,5-ajnnpmanHos.

JIlntepaTtypa
[1] Khlebnikov A.F., Novikov M.S. Tetrahedron 2013, 69, 3363—-3401.
[2] Khlebnikov A.F., Novikov M. S., Rostovskii, N. V. Tetrahedron 2019, 75, 2555-2624.
[3] Agafonova A.V., Smetanin |.A., Rostovskii N.V., Khlebnikov A.F., Novikov M.S. Org. Lett. 2021, 23,
8045-8049.

Pabota BbinonHeHa npu omHaHcoBoW nogaepke Poccuiickoro HayyHoro coHaa (rpaHt Ne 23-
13-00115). ABTopbl BbipaxatloT GnarogapHocTe coTpygHukam PL, CIM6ry «MarHuTHo-pe3oHaHCHble
MeToAbl uccnegoBaHusy, «MeTogpl aHanu3a cocTaBa BellecTBay, «PeHTreHogmdpakumoHHble
MeToAbl UCCrefoBaHUSA» 3a MOMOLLL B BbINOSIHEHUU paboThI.
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CUHTES 1 PEAKLUMOHHAA CMNOCOBHOCTb HOBbLIX NPEALIECTBEHHMKOB AMASONMMHOB

Gapawkosa K.A., TameesocsiH C.C., Komosuwjukos FO.H., [lambiwes ".B., Jlykawes H.B.,
Eeneukas U.I1.

MockoBckun NocygapcTBeHHbI YHuBepcutet M. M.B. llomoHocoBa, Mocksa, Poccus
CryneHt
barashkovaxe@yandex.ru

[dnasocoeanHeHns sBNAIOTCA LEHHbIMW peareHTamu B opraHudeckoMm cuHTesde. OpaHako,
HECMOTPS Ha BCE CMHTETUYECKUE NpenMyLLLeCcTBa AaHHbIX CyOCTpaToB, CyLlecTByeT psa He4OCTaTKOB,
CBSI3@HHbIX C MX CUMHTE30M, TOKCUYHOCTbIO M XpaHeHueM. CoeguHeHusl, coaepXalime «CKpbITYHo»
anaso-rpynny, Takme Kak 1,2,3-Tpmasonbl, sBnstOTCA YAOOHOW WM [OCTYMHOW anbTepHaTUBON
anasocoeanHeHam. OHM BCTynaoT BO MHOXECTBO NpeBpaLleHnii, XxapakTepHbIX AN a-4Ua3onMUHOB,
OfHAKO Kpyr [OOCTYMHbIX CyOCTpPaTOB CYLIECTBEHHO OFPaHWYEH JKECTKAMU  3NEKTPOHHBIMU
TpeboBaHNAMM K 3aMecTUTensiMm B TpMas3onbHOM Konble. [Mouck HoBbix TunoB 1,2,3-Tpnas3onos,
CMOCOOHBIX BbICTYNaTb B KayecTBe NpeAleCcTBEHHWKOB AMa30COeAMHEHWN, SBMAETCS akTyarbHOW
3agaven.

PaHee Mbl nokasanu, YTo BHYTPUMOMNEKYNSIpHOE HYKNeounbHOoe 3aMeLLieHme B 5-moaTpmasonax
Nno3BOMnsieT reHepupoBaTb reTepoUMKIMYECKNE Ana3ocoeamHeHus. PaspaboTaHHbI Mogxod Mbl
NPUMEHUNN K CUHTE3Y TPMA30SIOXMHA30NIMHOHOB, KOTOpPblE SABMSAIOTCA HOBbIMW CTabWUMbHbIMU
npeaLecTBEHHNKaMy Anas3ocoeanHeHmn. HoBbIv MeTo NO3BONSAET U3 NErKOAOCTYMNHbIX MOAANKMHOB B
2 CcTaguuM pernoamuBepreHTHO nomnyyYyaTb Kak MpPOM3BOAHbIE  TPMA30JIOXMHA30MIMHOHA, Tak W
TpuasonobeH3oKcasnHa 3a CHeT BapbUpPOBaHMWS YCITOBUIA NPOTEKAHNST HYKNEOMUITBHOTO 3aMeLLEHNS.

CnocobHOoCTb TPMAa3onOXUMHA30MMHOHOB BCTYNaTb B XapakTepHble Ans AMa30CcoedvHEeHWUi
peakumn Obina M3yyeHa Ha NpuMMepe TEepMUYECKOro WM KaTanuTMYEeCcKOro LIMKIONpOnaHMpoBaHWs.
TeopeTuyeckn 1 IKCNeprMeHTanbHO Hamu GbINo PaCCMOTPEHO BAMSAHUE pPasfMYHbIX 3aMecTuTenemn Ha
3(PEKTUBHOCTL  ANEKTPOUMKIIMYECKOrO  packpblTus  Tpuasona wu  nocnegywowero  (3+2)-
uuknonpucoeamHeHus. [llokazaHo, 4YTO BHYTPMMOMEKYNApPHOE HyKneodurbHOe 3aMmelleHne W
HekaTanuMTMyeckoe UMKIonponaHupoBaHne MOryT MpoTekaTb Kak KackafHbl npouecc, pAasas
XWHA30MMHOH-aHHENMPOBaHHbIE  MPOM3BOAHble  a3abuumkro[3.1.0JrekcaHa HeNocpeacTBEHHO U3
COOTBETCTBYIOLUX 5-MOATPMA30M0B C XOPOWNMK BbixogaM. B HekoTopbix criyyasix padpaboTaHHas
MeTogonorms MoxeT ObiTb paclimpeHa Ha CUMHTE3 TFOMOMOrM4YHbIX as3abuumkno[4.1.0JrenTaHos.
Wcnonb3oBaHue katanusa komnnekcamu Rh no3sBonser npoBecTn peakuuio € ManoakTUBHLIMM
cybcTpatamu, BKItoYas ankunsamelleHHble annMnammnabl ¥ Tpuasorn-aHHeNMpoBaHHbIe CyNbTaMbl.

B3anmopgencTeme  TpMasonoXMHa3oNMHOHOB, COoAepXalimx [(-ankunbHbln  BOJOpOL B
3amecTuTene npu atoMme asoTa, C POAMEBLIMW KaTanu3atopamum OTKpbIBAET MyTb K LMKMONEHTaH-
aHHeNMpPOBaHHbIM XMHA30/MHOHAaM 3a CcYeT BHedpeHus poaueBoro kapbeHoupga no ceaAsu C-H.
Peakunsi npoTekaeT ¢ XOpoLUMN BbIXOAAMU M BbICOKOM ONacTepeoCeneKTUBHOCTHIO.

PaboTta BbinonHeHa npu nogaepxke rpaHta PH® (Ne 21-73-00161)
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OHAHTWOCENEKTUBHOE Cu/Pd-KATAIM3UPYEMOE OBYXCTAOVUNHOE
2-0TOPAJITIMNMPOBAHME C NMOMOLLBIO 2em-dTOPIAJTIOMEHLIMKNOMNPOMNAHOB

Eobposa A.KO., Hosukoe M.A.

WHcTuTyT opraHuydeckomn xumum nm. H.[1. 3enuHckoro PAH, Mocksa, Poccus
M.H.C.

a.bbrv@mail.ru

cem-PTopranoreHUMKNoOnNponaHbl 3a CYeT KaTalMTU4eCKOM aKTMBauuW  COeaUHEHUSIMU
nepexoaHbIX MeTannoB CNOCOOHbI BbICTYyNaTb B Ka4eCcTBe 2-hTOpanfinnmMpyloLero areHTa LWMpoKoro
Knacca HykneodunoB C BbICOKOW PErMo- N CTepeocenekTMBHOCTLI0. [ocnegHue 8 neT uccnegoBaHus
B AaHHOM 0bOractyu HaxogaTcs B aKTMBHOM pa3e, HO HECMOTpPsi Ha MHOXEeCTBO OnpoboBaHHbIX
KaTannTUYeCcKnx CUCTEM U HyKNeodunoB pasHoM NPUPOAbI, CYLLECTBEHHbIMW HeaoCcTaTkaMu OAaHHOro
npouecca HeuaMeHHo ocTatTca: (1)  ucnonb3oBaHME  TONbKO — MOHOApUIT-3aMeLleHHbIX
2eM-pTopranoreHLMKIonponaHoB, (2) BbICOKME TeMnepaTypbl akTMBaLUK NpoLiecca u, Kak cneacTsume,
(3) HEBO3MOXXHOCTL UCNONb30BaHUS 3TOr0 NpoLecca B SHaHTUOCENEKTUBHOM BapuaHTe.
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Cxema 1. 2-dTopannunmpoBaHme ¢ NOMOLLbIO 2em-pTopranoreHumknonponaHoB. [puMeHeHue.

Mel passvBaem NpUHUUNmMansHo WHOWN noaxoA, NO3BOSIAOLLMN ncnosib3oBaTtb
eeM-pTopranoreHLMKIonponaHbl B KaYeCTBE CTepeoCcenekTUBHbIX 2-hTopannunupyroLmx areHTos [1],
KOTOPbIN  SBMSIETCA  pEeLleHMEeM  BbllIENepeyvucneHHbix  npobnem: Ha  nepBoW  craguu
Cu-kaTanusanpyemoro packpbiTusi 2eM-hTopranoreHuMKNonponaHoB B MPUCYTCTBUM NUpuanHa Obin
NomnyYeH LWMPOKUIA Kpyr 2-cpTopannunbHbIX 3NeKTPOUNOB B BUAE CTAabUNbHBIX MUPUAVHUEBLIX CONEN,
KOTOpble 3aTeM BOBrekanucb B Pd-kaTtanusmpyemoe annunupoBaHue pasnuyHbIX HYKreogunos npu
KOMHaTHOMW Temnepatype. [locnegoBatenbHoe npoBedeHMe cHadvana Cu-katanusmpyemoro
packpbITUsl, a 3aTeM YXe 3HaHTUocenekTuBHoro Pd-kaTanuanpyemoro annuvnmpoBaHUsa MO3BOMMMIO
nony4YnTb 2-pTOpanIMIaMnHbl C BbICOKMMM 3HaveHusMu ee 88-95% [2]. 3ameHa ammaHOM CBA3N Ha 2-
dTOpannNUbHbLIN  (bparMeHT 4BMSEeTCA BaXHOW cTpaTerMen B [[u3aliHe HOBbLIX JleKapcTB, YTO
onpegenser  BaXHOCTb  pa3pabOoTKM  SHAHTUOCENEKTUBHbIX  MOAXOAOB K  (A-3aMELLEHHbIM
2-(propannunbHbIM aMmMHaM.

INutepaTypa
[1] Bobrova A.Yu., Novikov M.A., Tomilov Yu.V., Org. Biomol. Chem, 2021, 21(19), 4678-4684
[2] Bobrova A.Yu., Novikov M.A., Tomilov Yu.V., MendComm, 2022, 5(32), 619-621
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HOBbIE NOAXOObl K CUHTE3Y A3BOTCOOEPXALLUNX CUCTEM HA OCHOBE PEAKLINA
PACKPbITNA AOHOPHO-AKLIEMTOPHbIX LIMKITOMNMPOMAHOB A3A-HYKNEO®UITAMA

botyenko M.A.L, AHOpees MN.A.2, Pammarosa H.K.?, Tpywkoe U.B.3, eaHosa O.A.1

"MockoBckuii MocyaapcTBeHHbI YHuBepcuteT um. M.B. NlomoHocoea, Mocksa, Poccust
2HaumoHanbHbI MeAULIMHCKUI nccneaoBaTenbCkuii LIeHTP AeTCKOW remMaTonorim, OHKONornm
umMmmMmyHonorum um. Amutpus PoradeBa, Mockea, Poccus
SUHCTUTYT opraHuyeckoin xumum um. H.[1. 3enuHckoro PAH, Mockea, Poccusi
AcnupaHT
dioptase.96@gmail.com

JoHopHo-akuenTopHble  (JA) umknonponaHbl NPeAcTaBNsAlT  cobow  yHuBepcarnbHble
nonudyHKLMoHanbHble cybcTpaTthl, yAoOHble AN NPMMEHEHNs B OpraHM4YeckoMm CuHTese Gnarogaps
YHUKanbHOMy Habopy akTMBHbIX LEHTPOB, MPUCYTCTBYIOWMX B Monekyne. Packpbitve [A
umMknonponaHoB Hykneodunamm no atomy C-2 Manoro uukna OTKpbIBaeT MyTb K UHTepMeauartam,
obrnagalowmnMm  TPYAHOAOCTYMHbLIM  ApyrMMu  cnocobamu  1,3-pacnonoxeHneM  BBEAEHHON
PYHKLUNOHANBHOCTM NO OTHOLLEHUIO K aTOMY, COeAMHEHHOMY C akuenTopHou rpynnon. O6pasytoLmecs
nepBuYHbIE NPOAYKTbI PACKPbITUS MOryT OblTb MCMONb30BaHbI Aanee A51s NOCTPOEHNUS LIMKITMYECKNX 1
NOMULMKINYECKMUX FeTePOLIMKIIOB C pa3HoObpa3HoW TONOMNorMen aHHenMpoBaHus LUMKNoB Bnarogaps
LUMPOKOMY CMEKTPY OOCTYMHbIX (PYHKLUMOHAmMbHbLIX FPynn, KOTopble Npy onpedeneHHoM BO34eNCTBUM
MOryT B3aVMOAENCTBOBAaTb APYr C APYrOM.

B paHHoOM paboTe Mbl NpeacTaBnsemM pesynbTaTtbl UccrnegoBaHus peakumi A umknonponaHos
C asoTcoAepXalumMmu Hykneodunamm (asmg-moHOM, aHunMHamMm 1 6eHsnnammHammn, CUHTETUYECKUMM
SKBMBanNeHTamy UMaHWA-MOHA) M NPYMEHEeHUs [aHHbIX peakuMi B CUHTe3e 0oree CrOoXHbIX
LUMKITMYECKMX U NONMUMKIMYecknx monekyn [1-5]. Pag nony4eHHbIX coeanHeHui Obin npoTecTMpoBaH
Ha aHTUPaKoOBYK aKTMBHOCTb. BbiNo OBHapyXeHo, YTO AN HEeKOTOpblIX coeAuHeHun Tuna 5 u 7
HabniogaeTca 3HauMTenbHas aHTUMWUTOTMYECKas akTMBHOCTb, a OdHO coeauHeHue 6bino
NMAEHTMPULMPOBAHO KakK HOBbIN hapmakodop Ans MHrmMbuposaHusa nonumepunsaummn TybynuHa.
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AHOMEPHbIN 3®®EKT SP-TMBEPNOHOIO ATOMA YIMEPOLOA

Bauyadsze C.3.

WHCcTUTYT opraHuydeckon xummm nm. H.[. 3enuHckoro PAH, Mockea, Poccus
Mpodbeccop, A.X.H.
zurabych@gmail.com

AHOMEpHbIN 3PEKT — CTEPEeOaNEeKTPOHHbIM 3PdEKT, 3aknvarwuncas B crabunusaumm
onpeaeneHHbIX KOHOPMEPOB B HacblleHHbIX cuctemax tuna Z-CHz-X 3a cueT B3aumMoaencTeus
HenogeneHHbIX 3NeKTPOHHbIX nap retepoatomoB Z (O, N, S) ¢ cuH-nepunnaHapHoO pacnosioXeHHbIMU
dparmeHTamun c*-opbutanen ceasm C-X, rae X — aneKTpoHoaKLenTopHbI aTOM UK rpynna atomos [1-
2]. Kak npaBuno, B kayecTBe X BbICTYNalT TakMe reTepoaTtoMbl, Kak ranoreHbl, KUCAOpoa, a3oT, cepa.
AHOMEpPHbIN 3 heKT OKasbiBaeT OFPOMHOE BIMNSIHME Kak Ha KOH(bopMaUMOHHOE noBedeHMe, Tak U Ha
PEeaKUMOHHYH CNOCOOHOCTb OPraHNYECKUX COEANHEHNN.

HepasHo [3] npu nsyveHnn N-CH2R-3ameLLeHHbIX BUCNMAMHOB HaMKU ObINO HaMgeHo, YTo Ans
cnydass R=TeTpason ana ogHOro u3 [AByx 3amectuTtenen HabniogaeTca aHmu-nepunnaHapHas
KOHdbopMaLmsa (3gecb M ganee kKoHdopmauuv MpUBOLATCHA MO OTHOLUEHMIO K HEMOOENeHHOW nape
aToma a3oTta), OO bACHEHHAst HAMM HanN4Mem aHoOMepHoro addpekTa y TeTpasonsHon rpynnel (Puc. 1).
To ecTb, Sp?-rMbpuaHbI aToM yrnepona, BXOASALWMIA B COCTaB 3NEKTPOHOAEMLUTHOrO reTepouukna,
cnocobeH K NposiBfeHno aHoMmepHoro adpcdpekTa. MNpu aTOM B TOM Xe nybnukaumm nokasaHo, 4YTo B
KpucTtanne ana R=Tpuason takon acpekT He nposenseTcs. Tawke oH He npossnseTcs aona R=Ph.

N N

N N R === N N H
I\I\/‘/ I\I\l‘/
R 4 R o
By HH RH
nN>o R-C
anti gaushe
PucyHok 1. KoHdopmaumm, obeyxaaemble B TEKCTE; AN @aHMU BO3MOXHO NPOSIBIIEHWE aHOMEPHOIO
achbpekTa

Hac 3anHTepecoBan Bonpoc, BO3MOXHO N NposiBrieHne nogobHoro agpdekta B OMCNMAMHOBBIX
cucTeMax Ans 6onee anNekTPOHOaKLEeNTOPHOro, YeM sp?, Sp-rMbpMaHOro atoma yrnepoga, BXOAsLLEro
B COCTaB (PYHUMOHamMbHbIX rPYMM ¢ TPOWHBIMU CBA3SIMU.

B poknage obcyxpatotcs gaHHele PCA M KBaHTOBO-XMMUYECKMX pacyeToB Ans OvMcnuanHoB,
cofepXallmx aueTOHUTPUITbHbIE 1 NPOoNaprubHble 3aMecTUTeNn Npu atomax asota (Puc. 2). B obounx
crny4asx nokasaHo, YTo Hal4eHHble B KpyUcTannax KoHpopMauum No3BoOMsOT OOHO3HAYHO YTBEPXKAATb,
4YTO OIS 3TUX CUCTEM aHOMepPHbIM 3dhekT nposiBnaeTca. To ecTb, sp-rMbpuaHbI aToM yriepoaa,
BXOASALLUMI KaK B HATPUIbHYIO, TaK U B aLeTUNEHOBYIO rpynmbl, OKa3biBaeTCH 4OCTAaTOYHO aKLEenTOPHbIM
ANA NposiBNeHNst ykaszaHHOro agpdpexra.

PucyHok 2. CTpyKTypbl aLleTOHUTPUIBHOIO U NPONapruibHOro cybCcTpaToB; B LLIEHTPE NPUBEAEHDI
npoekumn monekyn no ocu C1-C5 no gaHHbim PCA.

JlntepaTtypa
[1] 3edupos H.C., WextmaH H.M. Ycnexu xumuu. 1971, 40, 593-624
[2] Alabugin 1.V. Stereoelectronic Effects. A Bridge Between Structure and Reactivity. 2016, John
Wiley & Sons
[3] Vatsadze S.Z., Medved’ko A.V., Bodunov A.A., Lyssenko K.A. Mendeleev Commun. 2020, 30,
344-346.
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®NYOPECLEHTHbBIE LIMKITOAJTIKMHBI HA OCHOBE M3OKYMAPUHA: CUHTE3 U
NCCNEOOBAHME NFOMUMHECUEHTHBLIX CBOUCTB.

BudsikuHa A.A., banosa U. A., [laHunkuHa H.A.

CaHkT-leTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lNeTepbypr, Poccus
AcnupaHT
vidyakina.aleksandra@mail.ru

BrokoHbloraumsa nocpeacTBOM BUOOPTOrOHANbHLIX KIWK-peakuni SBNAETCA He3aMEeHUMbIM
WHCTPYMEHTOM B XMMUYeCKon Guonornm, Nno3BoNsaoLL MM n3dmpaTtensHo MmoanuumnposaTs pasnmyHbie
OMoMOnNeKynbl B MArKMX YCIOBMSIX KaK CHapyXW, TaK U BHYTPU XUBbIX KIETOK M opraHuamoB [1].
lMpomoTMpyeMoe HanpsiKeHneM a3ng-ankmHoBoe uunknonpucoeamHenune (SPAAC) [2], peakuns mexay
OMoOpTOroHanbLHON a3ngorpynnon U HanpsPKEHHbIMU LIMKIMYECKMMU ankuHamu, SBAsieTCs OOHMM U3
Hanbornee BaXHbIX UHCTPYMEHTOB Ans GuoopToroHaneHow GuokoHbloraumu. LLnpokoe npumeHeHue
AaHHOW OGMOOPTOroHaNbHOM KIMK-peakuun B BMOMOrMvecknx cucremax Obino AOCTUrHYTO 3a cyeT
YHVIKanbHbIX CBOWCTB a3maorpymnnbl, ObICTPON KUHETUKMA LMKITONPUCOEANHEHMS U LLUMPOKOrO ChekTpa
AOCTYMHbIX peareHToOB Ha OCHOBE LIMKIMOAnKUHOB.

OpHow 13 akTyanbHbIX 3agay B 61Monorum ABnsieTcs BU3yanu3aums KneTok C UCMOoMb30BaHWEM
SPAAC peareHTOB Ha OCHOBE UMKMNOAnkMHOB. [Ons 3TOro, UMKMOAmnKuWHbl OOIDKHbI  OblTb
npeaBapuUTeNbHO KOHBIOrMPOBaHbl C (PITyOPECLEHTHBIM KpacuTenem, YTo BHOCUT AOMNOMHUTENbHYIO
CUHTETMYECKYI0, CTPYKTYPHYIO U PyHKLUMOHanNbHYI0 Harpy3sky [3]. B cBsiau ¢ aTuMm, akTyanbHOM 3agaden
ABnseTca paspaboTka M CUMHTE3 UMKIOANKMHOB, MPUBOAALWIMX K 0BpasoBaHuio (hnyopecuUeHTHbIX
TpUasomnoB, 4YTO B JanbHeWwem Mo3BONUT wu3bexaTb [OOMOMHUTENbHBIX CTagui CUHTE3a W
HeXXenaTenbHOW CTPYKTYPHOW CMOXHOCTW.

PaHee Hamu Obin paspaboTaH MeTOd CUHTE3a OKCAUMKIOHOHWHA, KOHOEHCMPOBAHHOMO C
nzokymapuHom (IC90) [4]. OaHHbii umknoankuH ©Obin aktmeeH B SPAAC, Ho He obnagan
dnyopecueHTebiMM cBoNCTBaMU. [pMHUMasi BO BHUMaeHne NoHeumanbHy0 BO3MOXHOCTb NOMy4YeHns
dNyopecLeHTbIX LMKNOanKnH-TpMasosbHbIX Nap Ha ocHoBeH IC90, uenbto AaHHOM paboThl cTan Nomcx
hnyopecueHTHbIX MPOU3BOAHbBIX OKCALMKIIOHOHNHOB, KOHEHCUPOBAHHbLIX C M30KYMapuHOM. Hamu 6bino
YCTaHOBMEHO, YTO AOOUTLCS XenaemblX OyopecLEeHTHbIX CBOWCTB Kak AN CaMuX LMKNOanknHoB, Tak
W ANs nony4YyaemblX M3 HUX TPUA3osioB, MOXHO NMyTEM BBEOEHMS 3NEeKTPOHOaKLenTOPHOW rpynnbl B
nonoxeHne C6 ns3okymapuHosoro umkna (Puc. 1).

7 ° v° 7 ° Ve
NS F;C NN MeOOC N CN N
(0] O (0] (0]
(@] (@] (0] (@]

IC90 IC90-CF; IC90-COOMe IC90-CN

PucyHok 1. LleneBble CTpykTypbl, paspaboTaHHble B [aHHO paboTe: OKCALUMKIOHOHWHBI,
KOHAEHCMPOBaHHbIE C M30KYMapUHOBLIM hparMeHTOM.

CuHTE3 LUMKNOoankMHOB C akuenTopHbiMu 3amectuTtenamm (IC90-COOMe, IC90-CF;, IC90-CN)
ObIn peanu3oBaH aHanorMyHoO MOMy4YeHU0 He3aMeLeHHoro uuknoankmHa IC90. Bea cuHTeTnveckas
nocnegoBaTenbHOCTb, pa3pabotaHHas ans IC90 [4], okasanacb MOMHOCTbIO BbINOMHUMOW ANs
PYHKUMOHaNM3NpOoBaHHbIX UUKNoB. [Mpupoaa akuenTopHOW rpynnbl B M30KYMapvHOBOM ddparmeHTe
OKasblBana 3HauyuTenbHOe BMWSHWE Ha ryopecUeHTHblIe CBOWCTBA MOJSYYEHHbIX COEAUHEHUN:
WHTEHCUBHOCTbL (prnyopecueHuun Bo3pacTana C YyBeriMYeHUEM Mu-akUenTOPHbIX CBOWCTB rPynmbl.
MexaHn3m prnyopecueHUnn Ha AaHHbI MOMEHT U3y4YaeTcs.

INutepaTtypa
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KAPBOKCUJTATHBIE PAOVKAIBI B Ni-KATAINM3E: COXPAHATb U MCMNOJIb3OBATb
Bunb B.A.Y, bapceesiH 5A.A.L, KyH J1.2, AnabyauH U.B.?, TepeHmbes A.O.1

"MHcTuTyT opraHmdeckon xummm um. H.[1. 3enmHckoro PAH, Mockea, Poccus
2Florida State University, USA
C.H.C., K.X.H.

vil@ioc.ac.ru

Ni-kaTanu3 HabupaeT NonynsapHOCTb KaK MOLLHbIN MHCTPYMEHT obpa3oBaHMs HOBbIX CBSA3EWN
yrnepoa-yrnepoa wu yrnepoa-retepoatom nocpeactsom C-H  dyHkumoHanusauum, coctaensas
KOHKYPEHLMI0 KaTanu3y [AparoueHHbiMM MeTannamu. Hukenb cnocobeH ydacTBoBaTb Kak B
OOHO3MEKTPOHHbIX, TaKk U B ABYX3IEKTPOHHbIX OKUCMMTENbHO-BOCCTAHOBUTEMbLHBIX Mpoueccax. Kak
cnencteue, oH MoxeT obecneunBaTb MyTU (OYHKUMOHANU3aLMKU, Kak POACTBEHHbIE KaTannTUYeCKUM
cucTeMaM Ha OCHOBe nannagus, Tak M KapAvHanbHO OT HUX oTnuyawowmecs. B vactHoctw, psg
HeJaBHMX UCCMedoBaHUN MokasbiBaeT, YTo BbicokoBaneHTHble vactuubl Ni(lll) n Ni(lV) oTkpbiBatoT
AOCTYyN K HOBbIM MpoLeccam Kpocc-coyeTaHus u 6ecnpeueeHTHbIM npeBpaileHnsm [1]. PaHee mbl
onucanu MOAxXo4 K MOMyYeHW0 MeTannocBA3aHHbIX KapbokcumaTHbIX pagukanoB, OCHOBAaHHbIA Ha
peakuun gnauunnepokcngos ¢ Ni(OAc):z [2].

HacToswee nccnegosaHve paclumpsieT KaTanuTUYeCcKkuin NoTeHUMan HUKENsS B OKUCMUTENbHON
C-H dyHKUmnoHannsauum ¢ MCnonb3oBaHNEM NEPOKCMAOB U PacKpbiBAET HOBYHO MOAENb PEeaKLMOHHON
CMOCOBHOCTH, @ MMEHHO okucnuTenbHoe obpasoBaHue crnoxHbix acoupos (Cxema 1) [3].
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hybridization - & / o 0 07150
! _O\ | .|||’0 (0] /NI
- NI\ (o) I \o
N0~ | 0
enforced o o= o~
conformation O \Q o)

Cxema 1. Ni-katanusmpyemoe auumnokcunmpoBaHne C-H csasen guauunnepokcngamm

Bsaumogencteme auetata Ni(ll) ¢ guaumnnepokcugom  MNpMBOAUT K MOMYYEHUIO
BblCOKOBaneHTHbIX Ni 4acTuu, cnocobHbIX KaTanuanpoBaTb OKUCIUTENbHOE auWroKCUNIMpoBaHWe
C(sp®)-H cBsizeit B achupax, keToHax u ankaHax. >Kenaemble acpmpbl Gbiny nony4yeHsl ¢ Boixogom 20-
82%. CormacHo pacyeTHbIM AaHHbIM, aKTMBauWsi NEPOKCUOHOW CBA3WM MPUBOAMT K 0Opas3oBaHuio
AMHaMmnyeckn B3ammonpeBspaLlatLlenca cmecu katanutudeckmx Nivactuy B popManbHOM COCTOSHUN
Ni(lll). MpumeyaTenbHO, YTO B 3TUX YacTULax KapboKCUNaTHbIA paguKan KOOPOUHUPYETCS C HUKENEM
kak "L-nurang". BcrneacTtBre Takon KOOpAMHALMU COXPaHSETCS aKTUBHBIA KapOOKCMMNaTHbIN paaukarn,
CMOCOOHBIN OTpbIBaTb aTOM BOAOPOAA OT pasnunyHbIx cybcTpaToB. CnMpoLMKIIONpOnMIIoBbI ddparMeHT
B Auauunnepokcuge npegoTsBpallaeT npexngeBpemMeHHoe pagukanbHoe AekapbokcnnmpoBaHue
fbnarogaps coveTaHuio rmépmansaumm n CTepeoarieKTPOHHbIX 3 (EKTOB.

INutepaTypa
[1] Ananikov, V. P. ACS Catal. 2015, 5, 1964-1971
[2] Kuhn, L.; Vil’, V.A.; Barsegyan, Y. A; Terent'ev, A. O.; Alabugin, I. V. Org. Lett. 2022, 24, 3817-
3822
[3]Vil, V.A.; Barsegyan, Y. A.; Kuhn, L.; Terent'ev, A. O.; Alabugin, I. V. Organometallics 2023,
10.1021/acs.organomet.2c00663
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CF3-COLAEPXALUVE ANNEHbI M ALETUNEHBI B Rh(1ll)-KATAN3VPYEMOW
C-H AKTBALUMW/AHHENTNPOBAHWW (TETEPO)APEHOB

Bopobsesa [1.B., bybHosa A.C., Ocunos C.H.

UHCTUTYT anemeHToopraHnyeckmnx coeamHernin PAH um. A. H. HecmesiHosa, Mocksa, Poccus
C.H.C., K.X.H.
vorobyeva-daria@yandex.ru

OYHKLMOHANbHO 3aMelleHHble anneHbl W aueTUrneHbl LUMPOKO MPUMEHSIOTCA B KayecTBe
YHUKanbHbIX CTPOUTEMbHbIX GrOKOB B OPraHMYeckon u MeTannoopraHM4yeckon XMMuMuM Ang CUHTe3a
CMOXHbIX  MOMEKyn, BKM4Yas OWOMOrMyeckn akTUBHblE FETEPOUUKITUYECKME  COeOMHEHMUS.
Mogudvkaumss Takux MoOrnekyn artomamu drtopa wnvM TopankuibHeIMU rpyrnnamMm crnocobHa
CYLLIECTBEHHbIM 00Opa3om yny4ylwntb KX ¢apmMakokMHeTudeckue ceonctea [1]. B nocnegHune roabl
NPOBOASTCA aKTMBHbIE WCCegoBaHUs B obracTu aktuBauum uHepTHbix C-H-cBsizen opraHnyeckmx
COeOVHEHUN B YCMOBUSIX TOMOr€HHOro MeTaslfIoOKOMMIIEKCHOrO Katanuaa. [daHHbIi MeTof no3sonseT
ObICTPO 1 3P HEKTMBHO NONYy4aTb CIIOXKHbIE MONEKYIbI U3 AOCTYMHOIO Chipbsi, UCMOMb3Ys MUHUMAarbHOe
KonmyecTtBo ctagumn [2-3]. B cBasn ¢ atum, paspabotka a(PPEKTUBHBIX CUHTETUYECKMX METOAOB,
HanpaBIieHHbIX HA KOHCTPYUPOBaHME HOBbIX retapuncogepXxalimx Topnpon3BoaHbIX aMUHOKUCHOT,
ABNAETCA aKTyanbHOW 3adayen, kak ¢ pyHOaMeHTanbHOW, Tak 1 C MPUKIAaAHON TOYKN 3PEHNS.

CF3
CO,Me

NH-PG

i CFs

Lz COMe | 7T TTTTTTITI

'R’ NH-PG 1 Conditions:

i ! [CP"RNClyl,

E ' ' CsOAc, MeOH

i CF3 b rt /A

~ N\
R27 Me H R27 "Me
Cxema 1. Rh-katanusupyemas C-H aktmBaums/aHHenupoBaHue retrepoapomMaTnyeckmx COeanHEHNN.

B HacToswwer paboTte 6yayT npeactaBneHbl pe3yneTtathel uccnegosaHusa Rh(lll)-katanuampyemon
TaHoemHon peakuun C-H aktuBaumw/aHHenupoBaHust Npou3BoAdHbIX (reTepo)apeHoB ¢ CFs-
cogepxaiimmm anneHamu n auetuneHamm (Cxema 1).

INutepaTypa
[1]. Zhu Y., Han J., Wang J., Shibata N., Sodeoka M., Soloshonok V.A., Coelho J.A.S., Toste F.D. Chem.
Rev. 2018, 118, 3887-3964
[2] Moselage M., Sauermann N., Richter S.C., Ackermann L. Angew. Chem. Int. Ed. 2015, 54, 6352-
6355
[3] Chen Z., Wang B., Zhang J., Yu W., Liu Z., Zhang Y. Org. Chem. Front. 2015, 2, 1107-1295
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PEMTMOCENEKTUBHOCTb B Rh(I)-KATANTM3NPYEMbIX PEAKUMAX
1,2,3-TUAONASONOB C PEHUNTALIETUIIEHOM

Tokapesa M.A.12, MNepHuk U.2, Meccepne b. 2, [nyxapesa T.B., KusHu LLI. 2

"Ypanbckuin peaepanbHbivi yHuBepcuTeT uM. b.H. EnbunHa, ExkatepuHbypr, Poccus
2YHuBepcuteT Makkyopw, CugHei, ABcTpanus
[OLIEHT, K.X.H.
t.v.glukhareva@urfu.ru

PaHee O6bino nokasaHo, u4to Rh(l)-katanusmpyemble peakumm TpaHcaHHynauun 1,2 3-
TMagnasonoB C TepMMHamNbHbIMU aueTuneHamMmuM MOryT npoTekatb C obpasoBaHneM kak 2,3,4-
3aMeLleHHbIX, Tak 1 2,3,5-3amelleHHblX TnodeHoB [1-2]. MexaHM3M peakumn BKMAOYaeT packpbiTie
1,2,3-TnaamasonbHOro LMKa U STIMMUHMPOBaHNE MOJEKYISIPHOMO asoTa, Npmeoasilee K 06pasoBaHuio
LUUKITOMETanIMpoBaHHOTO POANOOPraHNYECcKOro NMPOMEXYTOYHOMO COEeAVMHEHUS. 3aTeM NpouMCXoauT
MUrpMpyloLLlasi BCTaBka aueTurieHa, KoTopas MOXET MPOUCXOAUTb Yepes3 KOHKypupylolme nyTu, B
KOTOpPbIX MNPV BOCCTAHOBUTENbHOM OTLUEMNSIEHNUN BO3MOXHO OOpasoBaHue nubo 2,3,5- nubo 2,3,4-
3ameLLeHHOro TnogeHa.

I
i oFt . CO,Et
- eauctive
‘Ph . [Rh]\ \ elimination I\
N Ph™ g7 R
COsEt o )y O \ 2,3,5-substituted
[Rh] Ph
ol
N 1 N R Ph CO,Et
N R 2 S P f . Ph 2
S I - Reducti
P—= |, Z GO S
Rh 1
R'=EDG, EWG [ ]\\ R s~ R
2,3,4-substituted

Cxema 1. Rh(l)-kaTanusnpyemas peakums TpaHcaHHynaumm 1,2,3-Tnagnasonos ¢ beHunayueTuneHom

YTobbl M3Yy4nTb NPUYUHBI 3TOW [OMBEPrEHTHOW PErMOCENEeKTMBHOCTU, HaMU ObiNM NpoBeaEHbI
katanuanpyemble Rh(l) peakummn psiga 4-atokcukapboHun-1,2,3-Tuaguasonos ¢ oeHnnaLeTuneHoMm.
B pesynbTate 6bIn0 MOKasaHO, YTO 3ANEKTPOHHAsA Mnpupoda 3amecTutens B nonoxexHun C5 1,2 3-
TMaAAMas3oNbHOrO LUKNa 3HAYMTENbHO BIUSIET HA PEaKUMOHHYI CMOCOOHOCTb, a Takke okasblBaeT
3aMETHOE BfMSHUE Ha PErMOCENEKTUBHOCTb peaKkLnn: 3NeKTPOHOAOHOPHbIE rpynnbl NPUBOAAT K 2,3,4-
3aMeLleHHbIM  TMO)EHaM, a CUIbHble 3MEKTPOHOAKUENTOpHbIE pynnbl  OnaronpuATCcTBYOT
obpasoBaHuio  2,3,5-3aMeLLeHHbIX NPOAYKTOB. Kpome TOro, crepudyeckn ©Oonee oObeMHble
3amecTuTenu cnocobcTByOT obpasosaHuio 2,3,5-3aMeLleHHOro pernomsomepa.

Takum obpasom, B kaTtanuanpyembix poaueM (1) peakuusix 1,2,3-Tnagmasonos c aueTuneHaMmu
HEeOOXOAMMO Y4YUTbIBaTb BWSIHWE KaK 3MEKTPOHHOW, TakK U CTEPUYECKON Mpupoabl 3aMecTuTensi B
nonoxeHun C5 retepokornbua.

JIlntepaTtypa
[1] Kurandina D., Gevorgyan V., Org. Lett., 2016, 18, 1804
[2] Tokareva M. A., Pernik I., Lewis W., Messerle B. A., Glukhareva T. V., Keaveney S.T., ACS
Catalysis, 2022, 12, 5574
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ANKMHbI B CMHTESE 1,2,3-TPUA30IIOB

Fosan A.W., KamuHckuin H.A.
CaHkT-leTepbyprckuin rocyaapcTBeHHbI yHuBepcuTeT, CaHkT-leTepbypr, Poccusi
[OLIEHT, K.X.H.
n_govdi@mail.ru

AueTuneHbl — YyHUKanbHble COEAUHEHMUS, ABNSIOLMECS YAOOHBIMU CTpoUTEenbHbIMU Griokamu [1].
AnKvHbI 06nagatoT LWMPOKMM CNEKTPOM XUMMUYECKUX NPEBpPALLEHNA, XapaKTepHbIX ANsi TPOMHON CBA3U
C=C, yTo MOXeT ObiTb MPOAEMOHCTPUPOBAHO PeaKUNAMN KPOCC-COHETaHUSA U LIMKITONPUCOEAUHEHNS.
Peakumn UMKNONpUCOEAMHEHNs K ankmHaM OTKPbIBAOT KpaTyahwui nyTb K TakMM Kraccam
reTepoLMKITMYECKNX COEANHEHN KaK TpMa3osbl, NMpas3onbl U n3okcasonsl n ap. [2].

"eTepoumKnbl CUMTAKOTCA CTONNAMU MEANLIMHCKOW XMMNW, MOCKOMbKY OHW BKMOYEHbI B CTPYKTYPY
OonblIMHCTBA LOCTYMHBIX Ha pbIHKE TepaneBTMYeckux npenapatoB. 1,2,3-Tpuasonbl 3aHMMatoT
nuavpyoLme No3nuum B pasnuyHblix 06nactax yHaamMeHTanbHbIX U NPUKNagHbiX UCCNeaoBaHum 1 no
HEKOTOPbIM AaHHbIM BXogaT B Ton-100 Hanbonee 4acTo NCNOMb3yeMbIX FreTEPOLUKITMYECKMX CUCTEM B
HU3KOMONEKYNSAPHbIX npenapaTtax [3]. Hanbonee pacnpocTtpaHeHHbIM MeTogom cuHTesa 1,2,3-1H-
Tpuasonoe saensetca meab- (CuAAC) wmnm pytenun (RUuAAC) katanuaupyemoe asua-ankvHoBOe
umknonpucoeanHeHme. Kpome Toro, B HacTosLLee BpeMs NpucTanbHOe BHMMAHME YYEHbIX MPUKOBAHO
K pa3paboTke «be3ameTannoBbiXx» METOAOB CuHTe3a 1,2,3-Tpnasonos, Hanpumep, ¢ MCNOMNb30BaHNEM
anasocoeanHeHun [4].

B Hawewn Hay4HOW rpynne ObiNn NpOBEAEHbl MCCNefoBaHUs MO U3YYEHWMIO a3ng-ankMHOBOrO
LMKINOMNPUCOEANHEHMST OpraHMYeCcKnX asuMaoB K TakMMm cybcTpaTtam kak 1-nomgbyta-1,3-gumHam [5], a
Takke nccnegoBaH TPEXKOMMOHEHTHbIN MOAXOA, OCHOBaHHbIA Ha B3aMMOAENCTBUM 3-3aMeELLEHHbIX
NponaprivnoBbIX anb4erMaoB, aMuMHOB M AMa30CybPOHAMUAOB, ANS CMHTE3a 3TUHUN3aMELLEHHbIX
1,2,3-TpMasonos.

R?-NH, 1
B ®6 R
i L R-N=N=N 3\
N NZYS‘b Ph Cul(PPhs), !

—_— 2,6-lutidine -
- R———X ~  No N<gs
N

RZ'N\ ’/N

0]
N X = ——
X = _4 — 45.90° '
29-82% vyeilds H 8-90% yeilds

R'= Ar, HetAr, Alk, AIkOH; R? = AIKOH, AIKNHR*; R3 = Ar, Alk, AIkOH
Cxema 1. CMHTE3 3TUHUNTPMA30sIoB

B pesynbTaTe npoBedeHHbIX MCCneaoBaHMn Hamm Bbino nokasaHo, 4To oba Noaxo4a No3BOMNsA0T
CUHTE3MPOBATb LLUMPOKUI KPYr STUHMN3aMeLLeHHbIX 1,2,3-TpnasornoB ¢ BbICOKMMU BbIXO4AMW.

OGe peakumn MpoTeKalT PEernocenekTMBHO ¢ obpasoBaHMeM nmMbO Tomnbko 5-3TMHMN-1,2,3-
Tpuasonos, NMbo Tonbko 4-3TnHUN-1,2,3-Tprasonos.

Taknm 06pas3om, NpeAcTaBneHHbIe NOAX0Abl OTKPbIBAKOT NYTb K paHee HEN3BECTHbIM STUHUN-TH-
1,2,3-Tprnasonam, cogepxallmx pasnnyHble yHKLUMOHanNbHbIE rpynbl B Kak Npy TPOWHON CBA3U, Tak U
npu atome N1 TprasonbHOro Lukna.

JlntepaTtypa
[11 Ramani A., Desai B., Patel M., Naveen T. Asian J. Org. Chemistry, 2022, 11 (5), €202200047
[2] Voronin V.V., Ledovskaya M.S., Bogachenkov A.S., Rodygin K.S., Ananikov V.P. Molecules, 2018,
23 (10), 2442
[3] Adarsh S. Current Organocatalysis, 2021, 8 (3), 271-288.
[4] Gonzalez-Calderdn D., Fuentes-Benites A., Diaz-Torres E., Gonzalez-Gonzalez C. A., Gonzalez-
Romero C. Eur. J. Org. Chem. 2016. 4, 668—-672.
[5] Govdi A.l.; Danilkina N.A.; Ponomarev A.V.; Balova |.A. J. Org. Chem. 2019, 84 (4), 1925-1940

PaboTa BbinonHeHa npu cdunHaHcosor nogaepxxke PH®, npoekt 19-73-10077-I. NccnegoBaHus
NnpoBefeHbl C UCMOMb30BaHWEM 06OPYyOOBaHUS pPecypcHbIX UeHTpoB HayvHoro napka CIGIY:
«MarHuTHo-pe3oHaHCHble MeToAbl uccnegoBaHuay, «MeTodbl aHanmsa cocTaBa BellecTBa» W
«PeHTreHoanpakLUnNoHHbIe METOAbI NCCefOBaHUNAY.
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Au(1)-KATANU3NPYEMbIA CUHTES [3,2-b]NMIMPPON-KOHOAEHCUPOBAHHbIX
NEHTAUWKITNYECKUX TPUTEPTEHOWNOOB

'y6atdynnuH P.P.1, NMapgheHosa J1.B.1, MalicmpeHko B.H.2

TMHCTUTYT HedbTexMuK 1 KaTanmaa Ydumckoro deaepanbHOro uccriegoBartensckoro ueHtpa PAH,
Yda, Poccusa
2Y(UMCKMI YHUBEPCUTET HayKn 1 TexHomnorui, Ya, Poccus
H.c., K.X.H.
rinatg83@mail.ru

Muppon 1 ero NpousBOAHbIE LUMPOKO NPEeACTaBrneHbl B MpUMpoAe M SABMASIOTCS KNIOYEBbIM
KOMMOHEHTOM xfopodwmnna, ButamvHa B12, a Takke BXOOAT B COCTaB GMOMOIMYECKU aKTUMBHbIX
Morekyn, obnagaroLwmx pyHrMUnMaHON, NPOTMBOBOCNANUTENBHOW U MPOTMBOOMYXONEBON aKTUBHOCTbLIO
[1-3]. B cBA3K € 3TMM co3gaHue 1 pa3BuTve METOAOB CMHTE3a NoNn3aMeLLeHHbIX MMPPOSIOB B MAMKMX
YCrnoBuAX SABNSeTCA NpeaMeToM MOCTOAHHOro uHTepeca. Cpean u3BecTHbIX cnocoboB Havbonee
3hpeKTUBHBI NOAXOAbI, B KOTOPbLIX NMUPPOSibl NOMAYYaOT B YCIOBUSX METaNNOKOMMIEKCHOro KaTtanusa
[4-6].

PaHee Hamu 6bin paspaboTaH MeTOA CUHTE3a 2-MPONaprufbHbIX MNPOU3BOAHBIX 3-OKCO-
TputepneHoBbix kucnot [7] (Cxema 1). [Nony4yeHHble TpUTepneHoBble COeQUHEHUS, coaepXalume B
konbue A 4-neHTWH-1-OHOBBIN CTPYKTYPHbIA 3NEMEHT OblNM yCnewHO UCMONb30BaHbl ANS CUHTe3a
HOBbIX [3,2-b]NMPPONKOHOEHCMPOBAHHLIX MNEHTaUMKINMYECKUX TpuTepneHongoB. B pesynbTaTe
NpOBeAEHHbIX UCCregoBaHUA YCTaHOBUIN, YTO reTepoLMKNN3anmns 2-anknHumn-3-oKCo-TpuTepneHoBbIX
KACNOT Tuna fynaHa, ypcaHa M ofeaHa C pasfiMYHbIMM apoMaTU4yecKMMW aMuMHamu, B3SiTbIX B
cooTHoweHun 1:1.5, nog gevictemem katannsatopos PPhsAuCl (5 mon %) n Cu(OTf)2 (5 mon %), B 1,2-
AMXIopaTaHe nNpoxoauT ¢ obpas3oBaHMEM NMPPONCoAepPXKalLMX TPUTEpPneHomaoB ¢ Bbixogom 60-86%
(Cxema 1).

- , ' HO™ &7, .
Betulinic 7 Ursolic 4 Oleanolic
1 acid (BA) 2 acid (UA) 3 acid (OA)
H—=,
—_— KN(SiMe;), EtsB,
HO 7 —_— o 7 propargyl bromide o
4 (] v
1-3 4-6 7-9
h— / AuCI(PPh,)/Cu(OT] 7 |
+ Aryl-NH, —% e
C,H,Cl, | “y
o 'I/ Aryl 13 examples

60-86% yield

Cxema 1. CuHTe3 HoBbIX C-3 TpnasoncesidaaHHbIX NPON3BOAHbLIX KaMdOpbl.

JlntepaTtypa
[1 ] Ahmad S., Alam O., Naim M. J., Shaquiquzzaman M., Alam M. M., Igbal M. Eur. J. Med. Chem.
2018, 157, 527-561
[2] Mane Y. D., Surwase S. M., Birada, D. O., Sarnikar Y. P., Jawle B. H., Shinde V. S., Khade B. C. J.
Heterocycl. Chem. 2017, 54, 2627-2634
[3] Balachandra B., Shanmugam S. ChemistrySelect 2018, 3, 2037-2044
[4]1Li M., LiY., Zhao B., Liang F., Jin L.-Y. RSC Adv. 2014, 4, 30046—-30049
[5] Shen X., Xia J., Liang P., Ma X., Jiao W., Shao H. Org. Biomol. Chem. 2015, 13, 10865-10873
[6] Qu S., Dang Y., Song C., Wen M., Huang K.-W., Wang Z.-X. J. Am. Chem. Soc. 2014, 136, 4974—
4991
[7] Spivak A. Y., Gubaidullin R. R., Galimshina Z. R., Nedopekina D. A., Odinokov V. N. Tetrahedron
2016, 72, 1249-1256
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CVHTES CUITMNALUETUITEHOBbLIX NMMPA3OJIMHOB U NMNPA3ONNH3AMELLEHHBLIX
N30OKCA30J10B HA X OCHOBE

'ycee [].M.1, NonoeaHos A.A.1

"ToNLATTUHCKMI rocyAapCTBEHHbIN yHUBepcUTeT, TonbaTttn, Poccust
HayuHbI COTPYOHUK, K.X.H.
dm.gusev@outlook.com

UHTepec K hyHKLMOHaNbHbIM MPOU3BOAHBIM a30/10B U X CTPYKTYPHBIM aHanoram, cogepatimm
cBasb C=C, obycnoBneH ux OOMbLWMM CUHTETUYECKUM MOTeHuuanoM. Hanvyuue TepMuHanbHou
TPOMHON CBA3W OTKPbIBA€T BO3MOXHOCTb MNOMIyYeHUs aHcambnew, copepXawux HECKONbKO
retepoumknuieckunx agep (MonmMreTepoLmKIioB), NPOSIBASAIOLMNX, HANPUMEP, BbICOKYH LIMTOTOKCUYHOCTb
B OTHOLUEHMM KNETOoYHbIX NMHuN MCF-7 n1 MDA-MB-231 (pak mMono4Hon xenesbl) [1] n o6nagatowmx
aHTMOKCUOAHTHOW aKTUBHOCTLIO [2].

Hannyne HeckonbkuUX peakumoHHbIX LIeHTpoB B Monekyne 1,4,3-eHuHoHoB 1 obycnasnueaet
LUMPOKOE MpaKTU4ecKkoe MpMMEHEHME B Ka4eCTBE UCXOAHbIX CMHTOHOB NPV HampaBfieHHOM CUHTEe3e
PasnuyHbIX FeTEePOLMKINYECKMX CcoeanHeHun. Hamum npooemMOHCTpMpoBaH YAOOHbI  CUHTE3
CUNMUIaUeTUNEHOBBIX NMPa30SIMHOB 3 U NMPa30IMH3aMELLIEHHbBIX N30KCa30S10B 6 Ha OCHOBE EHVMHOHOB

1 (cxema 1).
(@) " . \ 2
/J\/A R . RONHNH, 2000 o5 — ¢ 0% — Y
fl
Me,Si 1 2 reflux 3 R MeOH, r.t., 2h R
4
R2 R3 R2
N~y R® _N. N<\”
= 74 N N Y OH Eth (11 eq) | \ Y N
R (¢]] 1,4-dioxane, r.t. N\O R
4 5 6

R' = H, Ph, 4-MeCgH,, 4-CICgH,, Thiophen-2-yl
R? = Ph, 4MeC6H4, 4-FC6H4, 4-BrC6H4
R3 = Ph, 4-M9C6H4, 4-MEOCGH4, 3-BI’CGH4, Thiophen-2-y|, 4-02NC6H4, 3,4-(MeO)206H4
alcohol = EtOH, n-PrOH, n-BuOH

Cxema 1. I'Ionyqume cunnnaueTuneHoBbIX NMMpPas3osiIMHOB N Npa3ofinH3aMeLleHHbIX M30KCa30J10B.

Hanuuve TpuankuncununbHOW rpynnel B ucxogHoMm 1,4,3-eHnMHOHe 1 MO3BOMSET HanpaBUTb
peakuuto C rugpasvHamu 2 B CTOpPOHYy oOpasoBaHus coeanHeHuss 3 [3]. [Mocnegytowee
aecununupoBanve u 1,3-OUNONAPHOE LUUKINOMNPUCOEANHEHNE HUTPUIOKCMAOB, FEeHEpUpYeMbIX U3
3aMeLLEeHHbIX XnopbeH3anbAoKCMMOB 5, MPUBOAUT K NMUpPas3osiMH3aMeLLeHHbIM n3okcasonam 6. Bee
nocrnefoBaTenbHble Ppeakuum NPoOTEKAKT B AOCTAaTOYHO MSArkux ycrnosusax. Kpome toro, coegnHeHnst 6
TaKke nony4vyeHol MetoaoM one-pot. CTpoeHue noryyYyeHHbIX COeAMHEHUI MOATBEPXKAEHO MeToAamm
AMP 'H n 18C, PCA, XxpoMaTo-Macc-CneKTpoMeTpren, aneMeHTHbIM aHanmn3om.

JIlntepaTtypa
[1]1 Radhikaa, T., Vijay, A., Harinadha, B. V., Madhavareddy, B, Russ. J. Bioorg. Chem. 2020, 46, 429—
437.
[2] Nagarjuna, U., Rekha, T., Sreenivasulu, T., Padmavathi, V., Padmaja, A., Res. Chem. Intermed.
2018, 44, 4375-4396.
[3] Itakhunov R.N., Odin I.S., Gusev D.M., Grabovskiy S.A., Gordon K.V., Vologzhanina A.V., Sokov
S.A., Sosnin I.M., Golovanov A.A., Org. Biomol. Chem. 2022, 20, 8693—-8713

PaboTa BbinonHeHa npu nogaepxke Poccuinckoro HayyHoro ooHaa (rpaHT Ne 22-13-00185).
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30N0TO-KATANU3NPYEMOE [3+2] LUMKITOMNPUCOEANHEHUE 2H-A3VPNHOB N NHAMWOB B
CMHTESE HEAPOMATUYECKNX 1 APOMATUYECKUX NMNPPOIOB

Lybosues A.FO.

CaHkT-leTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lNeTepbypr, Poccus
C.H.c.
a.dubovtsev@spbu.ru

Bo3MOXHOCTb kaTanusa OpraHM4eckMx peakumin KoMmnrekcamu 30510Ta akTUBHO MCCneayeTcs B
nocrnegHve Aea gecatuneTusa.! B 4yacTHocTu, peakuum 3onoTo-katanuanpyemoro N-TpaHcdepa?
NpeacTaBnsalT wHTepec Onarogapsi BO3MOXHOCTM  MX WUCMOMb30BaHWS B CUHTE3€  LIEHHbIX
asoTcoaepXKallmMx CoOegUHEHUNN.

HepaBHO npooeMOHCTpMpOBaHa BO3MOXHOCTb WUCNONb30BaHUA 2H-a3vpuMHOB B KavecTBe
yAo6HbIX N-TpaHChepHbIX peareHTOB B 30M10TO-KaTanusnpyembiX CUHTE3ax apomartmyeckux 1H-
nuppornos.? B pamkax pacluMpeHust MeTodornorMm 305noTo-katanuampyemoro N-TpaHcdepa Hallen
nuccrnegoBaTenbCkOM — FPYNMOW  MNPEAnioXeH  HOBbI  MeTod  MOCTPOEHMSI  pa3HOOOpasHbIX
HeapoMaTUYEeCKUX M apoMaTUYECKMX MUPPOSbHbLIX MPOAYKTOB Ha OCHOBE 305I0TO-KaTanuMampyemon
WHTErpaumm wHammpgoB u 2H-asupmHoB (Cxema 1). Bo-nepBbix, 3omnoTo-katanuaupyemoe [3+2]
LmKronpucoegmHeHe MHaMnaoB u 2,2-an3ameLEHHblX-2H-a3npuHoB BEAET K S-amuHo-3H-nupponam.
Bo-BTOpbIX, MOKa3aHo, YTO NOCNegHUE NPOAYKTbl MOTYT JIErKO NeperpynnMpoBbIBaTbCs B 5-amnHo-2H-
nupponsl nog pgewncreuem kucnoT Jlbtomca u BpéHctega. B-TpeTbux, npu wucnonb3osBaHum 2-
3aMeLLEHHbIX-2H-a3npnH-2-KapOOHOBbLIX KUCNOT MOXHO Moryyatb M apomaTnyeckne 2-amuHo-1H-

nMpponobl.
3 4
BF;Et,0 1equiv | = R
PhCI, 100 °C R1>Z:§\ RS
R R rZ N7 N
A 3 1,5-Cdeue PG
N R’ o 1R R*
HAUS'&‘J TtOI L . \ RS 2H-MNupponbl
: A , —
* RN a1 pd
[3+2] Yuknonp-e PG R R
P 3H-Mupponsi \.R3 = CO,H / \ RS
R N\ 2 R2 N N
R® H PG
-C02
1H-Mupponbl

Cxema 1. CuHTe3 NMppornoB Ha ocHoBe Au-KaTanu3npyemoro B3anmogencTeus 2H-a3nprHoB 1
NHaMuUaoB

JIlntepaTtypa
[1] Dorel R., Echavarren A.M. Chem. Rev. 2015, 115, 9028—-9072
[2] Ye L.-W., Zhu X., Sahani R.L., Xu Y., Qian P., Liu R. Chem. Rev. 2020, 121, 9039-9112
[31Zhu L., Yu Y., Mao Z., Huang X. Org. Lett. 2014, 17, 30-33

Pabota BeinonHeHa npu nogaepxke rpaHta PH® (Ne 20-73-10022).
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PEAKUWA 1,3-0MMNONAPHOIO LUMKNOMNPUCOEANHEHWNA
HUTPOHOB K LUMKINNYECKM ANNIEHAM

Eopemosa M.M.

CaHkT-leTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lNeTepbypr, Poccus
[OLIEHT, K.X.H.
m.efremova@spbu.ru

Peakumn  1,3-guMnonspHOro  LUUKNONPUCOEOUHEHUS1 SBRSOTCA  OAHMM K3 Haubonee
3(PPEKTMBHBLIX CMNOCOBOB MOCTPOEHUS MATUYSNIEHHbLIX reTepouunknos. B yactHocTtu, 1,3-gunonsipHoe
LMKINONPUCOeaNHEHNE HUTPOHOB K arnkeHaM MO3BONsieT MonyyYaTb BbICOKOYHKLNOHANM3NPOBAHHbIE
n3oKcasonuanHel, obnagatoLlimMe WNPOKMM CNeKTpoM OBuonornveckux cBouctB [1]. B To ke Bpems,
CEeNeKTUBHOCTb 1,3-AMNONAPHOro LUMKMONPUCOEOANHEHNST K NMPON3BOAHBbIM arnfieHOB U3yveHa ropasgo
MEHbLLUE MO CPaBHEHWIO C ankeHaMy u ankMHamu. py 3TOM M3BECTHO, YTO CENEKTUBHOCTb 3TUX
peakumMi MOXET MEHSITbCA B 3aBUCMMOCTM OT OCOOEHHOCTEN 3MEKTPOHHOIO M MPOCTPaHCTBEHHOro
CTPOEHUs Kak Aunonen, Tak M guMnonsapodunoB M 4yacto MOXeT ObiTb MNMOXO npeackasyema.
BonbwnHCTBO paboT B 3TOM 0OMNAcTM MOCBSILLEHO aUMKIIMYECKMM anneHam coaepxalium
3NEKTPOHOAKLIENTOPHbIE 3aMECTUTENN.

Hamn ©ObinO M3y4yeHO UMKMONPUCOEOUHEHWE KeTO- W  anbAOHUTPOHOB, CoAepXKaLumx
3NEKTPOHOAKUMMTOPHbIE 3aMECTUTENM NPU aTOMe yrnepoaa, K LMKINYECKMM anneHam, CoagepXxalium B
uukne 9 unm 10 atomoB yrnepoga. bbino nokasaHo, 4To pacCMOTPEHHbIE peaKLmMn NO3BONSIOT NONYy4MTb
NPENMYLLECTBEHHO MOMUUUKINYECKUE MPOU3BOAHBIE W30KCA30NMMAMHOB C [OBOWHOM CBSI3bIO B
nonoxeHmn C-4 M30KCA30NMOMHOBOrO KOMbLA@ C BbIXOAAaMW OT XOpPOWWX OO0  BbICOKMUX.
PervocenektmBHocTb  peakuuMnm  3aBucut  OT  TuUMa  HUTPOHOB. Peakuus N-apun-C-
(dbeHnnkapOaMounn)HUTPOHOB C  3TUMWM  anfnieHamuM NpoTeKaeT CTPOro  PerMocenekTUBHO C
obpasoBaHMEM CMecel OnacTepeoMepHbIX M30KCa3oNMAMHOB, COAepXalux OBOWHYK cBsA3b B C4-

NOMNOXeHnn N30KCa30MMANHOBOIO KomnbLua. B peakumsix c N-apun-C,C-
Bunc(MeToKCUKapboOHUM)HUTPOHaM  MOMMMO  M30Kca3onuMauHoB  obpasytotca  15-okco-3,10-
MeTaHob6eH30[b][1]asauunknogogeumHbl, sABnsowmce npoaykramu neperpynnMpoBKn

N30KCa30MNMAaMHOB, coaepXalmux ABOVIHYI0 CBSA3b B C5-nonoxeHuu [2].

Ar
Ar\ﬁ,oe o O=N
Ar | H Ar\ﬁ,o CO,Me
o-N 0 “Ph B || CO2Me
o) MeO,C” ~CO,Me X

N\ HN=Ph " Toluene > Toluene
- X —_—
\ 110 °C 110°C

o Catalyst or additive-free
O From good to high yields
o New condensed derivatives of isoxazolidines

N
H

C02 e
Cxema 1. Peakuun prHKLI,I/IOHaJ'II/IE}VIpOBaHHbIX HUTPOHOB C LUMKIMNYEeCKNMIU anfieHaMu.

JIlntepaTtypa
[1] Berthet M., Cheviet T., Dujardin G., Parrot |., Martinez J. Chem. Rev. 2016, 116, 15235
[2] Efremova M.M., Makarova A.A., Novikov A.S., Kryukova M.A., Kuznetsov M.A., Molchanov A.P. Org.
Biomol. Chem. 2021, 19, 9773-9784

VMccnegoBaHns NpoBOAMIIUCH C UCMOMb30BaHNEM 060pyaOBaHMsS pecypCHbIX LieHTpoB CaHkT-
MeTepbyprckoro rocyaapCTBEHHOrO yHMBepcuteTa: MarHMTHO-pe3oHaHCHbIE METOAb! UCCIef0OBaHNs,
MeToabl aHanm3a cocTasa BellecTBa, PeHTreHoAMdpakuMoHHbIe MeTOAbl CCref0BaHUs.
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SYNTHESIS AND STRUCTURE OF ACETYLENE COMPLEXESE OF Ca AND Ln(ll) BASED ON 1,8-
BIS(ETHYNYL)CARBAZOLES.
Zakaria H.A.*2, Lyubov D.M.%, Nelyubna Yu.V.3, Aysin R.R.3, Trifonov A.A.1.3

1G. A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences, Nizhny
Novgorod, Russian Federation
2N. I. Lobachevsky Nizhny Novgorod State University, Nizhny Novgorod, Russian Federation
3 A. N. Nesmeyanov Institute of Organoelement Compounds of Russian Academy of Sciences,
Moscow, Russian Federation
PhD student
hamzazakor@gmail.com

In the second half of the 20th century, the development of new effective methods for the formation
of C—C and C-E bonds based on cross-coupling reactions catalyzed by complexes of late d-transition
metals led to a real revolution in organic chemistry. Chemists have obtained extremely powerful yet fairly
simple synthetic approaches to many types of organic compounds. Where the hydrofunctionalization
reactions of unsaturated hydrocarbons, represented by the addition of E-H bonds at multiple carbon-
carbon bonds, played an economical and efficient role in the formation of carbon-heteroelement bonds.
Along with d-transition metals, complexes of rare and alkaline earth metals also show high activity in
addition of element-hydrogen bonds to multiple bonds of alkenes and alkynes. One of the key stages of
these reactions is the coordination of the C=C bond on the metal center and its further activation due to
electrostatic polarization in the coordination sphere of electropositive ions of alkaline earth (AE) and rare
earth (RE) metals.[1] Despite the fact that organometallic derivatives of AE and RE metals are effective
catalysts for these reactions, only a few examples of acetylene complexes Mg?* and Yb2* are known to
date.[2,3] In this regard, the synthesis of new types of acetylene complexes, the study of their structure
and reactivity is an important task, both from practical and fundamental points of view.

We have demonstrated that application of 1,8-bis(ethynyl)substituted carbazoles, 3,6-tBu2-1,8-
(RC=C)2CarbH (Carb = carbazolyl; R = Ph, SiMes) allowed to synthesize the series of low-coordination
complexes [3,6-tBu2-1,8-(RC=C)2Carb]2M(THF), (M = Ca", Yb", Sm'; Fig. 1), in which the interaction
between M?* and C=C bond are realized. The presence of M---C=C interactions was proved by X-Ray
study, IR spectroscopy along with theoretical calculations.

Figure 1. Molecular structures of [3,6-tBu2-1,8-(Me3SiC=C)2Carb]aM (M = Ca, Yb, Sm) and
[3,6-tBu2-1,8-(PhC=C)2Carb]2Ca(THF).

References
[1] Penafiel. J, Maron. L, Harder. S. Angew. Chem. Int. Ed. 2015, 54, 201.
[2] Pahl. J, Brand. S, Elsen. H, Harder. S. Chem. Commun. 2018, 54, 8685.
[3] Walsh. P. J, Hollander. F. J, Bergman. R. G. J. Am. Chem. Soc. 1988, 110, 8729.
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TPNITUAMUH-TIPOMOTUPYEMAA OKNCIIUTENBHAA LIMKITOAMMEPU3ALINA 2H-ASNPUNH-2-
KAPBEOKCUITATOB B NMNPUMNONH-4,6-ONKAPBEOKCUIIATbI:
OKCIMNMEPUMEHTAJTIbHOE N TEOPETUYECKOE MCCJIEAOBAHUE

3axapos T.H., Caxapos l1.A., Hosukos M.C., XnebHukos A.®., Pocmosckuti H.B.

CaHkT-leTepbyprckun rocyaapcTBeHHbI yHuBepcuteT, CaHkT-lMNeTepbypr, Poccus
CryneHt
st055813@student.spbu.ru

WccnepoBaHa HecTaHgapTHash KackagHas oOKucnuTenbHas AvMepusaums  2H-a3npuH-2-
KapbokcmnnaToB, MpoxoasLLas Npy HarpeBaHuM ¢ TPUITUITAMUHOM B NPUCYTCTBUM Bo3ayxa. [peanoxeH
MEeXaHMU3M peakLMn, OCHOBaHHbIA Ha SKCMEPUMEHTAarbHbIX AAaHHbIX ANS peakumm metun 3-geHnn-2H-
asupuH-2-kapbokcunata 1 wu  KBaHTOBOXMMMYECKMX pacyetax wmeTtogom DFT. T[lposepeHa
NPUMEHNMOCTb AaHHOW peakuun Ans CUHTe3a NupuMnamnH-2,4-gukapbokcmnaTos 7.

B cooTBeTCcTBUM C NpegnaraeMblM MEXaHU3MOM peakunsi MPOXOAUT Yepe3 packpbiTue KorbLa
nepsou monekynbl 2H-asnpuHa 1 no ceasu C-C, nocneayowee 1,3-ounonspHoe LMKNonpucoeanHeHne
a30MeTMH-UnmMaa 3 Ko BTOpoKr Morekyne asvpuHa 1 un paspbiB cBs3n C-N Guumknuyeckoro asupvamHa
5 [1]. Pa3pbiB cBsi3n C-C B Monekyne asvpvHa NpoOMOTUPYETCSt HYKIeoMuIibHbIM NPUCOeANHEHNEM
N,N-guatunrugpokcunammHa 8, obpasytoLerocs B pesyrnbTare OKUCINEeHMs TPUaTUnaMmHa KUcrnopoaom
Bo3gyxa [2]. (AnatnnamuHokcm)asmpuanH 2 6bin obHapyxeH B cnektpax AMP peakuMOHHON CMECH.
MoGoYHBIM NpoLIECCOM peaKumu iBNAeTcs obpasoBaHune rmnnypatoB 9a—c npu Hanuyinm n3bbitka N,N-
AVATUITMOPOKCMIamMuHa 8.

T

0, HOQ 0,
NEt; NEt, —— HO- NEt2 — "O—-NEt,
ABBN  md - MeCHO
1»
o T X
O-NHEt, Et:N-O CO.Me
Ph CO,Me g' Ph)w/ 2 HO-NEt; | ph N” ~CO.Me
N 2 9b,c
1
R = ONEtz, NEtz
COZMe MeOZC ‘
Et,N_ o)
Ph (0]
Et,N &L - H,O M
NP N Ph N CO,Me
07( Cone Ph”kr}l+ CO Me H g
3 H 9a
-HO- NEt2
CO Me H
2 Ph._N_ _CO,Me Ph. _N._ _CO,Me
N
_ NE, N [Ox] i
N~ N~
/4 Ph Ph
Ph CO,Me CO,Me CO,Me
6 7
Cxewma 1. lNpegnonaraemMbiii MEXaHW3M OKUCIIUTENBHOW LUuKnoanvepusaumm 2H-asmpuH-2-
KapbokcmnaTtos
INutepaTypa

[1] Pinho e Melo, T. M. V. D.; Cardoso, A. L.; Gomes, C. S. B.; dA Rocha Gonsalves, A.M.. Tetrahedron

Lett. 2003, 44, 6313-6315
[2] Grossi, L. Tetrahedron Lett.,1987, 28, 3387-3390

PaboTta Gbina BbinonHeHa npw nogaepxke rpaHtoB PH® (Ne19-73-10090 n 22-73-10184) ¢
MCMNOMb30BaHNEM PeCYPCHbIX LeHTpoB CIM6IY «MarHuTHO-pe3oHaHCHbIE MeToObl UCCNEeLOBaHUSY,

«MeToabl aHanu3a coctaBa BelwecTBay n «BbluncnmtenbHbIn LEHTP».
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OVNACTEPEOCENEKTUBHbIV CUHTE3 TETPArMAPOMMPPOIO[1,2-dJOKCAOVA30JIOB
HA OCHOBE ®YHKUMNOHANN3NPOBAHHbBIX A'-MNPPONNMHOB N HUTPUNOKCKMAOB

UeaHosa E.E., lllabanuH [.A.

NpkyTckmin nHCTuTyT Xumum um. A.E. ®asopckoro CO PAH, UNpkyTck, Poccus
H.C., K.X.H.
ev_zol@irioch.irk.ru

Peakuus aueTuneHa ¢ KETOKCMMaMu B CynepoOCHOBHbIX cpeaax (peakums TpodrmoBa) nonydmna
MUWPOBOE Npu3HaHue Kak yaobHbin MmeTog cuHTe3a NH- n N-BuHunnupponos. CriegyeT OTMETUTb, YTO B
pesynbTaTte MHOIONETHUX CUCTEMATUYECKUX UCCIeJOBaHUA 3TOW peaKumMu He TOMbKO CUHTE3UpOBaH
LUMPOKMI P HOBbIX MUPPObHBIX CTPYKTYP, HO M OOHapyXeHbl paHee HEN3BECTHbIE KackadHble COOpKM
CUYHTETMYECKN NpUBIEeKaTenbHbIX retepounknoB. Cpean HUX — akTMBHO M3ydaemasi cerogHsi cbopka
9K30TUYECKMX a3a-retepoumnknos, 3H-NUMPPONOB U FMAPOKCUNUPPONIMHOB, Ha OCHOBE KETOKCUMOB,
cogepxawmx Toneko ogHy C—H cBA3b B a-NONOXEHUN K OKCUMHOW (PYHKUMW. DTU yHUKanbHblE a3a-
reTepouyuKIibl y>ke NPOAEMOHCTPUPOBAM BbICOKYKD M MHOFOrPaHHYH pPeakLMOHHY CMoCOOHOCTb B
CUHTe3e 0oree CIOXHbIX FeTEPOLMKIIMYECKUX CUCTEM, BKMoYas (YHKUMOHANM3MpoBaHHble A'-
nupponuHbl (Cxema 1) [1-5].

)
R2R3 HykneodunsHoe R2R3
R2 i—)\ 3aMeLueHune i—)\
1 R MOH (M = Na, K) R'“N~~0H RIS AR
R
H CaC,/H,0 pgmco R%H
avey .
NI * o :n" R*H = apeHbl,
"oH o R2R cnupThbl,
Z \5 HykneodunsHoe aMUHbI,
Ry npucoeanHeHne THonbI

Cxema 1. CuHTes HKUMOHaNM3npoBaHHbIX A'-MMpponvHoB.
y

B poknage npeacraeneHbl HegaBHME pe3ynbTaTtbl MO UCCNEAOBaHNIO QUacTeEPEOCeNEeKTUBHOMO
CUHTEe3a papmaueBTUYECKM MEPCNEeKTUBHbIX TeTparngponuppono[1,2-djokcagna3onoB Ha OCHOBE
bYHKUMOHANM3NpoBaHHbIX A'-NUPPONIMHOB M Mnonydaemblx in situ HUTpunokcmaoB [6]. OTaenbHoe
BHMMaHWe yaeneHo Bomnpocam BAWUSIHUS NPUMpOAbl CyOCTpaToOB M YCIOBUM MPOBEAEHUS] peakumm Ha
3(hPEKTUBHOCTL N ANACTEPEOCENEKTMBHOCTb PEAKLUN LIMKNONPUCOEAMHEHUS.

R3
R2
3 A)
R 5 :a;:HHZO/DCM R1bw )
8 +H0N//_R ’ > O NTTR
1 4 - =
RIN7 R N—(R5
R! = apun, retapun; R? = R? = Me unun R2-R® = (CH,);; 21 npumep
R* = OH, OAIk, SPr,—N_ 0 ; R® = apun-, retapun; (43-91%)
—

Cxema 2. CuHTe3 TeTparmgponuppono[1,2-d]Jokcagnasonos.

INutepaTypa
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2017, 4609-4616;
[2] Shabalin D.A., Dvorko M.Yu., Zolotareva E.E., Ushakov I.A., Vashchenko A.V., Schmidt E.Yu., and
Trofimov B.A., Eur. J. Org. Chem., 2017, 4004-4010;
[3] Shabalin D.A., Kuzmin A.V., Schmidt E.Yu., and Trofimov B.A., Eur. J. Org. Chem., 2019, 2305-
2312;
[4]1D. A. Shabalin, E. E. Ivanova, I. A. Ushakov, E. Yu. Schmidt, and B. A. Trofimov, Beilstein J. Org.
Chem., 2021, 17, 319-324;
[5] Borisova M.A., Ryabukhin D.S., Ivanov A.Yu., Boyarskaya |.A., Shabalin D.A., Zelenkov L.E.,
Schmidt E.Yu., Trofimov B.A. and Vasilyev A.V, Eur. J. Org. Chem., 2022, 30, €202200468;
[6] Ivanova E.E., Shabalin D.A., Ushakov I.A., Vashchenko A.V., Schmidt E.Yu. and Trofimov B.A., Org.
Biomol. Chem., 2023, 21, 1725-1736.
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PEAKLUMW PACWUNPEHNA LUMKNA JOHOPHO-AKLIEMNTOPHbBLIX LUMKNOMNPOIMAHOB

UsaHosa O.A.L, lllopoxoe B.B.%, boi4yeHko M.A.L, InodyxuH A. FO.%, BapmaHosa A.E.2, )Koxoe C.C.%,
AHOpeees N.A. 3, PammaHosa H.K.3, Tpywkos M.B.?

"MockoBckuiA rocyaapCTBeHHbI yHuBepcuTeT M. M.B. NlomoHocoBa, Mocksa, Poccus
2 HCTUTYT opraHuyeckon xummmn M. H.[. 3enuHckoro PAH, Mockea, Poccust
SHaumoHanbHbIN MEeOULIMHCKUIA UCCNENOBATENbCKUI LIEHTP AEeTCKON reMaTonornm, OHKONormm u
umMmmMmyHonorum um. Amutpus PoradeBa, Mockea, Poccus
B.H.C., K.X.H.
iv@kinet.chem.msu.ru

Xumusi LOHOPHO-aKLenTopHbIX (JA) LMKNONponaHoB LWeapo, Kak n3 pora n3obunus, paccoinaet
BO3MOXXHOCTM nepen XMMUKaMU-CUHTETMKaMWU Ans pas3paboTKM HOBbIX METOOOB CuMHTe3a kapbo- u
reTepouUMKINYECcKMX COeQUHEHN Ha OCHOBE peakuui paclumpenns umkna. Npucytcteme B CTPyKType
OA UMKNonponaHoB HaMNPSXXEHHOro TPEXYNEHHOro LMKNa, 3MeKTPOHOLOHOPHOMO M akLEenTOPHOro(bIxX)
3amecTuTenen (B COCTaB KOTOPbIX MOFYT BXOAWUTb OOMOfHUMEsbHbIe (QyHKUUOHalbHbIe epyrirbl),
obecrneunBaeT OrpOMHbIA CUHTETUYECKUI NOTEHLMan 3TUX COeaAVHEHUIN faXe 8 OmCcymcmeue Kakux-
nubo napmHepos ©narogaps BO3MOXHOCTW peanusaumv neperpynnyMpoBOK, BeAyLUMX K HOBbIM
LUMKNNYECKMM cuctemMam C OOonbwuM pasmepoMm uukna. B aTmx npoueccax 3agencTBOBaHbI
OOHOBPEMEHHO HECKOJSbKMX PeaKLMOHHbIX LEHTPOB MCXOAHbIX MOMNEKYN uuknonponaHa. B pesynbTate
nccneaoBaHUA peakuMoHHOW cnocobHocTn A umknonponaHoB B MPUCYTCTBUWM PasfYHbIX KUCHOT
Jlblouca Hamu GbINW HaMgeHbl peakuun pacluMpeHus LuKna, npuBogdawimne K uenomy pagy kapbo- u
reTepOLMKIIMYECKNX COEOMHEHNIN: NPON3BOAHbIX LIMKIONEHTEHOB, 2,3-anrnapobeHso[b]ldypaHos, 2,3-
avrngpobenso[b]tmodeHos, 6eHs[blasennHoB, wumknonponalclkymapuHOB, Y-byTMPONAaKTOHOB, Y-
nupponuaoHos, 4,5-gurnapodypaHos, ©6eHso[b]nnpponuanamMHoHoB, 6eH3[e]uHAONM3NOUHOHOB U
apyrux. [1-6].

G~
D Q A'
Q=8,0
, peakyuu pacuwupeHus A(H)
D™ Ny 70
X=0, NR
N
poz uszobunus
. n=1.2 Br
D - doHopHas epynna ," \ R CO2Me
A,A' - akyenmopHas epynna D 0 NHR A A

Cxema 1. Mpumepbl TUMOB COEAMHEHWUI, NOMYYEHHbIX HA OCHOBE peakLMi pacLUMPEHNs LMKNa.
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TPEXKOMMOHEHTHbIV NOAXond AnAa CUHTE3A 5-3TUHWN-1,2,3-TPUA30OB
KamuHckutl H.A., Banoea UN.A., loedu A.U

CaHkT-leTepbyprckuin rocyaapcTBeHHbI yHuBepcuTeT, CaHkT-leTepbypr, Poccus
CTyOeHT
nikitakaminskiy25@gmail.com

1,2,3-Tpurasonsl 3aHUMAIOT NUAMPYLOLME NO3NLUKN B pasnuyYHbIX obractax dyHOaMeHTanbHbIX

W NpuUKNagHbIX UCCrnedoBaHun 6Grnarogaps MX BO3MOXHOCTM BapbUpOBaTb CTPYKTYpY MO Tpem
NMONOXeHNsIM reTepoumnkna, W LWMPOKOMY cnektpy 6uonornyeckux ceomncte [1]. HaubGonee
pacnpocTpaHeHHbIM MeToaoMm cuHTe3a 1,5-gm3amelteHHbix-1,2,3-1H-Tpua3onos ABNSETCS pyTeHUn
KaTtannsaMpyemoe asung-asikKMHOBOE LMKIOMNPUCOeANHEHME, KOTOPOE WUMeeT psh  CYLECTBEHHbIX
orpaHn4yeHnn BBUAY AOPOrOBU3HbLI U TOKCUYHOCTM UCMONb3yeMOro meTanna.
B HacTosillee Bpemsi npucTanbHOE BHUMaHWE Y4YeHbIX MPUKOBAHO K pa3paboTke «be3MeTannoBbiX»
MeToAOoB CuHTe3a 1,2,3-TpnasonoB, Hanpumep, C MWCNONb3oBaHMEM AuasocoeguHeHun [2]. 1,5-
[nsamelLieHHble TpMasoribl MOTyT OblTb CUHTE3MPOBAHbI NPWU UCMONb30BaHUN anbAerMaoB, NEPBUYHBLIX
aMUHOB U a-gmnaso-f-ketocynbdoHamuaa [3].

HecmoTpss Ha TO, 4TO [JaHHbIN noaxod sBnsetrcsa 3dEKTMBHbIM METOAOM CuHTEe3a
TPYAHOOOCTYNHbIX 1,5-TpMas3onoB, Ha CerogHAWHWMN AeHb B IMTepaTtype HeT WHgopmaumm o
NPUMEHEHNM Takoro noaxopa Anst cuHTesa 5-3TuHun-1,2,3-Tpuasonos. Vcnonb3oBaHne B kadecTBe
OLHOTO U3 UCXOAHbLIX CYOCTPaTOB aLeTUNEHOBbLIX anbAerngoB NO3BOMUT OTPbITb OAHOCTAAUMHBIN NYTb
K CUHTE3Y NPaKTUYECKN U TEOPETMYECKN 3HAUYNMbIX paHee HEU3BECTHbIX 5-3TnHMN-1,2,3-Tpnasonos.

B pesynbTate ontumMusauum Hamu Obinv onpeaeneHbl onTuMarnbHble COOTHOLLIEHMS anbaernaa,
aMMHa M OMasocoeavHEeHUst Ansl YCMEewWwHOro CUHTEe3a COOTBETCTBYHOLUMX STMHUNTpuasonos. B
3aBMCUMOCTM OT TOTO Kakue 3aMeCTUTENN HAaXOASTCS MPU TPOMHOW CBSI3N 3TN COOTHOLLEHMSI MEHSIHOTCS,
Tak Ans OOHOPHbIX 3amMecTuTenen TpebyeTcsa ucnonb3oBaTb 1 3KBUMBANEHT OMA30COEAVHEHUS, B TO
BpEMS KaK Ansi aLuenTopHOo3aMeLLeHHbIX anbaerngoB TpebyeTcst CHMxeHne anasocoeanHenms o 0.8

OKBUBAJ1IEHTOB.
.
Ph R
0o o | N
O W _N H-N \
Y/ + S” “Boc * NS ——————
RI-—=—7 Me S R" MeoH, rt N
N, 2NN

R'=4-OMeCgH,, 4-CNCgH, 4-CF3CgHy, 4-CICgH4, 4-NMe,CgH, 3-quinoline, 4-MeCgHy, -SiMes
n-Hex, -CH,OMe, -CC(CH,),CO,Et
R2= -(CH3)30H, -(CH3)4NHBoc, -(CH3)sCO%H, n-Bu, -(CH3)3sNMe;, -(CH3)3NHTs, -(CH,)sCOH,
-(CH,)30Me, -CH,CgH,OMe
Cxema 1. CuHTE3 5-3TMHMNTPUA30sIoB

Kpome TOro, ucnonb3oBaHWe pAdaHHbIX CybCTpaTOB MNO3BONMMNO PaCLUUPUTL CUHTETUYECKUE
BO3MOXHOCTW NpeacTaBneHHOro MeTofa CMHTEe3a, Tak Kak B nutepaType npakTUyYeckn He BCTpeyarTcs
ynoMUHaHUA  cuHTe3a 1,5-AM3amelleHHbIX  TpUasonoB, cogepxalwme anudartndeckne  unu
aKUenTopHbIE 3aMeCcTUTENMN.

HecmoTpss Ha Hamuuve B WCXOAHOM 3-3aMeELLEHHOM MponaprufioBoM aueTurieHe [AByX
peakUMOHHbIX LieHTpa peakuus NnpoTekaeT pernocenekTuBHO ¢ 06pasoBaHMeM TONbKo 5-aTuHun-1,2,3-
TpUasornos.

Takmum obpasom, C MCNONb30BaHNEM OAHHOIO TPEXKOMMOHEHTHOrO MOAXOAAa MOSyYeH LUMPOKMN
psa paHee HemsBecTHbIX 5-aTuHuN-1H-1,2,3-Tpnasonos, coaepxalux pasnuyHble PyHKUMOHaNbHLIE
rpynnbl B KaK Npy TPOMHOW CBA3WU, Tak 1 npu atome N1 TpnasonbHoro umkna.

INutepaTypa
[1] Adarsh S. Current Organocatalysis, 2021, 8 (3), 271-288.
[2] Bubyrev A., Malkova K., Kantin G., Dar’in D., Krasavin M. J. Org. Chem. 2021, 86, 17516 — 17522.
[3] Gonzalez-Calderdn D., Fuentes-Benites A., Diaz-Torres E., Gonzalez-Gonzalez C. A., Gonzalez-
Romero C. Eur. J. Org. Chem. 2016. 4, 668-672.

PaboTa BbinonHeHa npu dunHaHcoBor nogaepxxke PH®, npoekt 19-73-10077-1. NccnegoBaHus
NnpoBefeHbl C UCMOMb30BaHWEM 0OOpPYyoOBaHUS pPecypcHbIX LUeHTpoB HayvHoro napka CIGIY:
«MarHuTHo-pe3oHaHCcHble MeTofdbl MccregoBaHusiy, «MeToabl aHanu3a cocTaBa BellecTBa» MU
«PeHTreHoandpakumnoHHble MeTodbl UCCIIeAOBaHNS».
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CUHTE3 HOBbIX SPAAC-PEAFEHTOB /11 BMOOPTOIOHAIIbHOW XM HA OCHOBE
FrETEPOLUMKNOHOHNHOB, KOHAEHCWPOBAHHbBLIX C TPUA30IIOM

Kum M.A., JaHunkuHa H.A

CaHkT-leTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lNeTepbypr, Poccus
CryneHt
miakim2001@gmail.com

OTKpbITME BUOOPTOroHaNbLHOM XMMUM CTaNo OHUM U3 BaKHEWULLNX COBObITUA B UCTOPUMU Pa3BUTUS KITUK-
peakumnlll. KntoyeBbiMM BUOOPTOrOHaNbHLIMK peakuMsMi, UCMONb3YHLWMMUCS ANsS Moaudukauum
XMBbIX CUCTEM ABMAOTCA Medb-KaTanusmpyemoe asva-ankmHoBoe LukrnonpucoeamHeHne (CUAAC)R3
N a3na-ankMHOBOE LMKIoNpucoeanHeHne, NpomMoTupyemoe HanpsbkeHvem uukna (SPAAC)A. OgHako
SPAAC saBnsieTcd 6onee npeanoyTMTENbHBIM B CBA3W C OTCYTCTBMEM HEOOXOAMMOCTU UCMNOSb30BaHUS
Cu(l), koTopas obnagaeT TOKCMYECKUM BIUSHUEM Ha KINETKW M XXUBbIE OpraHu3mbl.

CospgaHne HoBbix Bonee akTMBHbIX, HO MPU 3TOM HE MeHee CTabuIbHbIX KMMK-peareHToB Ha
AaHHbIA MOMEHT SIBMSETCH akTyanbHOW 3ajayen. YunTbiBasd BAUSHWE KOHOEHCUPOBaHHbBIX CUCTEM U
reTepoaTtoMoB MNpu NponaprunbHbix atomax C Ha peakUMOHHYK CMOCOBHOCTb LMKNOANKNHOB, HEAABHO
Obin paspabotaH HoBbiM TMn SPAAC-peareHToB — reTepOUMKITIOHOHUHbBI, KOHOEHCUPOBAHHbIE C
retTepounknammt®l,

[aHHOe uccnegoBaHMe HanpaBfeHO Ha CO3[aHUE HOBbIX MPMMEPOB BbILEYNOMSAHYTOro Tuna
Knuk-peareHToB. B kavecTBe uUeneBbix CTPyKTyp Obinm BbiOpaHbl aza- TrONTS U OKCaUMKITOHOHWHBI
Tr90, KOHOEHCMPOBAHHbLIE C TpMasosiamu.

O6wwnin nogxond K CUHTE3Y LieneBbiX CTPYKTYp CTpouTcsi egmHoobpasHo (Cxema 1). KnioueBbiMu
ctaguamn aensitotcs CuAAC, peakums CoHorawwmpbl M umknusaumsa no Hukonacy. Ha nocnepgHen
cTagum npoBogmuTcs gekomnnekcauus Co-KoMnnekcoB ¢ 06pa3oBaHMEM LENEBbIX LIMKITOHOHVHOB.

MeO
i) - [Co] iii) + [Co] XH

Bn‘ — ii) Linknusauus (CO)3C7)\ XH iv) Peakuns I BnN,3

N no Hukonacy (co),Co CoHoratmpi — CuAAC )
Nyl 9 X — = p— _N_ N —

X Bn *N* /\/\XH

gn-No 2N =7
N |

X =NTs (a), O (6)
Cxema 1. PeTpocuHTeTudeckas cxema nonyyvyeHus TrONTs n Tr9O

B xome nonyyeHuss ueneBbiX CTPykTyp Oblnv onpoboBaHbl gBa crnocoba npoBeneHus
Lmknusaumn no Hukonacy: noctagminHo (C BblgeneHuem aumknuyeckoro Co-komnnekca) u one-pot,
BTOPOM NyTb OKasancsa Hanbonee nNpeanodTUTENbHbIM. Takke BbIo YCTaHOBMEHO, YTO N-LMKIOHOHWH
TrONTS ABMSAETCS CUHTETUYECKM OOCTYMNHLIM CTaOUIbHBIM COeAMHEHEM, oaHaKo O-LUKNOHOHMH Tr90
okasarncsi HecTabunbHbIM NPU KOHLLEHTPUPOBAHMM NOCHe XpoMaTorpadn4yeckon OUNUCTKU.

Ona obonx UMKNOHOHMHOB OblNa MccregoBaHa WX peakuMoHHasi cnocobHocTb B SPAAC ¢
©eHaunasungom. Oba umkna nerko pearnpoBanu ¢ asngom ¢ obpasoBaHMEM aHMU-N30MEPOB TPMA30SIOB
OTHOCTMTENBHO aHHENUPOBAHHOIO TpMasofibHOro uukna. bbino obHapyxeHo, 4To Jaxe ans
HecTabunbHoro okcauumkna Tr90 Heo6xoaUMMO NPOBOAUTE AEKOMMNEKCALMIO U KNUK-NPUCOEOUHEHNE HE
B YCIOBMSIX one-pot, a NocTagunHO, HO n3berast KOHLEHTPUPOBaAHUSI PAcTBOPOB LIMKNOHOHMHA Tr90.
Takke Oblla nNPUOTKPbITA  3aragka HeCTabunbHOCTM  UUKMOANKMHOB  AaHHOMO Tuna B
KOHLIEHTPUPOBAHHbIX paCTBOPaX: OKa3arnoch, YTO LMKINOANKNHbI CKNOHHbLI AnMepun3oBaTbca. CTPYKTYpbI
OVMEPOB Ha JaHHbI MOMEHT yCTaHaBMNMBAKOTCS.

INutepaTypa
[1] H. C. Hang, C. Yu, D. L. Kato, C. R. Bertozzi, Proc. Natl. Acad. Sci. 2003, 100, 14846-14851.
[2] C. W. Tornge, C. Christensen, M. Meldal, J. Org. Chem. 2002, 67, 3057—3064.
[3] V. V. Rostovtsev, L. G. Green, V. V. Fokin, K. B. Sharpless, Angew. Chemie Int. Ed. 2002, 41,
2596-2599.
[4] N. J. Agard, J. A. Prescher, C. R. Bertozzi, J. Am. Chem. Soc. 2004, 126, 15046—-15047.
[5] N. A. Danilkina, A. I. Govdi, A. F. Khlebnikov, A. O. Tikhomirov, V. V. Sharoyko, A. A. Shtyrov,
M. N. Ryazantsev, S. Brase, |. A. Balova, J. Am. Chem. Soc. 2021, 143, 16519-16537.

WccnenoeaHus npoBedeHbl ¢ UCMONb3oBaHNEM 000pyaoBaHUS PecypCHbIX LeHTpoB HayvHoro
napka CIiery.
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LIMKNN3ALMA ANKWHOB BMECTO MHOTOCTAOUMHOIO CUHTE3A
LUMKNOMNEHTAOUEHWNBHBIX NTNTAHAOB

Konoc A.B., HentobuHa FO.B., lNepekanuH [.C.

UHcTuTyT anemeHToopraHnyeckmx coeamHenmn PAH nm. A. H. HecmesaHosa, Mocksa, Poccus
AcnupaHT
Kolos.Andreij@gmail.com

Yale Bcero peakums LMKNM3auum ankmHoB B NPUCYTCTBUN KOMMIEKCOB NepexoaHbIX MeTansos
npmBoauT K obpasoBaHuo 6eH3onoB. OgHaKko B HEKOTOPLIX ChneuuanbHbIX YCNOBUSX B pesynbTate
peakuum MOryT nmomnyyatbCs (PyNbBEHbl U LIMKINONEHTaaneHUnbHble Komnnekceol [1]. Vicnonb3oBaHve
NodoGHbIX peakuMn AN CUMHTEe3a UMKIOMNEeHTaaMEHUITbHbIX KOMMIIEKCOB MO3BONSET 3HAYUTENbHO
YyNpOCTUTb UX MOSTydeHMe, a Takke OTKpbIBAeT AOCTYM K CTPYKTypam HedOCTYMHbIM CTaHAapTHbIMM
MeTodamMu opraHn4eckomn xmmmn [2-3].

Mbl 06Hapyxunu, 4tTo mpem-6yTunaLeTuneH TpMMepU3yeTcsl B KOOPAMHALMOHHOW cdhepe poaus
B npucytcTBuM kncnot Jlbtouca. B 3aBucumocty oT Bbibopa KMCMOThl Jlblouca B peakumm MOXHO
Nony4YnTb LUMKIONEHTaanEHUNbHbIA KOMMMeke poamsa 1, nubo ocTaHOBUTLCA Ha cTaamu obpal3oBaHus
dynbBeHOBOro  koMmnnekca pogua 2. [locnegHun  MOXHO  nNpeBpatUTb B pasfuyHble
LUUKIONEHTaguEHUIbHbIE MNPoM3BOAHblE 3 npucoeuHsia  O-Hykneodwnbl, KOTOpble MO3BOMSAT
perynmpoBaTtb CTEPUYECKYIO Harpy3ky Oyayuiero katanusartopa.

Bu
-
_ =,
Rh Bu

Bu——=
| N Cl
Rh” / — Bu OR
I BEL o ey
= ©
Bu—= II'\’h’“ Bu PFe RO Rl’h Bu

B/j 2,70% "N/ 3,00-95%

Cxema 1. Tpumepusaumsa mpem-6ytunaueTtuneHa B KOopanHaLnoHHON cdpepe poaust.

KapouHanbHO ppyras peakuusi NpPOUCXOAUT MEeXAy WCXOOHbIM KOMMMEKCOM W TpeT-
OyTunauetnneHoMm npu gobaBneHuM ocHoBaHWs. B 3TOM cnyvae UMKNM3YOTCA YeTbipe MOMeKynbl
ankvHa. B obpasylolemMcs LMKnoneHTagMeHnnbHOM Komnnekce 4 OBe mpem-OyTUnbHbIE TPYMMbI
OKa3bIBalOTCA MpM OOHOM aToMe yrnepoaa NATUYEHHOro Uukna. Takoe pacnonoxeHue samecTutenem
AenaeT AaHHbIN NUraHa Ypes3BblvaiHO CTEPUYECKMN 3arpyKEHHbBIM M XKECTKUM. [ony4yeHHbIe KOMMNIEKChI
SABMAOTCA KaTannsaTopamu peakumin C-H aktusauuu.

Bu
i\:Bu
| tB _ tBU tB
~ u—= .
Rh/CI Rh 4
|- 2 EtsN /N

Cxewma 2. TeTpamepusauns mpem-6yTunaueTnneHa B KOOpAMHALNOHHOW cdhepe poaus.

JlntepaTtypa
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[2] Trifonova E.A., N. M. Ankudinov et al, Angew. Chemie Int. Ed., 2018, 57, 7714-7718
[3] Kolos A.V., Perekalin D.S., et al, Organometallics, 2021, 40, 3712-3719

PaboTta BbinonHeHa npu nogaepxke rpaHta PH® Ne 23-13-00345.
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CTOMMOCTb OPFAHNYECKOIO CMHTE3A: KAKOBO BJTUAHUNE KATAJIMBATOPA?
Komaposa A.A.%, MNepekanux [.C.1

"MHcTuTyT 3anemeHToopraHnyecknx coeamHermii PAH um. A. H. HecmesiHoBa, Mockea, Poccust
AcnupaHT
alina.komarova95@gmail.com

LLnpoko pacnpocTpaHeHO MHEeHWe, YTO Afsl CHWXKEHWs CTOMMOCTW OpraHM4Yeckoro CuHTe3a
cnegyeT 3aMeHUTb KracCuMyeckue Katanm3aTopbl, cogepxalume goporue nnatMHoBble MeTannbl, Ha
bonee nx gelleBble aHanory, cogepxalluue MeTansbsl NepBOro NEPexoaHoOro psina, HanpyuMep, kobansT
unun Hukenb. Mbl xoTenun 6bl NPOAEMOHCTPUPOBATL, YTO Takas 3aMeHa MeTanna B KatanusaTtope He
BCerga npyMBOAUT K OXXMAAEMOMY CHUXKEHMIO 3aTpar.

[na cpaBHeHUss 6binn  BbiOpaHbl LWeCTb cnocoboB nonyyeHus 3,4-OUPEHUNTN30XMHOMOHA 13
OOMVHAKOBbIX CTApTOBbIX BELLECTB — OEH30MHON KUCMOTbl U AudeHunadeTuneHa (cxema 1). OgnH u3
MEeTOA0B OCHOBaH Ha MCNOSb30BaHUM TONbKO opraHmyeckux peareHToB (Org) [1], Toraa kak octanbHble
NSATb BKNIOYAIOT KaTanuTMYeCckuin npouecc ¢ ydactmem pasnuyHelix metannos (Pd, Rh, Ru, Co, Ni) [2-

6].
o peareHTbl o
kaTanuaaTopbi
O 4 ph—=—pn i e
Zph
Ph

ctonmoctb 1r npoaykra:

[Pd]

17.8 €

Cxema 1. CTOMMOCTb pasnnyHbIX MeTOA0B cuHTE3a 3,4-aNPEeHNNITM30XMHONOHA

AHanus ctommoctu cuHTe3a 3,4-OudeHUNn3oxXmMHONOHa Mokasan, 4YTo OCHOBHblE 3aTtpaThbl
NPUXOASTCA Ha CTEXMOMETPUYECKME KOMMOHEHTbI, @ He kaTtanuaaTopbl. [103ToOMy caMbiMy SOpOrUMuK
meTogamu ssnsatoTca Ni, Pd n Org, B KOTOpbIX MCNonb3ytloTca goporne peareHTol: Iz (3 €), s-Buli (5 €),
MeONH: (2-4 €). HanpoTtuB, cnHTE3 C y4acTueM pyTEeHMEBBIX U POAMEBBIX KAaTanM3aTopoB OKa3blBaeTCA
3HauuTenbHo 6Gonee geweBbiM. Takum 06pa3oMm, 3amMeHa MNMNaTUHOBLIX METarnsfioB He OKasbiBaeT
CYyLLECTBEHHOro 3KOHOMMYecKoro adpcdhekta Ha CTOMMOCTb Bcero npouecca. LleHbl Ha meTannbl He
OOMMKHbl  paccMaTpvBaTbCs Kak OCHOBHas MOTMBAUMSA Ans  npoBedeHus dyHAaMeHTanbHbIX
nccregoBaHuin.

INutepaTypa
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3AYEM BNOJTIOT'AM HY>KHbl ALLETUNEHbI?

KopHeee C.M.

CaHkT-leTepbypr, Poccus
K.X.H.
sergei.k1001@mail.ru

Mporpecc B GUONOrMYECKMX MUCCrefoBaHNsX MOCNeaHNX OecATUNeTUA Hepas3pbiBHO CBHA3aH C
OOCTVXEHNSIMN B PU3MKE NPU CTPOUTENBCTBE MUKPOCKOMOB U YYBCTBUTENbHbIX AETEKTOPOB, @ TaK Xe
B XMMWUW 33 CYET CO34aHMst pas3HOODpasHbIX KpacuTenen u paspaboTke GMOCOBMECTUMbIX METOAOB
BO34eNCcTBUSA Ha OMOOOBEKTI.

OoHuUM 13 HefaBHMX YyAauHbIX M 3PEPEKTMBHLIX XUMWYECKMX LOCTWXKEHUMI OKasanocb
oBHapyXeHue NpocTbiX YCOBUA NPOBEAEHME peaKkumnn LIMKNONPUCOeANHEHNS a3naoB K aueTureHamu,
oTKpbITON 6onee 100 net Hasag. STa peakums, NONyYnBLIAsS HA3BaHWE KKIMK-peakuusi», No3Bonvna B
NMPOCTbIX YCMOBWAX W BOAHOW Cpede COeauHsiTb OMOOOBLEKT M «OeTeKTop» M B MPSMOM CMbICIe
«OTKpbIna rnasa» 6uonoram Ha 06BEKTBI X UCCIEAOBaHWUNA.

Mapa Asng-AueTvneH okasanacb YpesBblyanHO yaobHou ana Guonornyeckux cuctem: obe atm
rpynnbl NPaKkTU4ECKM He BCTPEYalTCA B XUBbIX 0OObEKkTax M Takmm 0OpasoM uX B3aMMOAENCTBME
cneumdpuyHo. O6e rpynnbl AOCTAaTOMHO WMHEPTHbI B YCMOBMSAX CYLWECTBOBaHUA 6Guonornyeckux
00BHEKTOB, MMEIKT ManeHbKNe pasmepbl U NPakTUYECKM He y4acTByloT B meTabonuame. Kak npasurno,
BBEAEHME 3TUX rpynn B GMONornyeckne Monekysnbl He Bbi3biBaeT TPYAHOCTEN, a camu Buonornyeckme
MOIEKYrbl MPU 3TOM He TePST CBOMX CBOWCTB. bonbLuon npobnemor npyn n3ydeHun XmBbix 0OGBbEKTOB
SIBNSIETCA HEOOXOAMMOCTb MCMONb30BaHMS KaTann3aTopoB U NOBLILEHHOW TeMMNepaTypbl, O4HAKO 3Tu
TPYLHOCTU XMMUKW YXKe Hay4nnucb nNpeogoneBaTb.

Kak npaBuno, aueTuneHoBy rpynny BBOAAT B Buonormyeckyto Monekyny, a asugHyto rpynny —
B MOMEKyNy-AaTymK: KpacuTenb, CTabunbHbI pagvkan, pagMoakTuBHbIA Orok 1 apyrue.
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Cxema 1. Knuk-peakums u npymepbl CUHTETUYECKUX NUNNAOB C aueTUNeHOBOW (PyHKLMEN

B noknage coobuaetcs 00 yCrneLwwHOM CUHTE3€e aueTUNEHOBbIX XUPHBIX KUCITOT U NIMNUGOB Ha UX
OCHOBe ONsl U3yvyeHuss meTabonuama 3TuX 4acTuu, a Tak Xe NpuMepbl cuHTe3a bornee CroXHbIX
NMNUAOB C OOMNOMNHUTENBHON (PYHKLMEN CBA3bIBAHUS UNWU C OYHKLMEN BO3AENCTBUS Ha NapTHEPCKYHO
Ovonornyeckyto Mornekyny. Takve MONeKynbl MO3BOMAKT OTKpbIBAaTb M u3yyaTb geTanu
(PYHKLMOHNPOBAHUS XKMBbIX OPraHW3mMOoB.

JlntepaTtypa
[1] Michael A. J. Prakt. Chem. 1893. 48. 94.
[2] Huisgen, R., Szeimies, G., Mdbius, L. Chem. Ber. 1967, 100, 2494.
[3] Rostovtsev, V.V., Green, L.G., Fokin, V.V., Sharpless, K.B. Angew. Chem., Int. Ed. 2002, 41, 2565.
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CUHTE3 NONN3AMELLEHHbIX CMUPOUMKITMYECKMX BYTEHOIIMAOB C UCMOJIb3OBAHVEM
LUMKNMNMYECKMNX ONASOCOEONHEHUN U ATTNEHOBbLIX KUCIOT

Mankoea K.I1., KanmuH .11, JapbuH [.B.

CaHkT-leTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lNeTepbypr, Poccus
CryneHt
malkova.ks.chem@gmail.com

AcB-ByTeHonuabl  (pypaH-2(5H)-0oHbI)  LUMPOKO nNpedcTaBneHbl cpeay  NPUPOAHbLIX U
Bronormyeckn akTuUBHbIX coeauHeHW. B To ke Bpemsi CnMpouuKnnyeckme CUCTEMbl MPUKOBbIBAKOT
npucTanbHoOe BHUMaHue nccrnegoBartenen BBMAY LEHHOCTU ANs An3anHa NleKapCTBEHHbIX NpenapaTos.
B atom cBeTe A%F-cnnpoGyTeHonuaHble ckadpdonabl NpeacTaBnsatoT GorbLION MHTEPEC C TOYKM 3PEHUS
MEOULMHCKO-XMMUYECKNX NPUIIOKEHWI.

PaHee B Hawem Hay4Hon rpynne (JlTabopaTopus cMHTE3a GUOAKTMBHBIX ManbiX Mornekyr) 6bin
npeanoxeH 3MMEKTUBHLIN MeTod CUHTe3a CrnMpoUMKIIMYeckux A%P-GyTeHonMaoB MNOCPEeACcTBOM
TaHgema  Rh(ll)-kaTanuanpyemoro BHeApPEHMs1 UMKIMYeckux puasocoegmHeHnn B O-H  cBA3b
NPONMOMOBBLIX KUCMOT U MOCReAyllWen UuKnM3aumm B NpuUCyTCTBUM OCHOBaHuA [1,2]. HacTtosuwee
uccrnegoBaHue NOCBALWEHO U3YYEeHMI0 BO3MOXHOCTU MUCMONb30BaHUSA anfeHoBbIX KUCNOT B KayecTBe
cybctpaToB Ans nogobHOro npesBpalleHus, YTO MO3BOMWUT BBOAWTb 3aMecTUTenu B O-NOMOXKeHue
oyteHonuagHoro konbua (Cxema 1). [uasoromodptanemuipl, AnasoTeTpamoBble KACIOTbl U
AVa300KCMHOO0Ibl UCMONb30Banuch B Ka4ecTBe AMa3o-KoMnoHeHTa 1. Peakuus npoBogmnnack B one-pot
dopmarte: no 3asepwerumn Rh(ll)-katanmanpyemoro O-H BHegperus (TCX koHTpornb) ¢ obpasoBaHuem
coeguHeHms 3 B peakuuoHHyt cuctemy pobasnsnm 20 mon% DIPEA pagns npoTtekaHus
BHYTPUMOINEKYNSPHOW Uuknu3aumn. Lienesbie 6yTeHonmnabl 6binv nonyyeHbl ¢ BbICOKMMN BbIXOAAMM.

CtouT nopyepkHyTb, YTO B XO4e W3ydeHMs npouecca Obina BbiBieHA MNpuMedaTtenbHas
3aKOHOMEPHOCTb: MPOMEXYTOUHbIV NPOAYKT 3 MOXET NPUBOANTL K ABYM BO3MOXHbIM PErMON30OMEPHbBIM
npoayktam 4 1 5 B 3aBUCUMOCTM OT CTPYKTYpPbl anneHoBow KMcnoTel 2. COOTHOLLEHVE anactepeoMmepos
npu obpasoBaHnn coeanHeHuin 5 BapbupoBanochk B npegenax ot 2:1 go 9:1.

Rha(esp);
)Kfo . R? COH 0 1 Mon% DIPEA
k/N 4 , 20 Mon%
‘" R R CHZCI2 )\f
1 2 R?
¥ puasoromodTanemuapl R3 #H 5
0,
+ OunasoTeTpamMoBble KUCNOTbI 3 85-92%
 ANa300KCUMHAOONMbI
R = Ar, Alk; R'=Alk R = Ar, Alk; R'=Alk R = Ar, Alk; R',R"=Ar, Alk, H R = Tosyl, Alk; R'=Alk

R2=Ar, Alk, H R2=R3=Alk R'=Alk; R2=Ar, H R2=Ar, H

Cxema 1. CuHTe3 A%P-cnnpobyTeHoNMaoB 13 LMKINYECKUX ONa30COeANHEHWNIA U anfeHOBbIX KUCIOT

JIlntepaTtypa
[1] Dar'in D., Kantin G., Chupakhin E., Sharoyko V., Krasavin M. Chem. Eur. J. 2021, 27(31), 8221-
8227
[2] Dar'in D., Kantin G., Glushakova D., Sharoyko V., Krasavin M. J. Org. Chem. 2023, accepted
26.12.2022
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CWHTE3 3AMELLEHHbIX ®YPAHOB C NMOMOLLbBIO
PACLUMPEHHOW PEAKLIMN KOPU-YANKOBCKOIO

MscHukos [.A.1, llepbakos P.O.1 YuyckuH M.I"2

"MepMckuii rocyaapcTBeHHbI HaLuMOHarbHbIN CCrnenoBaTenbCkuii yHnuBepcuTeT, MNepMb, Poccus
M.H.C.
mda@psu.ru

B HacTosiee BpemMs CyLLeCTBYeT MHOXECTBO MOAXOAOB K CUHTE3Y 3aMeLLEeHHbIX ypaHoB, YTO
00yCcrnoBneHo wuxX WHTEPECHON pPeakuMOHHOW CnOCOBHOCTBI0 WM LUMPOKUM HabopoM  MOne3HbIX
Ovonornyeckmx un  (PU3UKO-XUMUYECKMX CBOWCTB. HecmoTps Ha 370, BCe e€lle akTuBHO
pa3pabaTtbiBaloTCs HOBbIE, NPOCTbIE N BbICOKOIPEKTNBHBIE METOALI NONYYEHUSI AaHHbIX MOMEKYN 13
OOCTyMHbIX cybcTpatoB. B cBssn c atum, paspaboTka MeTOQOB CuHTE3a TPYAHOAOCTYMHbIX
3ameLLeHHbIX hypaHoB, NpeacTaBnseT cobon ocobbIn MHTepec.

Peakunsi Kopu-YarikoBckoro — 310 nmpouecc nonyyYyeHust TPEXYNEHHbIX LIMKIMYECKMX MOMEKYI,
TaKkMX Kak OKCMpaHbl, a3vpuUaMHbI U LIMKNOMNPONaHbl, U3 KapboHUIbHLIX COEOUHEHUIN, UX UMUHOB U
aKTUBMPOBAHHbIX aNKEHOB MOA AENCTBUEM Pa3fnMYHbIX UNMAOB cepbl. PaHee Hamu 6bIno NokasaHo, YTo
B MOANMMLMPOBAHHBLIX YCMOBUSX, peakums UnnaoB cepbl C OPTOrMAPOKCUMXankoHaMu npoTekaeTt no
nytm obpasoBaHWs W MOCMEAyWero packpbiTUA TPEXYNeHHOro uukna ¢ obpasoBaHueM
rMapupoBaHHbIX NPOM3BOAHLIX pypaHoB [1]. Mbl npeanaraemM HasblBaTb Takon NPoOLECC pacLUMPEHHON
peakumen Kopu-Yanmkosckoro. B paHHon paboTte OyneT npeacTaBneH HOBbIA METOn CUHTE3a
3aMeLLeHHbIX hypaHOB M3 aLeTUNEHOBbIX KETOHOB, OCHOBaHHbIN Ha PacCLUMPEHHON BEPCUU peakumnm
Kopu-Yarkosckoro.

Previous work

(0]
i N 1. Sulfur ylide N N2 1. Sulfur ylide R1®_>\5L 2
o (0] - R+ > R
N o 2. NaOH, MeCN, A \ oH 2. Amberlyst 15 =0
R?  3.CF3;CO.H ArMe, A
This work
1
i LG ? LG Sulfur ylide R
R1)\ R1MR2 -y / \ )
R? -LG o~ R

Cxema 1. lNpegpiayLias 1 HoBas Bepcus paclimpeHHon peakumm Kopu-Yamnkosckoro.

MonyyeHHble psabl NPOAYKTOB, OrpaHWYeHns MeTofa M ONTMMM3aLMs PeaKLMOHHbIX YCIOBUiA
OynyT npeacTaBneHbl B JaHHOM oKnage.

JIlntepaTtypa
[1] Fadeev A.A., Makarov A.S., lvanova O.A., Uchuskin M.G., Trushkov I.V. Org. Chem. Front., 2022,
9, 737-744.
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CVUMMETPWYHBIE N AHYC-OEHPUMEPbLI HA OCHOBE 3MNNXNOPIrMAPNHA
OuepedHiok E.A.L, llunsesa T.A.Y, Bypunos B.A.Y, Aumunux N.C.%2

'KaszaHckuii (MpuBormkckunin) degepanbHbii yHuBepcuTeT, KasaHb, Poccus
2/IHCTUTYT opraHuyeckon n dpmandeckon xummum um. A.E. Apbysosa OUL KaszaHckuii HayyHbI LEHTP
PAH, KasaHb, Poccus
AcnupaHT
ocherednuk@gmail.com

ONUXNOrMapvH yxxe A4aBHO HaLLEN CBOE LUMPOKOE NPUMEHEHUE B NPOMBILLIEHHOCTH, HanpumMep,
B NPOW3BOACTBE  NUUEpPUHa,  SNOKCUAHbLIX  CMOS,  MOBEPXHOCTHO-aKTUBHbIX  BELUECTB,
nnacTMukaTopoB, a Takke B dapMaueBTUYeCKoOn W nuieBon npombiwsieHHocTn [1]. HepaBHO
nosiBUNMCb paboTbl, rae INMXMOPrMApVH UCMOMb3yeTCsl B KA4yeCTBE CTApPTOBOrO COEAWMHEHWUs ANiA
nonyvyeHnst AeHOPUMEPHbIX CTPYKTYP [2].

Knuk-peakumn, B 4aCTHOCTM,  peakuuMm  Mefb-KaTanuaupyemoro  asua-ankuHOBOro
LMKNonpmucoeanHeHms, Gbinn BrnepBble onvMcaHbl B Hadvane 21 Beka [3], U 3a TakoM KOPOTKWUM
NPOMEXYTOK BPEMEHW CTanum He3aMEeHUMbIM WHCTPYMEHTOM B MOMYYEHUU pPasnMYHOro poaa
coeanvHeHun. OTO cBA3aHO € obpas3oBaHMEM B XOAE€ HUX BbICOKOCTabunbHbIX 1,2,3-TpMasornos,
YyCTOMYMBBLIX K Bnare Bosayxa, pH-cpegpl u HarpesaHuio. Bapbmpysa 3amectutenu npy TepMUHaNbLHON
ankMHUIBHON W a3ngHOM rpynnax, MOXHO MofyyaTb BellecTsa, obragaolime LIMPOKMM CNEeKTPOM
CBOWCTB.

YunTtbiBad BbICOKYD peakUMOHHYID CMOCOBHOCTb 3anuXMopruapuHa M vuMmes YOOOHbIM K
3 EKTUBHBIA MHCTPYMEHT KINUK-XMMWUW, B paboTe NpeanoXeHbl MyTU MONy4YeHUs pasnmyHoro poga
COeOVHEHUN, B YaCTHOCTW, AEHAPVMMEPHBIX CTPYKTYP C UCMOMb30BaHNEM ANBEPreHTHOro noaxoaa (pwc.
1), a Takke AHyCc-NoA0OHbIX HECUMMETPUYHBIX AEHAPUMEPOB C amMpUdUNBHBIMK CBONCTBaMMU.
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PucyHok 1. MpumeHeHWe KNuK-peakuum Ans NonyvyeHns AeHOPUMEPHbIX CTPYKTYP.

JlntepaTtypa
[1] Hirakawa B. Encyclopedia of Toxicology: 3rd Ed. 2014, 431-432.
[2] Mohy El Dine T., Jimmidi R., Diaconu A., Fransolet M., Michiels C., De Winter J., Gillon E., Imberty
A., Coenye T., Vincent S.P. J. Med. Chem. 2021, 64, 14728-14744.
[3] Devaraj N.K., Finn M.G. Chem. Rev. 2021, 121, 6697-6698.
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CMPOCOYNEHEHHBIE HUTPOUMKMTOMPOMNAHKAPEOKCUNATbI: CUHTE3 M CTPOEHME
[Mununexko U.A., lNenunko B.B., batyvypuH P.U., MakapeHko C.B.

PITTY um. A. W. T'epueHa, CaHkT-IeTepbypr, Poccusi
CtyoeHt
kohrgpu@yandex.ru

CnMpOCOYNEHEHHbIE  HUTPOLUMKIIONPONaHbl  NPEACTaBNSAOT  HECOMHEHHbI  MHTEpPeC C
TEOPEeTUYECKON N NPaKTUYECKOM Touku 3peHus [1]. OgHum M3 cnocoboB uX MOMyveHUs ABNATCA
peakuuyn npenapaTUBHO AOCTYMHBIX 2eM-ranioreHHNUTPOAnKeHoB C uuknnyeckumyn CH-kucnotamum [2].
BBegeHne B HUTPOLMKIONPOMAHOBOE  KOMbLO  CHOXHO3(MPHOW  rpynnbl  MOBbIWAET  UX
npvBnekaTenbHOCTb, 6narogapsa NosiBNEHW0 NOTEHLUUanbHOW BO3MOXHOCTU CMHTE3a Ha UX OCHOBE
LIMKNOMNPOnaHoBbIX aMUHOKMUCNOT [1]. 3BecTHO, 4To anknn-3-6pom-3-HuTpoakpunatbl 1 B peakumsix ¢
npegctasutenammn uuknmdeckux CH-kncnotT (dpeHunnmeTnnnupasonoHoM u kucnoton Menbgpyma)
0bpasyloT HUTpocnmnpoumknonponaHkapbokcunatel 2, 3 ¢ Bbixogamu Ao 56% [3].

BoBneueHune gpyrux npegcrasurenen uuknuyeckmx CH-kucnot (aHanoros kucnotel Menbgpyma
— 6,10-gmnokcacnupol4.5]pgekaH-7,9-guoHa n 1,5-guokcacnupo[5.5lyHaekaH-2,4-amoHa, a Takke 1,3-
nHgaHgmoHa n N,N'-aumeTun6apoumTypoBOn KUCNOThI) BO B3aMMoedeNCTBUE C OpOMHUTpoakpunaTamm
1 B COMOCTaBMMbIX YCMOBUSIX MO3BOMWMO MOMYYUTb MPEACTaBUTENbHbIA pPAd  OPUTMHANbHbIX
HUTpOCNMpOLMKIonponaHkapbokcmnaToB 4-7 ¢ Bbixogamu 0o 55% (cxema 1).

No2 NO,
0
AlkO,C NW( AkO,C=".,,,
-~ > \
O/\N O": \\(,’/,’\ |‘\||
AlkO,C  Br S
2abPh 2 \—( > 6ab
N02 N02 :N02
1ab 0
AlkO,C .”/< AKO,C= ..o
' o: N Me
0+R y N4 .
e
3-5a,b " Alk = Me (a), Et (b); 7ab

R =R'=Me (3); R, R"= (CH,)4 (4); (CH,)5 (5).
Cxewma 1. HutpocnupoumknonponaHsl 2-7, NONy4eHHbIe Ha OCHOBEe 2eM-6poMHUTpoakpunaTos 1.

CTpoeHue BrepBble MonyYeHHbIX
HUTpOCMMpoLMKINonponaHkap6okcunaTos 4-7
oXxapaKTepu3oBaHO AaHHbIMU criekTpockonun AMP 'H,
13C, VK, a ToHKasi CTpyKTypa OONOMHUTENBHO U3yYeHa
metogamu cnektpockonun AMP 'H-'H NOESY wu
peHTreHocTpykTypHOoro aHanusa (PCA) (pucyHok 1).
PeHTreHoCTpyKTYpHOE UCcrnenoBaHUe NpeacTaBUTens

Nony4YeHHbIX COeaVHEHWIA - S ON, \_
| \ o

HUTpOCNUpoLMKIonponaHkapbokeunara 5a

BbiNONHeHo JlutBuHoBbiM M.A. B MODX wmm. ALE. )>>‘

Ap6y3oBa UL KasHL|, PAH, 3a 4To aBTOpbLI BblpaXatoT MeO,C

eMy MCKpEeHHIO 6naroaapHoCT®. PucyHok 1. CTpykTypa coefuHeHus 5a no

paHHbim PCA.

INutepaTypa
[1] ABepuHa E.B., AwuH H.B., KysHeuosa T.C., 3ecupos H.C. Yenexu xumuu. 2009, 78, 963-979
[2] Roy S., Chen K. J. Chin. Chem. Soc. 2013, 60, 597.
[3] Nenwunko B. B. ABToped...auc. kaH. xum. Hayk. CaHkr-lNeTepbypr, 2021, 20 c.

62

T


mailto:kohrgpu@yandex.ru

®ABOPCKW
2023

‘ Brepoccwiickas KoHdhepeHuus
CankT-Metepbypr, 3-6 wions

@h

BUHUITMPOBAHWE HEHACBILWLEHHbBIX CMTMPTOB KAPEMOOM KAIbLUWA ONA CUHTE3A
MOHOMEPOB

lomopoyeHko A.H., Ibipdbivosa 1O.B.

CaHkT-leTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lNeTepbypr, Poccus
CryneHT
st096921@student.spbu.ru

MMonyyeHne MOHOMEPOB U3 BO30OOHOBMSEMOrO PaCTUTENLHOIO Cbipbsi — NPaKTUYECKU BaxkHas
3ajava, oTKpblBaKLWas NyTb K HOBbIM nonumepam. [ns cuHTesa Takmx GMOMOHOMEPOB B CTPYKTYPY
TepneHa HeobXoAMMO BBECTWM CMOCOOHYKW K MonMMepusauun rpynny, Hanpumep, BUHWbHYIO.
BuvHunupoBaHne HacblEeHHbIX CIMPTOB aueTUIeHOM 1 kKapbuaom kanbLms — XopoLwo oTpaboTaHHas
npoueaypa [1,2]. BuHunupoBaHWe HeHacCbIWEHHbIX CMMPTOB COMPSXKEHO C pPsSAoM TPYOHOCTEN.
Nmetlowmecs B CTpykType ogHa unm Heckonbko C=C B ycrnoBusiXx BbLICOKOW TemnepaTypbl U
CYNepoCHOBHOM cpeapl, HeobxoanMon Ans BUHUNMPOBaHUSA, MOryT nonnmepusoBaTtbcs. Kpome Toro,
umetowmeca B cybcTpate [OBOWHbIE CBS3M  CMOCOOCTBYIOT  MPOTEKAHUIO  KOHKYpPUPYHOLLLEro
NpMCcoeaNHEHMIO NpoLecca 3TIMMUHUPOBaHNSA ¢ obpa3oBaHNEM AMEHOB.

Llenbto HacToswen paboTbl SABNSETCA BUHWIMPOBaHME HEHACLIWEHHbIX CNUPTOB Kapbugom
Kanbuusi C NONy4YeHNeM BUHWMOBLIX MOHOMepPOB. Ha cybGcTpaTax pasnnyHoro CTpoeHus — TeprneHoBble
1 anudartmyeckme, NpoBeaeHa ONTMU3auns yCnoBsun, obecnevnBatoLmMx MakCMMarnbHO BO3MOXKHBIN
BbIXO4, BUHWMOBLIX 3UpPoB (cxema). [Ona psga TeprneHOBbIX CMMPTOB MOKAa3aHO, YTO CHWDKEHWe
OCHOBHOCTW peakUMOHHOW cpefpbl CMOCOOCTBYET YBENUYEHWUIO BbIXOAOB BMHWUIIOKCUTEPNEHOMAOB 3a
CYeT CHWKeHNs NoboyHOro mpouecca anMMUMHMpoBaHus. epaHun- (1a) n Honun- (6a) BUHMNMNOBLIE
a¢upbl 0bpasytoTcs Tonbko B cucteme JMCO:1,4-anokcaH = 2:1 (v/v).

R-OH CaC,, base . R—O/_

solvent, H,O, A

ROy O S ST
| | \

1a, 26% [1] 2a,60% 2 3a 74% 13 4a, 60%4 5a, 82%!*! 6a, 30%0!
P e e e N A PO
oY IV TR o X
7a, 86%!° 9a, 53%!"]
/\/\/\O/\ /\/\/\O/\ 1a, 78%!"]
8a, 30%!°! 10a, 95%°!

[ KOH, DMSO:dioxane (2:1), 100 °C, 3 h.; ¥ KOH, DMSO, 80 °C, 15 h.; BIKOH, KF,
DMSO:dioxane (2:1), 100 °C, 5 h.; YTKOH, DMSO, 100 °C, 3 h.; ®/KOH, KF, DMSO:dioxane
(2:1), 100 °C, 3 h.; F1KOH, KF, DMSO, 100 °C, 3 h.; 'l KOH, KF, DMSO, 130 °C, 3 h.;

Cxema 1. BUHUNMpoBaHMe HeHackILLEHHbLIX CMUPTOB Kapbuaom kanbLms
Takum 06pa3oM, CUHTE3 BUHUIOBbIX 3(UPOB HEHACHILLEHHbIX CMUPTOB OTKPbIBAET HOBbLIV MYTh

Ona nonyyvyeHuna nonnmepoB C UHTEPECHbIMU CBOWCTBaMW, a Hanuyine OONONHUTENbHbIX C=C cBsizen
MOXET ObITb MCMOMb30BaHO ana ﬂOCT-MOD,Md)I/IKaU,I/II/I nonnMmepos.

JlntepaTtypa
[1] Trofimov B.A., Schmidt E.Yu. Russ. Chem. Rev. 2014, 83, 600-619
[2] Metlyaeva S.A., Rodygin K.S., Lotsman K.A., Samoylenko D.E., Ananikov V.P. Green Chem. 2021,
23, 2487-2495

PaboTta BbinonHeHa npu nogaepxke rpaHta PH® (Ne 22-73-00060).
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2H-A3BNPUH-2-KAPBOHOBbLIE KNCINOTbl: CUHTE3 U NMPEBPALLEHNA

Pocmosckut H.B., Caxapos l1.A., KopoHamos A.H., AeaghoHoea A.B., Hosukos M.C.,
XnebHukos A.®., Tumos I".[]., AHmoHbI4es . U.

CaHkT-lNeTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lNeTepbypr, Poccus
[oLueHT, A.X.H.
n.rostovskiy@spbu.ru

2H-A31punH-2-kapboHOBbIE KUCNOTHI SABMSOTCS PEAKMM KnaccoM coefuHeHwun. Ewe HepaBHO
ObINN N3BECTHbI TONBLKO ABE KUCMOTbI TaKoro CTPOEHUs, 0b6e BblaeNeHHbIe N3 NPUPOAHLIX 06bekToB: 3-
MeTun-2H-a3npuH-2-kapboHoBas kucnoTa (asupuHomuuuH) [1] u moTyanesas kucnota F [2].

Ham yganock paspaboTatb yHUMBEpCanbHbIi METOA CUHTE3a a3vpUHKapbOHOBEIX KUCIOT, B TOM
yncrne HEM3BECTHbIX paHee, coAepXallMx apuibHbIl 3amecTuTenb npu atome C3, Ha OCHOBe
n3omepusaumm Un3oKcason—asvpuH, kaTanuanpyemon ©0es3BogHbiM xnopugom xenesa(ll) [3]. Otwm
KACMOTbl OKa3anucb [AOBOMIbHO YCTOMYMBBIMW W MOFYT XPaHWUTbCA MPWM HU3KMX TemnepaTtypax
anvtensHoe Bpems. VccnegoBaHne aHTMOaKTepuanbHOW akTUBHOCTU MOJSTYYEHHbBIX HOBbIX KUCIOT B
OoTHoweHun wtammoB bHaktepun rpynnel ESKAPE nokasano, 4yto Hanbonee aktmsHow ansetcsa 3-
deHun-3ameLleHHas kucnora.

Hanu4yume kapBboKkcunbHOW rpynbl NPy HAaNPSHPKEHHOM LMKIe AenaeT asupuHKkapboHOBbIE KUCMOThI
npuBnekaTenbHoiMM cybcTpatammn Ana cuHTesa Gonee CnoxHbix monekyn. C MOMOLbIO peakuui
MaccepuHu 1 Yrn Hamm Bbina ycnewHo MoanduumpoBaHa kapbokcunbHas rpynna KMcnoT v nosyyeHsl
asupuH-cogepxalwime aunentuabl U gencunentugpl [4]. Peakumn 2H-a3npuH-2-kapboHOBBLIX KUCMOT C
Ana3ocoeanHEHNsIMM B 3aBMCMMOCTM OT YCIOBUIN — OTOMNN3 CUHMM CBETOM MITN KaTanma KoMniekcamm
3onorta () — oTKpbIBaOT AOCTYN K a3upuH-cogep)almm acpvpam MUHZaNbHOM KNCNoThl 1 1,3-oKkcasmH-

6-oHam [5].
R2
FeCl o H,0
RkXyCI et R’ 2
\
N-O MeCN, rt N R2 rt
1 2 R2

R' = Ar, Het, Me; R? = H, Ar, Alk @) N,

1 OH R‘lWO
] X \72; Ar)J\C02R
RIS R N R HN.___O
/ S Ph3;PAuUNTf, ><
- o 40_80 oC AI‘ COzR

20 examples 20 examples

o R*
R1 H rt
N R
N RE O RY__R® N2
R3. 9
5 examples \g/ " NC - Ar)J\COZR

O R4 RS O Ar
R! i N H R' i o]
MO&( \Rs MOJ\H/ \R
N o] N o]
26 examples 10 examples

Cxema 1. CuHTe3 1 npeBpalleHns 2H-a3npuH-2-kapboHOBbIX KNCOT.

JlntepaTtypa
[1] Stapley E.O., Hendlin D., Jackson M., Miller A.K., Hernandez S., Mata J.M.J. Antibiot. 1971, 24, 42.
[2] Keffer J. L., Plaza A., Bewley C. A. Org. Lett. 2009, 11, 1087.
[3] Sakharov P.A., Koronatov A.N., Khlebnikov A.F., Novikov M.S., Glukharev A.G., Rogacheva E.V.,
Kraeva L.A., Sharoyko V.V., Tennikova T.B., Rostovskii N.V. RSC Adv. 2019, 9, 37901-37905.
[4] Rostovskii N.V., Koronatov A.N., Sakharov P.A., Agafonova A.V., Novikov M.S., Khlebnikov A.F.,
Rogacheva E.V., Kraeva L.A. Org. Biomol. Chem. 2020, 18, 9448—-9460.
[5] Titov G.D., Antonychev G.I., Novikov M.S., Khlebnikov A.F., Rogacheva E.V., Kraeva L.A,,
Rostovskii N.V. Org. Lett. 2023, 25, 2707-2712.

Pabota BbinonHeHa npu duHaHcoBow noaaepxke Coeeta no rpaHTam [pe3augeHTta Poccuiickon
®depnepaumm (rpaHT MK-2698.2019.3) u PH® (rpaHT Ne 22-73-10174).
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ALIETUJIEHOBBIE KETOHbI:
HOBbIE PEAKLUU B NMPUCYTCTBUN CYTIEPOCHOBHbLIX KATATIMTUYECKNX CPE[

Camynbuesa C. O., [leopko M. FO., LLlabanux 4. A.

UpkyTCcKkMn MHCTUTYT Xxumun nm. A. E. ®asopckoro CO PAH, UNpkyTck, Poccus
AcnupaHT
samultceva@mail.ru

MMepBbIi npuMep CKHTE3a aueTUNEeHOBOro KEeTOHAa, COoAepXallero [Ba COMPSPKEHHbIX
ANeKTPOUNbHBIX LeHTpa (TporHas CBs3b U kKapboHunbHas rpynna), 6bin Bnepsble onucaH 6onee Beka
Hasap [1]. Ha cerogHAWHWIA AeHb NpecTaBUTENn 3TOro Knacca CoeAMHEeHNN 3aHUMaloT BaXXHOe MecTo
B apceHarne CMHTETMYECKON OpraHn4eckon xmmmm [2-4].

OnvtenbHoe Bpems CUNbHOOCHOBHbIE KaTanmu3aTopbl, TakMe Kak rMapoKcubl M ankokcugpl
LWenoYHbIX MeTanmnoB, BBeAEHHble B XUMWUIO aueTureHa akagemukom A. E. daBopckum, vmenu
OrPaHNYEHHOE MPUMEHEHNE B XMMUWN aLETUITEHOBbBIX KETOHOB M3-3a CKITOHHOCTW MOCHeaHNX BCTynaTb
B peaKkLMn aHWOHHOW NONMMEpPU3aLmmn 1 rmaposIMTUYECKOro pacluensieHuns.

B 10 Xe Bpemsi, CynepoCHOBHbIE KaTanuTU4eckme cpeapl, pa3paboTaHHbIe U aKTUBHO U3yYaeMble
wkonou akagemuka b. A. TpodprmoBa, NO3BOMMIIN HE TOMbKO YCOBEPLLUEHCTBOBATL P, KNacCU4eCKux
peakuni PaBOPCKOro, HO U OTKPbITb CEPU0 HEOBbIYHbIX KackagHblX peakuumni auetuneHa [5]. B
HacToslLLleM [OKnage CYMMUPOBaHbl pes3ynbTaTbl HeAaBHMX WCCRegOoBaHWA MO YCNEeLHOMY
NCMNONb30BaHUI0 CYMEPOCHOBHbIX KaTanuTUYeCcKux cpeq B XUMUWM aueTuneHoBbix keToHoB. Ocoboe
BHMMaHWEe yOeneHo CEeNEKTUBHOCTU KacKkagHbIX peakuui gumMepusaunmn ankMHOHOB B 3aBMCMMOCTM OT
NPUPOAbI ankuUIibHOro 3aMecTUTenNs Npu kKapboHunNbHOM rpynne [6-7].

( )
o R2 (o]
R1
o) ~ R3 / \
| R! 1 /~R?
R

R

\_ J

Cxema 1. [yTun kackagHblx gnmepusaunin C-H akTUBHbIX aLeTUNeHOBbIX KETOHOB.

JIlntepaTtypa
[1] Nef J. V, Liebigs. Ann. Chem. 1899, 308, 264-328
[2] Najera C., Sydnes L. K., Yus M. Chem. Rev. 2019, 119, 11110
[B1LiY., Yud., BiY., Yan G., Huang D. Adv. Synth. Catal. 2019, 361, 4839
[4]Worch J. C., Stubbs C. J., Price M. J., Dove A. P. Chem. Rev. 2021, 121, 6744
[5] N'ycapoBa H.K., Muxanesa A.A., lUmunar E.1O., Manbkuna A.l'. Xumus ayemurneHa: Hoeblie anasbi.
HoBocubupck: Hayka, 2013
[6] Dvorko M. Yu., Shabalin D. A., Ushakov I. A., Schmidt E. Yu., Trofimov B. A. Eur. J. Org.Chem.
2023, 26, €202201464
[7]1 Samultceva S. O., Dvorko M. Yu., Shabalin D. A., Ushakov I. A, Vashchenko A.V., Schmidt E. Yu.,
Trofimov B. A. Org. Biomol. Chem. 2022, 20, 5325
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®OPMAJIbHOE (4+2)-LUMKNOMNPNCOEONHEHME ASAOVEHOB N ASATPNEHOB
K CTUPUIIMANOHATAM KAK AHAJIOAM JIOHOPHO-AKLIEMTOPHbIX LINKITOMPOMNAHOB

Cepzees [1.I"., Hosukoe P.A., Tomuros FO.B.

UHcTuTyT opraHudeckon xumum nm. H.[1. 3enuHckoro PAH, Mocksa, Poccus
acnupaHT
sergeevpg@gmail.com

B nocnegHve pecAtMneTMs AOOHOPHO-akUenTopHble umknonponadbl (OAL) wuHTeHcMBHO
NCMNOMb3YylOTCS B COBPEMEHHOM OPraHNYeCKOM CUHTE3E B NEPBYIO 04epeb Kak MCTOYHUKK 1,3-uBuTTep-
WOHOB B MPUCYTCTBUM pa3HooOpa3sHbix kucnoT Jlbiomca, nubo kak 1,2-UBUTTEP-UOHHBIE CUHTOHBI,
reHepupyemble c ydactmem ranoreHngoB ranmnus(lll). OTHocuTENbHO HOBbLIM HanpaBfieHUEM
uccrnegoBaHUn  ABMASieTCA  MCCnedoBaHMe peakuMoHHoW cnocobHoctu [ALL Kak CUHTeTUYeCcKMX
9KBMBANIEHTOB M30MEPHbLIX UM CcTupunmanoHatoB. Ocobbli MHTEpec NpeAcTaBnsaAlT MNoJoOHble
peakuun ¢ AueHaMmn 1 nx retepoaHanoramu ¢ TOYKN 3pEHUSA CUHTE3a LIMKITMYECKMX CUCTEM.

HepaBHO B Hallel HayvyHOW rpynne Obinn mccrnegoBaHbl peakuun OALL n mM3omepHbIx [3-
CTMPUNMAanoHaToB C KOH(OPMAUMOHHO HEXeCTKMMW 1-asagueHamm U KPOCC-COMPSHKEHHbIMU
asatpueHamu B npucyTtcTBum kncnot Jlbtonca. OcHOBHOe BHUMaHue Obino ygeneHo paspaboTke
YCNOBUIN peakuun opmMansHoro (4+2)-UumuknonpmucoeamHeHns C BO3MOXHOCTbIO BapbMpOBaHUS
0-3amecTuTenss B asagMeHe BMECTO M3BECTHOW MeTogonorum  (3+2)-uuKnonpucoeamHeHus.
OcCHOBbIBasiCb Ha MOMyYEHHbIX pe3ynbTatax, Mbl NPEeAnoXunM MeTOA CUHTe3a 3aMeLLeHHbIX
mpaHc,mpaHc-TeTparnaponupuaMHoB 1 C  BbICOKOW AmactepeocenektuBHocTelo  >30:1. Bbinu
Mcnonb30BaHbl Tpu cybcTpaTovyBCTBUTENBHBIE KaTanuTudeckue cuctembl: Sc(OTf)s, Sn(OTf)2 n GaCls.
MpumeHeHune GaCls B kavyecTBe KMCNOThI JIbtorca Hapsay ¢ OCHOBHbLIM NMPOLIECCOM NO3BONAET NOMYYUTb
HEOObIYHbIA MMHOPHBIA NPOAYKT hopmanbHoro (2+2+2)-uuknonpucoeamHermns, a umeHHo 1,2,3,4,5,6-
rekcasameLLeHHbIN LmknorekcaH 2. lNpeanoxeHbl MeXaHUCTUYECKNE N CTepPeoXMMUYeckme Mogenm ans
onucaHus obcyxaaembix npoueccos [1].

LS SOR! Ph CO,Me
’,' CO,Me R._N v N o
i ’d
g ke CO,Me *S0, CO,Me 2Me
” 1 @ @ Ar1 N R \ s,
Ar CO,Me )2 | CO,Me
:- CO-Me LA “Art
o 1 R=H, Ph, AZ 1
VAN coMe (ATTY COMe WAF
__ COMe) yiastereoselective
N o formal (4+2)
- -t and (2+2+2)

|
NTs Ph 2

Cxema 1. Peakuun cTnpunmMmanoHaToB C asagneHamu u asaTpneHamum

Kpocc-conpspkeHHble aszaTpyeHbl NPeAcTaBnsaoT UHTEPEC A8 NPUMEHEHNS B JaHHOW peakuun
Kak cybcTpaThbl, CNOCOOHbIE OTKPbITh MYThb ASA CUHTE3a XMHONMU3MANHOBOIO CKeneTa, BCTPeYatoLLLerocs
B psige NPUPOAHbIX 1 hapMaKkorormyeckn akTuBHbIX coegmHeHuin. C aTon uenbio Obina npeanoxeHa
nges co3gaHus HOBOrO TuMa asaguMeHoB, YAOGHOro Ans AanbHenweln HanpasrneHHon cBopku
LUUKIMYeckux dparMeHToB B XO4e peakuumn uuknonpucoeavHeHus. [aHHas cTpaTervs 6Gbina
peanv3oBaHa npu noabdope onTUMasbHbIX YCIOBUIA AETO3MNMMPOBaHNS, NPOTEKaloWero ¢ Murpaumen
ABOMHON cBA3W. [OMOMHUTENbHO AN HEeCMMMETPUYHO 3aMeLLEeHHbIX asaTpueHoB Wn3yyeHa
pervoceneKkTMBHOCTb peakuum dopmarnbHoro LMKNONPUCOEeANHEHNS c
B-cTupunmanoHatamu. NonyyeHHble BUHUATETParnaponupuanHel nccnenoBaHbl B kKa4ecTsBe ANEHOB B
peakuun dunbca-Anbaepa ¢ PTAD, Begywux K 06pa3oBaHuio TPULMKITMYECKMX reTepoumnknos 3 [2].

JlntepaTtypa

[1] Sergeev P. G., Novikov R. A., Tomilov Y. V. Adv. Synth. Catal. 2021, 363, 5292
[2] Sergeev P. G., Novikov R. A., Tomilov Y. V. Molecules 2023, 28, 88

PaboTta BbinonHeHa npw nogaepxke rpaHta PH® (Ne19-73-10210).
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NOOOHMEBLIE COMNW: MYTb K MONYYEHNIO N-APUNTMPOBAHHbBIX TETEPOLIMKITOB

Condamosa H.C.1, lNodpe3sosa E.B.1, CemeHos A.B.2, batikos C.B.*?, lOcybose M.C.,*
lMocmHukos I1.C.2

"HaumoHanbHbIN nccnegoBaTenbCkuin TOMCKUIA NONUTEXHUYECKUI YyHUBepcuTeT, Tomck, Poccus
2CaHkT-MeTepbyprekuin rocyaapcTBeHHbIn yHuBepcuteT, CaHkT-lMNeTepbypr, Poccus
[OLIEHT, K.X.H.
soldatovans@tpu.ru

AsoTcoaepxallme reTepounKknbl NPEACTaBMsAOT BaXkHbIA KMacc OpraHMYeckMx coeauHeHuH,
aKTVBHO MpPUMEHSALWMIACS B hapMakonorMm M MeguuuHCKOM Xxumun. OrpomHoe pasHoobpasve

nogobHbIX CUCTEM npunBoanT K YCIIOXKHEHUIO MnpoLlecca nop,6opa MeToAoB And beHKLI,VIOHaJ'IVI3aLI,VIVI, B
YaCTHOCTWU BBEAEHUA apuUiibHOro q)parmeHTa B MOJieKyny.

X \; 10 mol% @ p
Q ©/ \© Base N N
+ O
N /4 \

Cxema 1. ApunupoBaHue a3oTcoaepXalinx reTepoLnKioB AMapunnogoHNEBbIMU CONSAMM

Cpeon asoTUCTbIX TFeTEPOUMKIIOB OCODEHHO CIMOXHO apuUIMpOBaHWIO  MOABeprarTcs
reTepoLMKIIM4eckne CUCTEMbI, coaepKallue atomMm a3oTa C HU3KON HyKNeodUbHOCTbIO, YTO NMPUBOAUT
K HeobXxoAMMOCTU MpUMEHeHus Bornee >XeCTKMX YCroBuMn nposefeHus peakuun. Knaccuueckum
noaxogomM k N-apunvpoBaHuio ABNAETCA peakumnsa YrnbMaHHa, B KOTOPOW B Ka4yecTBEe apunuvpytoLLero
areHta uMcnonb3ylTca apunranoreHmabl. OgHako, AaHHbIM MOAXO4 B OTHOLUEHUWM FEeTEPOLUKIIOB,
cofepxallmx atoM a3oTa C HU3KOW HYKNeoMunbHOCTbI0, TPEBYIOT BICOKMX TeMnepaTyp U NPUMEHEHNUS
9K30TUYHbIX NUraHAO0B 4S8 YBENUYEHUSA aKTMBHOCTM KaTanu3aTopa.

AnbTepHaTUBHbIM MOAXOAOM K apuNMpOBaHUIO a30TCOAEpXKallMX reTepoUMKIIoB SBNSETCH
ucnomnb3oBaHne 6onee akTUBHbIX JOHOPOB 3MEKTPOMUIBLHOIO apuna — ANapuinogoHUEBLIX CONEN.
OuapunuogoHneBble conu — 3TO coeAmHeHus nonusaneHTHoro wuwopa(lll), npumeHsemble Ons
apunupoBaHusa Wnpokoro psaa Hykneodgwunos (C, N, O, S, Se, P v gp.).

B pamkax gaHHoi paboTbl Mbl MOKa3anu, YTo AMapUNNOLOHNEBBIE COMM MOTYT MCMOJMb30BaTLCS
ONS apunMpoBaHUs pasfuyHbIX a30TCoAEepXKalUMX reTEPOLMKIIOB B TOM 4YMCIle OKCaAnasosioHOB U
CTEPUYECKN 3aTPYAHEHHbIX OKCA30NMNAUHOHOB.[1-2]

INutepaTypa
[1] Soldatova, N. S., Semenov, A. V., Geyl, K. K., Baykov, S. V., Shetnev, A. A., Konstantinova, A. S.,
Korsakov M.M., Yusubov M.S., Postnikov, P. S. Advanced Synthesis & Catalysis, 2021, 363(14), 3566-
3576.
[2] Podrezova, E. V., Okhina, A. A., Rogachev, A. D., Baykov, S. V., Kirschning, A., Yusubov, M. S.,
Soldatova N.S., Postnikov, P. S. Organic & Biomolecular Chemistry, 2023, 21, 1952-1957.

PaboTta BbinonHeHa npu nogaepxke rpanta MNpesngeHta PO MK-337.2022.1.3. n Poccuiickoro
Hay4yHoro doHaa (21-73-20031).
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OKUCITUTENBbHAA TPAHCOOPMALINA 5-ALUNN-4-TTMPOHOB AJ1A CUHTESA 5-OKCUMNMWPOHOB
N 3-OKC1PYPAHOB

Cmenapyk E.B., Bukmoposa B.B., O6bideHHo8 [].J1., CocHosckux B.51.

Ypanbckun ®egepanbHbin YHuBepcuTeT nmeHn nepsoro MNpeangeHta Poccuun b. H. EnbLumHa,
EkaTtepuHbypr, Poccus
NHxeHep
ev.chernyshova@urfu.ru

5-I'mopokcn-4-nnpoHbl  NpeacTaBnsaloT CcOOOM BaXHbIM  KnacC NPUPOOHbLIX COEAMHEHUA W
OTHOCSTCS K BUONPUBMIENMPOBaHHBIM CTPYKTYpaM Anst MEAULMHCKON XMy bnarogapsi nposiBnsieMbiM
BMAaM nonesHon Guonornmyeckon akTMBHOCTU. Kpome TOoro, AaHHble reTepouMKIilbl MHTEPECHbI Kak
MHOFOQYHKLIMOHarbHbIe CybCTpaThl ANs OpraHMyeckoro cuHTesa. [pu aToM nx mMeToabl Nony4YeHus
orpaHuyeHbl U 0bblMHO OCHOBBLIBAKOTCA Ha MHOrOCTAAUMHBLIX MPEBPALLEHUsIX ManbTona U KoWeBOW
KUCMOTbI.

B naHHoI paboTe npeanoXxeH HOBbIM NOAX04 ANst CUHTE3a 3aMeLLEHHbIX 5-rmapoKcu-4-NMpPoHOB,
5-rMapoKcK-2-NMPoOHOB, a Takke 3-TMOPOKCUdYPaHOB Yepe3 MEepekniovaeMyto OKUCINTENbHYIO
TpaHcdopmauuo 4-nupoHoB (cxema 1). MicxogHele 5-aumn-4-nupoHbl 1 nog OencTBuMeM nepokcuaa
BOAOpPOAA CENeKTMBHO MoABepranuchb 3NnoKCMANPOBaHWIO ¢ 06pa3oBaHMeM CTaburbHbIX 2,3-3MOKCKU-
2,3-gurngponmpoHoB 2 [1,2]. OkcupaHbl 2 oKasanucb pPeakUMOHHOCMNOCOOHbIMW  MOMeKynamu,
CMocobHbIMM  BCTyNaTb B TpaHcOpMauum C OOHOBPEMEHHbIM pPacKpblTUEM MMPAHOBOrO U
OKCMpaHoBOro UuknoB. lMpu aToM CTpyKTypa 0bpasyoLerocs npogykra o4eHb CUMbHO 3aBucena ot
YCINOBMI NpOBEAEHUs cuMHTe3a. B npucytctBMM KMCNoTbl Mpoucxoguno AedopMUMpoBaHue C
obpasoBaHMem 5-rmapokcu-4-nMpoHOB 3, @ B OCHOBHbLIX YCMOBUSIX C MCMOMNb30BaHMEM B KavecTBe
katanusatopa K2COs 6binn nonyyeHbl 5-rugpoKkcu-2-nupoHsl 4 B pesynbTate UMKNn3aumm ¢ yyactmem
CnoxHoadhmpHon rpynnel. B cnyvae 2-apun-4-nupoHOB peakuus gasana 3-rugpokcudypaHbl 5 Kak
npoaykTel AebeH3omnupoBaHus. MNMonyyYeHHble TMOPOKCUIMPOBaHHbIE bypaHbl U NUpaHbl MOryT ObITh
NPUMMEHeHbI B AanbHeNWnx TpaHcopmMauusx ¢ HykneounbHbIMY peareHTaMu A58 KOHCTPYMPOBaHNUS
NONUMYHKLUMOHANM3MPOBaHHbLIX — a3areTepoLMKIioB, codepXawimx ¢dapMakodopHbIn  parMeHT
OVKETOKUCIOTbl U MPeAcTaBnsioWMX WHTEpPeC B KayecTBe MOTEeHUManbHbIX  UMHIMBMTOPOB

MeTanno3H3nMOB.
0O o 0O o o}
R X H0 R’ X H* HO X
|| o | ||
0~ "R? 0~ "R? R' ~07 "R?
1 2 3
K,CO3
1 AIKOH
R" = Ar, Het, t-Bu;
- 1oL BB HO X
R2 = CO,Et, Ar, 2-furyl; HO X OAlk
Alk = Me, Et, Bn; . oy U\ -
X = H, OBn, OPh o0 o
R' 4 5

Cxema 1. CuHTe3 3-rnapoKcu-4-nmpoHoB 3, 5-rmapokcn-2-NnnpoHoB 4 n 3-rngpokcndypaHos 5

INutepaTypa
[1] Obydennov D. L., Goncharov A. O., Sosnovskikh V. Y. Russian Chemical Bulletin. 2016, 65, 2233-
2242.
[2] Obydennov D. L., Viktorova V. V., Chernyshova E. V., Shirinkin A. S., Usachev S. A., Sosnovskikh
V. Y. Synthesis 2020, 52, 2267-2276.

PaboTta BbinonHeHa npu douHaHcoBorn noagepxke PH® (Ne 22-73-10236).

68



mailto:ev.chernyshova@urfu.ru

®ABOPCKW
2023

‘ Brepoccwiickas KoHdhepeHuus
CankT-Metepbypr, 3-6 wions

@h

NMPUMEHEHWE MEM- ANXTNOPLMKIONPOMNAHOB B PEAKLIMAX CH- U NH-ATIKUITMPOBAHWA
AnA CUMHTESA NONN®YHKUNOHATBbHBIX COEONHEHNN

Cynmanosa P.M., bopucosa FO.I, PackuneluHa I".3.,3nomckuti C.C.

YuUMCKMIN rocyaapCTBEHHbIN HEPTAHOM TEXHUYECKUI yHMBEpcuTeT, Yha, Poccusa
Mpodbeccop, A.X.H.
rimmams@yandex.ru

HeobbluHas v BbICOKas peakuMoHHas CroCOBHOCTb 2em- AMXITOPLIMKIIONPONaHoB npeacrasnseT
UX LieHHbIMW peareHTammn Ans cuHTesa xnopcoaepxalumx monekyn. OHU SBNSAOTCA «CTPOUTENbHLIMU
6rokamu», KOTOpble OTKPbIBAIOT HOBbIE CUHTETMYECKMe MOAXoAbl MPW MOSyYEeHWM MOHO- Wnn
NOSNIMUMKINYECKNX CTPYKTYpP [1-2].

B HacToswen paboTe Ha OCHOBE reM-AMXMOPUMKIIONAHOB MOfyYeHbl HOBblE NPOU3BOAHbIE
avaTunmarnoHarta, aueToykCcycHoro admpa, auetunauetoHa u  kucnotbl Menbgpyma, paHee
Hen3BecTHble BTOpMYHble  (HAa  ocHoBe  OyTunamuHa, rekcunammHa, GeH3nnamuHa,
TeTparnapodypdypunammHa) u TpeTnyHble (Ha ocHoBe MopdhonuHa, nunepasuHa, UMUOA30fMHOB U
HOBbIX CUHTE3UPOBAHHbLIX HAMW BTOPUYHbBIX aMWHOB) aMUHbI B YCIIOBUSAX TepMUYeckoro Harpesa n MBU.
PaspabotaH odeKkTMBHbIN MeTOA CUHTEe3a TeM-AMXIOPLUKIONPONaHoBbIX MPOU3BOAHbLIX 6-
metunypaumuna (N'-, N3-MoHo- 1 Au3amelleHHble ypauunbl).

R1 Cl R1 R2

|
(0} [\
a: CH5CN, 10% mac. Katamuu AB, N NW\CI
K,COj3 85°C, 8-16 u, urm R 0 \( R
MBW = 0,3-3 R
b: IMCO, 70°C Cl j\ |

Cl
c: TOBAX, [IMOA, K,CO; 0" N

90°C, 4-8 u E cl
R

Cl

Cxema 1. CuHTE3 NonmMdyHKUMOHAMNBbHbIX reM-gUXIOopLMKIIONponaHos

MpoBeneH CKPMHUHT BUONOrMYeckor akTMBHOCTM MOSTYYEHHbIX COeANHEHWUN in vitro. OnpegeneHsbl
CoeaVHEeHUa-«Nnaepbl», obnagawwme UMTOTOKCUYECKMMN, aHTUMUKPOOHBIMUY, aHTUOKCUOAHTHLIMU U
repobuunaHBIMN CBOMCTBAMMU.

JIlntepaTtypa
[1]1 Makowa M., ®egopbiHbekn M. Msgecmus AH. Cep. xum. 2021, 11, 2045-2050
[2] PackunbawnHa I'.3., CyntaHoa P.M., 3notckun C.C. Useectua YHL] PAH. 2019, 3, 5-18

PaboTta BbinonHeHa B pamkax rocygapcTBeHHOro 3agaHws MuHobGpHaykm Poccum B cdhepe
Hay4HOW aeaTenbHOCTW, Homep Ans nybnukaumn FEUR — 2022-0007 «HedTexumuyeckne peareHTsbl,
mMacria u matepuarnbl 4518 TENNO3IHEPreTUKN»
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BVMONOIMMYECKN AKTUBHbBIE NMPON3BOOHLIE ADAMAHTAHA N ANASAAOAMAHTAHA
COOEPXALWME MOHOTEPINEHOMOHBIE ®PATMEHTbI

Cycrios E.B.', Moxatuyee E.C.%, [ToHomapes K.FO.1, MyHkyee A.A.%, [Maenoea A.B.*, Komnsposa A.A.%,
Toncmukoea T.I"12, [lpazomaHoea C.3, PeliHuccoH W.%, Bonuo K.I1.12, CanaxymduHoe H.®.12

"HoBocubMpckuii MHCTUTYT opraHuyeckoi xumun um. H. H. Bopoxuosa CO PAH, Hoeocnbupck, Poccus
2HoBoCuBUPCKMIA rocyaapCTBeHHbIN yHuBepcuTeT, HoBocnbupck, Poccus
SUMHCTUTYT Helpobuonorum Bonrapckoii akagemuun Hayk, Codus, Bonrapus
4lLkona dapmaummn n GuomHxeHepun Kunbckoro yHueepcuteTa, Ctaddopawmp, Bennkobputanus
3asepyoLmin nabopaTopum HanpaeneHblX TpaHcdopMaLM NPUPOAHbBIX COEAUHEHUI, C.H.C., K.X.H.
suslov@nioch.nsc.ru

B HacTosiiee BpeMsi OgHOM W3 cTpaTerMm B MEOULMHCKOM XUMUKW AN CO3O0aHUSA HOBbIX
NEKApPCTBEHHbIX areHToB SABNSAETCS  TpaHcdopmauuss OMONOrMyecknm akTUBHBLIX  MPUPOAOHBLIX
MeTabonMTOB, HanpuMep, MOHOTEPMNEHOMAOB — BTOPUYHLIX MeTabonutoB pacTteHuin. Ewe ogHum
HanpaBrieHneM SBNSIETCA MOSlyYeHME MNPOU3BOAHbLIX COAEpXKallMX W3BECTHble (hapMakodopHbIe
rpynnbl, B KA4eCTBE KOTOPON MOXET BbICTynaTb ajaMaHTaH unu ero aHanorn. B Hawen pabote mbl
obbeanHUnM 3T ABa Noaxoaa B CMHTE3e HOBbIX OMONOrMYeckn akTUBHbIX COEANHEHWUN.

B pesynbTate npoBefeHHbIX UCCnegoBaHUA HaMM CUHTE3NPOBAHbl BUBIMOTEKN NPOU3BOOHBLIX

ajamaHTaHa M [duMasaajamaHTaHa cogepxawue dparMeHTbl MOHOTEPNEHOMAOB (auMKNNYECKuX,
MOHOLMKINYECKMX, 6I/ILI,VIKJ'IVI‘-IeCKVIX ) [1-5].

‘ Terpene:
' O i
' Terpene Terpene i
RN 5

Terpene

___________________________________________________________________________

nap.
- !
N i
H HCl HCI N ;
N N— @& :

____________________________________________________________________________________________________

Puc. 1. buonornyeckn akTMBHbIE€ KOHbOraThl agaMmaHTaHa u MOHOTepneHonagoB

MonyyeHHble coeauHeHWs OblNM NPOTECTUPOBaHbI Ha pasnuyHble Buabl Guonorumveckoun
aKTMBHOCTM, BKMOYas MPOTUBOBUPYCHYKO (rpunn, reprnec, OPTOMOKCBUPYCbI), aHTUMUKPOOHY!IO,
uHrnbuposaHve cdepmeHT penapauun OHK Ttuposun-AHK-dochoguactepasbl 1 yenoseka (Tdp1), a
Takke aHanbreTnyeckyto n LUHC aktmBHocTu. NpakTuyeckn BO Bcex criydasix Hamm 6binv o6HapyXeHbl
coeVHeHWs, NPOSIBUBLUNE 3HAYMTENbHYI0 BMONOrMYeckyto akTMBHOCTb. B yacTHocTu, coeanHeHus 1-4,
cofepalime B CBOEWN CTPYKType LMKNOOYTaHOBbLIM (oparMeHT, nokasanu BbICOKMA 0b6e3bonuearoLmmn
acpdekt (coeamHenuss 1), BoccTaHaBNMBANM KOTHUTUMBHbIE (OYHKUMM Y MOAOMNbBITHBIX >XKUBOT B
CKOoMonaMuH wuHayuMpyemMom wmogenun 6onesHn Anburenmepa (amuHbl 2 u  3), NposiBUIU
aKTOMPOTEKTOPHYIO0 aKTUBHOCTb (YeTBEPTUYHAA aMMOHUNHAs conb 4).

JlntepaTtypa
[1] Munkuev A.A., Dyrkheeva N.S., et al. Molecules 2022, 27(11), 3374
[2] Dragomanova S., Lazarova M., et al. Molecules 2022, 27(17), 5456
[3] Cycrnos E.B., Bonuo K.IM., u gp. MarteHT 2 760 459, Bron. Ne 333, onybnukoBaHo: 25.11.2021
[4] Munkuev A.A., Mozhaitsev E.S., et al. Molecules 2021, 26(11), 3128
[5] Cycnos E.B., NoHomapes K.1O., Bornyo K.IN., CanaxytanHos H.®. Buoopr. Xum. 2021, 47(6), 659-682
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MEPEKMOYAEMOE B3AVMOOENCTBUE 3-ANKUHWUAMMPOHOB C CH-AKTUBHbLIMU
COEOVNHEHNAMMW

®eduH B.B.1, Ycaues C.A.1, O6bi0eHHo8 []. /1.1, CocHoscKkux B.5.1

"Ypanbckuin peaepanbHbivi yHuBepcuTeT uM. b.H. EnbunHa, ExkatepuHbypr, Poccus
AcnupaHT
vladislavfedinchem@gmail.com

XMW anknHOB aKTUBHO MPUMEHSETCH B KOHCTPYMPOBAHWUM Pa3fiNYHbIX FeTEPOLMKITMYECKUX
coeguHeHnn. ManonsyyeHHble anknHUIbHbIE NPON3BOAHbLIE MUPOHOB MOrYT ObITb NPEeAnoXeHbl Kak
yHMBepCanbHble BUNOUHr-610KkM ANs CMHTe3a pa3Hoobpa3sHbIX CTPYKTYP, MOCKOMbKY MOMMMO Hanu4yus
(PYHKLMOHANM3MpyemMon TPOWHOW CBA3W OHWM MMEKT MNUPOHOBOE KOMbLO, HECyllee HEeCKOMbKO
3NeKTpOPUNbHbIX LEeHTpoB. PaHee Obino nokasaHo [1], 4TO Ha OCHOBE anKUHWIbHbBIX MPOU3BOAHbIX
KOMEeBOW KUCMOTbl W MamnbTofa MOXHO MOMyyYnTb LUMPOKUA psin  BUONormyeckn akTMBHbIX
©eH3odypaHoB.

Mbl BnepBble CUHTE3UPOBanu ankMHUAMMPOH 2 N3 COOTBETCTBYHOLEro 6pomnponssogHoro 1 no
peakunn CoHorawwupbl. [lpeanoxeHHas cxema MNOoMNyYeHUs ankMHUINMUPOHOB MO3BONSAET LUMPOKO
BapbMpoBaTb 3aMeCTUTENN NPOAYKTa peakumnn n orpaHnyeHa TonbKO AOCTYMHOCTbI0 COOTBETCTBYOLLUX
OpomnpounsBogHbix. Hamu  HamgeHo, 4TO  TpaHcdopmaums  adupa  3-(PeHunaTUHWUN)-6-
deHMnKomMaHoBo KucrnoTtbl 2 n  1,3-0MKapOOHMMbHBIX COEAMHEHUA OTKpbIBAeT [OCTyM Kak K
3ameLLéHHbIM OeH3odypaHam, Tak M Kk ¢rnaBoHam (Cxema 1). Bsaumopgencrteue admpa 2 ¢
AnkapboHMnbHbIM coeauHeHeM C kapboHaToM Kanus B OTCYTCTBME pacTBOpUTENsd MNpuMBOAUT C
xopowumu Bbixogamun (38-92%) k 3amewéHHbIM ¢drasoHam 3. C Apyron CTOPOHbI, B NPUCYTCTBUM
kucnot Jlbtouca n kapboHaTa kanus B TT® npu HarpeBaHun obpasytoTcs 6eH3odypaHbl 4 ¢ BbIxogamu
35-85%. Takum obpa3om, HaMun NPeANoXKeH HOBbIN MOAX0A NPSIMOrO CMHTE3a (hIaBOHOB Y KYMapOHOB
0e3 JonoNHUTENbHbLIX MaHWUNYNAUWA C 3alWMTHBIMK TpynnamMu, ¢ NErKMM BblOENEeHNEM MNPOAYKTOB
peakuum 1 LMPOKUMW rpaHULaMN MPUMEHMMOCTM, BKIOYaLWMMKN pa3HoobpasHbie AMKapOOoHWIbHbIE
coeguHeHus.

Cul, [Pd(PPh3)ICl,
NEt; THF

R1 = Me, R2 = Me 83%
R1 = Me, R2 = tret-Bu 92%

R; = Me, R, = OEt 85%
Ry = CF3 R, = OEt 56% R; = Me, R, = OEt 76%
Ry = CF5 Ro= Ph 35% R; = Me, Ry= OMe 75%

Ry = OH, R, = OEt 38%

Cxewma 1. lNonyyeHne 6eH30¢ypaHOB 1 PNIABOHOB U3 ankKUHWUITLHOIO MPOU3BOLHOIO 6-
¢EeHMNKOMaHOBOW KMCMOThI.

JlntepaTtypa
[1]1 Zhang, L., [et al.] Angew. Chem. Int. Ed. 2020, 59(12), 4670-4677
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MONMMHOBLIE MPON3BOAHBLIE MPOTOHHOW N'YBKU
Qunamosa E.A., Lsibynun C.B., 'yneeckas A.B., lNoxapckuti A.®., Cmonsk [.1O.

KOXHbI dhegepanbHbIN yHUBEpPCUTET, . PocToB-Ha-[oHy, Poccus
[JOLIEHT, K.X.H.

fea@sfedu.ru

Co3paHne 3NeKTPOHHbIX M ONTO3MNEKTPOHHbLIX YCTPOWCTB, B KOTOPbIX aKTUBHLIM 311IEMEHTOM
CnyaT TI-CONPsKEHHbIE OpraHMyeckue MOrnekynbl — OAHO M3 MarucTpanbHbIX HanpaBreHuin
COBPEMEHHOW Hayku, nexalwlem Ha CTblke XuMun, GU3nKkM u MartepuanoBefeHus. Bbicokyto
NepcneKkTMBHOCTb B 3TOM MNNiaHe nokKa3anu ofiuromepsbl, COCTOSILLME U3 YePEeaYOLLMXCS apoOMaTUYECKMX
anoep n C=C cBsagen [1]. B poknage npeacraBneH CUMHTE3 MOMMMHOBBLIX NPOU3BOAHbLIX 1,8-
ovc(ammeTnammnHo)HadpTanmHa (NpoToHHOW ry6ku, PS) — onuro(apuneHstuHuneHos) 1-5 n 1,4-
ounapun-1,3-6ytaguuHoB 6-8, cogepxawux oT 2 go 4 dparmeHtoB PS, a Takke nnaTtMHOBOro
KOoMMnekca 9, B KOTOPOM ABYMS U3 NUraHAOB cryXat octatku 2-aTuHun-PS (cxema 1) [2, 3].

MezN NMez MezN NMe2 MezN NM62 MezN NM62

Proton Sponge

PS PS-2-yl PS-4-yl PS-2,7-diyl
(PS-2-yl) R R (PS-2-yl) (PS-4-yl) (PS-4-yl)
AN =
OO n=0-2

(PS-2-yl)—= N\ /T Ps2 (PS-4-yl)—= \\/://\ = (PS-4-yl)

4 5
(PS-2-y)—=—=—(PS-2yl) Ar—=—=—(PS-2,7-diyl)—==—==—(PS-2,7-y))—=—Ar
6
e L Ar = PS-2-yl, PS-4-yl, Ph, 4-NO,-CgHy, 4-CN-CgHy, etc.
7 PPh; C
(PS-2-y)—=—Pt—=—(PS-2yl) 9
PPh,

Cxema 1. Onvromepbl Ha OCHOBE NPOTOHHON yOKK

Monekynbl, umetoime nogobHo 1-9 cpasdy HECKONbKO CyNepPOCHOBHbIX LIEHTPOB, NPAKTUYECKN He
u3BecTHol. B cBA3M C 9TMM, ObiNMM K3y4eHbl MPOLECCHl MPOTOHVMPOBAHUA-AENPOTOHNPOBAHMWS
onuromepoB 1-9. [pogeMoHCTpMpoBaHa BO3MOXHOCTb HACTPOWKN MX CBOWCTB MYyTEM NPOTOHUPOBaHUSA
dparmeHTOoB PS. PeHTreHOCTPYKTYpHble, CnekTpanbHble W 3MeKTPOXMMUYECKNEe WCCrefoBaHus
BbISIBUMM OOfblUMe pasnuuMs Mexay OnuromepamMu U KX MPOTOHHbIMM consMu. B yacTHocTw,
MOMHOCTbIO NPOTOHMPOBAHHbLIE ONUIOMEpPbl, B OTAMYME OT WMCXOAHbIX OCHOBAHWN, UMEIOT XKECTKYHo
CTEepPXHEOBpasHyo CTPYKTYPY M NPOSBASIOT OryOpPEeCLEHTHY0 aKTUBHOCTb.

INutepaTypa
[1] O'Driscoll L.J., Bryce M.R. Nanoscale 2021,13, 10668-10711
[2] Filatova E.A., Pozharskii A.F., Gulevskaya A.V., Ozeryanskii V.A., Tsybulin S.V., Filarowski A. Eur.
J. Org. Chem. 2019, 42, 7128-7141
[3] Filatova E.A., Tsybulin S.V., Rybin D.A., Ozeryanskii V.A., Gulevskaya A.V., Pozharskii
A.F., Borodkin G.S. New. J. Chem. 2022, 46, 1829-1838
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AHHEJIMPOBAHUNE 4-AMUHO-4H-TPUA30J1-3-TUOJIOB N 1-AMWHO-1H-TETPA3OJ1-5-TUOJIA
AKTMBNPOBAHHBLIMW ALIETUNEHAMW

XpamyuxuH A.B.1, CkpbinbHukosa M.A.12, Ocmpoeckuti B.A.12

'"CaHkT-lNeTepbyprckuii rocyAapCTBEHHbI TEXHONOMMYECKUIA UHCTUTYT (TEXHUYECKUN YHUBEPCUTET),
CankTt-leTepbypr, Poccus
2CaHkT-MeTepbyprckuin PeaepanbHblil MCCnegoBaTeNbCKUA LEHTP Poccuiickon akagemum Hayk,
CankT-leTepbypr, Poccus
[OLIEHT, K.X.H.
xram62@mail.ru

AHHENNPOBAHHbIE «TMOPUOHBIEY» rETEPOLMKITMYECKNE CUCTEMBI, B COCTaB KOTOPbIX BKIHOYEHbI a30T- U1
cepocofepxalime UMKNbl, NPEACTaBMsAlT MNPaKTUYECKUA WHTEpecC Kak OMOoNorMdyeckn akTUBHbIE
BewecTBa [1, 2]. Hamu npegnoxeHsl NpyHLMNManbHO HOBbIE METOAbI HAaNpaBfieHHOro CMHTEe3a psaa
TPYAHOAOCTYMHbIX COEQUHEHMWI C UCNONb30BaHMeM 3-eHMNNpon-2-nHans n xsop3aTuHundocgoHaToB
KaK KIM4eBbIX aHHENVPYIOLNX peareHTos.

NH
S N
MoX
NN-N NH,
BOR oI .
NH, OR' \j( X
s—N, s
X 0
/P/O
0™ o \‘a\ /
NH SH
H,N.
| N-x : 2 I}l/\<N b

\ -N_ .
Ph™ g \N’\N NN eN
N
\N/X\\N /N‘N/X\\
G Ph
a OR’ b X
CI% g ' é O
Y OR Ph

I'Ipe,u,no>|<eHHb|e cTpaTtermm aHHenmpoBaHuUA MNokKa3alnn CBOK 3(*)(*)eI(TI/IBHOCTb N NepcnekTMBHOCTb
MCNONb30BaHUs B CUHTE3€ NOA0OHbIX COeaMHEHMUSIX.

INutepaTypa
[1] Opsomer, T.; Dehaen, W. CHEC 2022, 5, 78-121.
[2] Ostrovskii V. A., Popova E. A., Trifonov R. E. Tetrazoles. In: Comprehensive Heterocyclic Chemistry
IV, Elsevier, 2022, 6,182-232.
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30M10TO-KATAJIIM3NPYEMAA PEAKLINA MEPEHOCA KNCJTOPOA K ANIKMHUICYNb®OHAM:
HOBbIV CNOCOB CUHTES3A 4-CYJIb®OHW/-1,3-OKCA30/10B

YukyHosa E.N', [ly6osuyes A.FO.

CaHkT-leTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lNeTepbypr, Poccus
AcnupaHT
helenchik0709@gmail.com

3onoTto-katanuaMpyemble  peakuum nepeHoca kucrnopoga (O-TpaHcdepa) npuobpenu
nonynspHocTb B TedeHwe nocrnegHux 10-Tm net Gnarogaps csBoeMy Oo0mnblIOMYy NOTEHuuany B
opraHuyeckom cuHTese[1]. a-OkcokapbeHbl, obpasytoLmecs B pesynbTate AaHHbIX NPOLIECCOB, BbICOKO
PEeaKkuMOHHOCMNOCOOHbI U MOFyT BCTynaTb B peakuun, MNpUMBOASLUME K COEAVHEHWUSM BbICOKON
MONEKYNSPHOM CIIOXHOCTU[2].

1,3-Okcasonbl ABNSATCA BaXKHbIMW OpraHNYeCcKMMM COeaNHEHNSIMM, 0OnaaatoLLMMM NONE3HbIMM
CBOMCTBaMM C TOYKM 3PEHUSA OpraHMyeckon Xxumun[3], a Takke Haykm o maTepuanax[4]. B yactHocTy,
1,3-oKkcasonbl, Hecylwme CynbOHWMBHYIO Trpynny B  4-nonoxeHun, obnagawT  BbICOKUM
hapmakonornyeckum noTteHumanom[5]. Tem He MeHee, Ha OaHHbIN MOMEHT METOAbl MX CUHTE3a
orpaHu4eHbI[6].

B maHHom paboTte mbl coobwaem o0 HOBOM cnocobe cuHTesa 4-cynbdoHun-1,3-0kca3onoB Ha
OCHOBe 30r0To-KaTanmaupyemon peakuun O-TpaHcdepa K ankuHuncynbgoHam. B kayvectBe O-
TpaHcepHbIX peareHToB UCMONb3yloTcs AOCTynHble nupuanH N-okcuapl, B ponm C=N CWMHTOHOB —
HUTPUNBI[7].

)
(ON]
0 N c i O\\//O SS—R?
. o, e IPrAuNTf, 5 Mon % R1ﬂj(S\R2 R3-=N N
R N~ ~Cl K.T. uin 60°C e \ R
I [Au] 3
@) R°> O
© 35 npumepos
14-95%

Cxewma 1. MNonyyeHune 4-cynboHun-1,3-0Kca3onos.

JIlntepaTtypa
[1]1 Zheng Z., Ma X., Cheng X., Zhao K., Gutman K, Li T., Zhang L. Chem. Rev. 2021, 121, 8979-9038
[2] Zhang L. Acc. Chem. Res. 2014, 47, 877—-888
[3] Bohac T.J., Shapiro J.A., Wencewicz T.A. ACS Infect. Dis. 2017, 3, 802-806
[4] Dias G.G., Pinho P.V.B., Duarte H.A., Resende J.M., Rosa A.B.B., Correa J.R., Neto B.A.D., Silva
Junior E.N. RSC Adv. 2016, 6, 76056—-76063
[5] Wu A., Sun J. Synlett. 2019, 30, 515-518
[6] Shao P.-L., Liao J.-Y., Ho Y.A., Zhao Y. Angew. Chem. Int. Ed. 2014, 53, 5435-5439
[7] Chikunova E.I., Dar’'in D.V., Kukushkin V.Yu., Dubovtsev A.Yu. Adv. Synth. Catal. 2022, 364, 3697—
3707.
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POONN-KATANN3NPYEMASA C-H OYHKLMOHANN3ALNA/N-AHHENPOBAHUE
A3ATETEPOLIMKNOB Mo OEMCTBUNEM ANIKNHOB:
HA TYTU K CUHTETUYECKUM AHATIOIT'AM KPUCTIVHA B

WabanuH A.A.

UpkyTckmMn MHCTUTYT Xxumun nm. A. E. ®asopckoro CO PAH, UNpkyTck, Poccus
C.H.C., K.X.H.
shabalin.chemistry@gmail.com

MpupogHbIn ankanouns KpucnuH B, cogepxalumii B CBOe CTPYKType 3apsKeHHbIn nuppono[2,1-
aJM30XMHONUHUEBLIN parMeHT, obrnagaeT LUIMPOKMM cnekTpoMm Guonormyeckon aktmBHoctu [1,2].
Hackonbko Ham M3BECTHO, B nMTepaType OnuWcaH Nub OAWH MPUMEP MOMYYEHUS CUHTETUYECKUX
aHanoroB kpucnuHa B nytem  Hukenb-kaTanuaupyemon  UMKNu3auum  ankMHoB c  2-(o-
©pomapwun)nupponuHamu, Nony4YeHHbIMU, B CBOIO ovepefp, neperpynnmpoBKoOn
"odMaHa/paclumpeHmeM KonbLa 3K30TUYeCKMX LUuknobyTaHkapbokcammaoe [3]. Takum o6pasom, Monck
HOBbIX 3((EKTUBHBIX METOAOB CMHTE3a aHasoroB KpucnuHa B siBnAeTca akTyanbHOW 3agjaden ans
XMUMWKOB-OPraHuKOB.

B npogomxeHune Hawwmx cuctemaTnyeckmx MCCrneaoBaHum No CUHTESY U U3YYEHUIO peakUMOHHOM
CMOCOBHOCTM YHMKANbHbIX a3areTepoLUKIOB, Mbl NPEANONIOXUN, YTO LUMPOKUN PAd CUHTETUYECKMX
aHanoroB kpucnvHa B moxeT ObITb monyyeH kak pesynbTaT TaHOAEMHOW poAvr-KaTanuavpyemon
peakumn C-H dyHkunoHanmsaumm/N-aHHENMpoBaHNsS C y4acTUeM arnkuHOB W pasfu4HbIX 2-
apunsaMeLleHHbIX asaretepouunkrnoB (1-nupponuHos, 2H- n 3H-nupponos). B HacToawem goknage
obcyxaalTcs BO3MOXHOCTUM WM OrpaHWYEHUs NPEANIoKEHHOr0 CUHTETMYECKOro noaxoda K paHee
HEen3BeCTHbIM NMPPONOo[2,1-a]u30XNHONUHNEBBIM COoMnaM [4].

r ()
AgX SN+
- + | X
N S -
R R
P-0 Q@ B “ry¥.
Cl
=
1-nupponuHbl 2H-nupponsl  3H-nupponel  MeO
KpucnuH B

INutepaTypa
[11Zhang Q., Tu G., Zhao Y., Cheng T. Tetrahedron 2002, 58, 6795-6798
[2] Xie W. D., Li P. L., Jia Z. J. Pharmazie Int. J. Pharm. Sci. 2005, 60, 233-236
[3] Huang H., Yang Q., Zhang Q., Wu J., Liu Y., Song C., Chang J. Adv. Synth. Catal. 2016,
358,1130-1135
[4] Shabalin D. A., Kazak M. K., Ushakov I. A., Vashchenko A. V., Schmidt E. Yu. J. Org. Chem. 2022,
87, 6860-6869
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SOTOKATANMNTUYECKNE PEAKUU MEXXKMOJEKYNAPHOIO TUOJ-UH-EH COYETAHUA
Linanakos H.C., Kobenee A.[].1?, bypbikuHa FO.B. 1, Kocmiokosuy A.FO. 1, AHaHukoe B.I1.1

"MHcTutyT opraHmdeckon xummm um. H.[1. 3enmHckoro PAH, Mockea, Poccus
2MocCKOBCKMI rocyfapcTBeHHbIN yHuBepcuteT um, M.B. JlomoHocoBa, Mockea, Poccus
AcnupaHT

nish@ioc.ac.ru

B nocnegHee pgecatuneTtne obnacte oTokaTanusa OypHO pa3BMBaETCA B CBSA3U C OTKPbITUEM
BO3MOXHOCTU MPUMEHEHUSI 3TOr0 MHCTPYMEHTa B OPraHNM4eckoMm cuHTese. Mcnonb3oBaHue aHeprum
cBeTa Mo3BONSET MPOBOAWTbL YK€ U3BECTHble peakuuy B CyLIeCTBEHHO Bonee MArkux ycroBusx, a
TaKkkKe OTKpbIBaTb HOBbIE HEAOCTYNHbIE paHee npeBpalleHns. OQHO 13 NepCneKkTUBHbIX HaNpaBneHUn
nccrnegoBaHUn HOBbIX (DOTOKATaANUTUYECKMX PeaKLMN — 3TO MYSIbTUKOMIMOHEHTHbIE peakuun.

B wHawen nabGopatopum paHee ObINO OOHapyxeHO, 4YTO NpoBedeHWe  peakuun
rMOpOTUONNPOBAHUSA aNkMHOB B MSATKMX (DOTOKATaNMTUYECKMX YCIIOBUSX NPUBOOWUT K cTabunusauuu
BVHUNBHOIO WMHTepMeaMata R1 M BO3MOXHOCTM BbIBECTM Ha NEPBLIA MilaH Heu3ydYeHHble paHee
paguvkanbHO-MOHHbIe  npoueccbl. C  ogHOWM  CTOPOHbI, ObINO  OBOHapyxeHo obpalleHue
PEernocenekTMBHOCTU  FMAPOTUONMPOBAHNSA ankMHOB B MNOMb3y MPUCOEOUHEHUS MO  npasuny
MapkoBHMKOBA, YTO HE XapaKTepHO AN pagukanbHbix npoueccos [1]. C Apyro CTOPOHbI, yoanoch
nogobpaTtb YCrnoBus peakuuu, B KOTOPbIX CTano BO3MOXHbIM NPOBEAEHUE MEXMOMEKYNAPHOro TUof-
WH-eH CoYeTaHusi, TPoaYKTbl KOTOPOro ABNSATCA YAOOHbLIMI NPEKypcopamm Nonn3aMeLLEHHbIX AMEHOB
[2]. OanbHevwee pa3suTME 3TOW TeMbl MO3BOMAMAO HaM pacWMpUTb BO3MOXHOCTM AaHHOW
doToKaTanMTNYEeCKON MHOTOKOMMOHEHTHOW peakumm Ha bornbluee pasHoobpa3sne cybcTpaTos.

S ‘BUOK (1.05 3kB.) _ Phse X PhSG SPh
rnosHoe PhS -~
\)\R
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R1 ‘
R R / R
F>hs\yk/\R1 Phs\yk/QR1 \ PhS = j\Ph

R‘l
A2 R2 R
CuUHMe3 npeKypcopoe OUEHOE8 Mo peaKyuu MeXMOIEKYISPHO20 MUOJI-UH-eH coYemaHusi
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——Ar+ —< > PhS -~ _—
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Cxema 1. MexaHn3am poToKaTanmMTU4YECKOro TMON-NH-EH COYETaHUS 1 ObLLME CXEMbI peakuui.

Bce mexaHn3Mbl onmcaHHbIX OTOKaTaNMTUYECKMX NPOLIECCOB NOAPOOHO N3y4eHbl KOMMIIEKCOM
PUINKO-XMMUYECKNX METOLOB, B TOM YNCIIE€ U MHHOBALMOHHLIMW MeTogamm on-line MC-moHuTOpUHra.
Takke MexaHU3Mbl peakunin paccMmaTpmBanmnchb Npy NOMOLLM KBAHTOBO-MeXaHUYEeCKNX METOO0B.

INutepaTypa
[1] Shlapakov N., Burykina J., Gordeev E., Kénig B., Ananikov V., Chem. Sci., 2020, 37, 10061-10070
[2] Burykina J., Kobelev A., Shlapakov N., Kostyukovich A., Fakhrutdinov A., Kénig B., Ananikov V.,
Angew. Chem. Int. Ed., 2022, 61, €202116888
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PEAKLMS OBOMHOIO METUIEHOBOIO MEPEHOCA K AKTUBUPOBAHHbLIM ANTbOEMVOAM U
ANIKEHAM: CMHTES BEH3UN3AMELLEHHBIX OKCMPAHOB W LIMKNOIMNPOITAHOB

Lllopoxos B.B.', Hukonaesa A.A.%, )Koxoe C.C.%, Tpywkoe UN.B.2, UeaHosa O.A.1

"MockoBckuiA rocyaapCTBeHHbI yHuBepcuTeT M. M.B. NlomoHocoBa, Mocksa, Poccus
2MHCTUTYT opraHundeckon xumum um. H.[1. 3enmHckoro PAH, Mocksa, Poccus
AcnupaHT
vitas.sh@yandex.ru

Peakuns Kopu-Yarikosckoro 6onee 60 net ncnonb3yeTcs B Hayke W MPOMbILLNIEHHOCTM Kak
3 heKTNBHBIN cNocob MNONMyYeHMs TPEXUIEHHbIX LMKIOB (OKCMPaHOB, a3upuanHoB, LIMKIONPONaHoB) B
pesynbTate nepeHoca METUIEHOBOW rpynnbl OT unuaa cynbOKCOHUS UK CyNbdOHUSA K anbaerngy
(keTOHY), UMUHY K anekTpodunbHOMYy ankeHy [1,2]. Mpu Mcnonb3oBaHUKM ankeHoB, COAEpXalluMX B
BULMHaNbHbIX nonoxeHnsx C=C cBA3M AOHOPHbIE U aKLEeNTOpHbIE 3aMeCcTUTENN, peakuns no3sonseT
nonyyaTbe OOHOPHO-akuenTopHble (JA) uuknonponaHbl — CUHTETUYECKME 3KBMBaneHTol 1,3-gunonen,
cnyxawue 3acpdPeKTUBHBIMU CTPOUTENBbHBIMU BIOKaMu B CUHTE3€e Kapbo- U reTepOLMKIIOB.

Ham ypmanocb pacwmpuTb BO3MOXHOCTU MCMONb3oBaHua unugoB Kopu gna  nonyyveHus
TPEeX4rieHHbIX LMKIOB, pa3paboTaB peakumto 080UHO020 Memu/IeHo8020 NepeHoca K akTMBMPOBAHHbLIM
anbgerngam u ankeHam ¢ obpasoBaHneM GEeH3MNOoKCUpaHoB 2 1 (reTepo)apUrMEeTUNLMKITONPONaHoB
4,8. MNocnegHve ABNSATCS NPaKTUYECKU HEU3YyYeHHbIM nogknaccom A LMKNonponaHoB, CNOCOOHbIM
NposiBNSATb HEODObIYHYK pPeakUMOHHY0 CnocobHOCTb. B cBol ouyepenb, GeH3MMOKCMpaHbl HaxoasT
npUMEHeHNe B CUHTE3e OMONOrMyeckn akTMBHbIX BewecTB [3] M CamMOBOCCTaHaBMMBAKOLLMXCS
NonMMepHbIX MaTtepuanos [4].

WccnepoBanne wmexaHusaMa 080UHO20 MemusieHo8020 MepeHoca C  UCMONb30BaHUEM
AeNTeprneBOn METKN, a TaKKe C MOMOLLLbIO KBAHTOBO-XMMUYECKNX PAcHETOB BbISIBUO KITHO4EBOW DaKTop
B peanusauuu npouecca: BO3MOXHOCTb [JAENPOTOHMPOBAHMS apoOMaTUYecKOro 3amecTuTens wu
CNOCOBHOCTE Obpasyloleroca npu 3TOM aHWOHa CTabunuanpoBaTb Mapa-XUHOWOHYIO CTPYKTYPY B
WHTEpMeZmnaTax u nepexodHblx COCTOSIHUSX. B NpoTMBHOM criyyae peakumsi NpuBoAnNT kK o6pa3oBaHuio
HecTabunbHbIX aHUOHOB apWILMKIIONPONaHOB, HEKOTOPbIE M3 KOTOpPbIX (5,6) MOryT ObiTh BblAEMNEHbI
nocre NoAKNCNEHNs U CNY>XMTb NOTEHUManbHbIMK cybcTpataMmmn 4ns aHMOH-aKTUBUPOBAHHbIX peakLmii
OA umnknonponaHos.

CUHTe3 6eH3MJ10KCV|paHOB CUHTe3 GEHSMHHMKHOHPOHBHOB

2.2 ak8. Me3SOI EW E

I 3 2 akB. NaH EWG '

@ MCO,20°C, 24 24 i

HO :

1) 1.0 ake. NaH

R"  OMCO, 40 °C, 10 mun R’ EWG. EWG
o 2) 2.3 akB. Me3SI R o
3) 2.5 akB. t-BuOK o
HO OMCO, 40 °C, 30 MuH  HO' EWG = CO,Me,
R'=H, Me CN, PO(OMe),
3 4

12 npumepos, BbIXoA 40 93% 14 npumepoB, BbIXoa A0 73%

cuHTe3 [1A uMKNonponaHoB C aHMOHHOM aKTUBMPYIOLEW rpynnown CUHTE3 (MHAON-3-UN)MeTUNUNKNONPonaHoB

7 ;
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OMOA Q IMCOTro=21 N R .

-20°C, 2y -15°C-0°C N :

HX HX N 25y H E
& R=H, Me ;
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Cxema 1. CuHTe3 6eH3nNoKCMpaHoB 1 (reTepo)apunmeTULMKIonponaHos.

JlntepaTtypa
[1] Beutner, G. L.; George, D. T. Org. Process Res. Dev. 2023, 27, 10—41
[2] Corey, E. J.; Chaykovsky, M. J. Am. Chem. Soc. 1965, 87, 1353-1364
[3] Modjinou, T.; Versace, D.; Abbad-Andaloussi, S.; Langlois, V.; Renard E. Mater. Today. Commun.
2017, 12, 19-28
[4] Liang, J.; Shin, S.; Lee, S.; Lee, D. Polymers 2020, 12, 1011-1026
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MONYYEHWE W MCCNEQOBAHUE PEAKLIMOHHOW CMOCOBHOCTU AS-MOLAHOB
CTABUITM3NPOBAHHbIX N-TETEPOLIMKNAMW

AHmoHKuH H.C., BnaceHko FO.A., NocmHukos [1.C.

"HaumoHanbHbIl uccnegoBaTenbCckuin TOMCKUIA NONMTEXHUYECKUI yHUBepeuTeT, Tomck, Poccust
acnupaHT

nsal4@tpu.ru

A>-MoaaHbl, nponsBoaHble MATMBANEHTHOrO MOAa, SBNSIOTCS GONbLION FPynno COeauMHEHWIA
runepsaneHTHoro woga (CIrW), 3apekomengoBaBLuen cebst B ka4eCTBE SKONIOMMYHOW anbTepHaTUBbI
MeTanmn-cogepxalium peareHTam Ansi LWMPOKOM psiie BaXHbIX OKUCIMTENbHbIX npeBpaweHunn [1].
OcHoBHbIMK MpeumyllectBamn CI'U sgBNAOTCA HU3KaA TOKCUYHOCTb, MSTKME YCMOBWUSI NPOBEOEeHMs
peakuui 1 BbICOKasi CENEKTMBHOCTb OKUCINEHMUS B MPUCYTCTBUE Pa3NNYHbIX YHKUMOHAMNBHBIX Fpynm.

Crpaterus yny4dweHns Kak unsmyeckux, Tak u pusmko-xummyeckmx ceoncts CI' nocpeacteom
BTOPWYHBIX B3aMMOOENCTBUI SiBMsieTcst ycTosiBwencs B xumun CI'M. OTo nomorno B 3Ha4YnTENbHON
CTEeneHn ycoBepLUeHCTBOBaTb AS-mopaHbl npu nepexofde oT peareHToB Tuna ArlO2 k kucnopog-
KOOPAMHMPOBAHHBIM MPOM3BOAHBIM 3a CYEeT MNPeAoTBpaLLEeHMst MX CTPYKTYPHOW MOonMMepusalmu.
HecmoTps Ha 3HaYUTENbHbIE YCNEXW B JAHHOM HanpaBneHun n3secTtHole O-cBA3aHHble AS-MoaaHbl Bce
ewe obnagaloT psiAOM HeJOCTATKOB, K KOTOPbIM OTHOCUTCS Manas pacTBOPMMOCTb B GOMbLUMHCTBE
OpraHn4yeckux pacTBOpuTENEn M noTeHuManbHasa B3pblBOOMACHOCTb. B nuTepatype BcTpevanuch
oTaeneHble npuMepbl N-cBsi3aHHbIX AS-nogaHoB (Cxema 1, a), 0AHaKO MX peakunoHHasi CnocobHOCTb
6bina mano nsyyeHa. Coscem HegasHo rpynnou npod. Wengryniuk 661510 noka3aHo, 4To a3oTHble Buc-
NUPUMOMHOBLIE NWraHdbl MOryT OKasblBaTb CYLLECTBEHHOE BfWsiHWE Ha CcBoWcTBa AS-mopaHoB, B
YaCTHOCTW, MO3BOMSA MM OKUCIATb 3nekTpoHoaeduumnTHbE heHOrMbI, YTO SABMSNOCH CEPbe3HbIM
OrpaHu4eHneM Ans Knaccu4ecknx nponssBogHblX NaTMBaneHTHoro noga [2] (Cxema 1, b).

R

a)

o\\l o j
N o

Zhdankin, 2000 Zhdankin, 2002 Wengryniuk, 2021
Cxema 1. N3BecTHble N-KoopANHUPOBaHHbIe AS-noaaHbi.

[ns cuctemaTnyecKkoro u3y4yeHns CTonb CyLEeCTBEHHOrO BNNSHUSA a30TUCTbIX NMraHaoB Ha N-
KOOPAMHUPOBaHHbIE AS-1oaaHbl Mbl B3siNW 3@ OCHOBY MEPCMNEKTUBHBIN NOAX0S C UCMOMNb30BaHNEM (2-
nogodpeHnn)asonoB B kayecTBe CyOCTpPaToB, KOTOPbIA paHee Obin yCMewHo peanu3oBaH Hallewn
Hay4yHOWM rpynnow Ans nonydveHus N-koopaMHMPOBaHHbIX AS-mopaHoB [3].Takum obGpasom, B xoae
AaHHoW paboTbl 6bin pa3paboTaH MeToA NOMNyYeHUs LUKIUYECKMX 1 (MCeBAO )LMKNIMYecknx AS-nogaHos
cTabunuampoBaHHbIMM pas3nuyHbiMK N-reTepounknamv B opmo-nonoxeHnu k nogy (Cxema 2), a takke
n3yyeHa Mx peakumMoHHast CoCoBHOCTb.

-

H  [O]or[O], HX o

Seo LN or s \.—’N\
‘Het> \Het,

Cxema 2. Cxema nonyyeHusi N-ctabunmampoBaHHbIxX AS-nogaHoB.

INutepaTypa
[1]1 Zhdankin V.V. J. Org. Chem. 2011, 76, 1185-1197; Venkata Durga Nageswar Y., Ramesh K., Rakhi
K. Front. Chem. 2022,10, 841751.
[2] Xiao X., Roth J. M., Greenwood N. S., Velopolcek M. K., Aguirre J., Jalali M., Ariafard A., Wengryniuk
S. E. J. Org. Chem. 2021, 86, 6566—-6576.
[3] Vlasenko Y. A., Postnikov P. S., Trusova M. E., Shafir A., Zhdankin V. V., Yoshimura A., Yusubov
M. S. J. Org. Chem. 2018, 83, 12056—12070; Vlasenko Y. A., Kuczmera T. J., Antonkin N. S., Valiev R.
R., Postnikov P. S., Nachtsheim B. J. Adv. Synth. Cat. 2023, 365, 535-543.
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Rh(lll) - KATAIIMSNPYEMAA C-H ®YHKLUMNOHANN3ALUMA a-CFs-COOEPXALLMX
MPOM3BOAHBLIX OErMAPOMNPONINMHA ALLEETUITEHAMU
C NMONY4YEHMEM CMNNPOIMHOEH-1,2'-NMUPPONNANHOB]

by6Hosa A.C., Bopobreea [].B., Ocurnos C.H.

UHCTUTYT anemeHToOpraHnyeckmnx coeamHerni um. A.H. HecmeaHosa PAH, Mockea, Poccus
CryneHt
bubnova.axs@gmail.com

CnuvpoumknuyeckMe Kapkacbl NpeacTaBnsioT MHTepec B 00Mmactm MeAWUMHCKOW XUMUKM U
BCTPEYalTCA Kak Cpeau KaHOuOaTOB B feKapCTBEHHble CpeAcTBa, Tak U cpeau OAo0BpeHHbIX
npenapaToB. YBENMYEHME )XeCTKOCTU B pe3ynbTaTte CNMPOLMKIN3aLIMN MOXET BIMATb HA Taknue BaXkHbIe
dakTopbl, Kak 3EEKTMBHOCTbL M CENEKTMBHOCTb AEWCTBUSA OGuoaktmuBHOW Monekynbl [1]. Takke
u3BecTHo, u4To BHegpeHuve CFs-rpynnbl B CTPYKTypy OWOMNOrMYEcKn aKkTUBHBIX COEAMHEHUN
CMoCcOBCTBYET YMyYLEHN0 MX (PapMakoOKMHETUYECKMX MapaMeTpoB, YTO CBSI3AHO C YHWKaNbHbIMU
CBOWCTBaMU 3TOW rpynnbl — OOMblWIMM CTEpPUYECKMM OOBbEMOM, MAPOOOHOCTEI0 U BbICOKOW
anekTpooTpuuatensHocTbio [2]. OQHAKO CUHTE3 CMMPOLMKIIMYECKNX MOMEKYr, COAepXalimx aTtoMbl
dTOpa, Kak NpaBumno, SBNSETCA HEMPOCTOM 3afadyen, YTo AenaeT akTyarnbHbIM MOUCK 3h(PEKTUBHBIX
cTpaTernn nx nonyveHus.

B nocnegHve rogbl akTMBHO MCCNEOylTCs MpoLecChbl akTMBauun uHepTHbix C-H cBasen
pasnUYHbIX OPraHUYeCKUX COeAMHEHUI B YCNOBUAX METaNMOKOMMNIIEKCHOMO KaTanumaa. [laHHbl nogxon,
nossonseT 3@EKTUBHO MNoMyyaTb CTPYKTYPHO CIIOXHbIE MOJSIEKYIbl M3 OTHOCUTENBHO MPOCTbIX
NCXOOHbIX peareHTOB C BbICOKOW CENEKTUBHOCTLIO.

HacTtoswasa paboTa nocesileHa pa3paboTke yaoOHOro mMeTtofda CMHTE3a HOBbIX MPOU3BOOHbIX
cnupo[uHaeH-1,2’-nupponuaunHal, ocHoBaHHoro Ha Cp*Rh(lll)-katanuanpyemon peakumm C-H
yHKUMOHaNM3auun 2-TpudpTopmeTun-5-apuncogepxawmx OervMapornposivHOB € aueTuneHamu,
KoTopasi BMepBble OEMOHCTPUpPYeT CMoCOOHOCTbL AEervaponpoSyIMHOBOrO KoJbLa BbINOMHATE POfb
Hanpasnswowen rpynnsl (Cxema 1).

R1
| ‘ [Cp*RhCl5),
+ _—
Ag(ly/Cull)
RZ

Cxema 1. Rh(lll)-katanusnpyemasa C-H cdyHkumoHanusauua CFs-cogepxallmx npon3BoaHbIX
JernaponponvHa aueTuneHamu,

B pesynbTate NpoBe4EeHHOro MWccnedoBaHusi ObINM HaWAeHbl ONTMMAarbHble YCMOBUS U
KaTanuTuyeckMe cucTembl, obecneymBatrolme MakcumanbHble Bbixodbl — CFs-cogepalumx
CMUPOLIMKITNYECKNX MPOU3BOAHBIX NMPOSMHA.

JIlntepaTtypa
[1] Hiesinger K., Dar’in D. J. Med. Chem. 2021, 64, 1, 150-183
[2] Purser S., Moore P.R. Chem. Soc. Rev. 2008, 37, 320-330

PaboTta BbinonHeHa npu nogaepxke rpaHta PH® (Ne21-13-00328).
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KOHCTPYNPOBAHWE MATUYNEHHbBIX ASOTUCTbLIX TETEPOUMKINOB C NCTMONBb30OBAHNEM
KAPBMIA KAJTbLINA

Barnos H. P, Jledoeckasi M.C., BopoHuH B.B.

CaHkT-leTepbyprckun rocynapcTBeHHbIN yHuBepenTeT, CaHkT-INeTepbypr, Poccus
CtyoeHT
st075897 @student.spbu.ru

Kapbug kanbLmsa 9BnsieTcs yHuBepcanbHbIM peareHToOM 45151 OpraHN4eCcKoro cuHTe3a. ALeTuneH,
reHepupyemMblin peakumen kapbuaa kanbumsi ¢ BOOOW, MOXET ObITb MPUMEHEH ANS LUMPOKOro CrnekTpa
XUMMYecknx npeepaweHmn [1]. Ucnonb3oBaHne kapbuga Kanbuus Kak WCTOYHUKA aueTuneHa
MO3BONUIIO CUHTE3MPOBaTb psAd COEAVHEHWW: (PYHKUMOHANU3NPOBAHHbBIX ankeHOB, 3aMeLLEHHbIX
arnkvHOB, TPUA30s0B, NMMPa30sioB, MMPPOSIOB M OPYINX FETEPOLIMKITMYECKUX coeanHeHnn [1-3].

Hawwn wnccnemoBaHus BKYAKT CUHTE3 MATUYIIEHHBIX FETEPOLMKIIOB, TaKMX Kak NMpponsbl,
BUHUMMMPPOIbI U TPUAa30sbl Ha OCHoBE Kapbuaa kanbumsa (cxema 1). Tpuasonsl (coeguHeHnst 1) Bbinu
CVHTE3UpOBaHbI NPy MOMOLLM peakuum mexay KapovuaoM KanbLns 1 opraHMdeckummn asngamu (peakuus
A). Peakuns kapbvaa Kanbuus ¢ LMKNNYECKMU KETOKCMMamMu (peakums B) nossonuna cuHTesmpoBaTtb
PS4 NUPPOSIOB M BUHUNMMPPOSOB (COeauHeHns 2).

N .OH
D | } I\I| =\
2
A " R RIJ\/R HN N
N or N ; CaC2 o \\ orand \\
N’ ‘N~ D Hy0/D,0, 1,4-dioxane H,0, base, DMSO R\ R
R R Reaction A Reaction B e R
Compounds 1 Compounds 2

Cxema 1. CUHTE3 reTepoLMKNnYecknx coeanHeHnn Ha ocHoBe Kapbuaa KanbLus

INntepatypa
[1] Rodygin K.S., Ledovskaya M.S., Voronin V.V., Lotsman K.A., Ananikov V.P. Eur. J. Org. Chem.,
2021, 2021, 43-52.
[2] Voronin V. V., Ledovskaya M. S., Bogachenkov A. S., Rodygin K. S., Ananikov V. P. Molecules, 2018,
23, 2442.
[3] Ledovskaya, M.S.; Voronin, V.V.; Rodygin, K.S.; Ananikov, V.P. Synthesis, 2022, 54(04), 999.

Pa6Gota BbinonHeHa npu nogaepxke rpaHta PHO (23-23-00203).
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BMOOPTOIOHAJTbHbBIE KITMK-PEAKLIM LIMKNOATKMHA BTONTs: NU3YYEHWE BIMAHNA
NPNPOAbI ANKNHO®UITA HA CKOPOCTb KINK-PEAKLINA

lankuH E. C., BudsikuHa A. A., [laHunkuHa H. A.

CaHkT-leTepbyprckun rocynapcTBeHHbIN yHuBepenTeT, CaHkT-INeTepbypr, Poccus
CtyoeHT
galkin.egor2003@mail.ru

[ns cenekTMBHOrO CBSA3bIBAHUSA MOJSEKYST Kak BHE, TaK Y BHYTPU XMBbIX CUCTEM MPUMEHSETCH
Takon YHUKanbHbI CUHTETUYECKUA MHCTPYMEHT, Kak BGuoopToroHanbHble Knuk-peakuun. OgHuM u3
Hanbonee LIMPOKO UCMONb3yeMbIX TUMOB KNUK-peakuun gasnsetca SPAAC — uumknonpucoeguHeHune
HaMpPsPKEHHbIX LMKMMYECKUX anknHoB C asugamu, npoMoTupyemoe HanpsbkeHmem. OpHako, B
nocnegHee BpPEeMS WUCCMEAYyTCAa W gpyrme  Tunbl  AWNONEW: AMa3oCOoeOMHEHWUsl, HUTPOHBI,
HUTPUNOKCKAbI, @ TaKkkKe AneHbl — TeTpasuHbl, 1,2-xnHoHbI. [1] Ewe ogHMM nepcnekTuBHLIM NPUMEPOM
ankUHOMUNOB ABNAOTCA ME30OUOHHbIE CTPYKTYPbI, TaKUe Kak CUAHOHbI M UMUHOCUAHOHBI. [2]. UHTepec
K [OaHHbIM MOJieKynaM 3aKnyaeTcs B HOBOW KoHuenuuu OGuoopTtoroHanbHon xumum «Click and
release». XapakTepHbIM1U OCOBEHHOCTAMN LMKITONPUCOEONHEHMS C AaHHBIMW CyOCcTpaTaMmuy siIBNATCA
ObICTpas KMHEeTWKa KIuK-peakumm, a Takke BbiIcCBOOOXAeHNe 6e30nacHbIX NPOAYKTOB, YTO MOXET ObITb
MCMNOMb30BaHO AN CENEKTUBHON JOCTaBKM NEKapCTB.

PaHee B Hawewn nabopaTtopun 6bin paspaboTaH HOBLIM KIMK-peareHT, a3aumknoHoHnH BTONTS,
a Takke nNpoAeMoHcTpupoBaHa cnocobHocts BTONTs Bctynate B SPAAC ¢ 6eH3nn asngom (k = 0.004
M-1c). [3].

Llenb paHHon paboThl 3aknovanack B UccnegoBaHny peakLMOHHOW CNOCOBHOCTY LMKNoankmHa
BTONTS nNO OTHOLWIEHWIO K OPYrMMM  «anknHodunamm»: OMOOPTOroHasrbHbIM — OUNONSAM  —
ANa30CoeanHEHMAM U HUTPOHaM, a TaKkke K anasagueHy — 1,2,4,5-teTpasvHy B pa3HbIX pacTBOPUTENAX
(OMCO, OMCO/MeTtaHon 4:1). (Cxema 1).

P
o o Y
P Tol O
N. H Tol NMePh N”SN N
Bn” SN \H/ | OEt ‘ e 1l | 1 ‘B\ R
B A > N* >> N\fN N.o” ~NHRy
- N0 1l Il
SMe 7 steps // NTs L5 N N° Py J NTs
| 3a 3b 3c 3d 3e 3f R, =4-1-CHg
—
. \ 25°C, 24 h 25°C, 48 h 40°C, 24 h 40°C, 120 h ? \
1 S S
NHTs
1s BTONTs Triazoles, Pyrazoles
2 Isoxazolines,

Pyridazines

Cxema 1. CxemaTnyHbIn cuHTE3 BTONTS 1 unknonpmcoegmHeHme ¢ pasnmyHbIMU «ankuHoOMunammy.

BbIno ycTaHOBNEHO, YTO «ankMHOMUNbI», pearMpyloLlime ¢ ankMHamm no TUMy «HOpPMarbHOMW
nonspHoctu» (3a—d), obnagatoT cywecTBeHHO 60MbLUen peakUMOHHOW CNOCOBHOCTbLIO, MO CPaBHEHMUIO
C TeTpasvHOM 3e, BCTYMalLWMM C anknHamm n ankeHamum B peakuuto unsca-Anbaepa «obpalleHHon
nonapHoctn» (Cxema 1). Baaumopgeinctene BTINTS ¢ umMumHocuaHoHOM 3f B HacTOALMA MOMEHT
n3yyaercs.

INutepaTypa
[1] V. Rigolot, C. Biot, C. Lion, Angewandte Chemie International Edition 2021, 60, 23084—-23105.
[2] M. Riomet, E. Decuypere, K. Porte, S. Bernard, L. Plougastel, S. Kolodych, D. Audisio, F.
Taran, Chemistry - A European Journal 2018, 24, 8535-8541.
[3] N. A. Danilkina, A. I. Govdi, A. F. Khlebnikov, A. O. Tikhomirov, V. V. Sharoyko, A. A. Shtyrov,
M. N. Ryazantsev, S. Brase, |. A. Balova, J Am Chem Soc 2021, 143, 16519-16537.

PaboTa 6bina BbiNoMHEHa C UCMONb30BAaHNEM PECYPCHbIX LieHTpoB CI16IMY.
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CWHTE3 KOMIMNEKCHbIX COEOVUHEHW ALIETATA POOUA (1) C 2H-ASNPUHAMU
IpbuwuH A.B., ®ununnos WU.I1., Pocmosckuti H.B.

CaHkT-lNeTepbyprckun rocygapcTBeHHbIn yHuBepcutet, CaHkT-Ietepbypr, Poccus
CTyneHt
st106272@student.spbu.ru

KoopaouHaunoHHass xumua auetata pogums (ll) ©Gorata pasnUuHbIMU  KOMMNEKCHLIMU
COEAVHEHUAMM C  LUMPOKUM KPYroM O-AOHOPHbIX nuraHgos, Hanpumep, [Rhz(OAc)4(Py)2],
[Rh2(OAC)a(4,4’-bipy)z], [Rh2(OAc)s(NCCsHaNH2)2], [Rh2(OAC)a(N(C2H4)sCH)2] [1, 2]. CywecTtBoBaHne
TaKMX KOOPAWHALUMOHHbIX COEANHEHWI MO3BONUIIO HaM cAenarb NpeanonoXeHne o TOM, YTO B KayecTse
nMraHgoB MOXHO MCMOMb30BaTb W TakMe OpraHMyYeckue Monekynbl Kak 2H-a3vpuHbl — HanpsKEHHbIe
TPEXYNeHHble reTepouMKIMYeckne MOMeKynbl, KoTopble, Hapsgy auetatom pogms (ll), akTmeHO
NCMONb3ylTCA B UCCNeaoBaHWAX Hawen HayyHon rpynnbl [3]. CnegyeT OTMETUTb, YTO KOMMIEKCOB
Rh2(OAc)s ¢ 2H-a3upvHamu B nuTepaType Ha AaHHbI MOMEHT HEN3BECTHO.

B pamkax HacTosLero nccnegoBaHms Ham yoanocb CUHTE3NPOBATh KOMMIIEKCHbIE COEANHEHNS]
auetara poaus (II) ¢ pasnuuHbiMm 2H-a3nprHamu, cogepxalmmm 3aMecTuTenn BO BTOPOM U TPETLEM
NONoXeHnaX asMpuHoBoro uukna (cxema 1). Bo BTOpom MonoxeHun asvpuHa MOTYT HaxoguTbes
ankumbHble W apoMaTu4eckue 3amMecTUTenu, a Takke CIoxHoadupHaa rpynna. [lonyyeHHble
KoMmnnekcbl ObinM oxapakTepu3oBaHbl AaHHbIMKU cnekTpockonun AMP 'H u 3C, UK- n Y-
CMEKTPOCKOMMKU, Macc-CNeKTPOMETpUN n TepmorpasumeTpun. CTpoeHme nonyvyaemblx agnyKToB B
Kpuctannuyeckomn gase Obifo M3y4eHo C MOMOLLbI0 PEHTIEHOCTPYKTYPHOrO aHanuaa.

Ar< :RZ
N R
Ar~ :Rz '
N R I|?h o)
Rh,(OAc), »>—CH
CDClj rt Rh o>; 3
A 4

R N
R

2 Ar

Cxema 1. CuHTtes komnnekcoB Rhz2(OAc)4 ¢ 2H-a3vpuHamu 1 peHTreHoBCKas CTPYKTypa KOMMIiekca.

IlntepaTtypa
[1] Kitamura H., Ozawa T., Jitsukawa K., Masuda H., Aoyama Y., Einaga H. /norg. Chem. 2000, 39,
3294-3300.
[2] Jazwinski J. J. Mol. Struct. 2005, 750, 7-17.

[3] Khlebnikov A.F., Novikov M.S., Rostovskii N.V. Tetrahedron 2019, 75, 2555-2624.

Pabota 6bina BeinonHeHa npwu nogaepxke rpaHta PH® (Ne22-73-10184) ¢ ncnonb3oBaHuem
pecypcHbIX LeHTpoB CI10lY «MarHutHo-pe3oHaHCHble MeToAbl uccrnenoBaHusa», «Metoabl aHanusa
cocTaBea BelLecTBay, «PeHTreHogudpakumnoHHble MeTOoAbI nccregoBaHus» "
«TepmorpaBUMeTpUYECKmEe 1 KaropuMeTpuyeckme MeToabl UCCreaoBaHus ».
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OHOPEAKTOPHAA CBEOPKA BbICOKOCUMMETPUYHbIX
TETPATMOPOONIMNPPOJNTIOONTTMPASNHOTETPASNHOB 1 X NMPEBPALLEHNA

IbipeeHosa E. A., MapmeiHosckas C. B., leaHos A. B.
UpkyTCcKkMn MHCTUTYT Xxumun nm. A. E. ®asopckoro CO PAH, UNpkyTck, Poccus
M.H.C., acnmpaHT
e.gyrgenova@irioch.irk.ru

B HacTosiLee BpeMs azoTcoagepKalime reTepoumnkibl npuobpenm orpomHoe 3HadeHne. OanH us
BaXHbIX N BOCTpeboBaHHbIX KrnaccoB N-reTepouUMKIOB — TeTpasuHbl, Haxogslme NpUMeHeHne B
pa3nuyHbix obnactax. Obnagas pasHoobpasHbiMM BGuonornyeckumm aktmBHoctTamu [1, 2, 3, 4], oHn
3a4acTyl0 COCTaBNSAOT OCHOBY MHOIOYMUCIIEHHbIX (apMaLeBTUYECKN aKTMBHbLIX COEOUHEHUN.
Haunbonee BaXXHbIM onomegnULMHCKUM npuUMeHeHnem 1,2,4,5-TeTpasnHoB ABIAOTCS
OvoopTOroHasbHble peakuun, KOTopble MO3BONSAT MapKkMpoBaTh Genku 1 BU3yanmsmpoBaTthb pak [5].

Kpome TOro, nonuasotcogepxaline COeOUHEHUs] MCMONb3YHTCA B KayeCcTBe KIHOYEBbIX
KOMMOHEHTOB B BbICOKOTEXHOSOMMYHbIX MaTepuanax, HanpMMmep B CeEHcopax W NofynpoBoaHukax [6]. A
TakkKe 9TO BbICOKOIHEPreTU4eckme CoenHEeHUs, KOTopble 06naaatT B3pbIBYATEIMU CBOMCTBAMM.

B Hawen pabote ™Mbl paspabotanu OQHOPEaKTOPHYH COOPKY BbICOKOCMMMETPUYHbIX
TeTParngpoaunupponoannMpasnHOTETPa3nMHOB, KOTOPbIE COCTOST M3 Tpex MpPaKkTU4ECKM 3HAYMMbIX
retepoumknoB. CoyeTaHme HECKOMbKUX LUKIMOB, COAepXKaLlMX aTOMbl a30Ta B OAHOW MOMNEKyrne, MOXeT
NPUBECTM K CUHEPTM NX CBOMCTB. Takne coeguHeHnst MOryT CTaTb NEPCNEKTUBHBbIMU CTPOUTENbHLIMU
Onokamn Ons co3gaHus BbICOKOTEXHOSOMMYHBIX MaTepuanoB U OMOMOrMyeckn akTUMBHbIX BELLECTB,
NpUroaHble Ans NPUMEHeEHNst X B hapMaLeBTUYECKON XUMUN.

Peakuus npoTekaeT B MSIFKMX YCINOBUSX MPU KOMHATHOW TemnepaType B CMMPTOBOW cpefne.
OcobeHHOCTb AaHHbLIX AMMEPOB COCTOUT B TOM, YTO OHM MOTYT B KUCIIbIX YCITOBUSIX MpeBpalaTbCcs B
conu nuppornonupasnHusa. 9Ta peakuus 6yaet obpatuma, ecnu caenatb cpeay OCHOBHOW. CTPYKTYpbl
BCEX MOMYyYEHHbIX coeanHeHui Obinn noaTeepXKaeHbl AaHHbiMuM AMP 'H, 18C, WK-cnekTtpockonuven n
Macc-CNekTpOMETPUEN, a Takke HECKONbKO NPMMepoB AokasaHbl metogom PCA.

RZ
2 R3 R2
N el N TOYK, CHCl, _
1@\40 NHz-NH-R, EtOH N N 2025°C 5w g Y\ CFsCOO
RTON 20-25°C, 44 S~ N N < > N
L N R' 0.4N NaOH, MeOH, ~__N¥
e rs LY 20-25 °C, 10 muH NH
X be

R2
R' = apun, ankun
R'-R2 = H, unknoankun 24 npumepa, 5-73 %
R3 = H, Et, Bn.

Cxema 1. Cbopka TeTparngpoannmpponoamnmpasnHoTETPa3nHOB M ero NpeBpaLleHms

INutepaTypa
[1]1 Rao, G. W., Hu W.X. Bioorg. Med. Chem. Lett. 2006, 16 (14), 3702-3705
[2] Hu W.X., Rao G.W., Sun Y.Q. Bioorg Med Chem Lett 2004, 14 (5), 1177-1181.
[3]Werbel L. M., Mcnamara D. J., Colbry N. L., Johnson, J. L., Degnan, M. J., Whitney, B. J. Heterocyclic
Chem. 1979, 16 (5), 881-894
[4] Mohan J. Org. Prep. Proced. Int. 1992, 24 (5), 523-525
[5] Carlson J.C.T., Mikula H., Weissleder R. J. Am. Chem. Soc. 2018, 140, 10, 3603—-3612
[6] Vaghasiya J., Sonigara K.K., Soni S.S., Tan S.C., J. Mater. Chem. A, 2018, 6, 4868-4877
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CUHTES 1-APUJ-4-OKCACMUPO[2.4]FENTAHOB PEAKLIVMEN APUNONE®VHOB C ClhAlIEts U
AnrnapPo-2(3H)-oYPAHOHOM B MNMPUCYTCTBUN KATAJIMSATOPA Cp2ZrCl2

KoHkuH [1.A., YobaHos H.M., [IbsikoHos B.A., [Dxemunes Y.M.
WHcTuTyT opraHuydeckomn xumum nm. H.[1. 3enuHckoro PAH, Mocksa, Poccus
acnupaHT
konkin.p@ioc.ac.ru

OaHMM 13 BaXXHEWLINX HanpaBfeHUn Pas3BUTUS COBPEMEHHOWN OPraHMYyeckon XMMnUM SBMseTCs
MOMUCK MpPOCTbIX W yAoBHbIX CNocoboB MNOMyYeHUs PasfAMYHbIX KNACCOB reTepOoOLMKIMYECKUX
COeVHEHMN, B TOM 4uMCne CnuporeTepouuknuyeckmx. CnMporeTepounKiiniyeckne CTPYKTYpHbIE
dparMeHTbl, B 4YaCTHOCTW, COAepXaliMe FaKTOHHOE KONbLO, MPUCYTCTBYIOT B CTPYKTYpPE MHOIMMX
NPUPOAHBIX U CUHTETUYECKMX COEOUHEHUN, NPOSBASAS Pa3fIMYHOro poda GMONOrMYecKyto akTUBHOCTb,
YTO onpegenseT NPakTUYECKUA U HayYHbI UHTEPEC K XMMUM 3TUX YHUKAIbHbLIX COEANHEHNN.

PaHee [1-3], ObIiO nokasaHo, 4TO apun(ankun)3amelleHHble a-orneduHbl B3aMMOAENCTBYIOT C
ankunranoreHanaHamm n 3dupamMmy MOHO- U ANKapOOHOBBLIX KUCIOT B MPUCYTCTBUM KaTanusartopa
Cp2ZrClz2 ¢ obpasoBaHveMm apwn(ankun)3aMelleHHbIX ankoKCU(rmapoKkcu) UMKIONpOnaHoB U
CMMPOMaKTOHOB.

C uenbilo nNONyvyeHUss CNUpo3amelLeHHbIX MNPOM3BOAHLIX LMKIIONPONaHa, Mbl BOBMEKNM B
YKa3aHHY0 peakuuio BMECTO CIOXHOro acpmpa aurnapo-2(3H)-dpypaHoH.

YcTaHoBneHo, 4to npu B3ammopgencTteum ctupona ¢ ClhAlEtsn n gurngpo-2(3H)-cbypaHoHom,
B3ATbIX B COOTHOWeHuu (1: 4: 1), B npucyTcTBMM MeTannmyeckoro MmarHns n 10 mon% katanusartopa
Cp2ZrCl2 npu nepemelunBaHum B TeveHune 8 4, obpasyetca 1-apun-4-okcocnupo[2.4]renT-1-aH (1) Buge
yuc- 1 mpaHc- N30MepoB B COOTHoLEHMM 1:1, ¢ 06wum Bbixogom 80%.

Mg, Cp,ZrCl,
+

o THF
1

~80%
MokasaHo, 4YTO peakuus HOCUT OOLUMI XapakTep, MOCKOMNbKY Hapsdy CO CTUPONIOM B Hee
BCTymaloT W apyrve apunoneduHbl (0-MeTUICTMPON, M-MEeTUNCTUpon, r-mMetuncrupon, 1-

BYHUNHadTannH) ¢ obpaszoBaHnem cooTBeTCTBYOWMX 1-apun-4-okcocnnpo[2.4]rentaHoB € BbIXo4amu
65-80%.

JIlntepaTtypa
[11U. M. Dzhemilev, L.O. Khafizova, R. R. Gubaidullin, L. M. Khalilov, and A. G. Ibragimov. Tetrahedron
Letters, 2009, 50, 7086.
[2] L.O. Khafizova, R. R. Gubaidullin, U. M. Dzhemilev. Tetrahedron, 2011, 67, 9142.

[3] L. O. Khafizova, R.R. Gubaidullin, N.R. Popod’ko, L. M. Khalilov, U. M. Dzhemilev.
Mendeleev Comm. 2014, 24, 226.
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CVHTES 2-AMUHOXWHOINNHOB HA OCHOBE 3OJ'IOTO-KATAJ1VI3VIPYI§MOI7I PEAKLINN
NHAMMOOB N AMMHOKAPBOHWIbHBLIX COEOMHEHNA

Komukosa I1.®., HYukyHosa E.U , [ly6osues A.FO.

CaHkT-leTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lNeTepbypr, Poccus
CTyOEeHT
a.dubovtsev@spbu.ru

2-AMVUHOXMHOMNWHbI AEMOHCTPUPYIOT LUMPOKUA CNEeKTp apMaKorormyeckoro AencTBus, Kak
aHTubakTepuanbHble U NPOTUBOONYXOMNEBbLIE areHTbl, a TaKKe Kak NOTeHuManbHble npenapaTbl Ans
neyeHus HeBpororuyecknx 3aboneBaHun (6onesuu [llapkuHcoHa u Anburenmepa). [loaTomy He
yAWBUTENbHO, YTO B MOCMNEAHWE roAbl akTMBHO BedEéTcA pa3paboTka MoAxodoB K MOSYYEHUI 3TUX
LlEeHHbIX reTepoLUMnKNuyecknx coegmHeHmm [1-3].

Hamu pa3spaboTaH HOBbI MOAYMbHbBIN METOA, KOHCTPYUPOBAHUS 2-aMUHOXMHOSIMHOB Ha OCHOBE
30/10TO-KaTanM3MpyemMon peakumm UHaMUOOB U aMUHOKapOOHMMbHBIX coeauHeHwi. [Npeanaraemas
CHMHTETMYECKas CXxeMa MO3BOMSET UCMOMNb30BaTh pa3HoobpasHble cybcTpaThl ANs CUHTE3a GubnnoTekn
LenesbiX NPOAYKTOB B MAMKMX YCNOBUSIX. B OTnMYmMe OT n3BECTHbIX METOAOB, HaLl NOAXOA NO3BONseT
Nerko BapbupoBaTb 3aMeCTUTENN B 4-M NOSNTOXEHUN XUHOSIMHOBOIO KapKaca.

3 R?
R2 R [Au] 5 mol % .
| | DCE, 60-80 °C o~ R
2 o+ Rl T
. 40 npumepos AN N/R
NH» 4N 8b1x00b1 00 98% |
R* "EWG EWG

Q wmopynbHas c6opka @ wmsrkve ycrnouss O LIMPOKWIA CMEKTP NPOAYKTOB

Cxema 1. 30M10To-KaTanU3npyemMblii CUHTE3 2-aMUHOXUHOSNHOB.

JNlutepaTypa
[1]1 Alves M. J., Ferreira I. C. F. R., Dias J., Teixeira V., Martins A., Pintado M. Planta Med 2012, 78 (16),
1707-1718.
[2] Cinelli M. A, Li H., Chreifi G., Poulos T. L., Silverman R. B. J. Med. Chem. 2017, 60 (9), 3958-3978.
[3] Zhao X., Song X., Jin H., Zeng Z., Wang Q., Rudolph M., Rominger F., Hashmi A. S. K. Adv. Synth.
Catal. 2018, 360 (14), 2720-2726.

PaboTta BbinonHeHa npu nogaepxke rpaHta PH® (Ne 20-73-10022).
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CUHTES CYJIbOAMATHbIX LLMKNOAJIKMHOB C NCIMOJNb30OBAHNEM PEAKLIMN HUKOJIACA
Kymysoe A.A., JaHunkuHa H.A.

CaHkT-leTepbyprckuin rocyaapcTBeHHbI yHuBepcuTeT, CaHkT-leTepbypr, Poccus
CryneHt
yakutuzoff@gmail.com

Linknnyeckne ankvHbl npeactaBnsAlT cobon ocobbii nHTEpec Ana 6G1MoopTOroHanbLHOW XUMun.
Ha peakuMoHHYH0 CMOCOBGHOCTb AaHHbIX COEAMHEHUN BRMSIET MHOXECTBO (DaKTOpPOB, B TOM 4ucne
reomeTpusi TPONHOW CBSA3M M ANEKTPOHHbIE AhheKT 3amecTuTenen B nponapruribHOM nonoxexuu [1].

B paboTte [2] npegnaraetca MeTod CUHTE3a cynbdamaTHbIX LMKIOOKTMHOB U3 TMS-anneHos,
OCHOBaHHbIN Ha Rh-kaTanuavpyemMom asupuanHupoBaHnv CUNUIMPOBaHHbIX anfieHoB C NOCneayoLWwmm
packpbiTnem TMS-unmnaeHasmpugmHa npu genctemm TBAF.

Llenbio Hawux mccnepoBaHui SBNseTcs pa3paboTka ygobHOro n nmpocToro anbTepHaTUBHOMO
MeToda CWHTEe3a LUMKINYECKMX ankuHOB, CoAepXalumx cyrbdamaTHyl rpynny, OCHOBAHHOIO Ha
peakuun Hwukonaca. B kayecTBe LUeneBblX CTPYKTYpbl Obinn BbiOpaHbl GEH30KOHAEHCUPOBAHHbIE
LMKnuyeckme cynbamMmaTtHble LMKNOankuHbI.

NcxogHble ankuHel 3 ObiMM  CMHTE3WpPOBaHbl  Ucxogd w3 unoacynbdamata 1 wu
MeTunnponaprunoBbix acmpoB 2 no peakuun CoHorawupsbl (Cxema 1). 3ambikaHve cynbgamaTHOro
uukna no Hukonacy nposoamnu no cxeme one-pot, 6e3 BbigeneHns NPOMeEXyTOYHOIO aLMKIIMYEeCKoro
Co2(CO)e-kOMNMNEKca, 4YTO OTAMYaeTCa OT MPeafioKEHHOro HaMu paHee MOCTaaMMHOro CuHTE3a
reTepoLMKITOHOHMHOB, KOHOEHCUPOBAHHbLIX C reTepoumKnamu, Yepes peakuno Hukonaca [3].

R R

/QO/ 0.

(OC)3Co=Co(CO),

,NH>
0. NH, 2 o/S‘\o a) Co,(CO)s, DCM RR
©10/ "0 Pd(PPh3), Cul, KF AN o b) BF3-Et,0, RT - S/NH
I oS
I
1 R R 6 ©°
3a. R1=R2=H (60%) 4a. R1=R2=H (70%)
3b. R4=R,=Me (50%) 4b. R4=R,=Me (60%)

Cxema 1. CxeMa cnHTe3a UMKINYECKMX KOBanbTOBbIX KOMMIIEKCOB MO peakuyunn Hukonaca

B xope usyyenus peakumm gekomnnekcaumm (Cxema 2) 66110 0OHapYKEHO, YTO LIMKITOOKTUH 5a
ABNseTCA HecTabubHbIM, B TO BPEMS Kak LIMKIIOOKTUH 5b NposiBNSeT NorpaHnyHyto CTabunbHOCTb.

(OC)3Co=Co(CO);

R TBAF-3H,0, 0, =R
R 2 R
NH acetone-H,0 15:1 NH
(0] (0]
5a. R1=R2=H
5b. R1=R2=Me

Cxema 2. Cxema gekoMrnekcaLlmm ¢ Nosly4eHneM LMKIoanknHoB

INutepaTypa
[1] Harris, T.; Alabugin, I. V. Mendeleev Commun. 2019, 29, 237-248.
[2] Burke, E. G.; Gold, B.; Hoang, T. T.; Raines, R. T.; Schomaker, J. M. J. Am. Chem. Soc. 2017, 23,
8029-8037
[3] N. A. Danilkina, A. I. Govdi, A. F. Khlebnikov, A. O. Tikhomirov, V. V. Sharoyko, A. A. Shtyrov, M.
N. Ryazantsev, S. Brase J. Am. Chem. Soc. 2021, 40, 16519-16537
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CVHTES ALETUNEHOBbLIX OC®OHATOB HA OCHOBE PEAKLINN MATUXNOPUCTOIO
SOCOOPA

Jlo6osa A.M., CoHuH H.O.1, ®amyes E.[]., Ecoposa A.B. 2, Ezopos [J.M. 1

1 CaHkT-lMNeTepbyprckuil rocyaapCTBEHHbIM TEXHONOMMYECKUIA UHCTUTYT (TEXHUYECKUN YHUBEPCUTET),
CankT-leTepbypr, Poccus
2 CaHkT-MNeTepbyprcknin epgepanbHblii UccneaoBaTenbCkuii LIeHTp Poccuitickoit akagemun Hayk,
CaHkT-leTepbypr, Poccus
CryneHt
diekerze54@gmail.com

Myw-nynbHble  aueTuneHbl ABAAIOTCA MEePCNeKTUBHbIMW  CUHTOHaMM B COBPEMEHHOM
opraHunyeckoM cuHTese. PaspaboTka adhpeKTUBHbIX yHMBEPCanbHbIX NOAXOA0B K X CUHTE3Y ABASATCA
aKkTyanbHOW 3ajadven Ans CUHTETUKOB Bcero mupa. CuHTes docdopcogepxalimx aueTUneHOBbIX
NPOVN3BOAHbIX B HAcTosILLEe BPEMS OrpaHMyeH peakuusMu ¢ anankundocduramm, YTo CyLeCTBEHHO
orpaHuyMBaeT NoTeHUManbHbIN NepeveHb Nony4aemblX CTPYKTYP.

PaHee Hamu Obll OCYWECTBNEH CENEKTUBHLIN CUHTE3 auxrnopaHrngpuga Z-2-peHun-2-
XNopaTeHUndocthoHOBOM KMCROTHl, B3aMMOAENCTBMEM NATUXNOPUCTOro docopa c
deHunaueTuneHom [1]. Mog gencrBmem OCHOBaHWUW MOMYYEHHbIN XNOpPBUHUNGOChOHAT oTwennseT
XINOPUCTLIV BOAOPOA M C KOMUYECTBEHHbIM BbIXOAOM MPMBOAUT K O0BpasoBaHuio AuxnopaHruapuga
deHmnaueTnneHdpochoHOBOM KNCIOThbI 1.

MonyyeHHbI AnxnopaHrapug deHunaueTnneHdocmoHOBON KUCMOTbI obnagaeT BbICOKOW
peakLMOHHOW CNOCOBHOCTbLIO M Ha ero 6ase MoxeT ObiTb MoNyYeH OOLIMPHBIN PS4 NPON3BOAHbLIX. Hamu
ObINM M3yYeHbl 3aKOHOMEPHOCTW €ro B3aMMOAENCTBNSA C TakuMmn Hykrneodunamm kak anvdatnyeckue
CNUPTBI M BTOPUYHbIE anudaTnyeckne amuHbl. bbino ycTaHoBMeHo, YTo B3anMoaencTBmne ¢ cnmptamm
npoTekaeT B MATKMX YCroBusX C obpasdoBaHueM guankun (peHunatuHun) docdoHaToB 2a-f n He
TpebyeT CBA3bIBaHNS BblAENSIOLLErocs XMOpUCTOro Bogopoda. B 1o Bpewms, kak B3aumoaencreune ¢
anudaTtnyeckumMm amMmvHamu npoTekano npu MOHWKEHHON TemnepaType U UCMorb3oBaHue m3bbiTka
TpusTUNaMmMHa Ans ynaBnvMBaHWs XIOPUCTOro Bogopoda. Hecmotps Ha nogbop ycnosum cuHTesa,
[0BUTLCS NOMHOW KOHBEPCUWN MCXOAHOro AnxnopaHrngpuaa dexHunaueTtnneHgocdoHoBo KncnoTel 1
B (peHunatuHun)doctopunjamammuHel 3a-C Ha JaHHOM aTane paboTbl He yaanoch.

O/R R
+ 2ROH ph—— ﬁ’fo/
2a-f O
C R=Me (2a), Et (2b), i-Pr (2c), n-Bu (2d), i-Bu (2e), n-Hex (2f)
ph—=— |’3*C| Hexane
L
R
I SN G
(CH3;CH,)3N, 5 °C S g
‘ 3a 3b 3
R= .N/—\o »NmN-CHg -N N —CH,
_/ S /]

H3C
Cxema 1. Cxema cuHTE3a aueTuneHoBbix gocdoHaToB 2a-f n ammgodocdoHaToB 3a-C.

CTpoeHVe MOMyyYeHHbIX COEOVMHEHWMI YCTAHOBIIEHO HAa OCHOBaHWM aHanu3a AaHHbix AMP-
cnekTpockonuu Ha sgpax 'H, 13C, 3'P. Xumuyeckuin casur cocdopa anst nonyvyeHHon KUcnoTtsl 1 B
AenTepMpoBaHHOM xrfopodopmMe HaxoguTcs B obnactm — -8 M4, a Aans  coeavHeHUn
cepun 2 a-f curHan cdocdopa cmellaeTcs B 4yTb 6onee cnaboe none n Haxogutcst B obnactu -5 + -6
M.4. B Toxe Bpemsa curHan ammaoB cmellaeTtcs B cnaboe none B obnactb +1,5 + 5 m.4.. CurHansl
aTOMOB yrrepofa aueTUIIEHOBOW CBS3N BbIXOAAT OyONeTHbIMU curHanamm B obnactu 6c ~ + 98 n ~ +
81 M.A., C KOHCTaHTamMu CnH-cnMHoBOro B3anmopaencaus 2Jce 39 'y n 'Jcp = 226 U, COOTBETCTBEHHO.

INutepaTypa
[1] Egorova, A.V., Egorov D.M., Sonin N.O. Russ. J. Gen. Chem. 2022,92, 2191-2196.
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LUMKNU3ALMA ANKUIT ANNEHKAPBEOKCUITATOB B »YPAHOHbI B TfOH
Mammepu Y.A.L, Bacunbee A.B.12

1CaHkT-lNeTepbyprcknii rocygapcTBeHHbIN yHuBepcuteT, CaHkT-MeTepbypr, Poccus
2CaHkT-lNeTepbyprckuin rocyaapCTBEHHbIN NecoTexHnyeckuin yausepcutet umeHu C.M. Knpoga,
CaHkTt-leTepbypr, Poccusa
AcnupaHT
Oussama.mammeri@mail.ru

2-(5H)-PypaHoHbl MMET DOonblloe 3HaYeHWe He TOMbKO Afs XMMUK, HO 1 anst 6uonorum u
MeOULUVHbI, 6narogaps nx pa3Hoobpa3HbiM Ouronormnyecku aKTMBHbIM CBOWCTBaM:
NpOTUBOBOCMANUTENbHBIM, aHTUBaKkTepmanbHbIM, NPOTMBOONYXoNeBbIM U Ap. [1]. OgHako, nonyyeHne
Taknx ¢ypaHOHOB NyTEM UMKIM3aUMM ankun anneHkapbokcunaToB B cynepkucnote bpeHctega
CF3SOsH (TfOH) paHee He 6bIno n3yyeHo.

Hamn HangeHo, 4To uuknusaums ankun anneHkapbokcunatoB 1 B TfOH npu komHaTHOM
TemnepaTtype nnm 70°C (B 3aBUCUMOCTM OT OCHOBHOCTW UCXOAHOrO anneHa) TedeHmne 30 MUH NnpuBoguT
K nony4eHuto 2-(5H)-cpypaHoHoB 2 ¢ Bbixogamu 20-82% (Cxema 1).

R1
3
R COAlK THOH ra =
R? R rt.or70°C,30mn g2 o~ ©
1 2
Me Me Me — —
L, e ut o 00
MeOOEtOOn-BuoOM o
82% (at 70°C) 55% (at70°C)  44% (at70°C) ' C  50% (atrt) 20% (atr.t.)
Me
Etﬂ Ph@
e pr’ 0" © pr’ 0" ©
83% (atr.t.) 48% (at rt);
70% (atr.t.) 77% (atr.t.)

Cxema 1. Liuknusaums anneHoB 1 B pypaHoHsl 2 nog gencramem TfOH

Ha ocHoBaHuu nccnegoBaHusi MPOTOHUPOBAHbIX POPM ankun anneHkapbokcunatos A M B ¢
nomoubto AMP 1 kBaHTOBO xumnyecknx pacyetoB (DFT) ycTaHOBNEHO, YTO peakLMOHHOCNOCOOHLIMM
WHTEpMEeOnaTamMn B 3TOM MpEBPaLLEHUM SBMAKTCA AMKATUOHbI B. 3TW yacTuubl UUKNU3YOTCA B
kaTtnoHbl C, koTopble B TFOH npeBpaluaTca B NpOTOHMPOBaHHbIE hopMbl doypaHoHoB D. M'maponus
peakuMOHHbIX pacTBOPOB 3akaH4MBaeTcs obpasoBaHnem ypaHoHoB 2 (Cxema 2).

+
o) HO H R
3
R3 OAIK 1+ R OAIK =,
_ _— R3 + OH| —
R | R R® A R B R*daK
NMR and DFT DET
R' R’
+
rROOT O akoTr  Re R Yo" O
Ak C

Cxema 2. lNpegnonaraembli MexaHU3M Unknusaumm anneHos 1 B dypaHoHbl 2 nof aevictsuem TfOH

JIlntepaTypa
[1]1de Nys R, et al., Furanones. Prog. Mol. Subcell. Biol., 2006, 42, 55-86.

PaboTa BbinonHeHa npu nogaepxke rpaHta PH® Ne 21-13-00006.
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2-FAJTIOIMNEH-2H-A3WUPUHBI B CUHTE3E HOBbIX LUMAHNPOBAHHbLIX A3AANTTAIIBHBIX CUCTEM
lasneHko KO.U., AeaghoHosa A.B., Hosukos M.C.

CaHkT-leTepbyprckuin rocyaapcTBeHHbI yHuBepcuTeT, CaHkT-leTepbypr, Poccus
CTyOeHT
juliapavlenko12@gmail.com

2H-A3vpuvHbl — yOOOHbIE CUHTETUYEecKne ONnoKu, OTNIMYMTENBHOW 4epTOM KOTOPbIX SBNSAETCS
CnocobHOCTb npeTepneBaTb CENEKTUBHOE packpbiTMe Mo nobon n3 Tpex CBA3EN uUuKna, a Takke
BCTynatb B peakumn npucoeauHerns no C=N cBasn. CnocoBbHOCTb asvpMHOB K Takum
TpaHcopmaumusim  no3sonsetr 3PGEKTMBHO MPUMEHSTb WX  ANA  MOMAYYEHUs  auMKIMYECKMX
a30TcoAepXKaLnX COeAMHEHUN N pasfNYHbIX reTepoumkrioB 6onbliero pasmepa. [1-2]

HepasHo Ham yaanock 06HapyXunTb BeCbMa HETpMBUaribHOE CBOMCTBO MPOU3BOAHbIX 2-ranoreH-
2H-a3npuH-2-kapboHoBbIX kucnoT. Okazanocb, 4TO MNo4 AEWCTBMEM TPUMETMRCUNWUA UnaHuaa
(TMSCN) B npucytctBun TeTpabytunammonuii dotopuaa (TBAF) oHn cnocoGHbI packpbiBaTbCA MO
cBsasn C?—C3 uymkna ¢ obpasoBaHMeM TeTpabyTMNaMMOHWUAHLIX CONEW asaanfumibHbIX aHWOHOB,
cogepxalimx ase umaHodyHkumm (cxema 1).

o)
2 2
R X TMSCN ooy R +
Hal = BuN
a S _
N TBAF RSN OCN

up to 71%
Cxewma 1. [Nony4yeHne conen azaannuibHbIX aHWOHOB

MNMonyyaemble TakMum 06pas3oM COMM Nerko BCTynawT B peakuMn kapboMeTunMpoBaHus C
dheHaunnbpommaamu 1 MoamaaMu, aBasi COOTBETCTBYKOLLME MPOAYKTbI ankMNMpOBaHWUs, KOTOpble
[anee B OCHOBHbIX YCIOBUSIX CENEKTUBHO LMKMM3YIOTCA B BbICOKOYHKLMOHANM3NpoBaHHble 2H-
nupponsl (cxema 2).

(0]
O _R2 O~__R?
jI\N R?’lK/Br/I CN N base
~ —_ —_— ~ —_—
R"SNTCN R °N
+
BusN R® SO0 up to 97%

Cxewma 2. Liuknusauna B 2H-nnppornsl

JIlntepaTtypa
[1] Khlebnikov A.F., Novikov M.S. Tetrahedron 2013, 69, 3363—3401
[2] Khlebnikov A.F., Novikov M. S., Rostovskii, N. V. Tetrahedron 2019, 75, 2555-2624

PaboTta BbinonHeHa npu omHaHcoBoW nogaepxke Poccurickoro HayyHoro dooHaa (rpaHt Ne 23-
13-00115). ABTOopbl BbipaxatloT GnarogapHocTb coTpygHukam PL, CIM6ry «MarHMTHO-pe3oHaHCHble
MeToabl uccnefoBaHus», «MeTogbl aHanmMsa cocTaBa BellecTBa», «PeHTreHoanpakunOHHbIE
METOAbl NCCIeA0BaHUSA» 3a MOMOLLb B BbIMONTHEHUN paboThl.
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CUHTES 3-3TOKCUMKAPBOHWIN-4-TNMOPOKCK-1,4-01TMOPO-1,2,4-
TPWA30I0I[5,1-c][1,2,4] TPUASNHA N ETO NMPON3BOOHbLIX
N NOCNEOYIOWAA ®YHKLUNOHATTM3ALINA

lNapxamosuy B.A., [lpokuH P.A, PycuHos B.J1.

Ypanbckuii begepanbHbii yHuBepcuTeT M. b.H. EnbunHa, ExkatepuHbypr, Poccus
CTyOEeHT
parhamovich@sch17.es

A30no[5,1-c][1,2,4]TpuasmnHbl  yCnewHo 3apekomeHaoBann cebsi Kak Krnacc CcoefuHEeHWn,
obnagawwmx nNPOTUBOBUPYCHOW, MNPOTMBOMMKPOOHOW, MNPOTUBOOMYXONEBON W aHTUOKCUAAHTHON
aKTUMBHOCTbI0. Takoe pasHoobpasne OuonorMyeckon akTMBHOCTU OOYCOBIEHO CTPYKTYPHbLIM
CPOACTBOM [AaHHOrO Kracca COeauHEHUA K MypMHOBbLIM OCHOBaHMSIM, @ BO3MOXHOCTb BapbupoOBaTb
3aMeCTUTENM B a30S/TbHOM M TPMA3NMHOBOM LMKIIaX, K MpMMepy BBOA B 3 U 8 NONOXEHNe HATPO-, aMUHO-
, O9TOKCUKapOOHWUITbHOW, UMaHO- W CYNb(OHWUMBLHOW TPynn, a Tawkke pasfnYHbiX OOBEMHbIX
3amMecTuTenen ABNAEeTCs 04EBMAHLIM NPENUMYLLECTBOM.

Hamu 6b1n npoBeaeH CUHTE3 U PYHKUMOHaNn3aums 3-aTokcnkapboHun-4-rugpokcu-1,4-gurngpo-
1,2,4-tpnasono[5,1-c][1,2,4] TpwasnHoB. B peakuum asocoyeTaHumss Obin  wUcnonb3oBaH 3-
MOPONIMHAKPUNAaT, paHee He UCMOMb30BaBLUMIACS B AaHHBIX peakuusax, No3BOMSLWUA caenatb CUHTE3
©onee 3KOHOMMWYHBIM U MPOCTbIM

COOEt
\
[ J | OH Nu
HC NuH
I;I—NH NaNO,, HCI I/\J—NH ) )ﬁ/COOEt Sae N\Nﬁ/COOEt
4
QX/ NH, -5°C X/)\N2+ 1t, 6h < )\ -N' CF;COOH/BuOH.t < L
i
1 2 4 6a-g
7 a-f,
OMe OMe
@ QI A3 31@ B j @
5d Se 5f 5g

X =N (6 a-g)
X = CCOOEt (7 a-f)

Cxema 1. CuHTtes 3-aTokcukapboHun-4-rugpokcu-1,4-gurngpo-1,2,4-tpnasono
[5,1-c][1,2,4]TpnasnHoB, C nocrneayroLWmMmM HykneoubHbIM 3aMeLleHnem
TMAPOKCU-rpynnbl.

B xope paboTbl BbLIMOMHEHO 3aMelleHMe T[UOPOKCUIIBHOW Tpynnbl Ha HyKneodunbHble
dparmeHTbl, TakMe kak: 1,2-gumeTokcmbeHson, 1,2,3-TpumetokcndeHson, TnodeH, NHAOM, PE30PLINH,
dnopornounH 1M gna  Tpuasono[5,1-c][1,2,4]tpnasnHa, Takke, Ha 2,6-gu-TpeT-OyTundeHon. B
JarnbHelwem nnaHupyeTcs UCCrnedoBaHNe 3HAaYMMOCTU MOSyYEHHbIX COEAMHEHUN OIS MeOULMHCKON
XUMUK, a TaKke 3aMelleHWe Ha OpYyrve akTMBHbIe TPYNMbl, C LENbl paclUMpPEHUst aKTUBHOCTU WU
OTKPbITUS HOBbIX BEKTOPOB AENCTBUS.

Pabota BbinonHeHa npu nogaepkke MuHncTepcTBa Hayky 1 Beicllero o6p3oBaHns Poccumnckon
depnepaumm, NlocynapcTBeHHbIN koHTpakT Ne FEUZ-2023-0021 (H687/426.325/23)
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MNOJTYHEHUE 3-A3BABNLIMKINO[3.1.0FTEKCAHOB CMMPOCOYNEHEHHbBIX C ®PATMEHTOM
ALEHA®TUNEH-1(2H)-OHA B NMPUCYTCTBUU NMPON3BOOHBLIX CKBAPAMUOA

[poHuHa 10.A.t, Cmenakos A.B.12

'CaHkT-MNeTepbyprcknii rocyaapCTBEHHbIN TEXHOMOMMYECKUIA MHCTUTYT (TEXHUYECKUIA YHUBEPCUTET),
CankTt-leTepbypr, Poccus
2CaHkT-MeTepbyprekuin rocyaapcTBeHHbIn yHuBepcuteT, CaHkT-lMNeTepbypr, Poccus
CryneHt
pronina.iuli05@yandex.ru

AueHaPTEHXNMHOH  HaxoOuT  Pa3HOCTOPOHHEE MpPUMMEHEHVWE B  CUHTE3e  pasfyyHbIX
hapmaLeBTMHECKUX MpenapaToB, HEKOTOPbIE M3 KOTOPbIX MPOSBASOT YHWKalNbHble Buoxumuyeckne
cBoncTea [1]. CTpYyKTYpHbIA doparmeHT cnupo[aueHadTuneH-1,2"-nnpponmanH]-2-oHa NpUcyTCcTBYET B
pSAe CUHTETUYECKMX OPraHUYecKMX MOJSIEKYN C pasfUyHbIMK TMnamu GUONOrMYEeCcKon akTUBHOCTU, U
MOXET ObITb NMONyyYeH 4yepes peakuuto 1,3-AUNONSIPHONO LMKIonpucoeamHenus [2]. buumknuyeckuin
dparmeHT 3-a3abuuunkno[3.1.0JrekcaHa Takke BXOAUT B COCTaB pPa3fiMYHbIX JIEKAPCTBEHHbIX
npenapaTtoB, B 4acTHOCTW, npoTtuBoonyxonesbix [3,4]. Onupascb Ha Haw OMNbIT B MOMyYeHUU
npon3BogHbIX  3-a3abuumnkno[3.1.0JrekcaHa, Mbl  CUHTE3MpOBanM  NPOAYKTbl,  coAepXaiime
BblLLUENEepeYnCnerHHble  UuKnMyeckme parmeHTbl. [lonyyeHHble COeAMHeHVs npegnonaranocb
NpoTECTUPOBATb Ha MNPOTUBOOMYXOMNEBYH aKTMBHOCTb N Vitr0 B OTHOLUEHUWM KIETOYHbIX JMHWUA
nerikemnn Yenoseka (K562), paka wenkn maTkm (HelLa) n paka Toncton kuwkn (CT26).

B xoge pdaHHOrO uvccnegoBaHWMs Mbl U3YYUNW  BAMSIHUE XMpanbHbIX  OBUEYHKUMOHANBbHbIX
OpraHoKaTanmu3aTopoB Ha OCHOBE MPOWM3BOAHBLIX CKBapaMupa Ha MpoTekaHue TPEXKOMMOHEHTHOMW
peakuun 1,3-AMNONSPHONO  LMKIONPUCOEAMHEHNS MeXZy MEeTUn UuMKnonponeHkapbokcunatom u
a30MeTMH-UNMAOoM, MOMyYeHHbIM in Situ Npy B3ammogencTsumn BeHannamvmHa ¢ aueHaddTEHXUMHOHOM
(Cxema 1).

. CH,Cl, Mo CHTa 4;&, H.Y. R' = 4-CF4Ph;
3,5-(CF3),Ph;
O 4-CF5Bn;

3,5-(CF3),Bn.

Cxema 1. Peakunn TPEXKOMMNOHEHTHOIO 1,3-ﬂ,VIﬂOJ'IﬂpHOFO LuKnonpucoeagnHeHua ¢ ydactmem
aLl,eHa(bTOXI/IHOHa, pas3nn4yHbIX OeH3nnamM1MHoB 1 LuknonponeHoB

MomMuMOo nccnefoBaHUs yKasaHHbIX peakL i Ha NpegMeT BO3MOXHOW 3HATMOCENEKTUBHOCTH, Mbl
pa3paboTtanu yaobHbIV 1 NPOCTON NOAX04 K CUHTE3Y paLeMUYeCcKUx COeqUHEHUN, 3aKrovatoLLnics B
peakuun ncxodHbIX cybCcTpaToB B cpefe AUXJIOpMETaHa Mpu HOpMarnbHbIX YCNOBUSX B MPUCYTCTBUU
MOIEKYNSIPHBLIX CUT. VICNonb3yst 4aHHbI METO U BapbUPys aMUHbI U LMKITONPONEHb Obin NoNyYeH pag,
HOBbIX CMMPOCOYSIEHEHHbIX MPOU3BOAHBIX 3-a3abuumkno[3.1.0]rekcana.

INutepaTypa
[1] Sinha L., Prasad O., Narayan V., Srivastava R.K. J. Mol. Struct.: THEOCHEM. 2010, 958, 33-40
[2] Zimnitskiy N.S. et al. Chem Heterocycl Compd. 2021, 57, 743-750
[3] Filatov A.S., Stepakov A.V. et al. J. Org. Chem. 2017, 82, 959-975
[4] Filatov A.S., Pronina Yu.A., Stepakov A.V. et al. Int. J. Mol. Sci. 2022, 23, 13202-13226

PaboTta BbinonHeHa npu nogaepxke MuHobpHaykun PP (roczagaHne FSEN-2023-0002).
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APUJTA3M bl KAK HOBbIE N-TPAHC®EPHbBIE PEATEHTbBI B 30/10TO-KATAITM3NPYEMOM
CVHTESE NOJIM®YHKUNOHAITM3NPOBAHHBLIX MHOONOB

[ycbkoe I Y., [lybosues A.FO.

CaHkT-lNeTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-NeTepbypr, Poccus
CryneHt
a.dubovtsev@spbu.ru

B nocneaHue rogbl HabnogaeTca naBMHoobpasHbIN POCT YMcna paboT, NOCBALLEHHBLIX 30M10TO-
KaTtannsampyembiM XMMU4EeCKMM npeBpaLleHnsm [1]. «30noTon» kaTanua OTKpbIf HOBbIE FOPU3OHTbLI AnNs
OpraHM4eckoro CuHTe3a, U OOHUM K3 Haubonee MNepcrneKkTUBHbIX HamnpaBneHun B 3Ton obnactu
CTaHOBUTCH MUCCneadoBaHWe 30M0To-katanuampyemblix N-TpaHcdepoB [2], MOCKOMbKY Takne peakuunm
MO3BOMSAT MOMy4aTb LUMPOKUA CMEKTP LIEHHBIX a30TCOAEpXKalUMX OPraHU4ecKux COeAMHEHWNH, B
YaCTHOCTU, a3areTepoLKIIOB.

Cpeaun N-TpaHcdepHbIX peareHToB, MCNOSb3yeMbIX B «30M10TOM» KaTanuse, Hambonee nsyyeHsl
peakuum aHTpaHuIoB, M30KCa30/0B, OEH30(ypOKCaHOB, as3vMpWHOB W ankunasugoB. HanpoTwus,
nerkoaocCTynHble apunasuabl paHee He NCNonb30Bannch ¢ 3ton uenbto [3]. Hamu obHapyxeHo, 4To npu
B3aUMOOEWNCTBUN  OpMO-(PYHKUMOHANN3NPOBaHHBIX apunasugoB C MHaMugamu B MPUCYTCTBUM
komnnekcos 3onoTa(l) ¢ BbICOKMMW Bbixogamu o6pasyloTcd nonusamelléHHble nHOonbl. [JaHHas
peakumsi npoTekaeT B MSAMKUX YCMOBMAX C BbICOKOW TOMEPAHTHOCTbIO K  DYHKLMOHaMbHbIM
3aMeCcTUTENsAM, YTO MO3BOMMITO CUHTE3NPOBaTb BUBNMOTEKY LieneBbIX COeANHEHWNA.

2
o R2 [Au] 5 mol % R
= o R®
1 PhCF3, 80 °C S
R + ~ R N
N5 10 npumepos = ” EWG

R3 N “EWG 8b1X00bl 00 85% FG

EWG = electron-withdrawing group FG = functional group
Cxema 1. 30n0TO-KaTaNM3npyemMbl CUHTE3 NONUAYHKLMOHANM3NPOBAHHbLIX NHAOMOB

JIlntepaTtypa
[11R. Dorel, A. M. Echavarren, Chem. Rev. 2015, 115, 9028-9072
[2]L.-W. Ye, X.-Q. Zhu, R. Lalji Sahani, Y. Xu, P.-C. Qian, R.-S. Liu, Chem. Rev. 2020, 121, 9039-9112
[3] X. Tian, L. Song, A. S. K. Hashmi, Chem. Eur. J. 2020, 26, 3197-3204

PaboTta BbinonHeHa npu nogaepxke rpaHta PH® (Ne 20-73-10022).
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PEAKUWA 1,2-OMEHOB C Ets.nAICIn U EtOAc, KATATIMSNPYEMAA KOMIMIIEKCAMW Zr

Pacmpenaesa [l.A., HobaHos H.M., [xemunes Y.M., [IbsikoHos B.A.

WHCcTUTYT opraHuydeckon xummm nm. H.[. 3enuHckoro PAH, Mockea, Poccus
AcnupaHT
d.rastrepaeva@alumni.nsu.ru

PaHee [1,2], pas3paboTaH HOBbI MNEPCNEKTMBHbIA OAHOPEAKTOPHbIN METOA MOCTPOEHUs
COeOVHEHMIN LIMKINOMPONaHoOBOro psga U Npou3BoAHbIX hypaHa peakumsmMn ankeHoB 1 alueTUIeHoB C
EtAICI2 n adompamu ankun-, apun- n retepoapwn KapboHOBbIX KMCNOT NOA AEWCTBUEM KaTanu3aTopoB
Cp2ZrClz n Cp2TiCl2. CBegeHNsi 0 BO3MOXHOCTU pacnpoCcTpaHeHus1 JaHHOW peakuun Ha 1,2-AneHbl K
Havany Halunx uccnegoBaHu B nuTepaType OTCYTCTBOBaNW, Mexay Tem, yCnellHoe BBeAeHNe 3TuX
MOHOMEpPOB B NOAOOHbIE NpeBpaLLeHNsi MO3BONMIO Obl BHEAPUTL B NPAKTUKY OPraHMYecKkoro CMHTe3a
paHee TpyAHOO4OCTYMHbLIX UMK NPeXae HEONUCaHHbIX LIMKIONPONaHoB, B TOM YNUCIe aHHEeNMPOBaHHbIX
U MeTUNMAEH(anNKUNMaeH)3ameLLeHHbIX.

B kayectBe MoaenbHbIX cybCcTpaToB ANA OAHHbLIX MCCNeAoBaHMW Hamu Obinn BbibpaHbl 1,2-
ankagueHbl 1, koTopble BBeNn B peakuuio ¢ atunauvetratom m EtAICI: B paspaboTaHHbIX paHee
ycnosusix. B pesynbtate 66110 06HapyxeHo, 4To 1,2-ankagueHsl BCTYNaKT B 3Ty peakLMio TOMLKO Npu
ucnonb3oBaHuM Katanutuyeckon cuctembl Cp2ZrClz-AlCIs 1 B npucyTcTBUM meTtannudeckoro Mg. B
pesynbtate no gaHHbim AMP 'H, 3C n xpomaTo-macc-cnektpockonmu Obina BblAeneHa CMech
HenpeaenbHbiXx KeToHoB 3 n 4 B cooTHoweHun (10:1) ¢ obwmm Bbixogom 55-65%, koTopble
NPeanonoXNUTENBHO ABMNSAOTCS NPOAYKTOM pacKpbITUSA LIMKITONPONaHOBOIo KombLia B uHTepMeanare 2.

CpoZrCl,, Mg,

EtOAc, EtAICI,, AICI
\/\/\/4\ 2 3 WO + \/\/\/\/\n/
THF, r.t., 6h
I 3 4 o

Uhaas

M\

\/\/\/\/\n/

4 O

B Oyaylwiem Hamu nnaHupyeTcst pacluMpeHue accopTumeHTa 1,2-OueHOB M CMOXHbIX 3UpoB
KapOOHOBbLIX KUCIOT, a Takke pa3paboTka yCrnoBui U n3ydeHne akTopoB, NMO3BOMSIOLMX COXPaHUTb
LieNOCTHOCTb LIMKMONPONaHoBoro chparMeHTa.

JIlntepaTtypa
[1] Khafizova O.L., et all. Tetrahedron 2011, 67, 9142-9147
[2] Chobanov N.M., et al. Tetrahedron 2017, 73, 5639-5645
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CNHTES3 N-O0TAJIMMWOOA3NPNONHOB HA OCHOBE 3,5-AN3AMELLEHHBLIX
1,2,4-OKCAOVA30J1I0B N NCTTONb30OBAHUME X B PEAKLIM TEPMOJN3A N TUOPA3SVHOIN3A

CudHesa B.B., KogpaHos E.P.

ApocnaBckuin rocygapcTBeHHbIN TEXHUYECKUI yHMBepcuTeT, Apocnaenb, Poccus
AcnupaHT
sidneva-vera@mail.ru

B xoge pabGotel ocywectBneH cuHTe3 N-pTanMmmnpoasvpuavHoB (4) Ha OCHOBe
3,5-ansamelLeHHbIX 1.2,4-0KCcagmMasonos coaepXallmx ankeHunbHbIA U NTMPUANHOBLIN bparMeHTsl (3).
[aHHble coeavHeHus coaepXaT HeCKONbKo ¢apmakoOpHbIX rpynn M MOTeHuMansHO obnagatoT
OMonornyeckon akTMBHOCTBHO.

McxogHble okcagmasornbl nonyvanu OAHOPEeaKTOpPHbIM cnocoboM u3  N'-rugpokcMnupuanH-
3-kapbokcummnaammnga (1) n ankeHunapomaTndeckux kapOoHOBbIX KMCNOT (2) Npyu MCMNONb30BaHUU B
kauectBe pactBoputensa N,N-aumetvnauetammga [1]. N-PTanmmmnaoasvpuavHbl nonydanu okMcnag
N-ammHOTanMMug TeTpaaleTaTomM CBUHLUA B NpUCYTCTBMMU 5-ankeHnn-1,2,4-okcagmasonos. Peakuuio
OCYLLECTBANU B cpede AnxnopmMmeTtaHa npu temnepatype muHyc 10 °C [2,3].

| - COOH
/
o R N-O PhthNNH, o L
I Et3N EtOC(O)Cl /F\\ Pb OAc),
| Ny NHy N—N
N7 DM cH20|2
1
NH2NH2 H,O _
R = Ph, 3:NO,CgHs, 3-CIC¢Hs, 4-CIC4H N
2%6''5 6''5 6''5 R EtOH

R' = H, CH,,Cl

0
a O\ toluene | NOR' 6
N__N
(e}
O R 0
(0] 0]
N
_0
\ N
| 7

N

Cxema 1. lNonyyeHne N-pTanummnaoasnpmanHoB Ha ocHoBe 3,5-au3amelleHHbIxX 1,2,4-okcaamasornos
1 BBEOEHUE UX B peakuumn Tepmonunsa n ruapasmHonmaa.

MonyyeHHble N-bTanumMuMpoasnpuauvHbl BBOOUNM B peakuuio rmapasvHonui3a C  Uenbto
nonyvyeHnss cooTBeTcTByOWMUX N-amumHoasvpuauHos [4]. Peakumioo nposoaunu nog LeWCTBUEM
rmgpasviH rugparta B cpefe STuroBoro cnupta npu Temnepatype 20-25 °C. N-amuHOasvpuauHbl B
OanbHenwem MoryT 6biTb MOANMULMPOBaAHLI MO aMUHOTPYNMeE.

Takke coeauHeHus (4) noasepranucb Tepmonuay. Peakumsi conpoBoXOaeTcs packpbiTUEM
a3npUOUHOBOro LMKra ¢ obpa3oBaHMEM a3OMeTMHUIIMAa M JalNbHEWUM ero B3anmmogencTBUEM C
annonsipounom ¢ nonyyeHnem npomnssoaHbIX N-pTanMmMmaonmpponMamHoB.

JIlntepaTtypa
[1] Sidneva V.V., Tarasenko M.V., Kofanov E.R. Chem. Heterocycl. Compd.2022, 58(6/7), 349-353
[2] Kuznetsov M.A., Kuzhetsova L.M., Pankova A.S. Tetrahedron Lett. 2016, 57, 3575-3585
[3] Beletskii E.V., Ignatenko O.A., Kuznetsov M.A., Selivanov S. Rus. J. Org. Chem. 2010, 46, 678-684
[4] BnaHpoB A.H. Hayunbili xypHan HWUY UTMO, cepus «[lpoueccel u arnnapambsl MuWesbiX
npouseodcmey». 2014, 1(19).
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APUITTNAPA30HBLI KPOCC-COTMNPAXXEHHbLIX EHMHOHOB: NCXOOHbLIE COEANHEHWNA OJA
CNHTESA MIOMNHECLEHTHbBIX CTUPWUIT-1H-MTMPA3OJOB

Cokos C.A., lonosaHos A.A., O0uH U.C.

TonbATTUHCKMIA rOCYAapCTBEHHBIN YHUBEPCUTET, TonbatTn, Poccus
HoueHT
s.a.sokov.tltsu@gmail.com

YH/KanbHas 3neKTPOHHas CTPYKTypa MMPasofibHbIX WM MUPAa30ofMHOBLIX FETEPOLMKIIOB, WX
YHKUMOHANbHbLIX MNPOM3BOAHBIX npuBnekaeT 6onblwoe BHUMaHWe wuccneposatenen [1]. Oulu
cuutatoTcs Hambonee ynoOHbIMKM 6a30BbIMM CTPYKTYpamu Afs CO3[0aHWUS COEAMHEHWUA C LUMPOKUM
CMEKTPOM  OMONOrMYEecKOM akTMBHOCTM WM MNpakTU4eckuMu  (poToM3NYeCcKMMM  CBOMCTBAMMU.
CyuwiecTtByolime meTodbl CMHTE3a CTMPUNNMPAa3osioB 3akni4vatTca nubo B byHKUMOHanusaumm
UMEILLErocsl retepouukna, nmbo B cOopke LMKNa M3 COOTBETCTBYIOLLMX WCXOAHbIX COEAMHEHWN.
MpegnaraemMbii HaMU NOAXOA OTHOCUTCS KO BTOPOW rpynne MeTonoB.

PaHee, Hamu BbINo nokasaHo, YTO NPWU KUMSAYEHUN apunNrMapasoHoB 1 B CNUpPTE mpoucxoguT
obpaszoBaHue 5-(2-apuneunHun)nupasonos 3 [2]. 3-(2-ApunBuHUN)NMpPasonbl 2 Bbi3bIBAKOT 0COOLIN
WHTEpeC B KayecTBe 30HA0B A1 06pa3oBaHUs KOMMNEKCOB C NepexogHbIMu MeTannamu. B pesynbTtate
nogbopa ycnoBuin nokasaHo, YTo Hanbornee onTManbHbBIMK YCOBUSIMU ANS CMHTE3a TakoBOro Tuna
CTMPUNNMPA30NOoB ABMSAETCS HEeNPOAOMKUTENbHOE kunsyeHne (ao 8 yacos) B JM®A. Beixoa npogykTos
cocTtaBnsieT 77-95%, npupoda 3amMecTUTens NovTu He BNUSIET Ha BbIXOA NPOAYKTa 2.

3
R 0 ;
N=N HN. DMF R
) Y ) EtOH IN N—N
A ISR > AR
i reflux Z Z R2 reflux R
R1

3 1 2

Cxema 1. Peakumsa apunrngpasoHoB 1 B pasHbIX YCNOBUSIX.

CTouUT OTMETUTb, YTO KUNSIMEHUE KpeMHucoaepkawmx apunrugpasoHoB (R'= MesSi) moxeT
NpUMBOAMUTL K AecuUnunmpoBaHuio. Peakums apunrmgpa3oHOB cofepXaluyMx TepMUHAamNbHYIO TPONHYHO
cBa3b (R'= H) npotekaeT Bcero 3a 10-15 MUHYT. N3y4eHne cnekTpanbHbIX XapakTepuCTUK Nony4YeHHbIX
CTUPUNNMPA30SI0B MNO3BONSET caenatb 06 UX BbICOKOW (PIYOPECLEHTHON aKTUBHOCTU, @ Takke WX
cnocobHocTn 06pa3oBbIBaTL kKOMMNMeKekl ¢ MoHamu Cd?*, Hg?*, Pb?*. OTnnynTensHol 0COB6eHHOCTbIO
SIBMSIETCA HEKOTOpasi CENEKTMBHOCTb psifa COeAMHEHUI MO OTHOLUEHWIO K KOHKPETHbIM MeTannam. B
AanbHelLeM 3TO MOXET MOCNYXWUTb Ans pa3paboTkn MeToda No Ka4eCTBEHHOMY M KONMUYECTBEHHOMY
KOHTPOIO CoAePKaHWs MOHOB MeTarnmno..

JIlntepaTtypa
[1] Varghese B., Al-Busafi S.N., Suliman F.O. RSC Adv. 2017, 7, 46999-47016
[2] Odin I.S., Golovanov A.A., Chertov A.Yu. J. Org. Chem. 2016, 87, 5916-5924

PaboTa BbimonHeHa npu nogaepxke rpaHTa Poccuiickoro HaydHoro choHaa Ne 22-13-00185,
https://rscf.ru/project/22-13-00185/.
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CMHTES M30OKCAS3OJ1-OKCA30IbHbLIX TMBEPNOOB

Tauwes A.3., ManeHko E.E., XnebHukos A.®.

CaHkT-leTepbyprckuin rocyaapcTBeHHbI yHuBepcuTeT, CaHkT-leTepbypr, Poccus
CtyoeHt
st076890@student.spbu.ru

M3okcasonbl NpeacTaBnsaioT coOOM BaXKHbIA KNacC reTepouUKNYEecKNX CoeauMHEHW, Tak Kak
obnapgaloT LWIMPOKMM CNEeKTpoM Buonornyeckon akTMBHOCTU. CyllecTByeT MHOMO KOMMep4YecKu
OOCTYMNHbIX NpenapaToB, CoAepXallunx n3okcasonbHoe sapo [1]. B yacTtHocTu, 6Gbinn co3aaHbl HOBblE
TepaneBTUYECKME areHTbl, B OCHOBE KOTOPbIX NleXXaT MONEeKynspHble rmbpuabl ¢ M30KCaA30bHbIM
dparMeHToM. Takune reTepoLuKIm4yeckue rmbpuabl ABNAOTCA NPOTUBOOMYXONEBbLIM,
NPOTUBOBOCMANUTENBHBIMUA U aHanbreTuyecknmn cpegcrsamu [2-4]. Takum obGpas3omM MOUCK HOBbIX
METOAOB CMHTE3a MONEKyNsApHbIX MOpMAOB C M30KCa30fbHbIM (hparMeHTOM npeacTasnser
HECOMHEHHbI UHTEpEC.

XOTA M30KCa30M-0KCa3onibHble MOpuabl Mokasanu MonesHyl OMONorMYyecKkyto akTUBHOCTD,
CTPYKTYpHOE pa3Hoobpasue OOCTYNHbIX COeAMHEHUN BCE elle BeCbMa orpaHmdeHo. B gaHHom paboTte
Mbl MPEANONOXUNN, YTO peakums HeJaBHO CUMHTE3UPOBAHHLIX METWUMOBbIX 2-Anaso-2-(M30Kcas3on-5-
un)aueTaTtoB [5] ¢ HUTpPUNaMM MOXET gaBaTb M3OKCa30M-OKca3orbHble rMbpuabl, 3ameLleHHble 5-(5-
METOKCMOKCa301-4-nn)maokcasonsl (cxema 1).

R1 R1 R1
—N EWG =N
<N \ —t
. | 2 — R2 \N ()
R @o R3-CN RN
F 100 °C 120-150°c MO~
CO,Me Moo~ e N |
p 04 . Y R3
g R
i 440 1 X
4-cis, 41% 2, 22-81% 3, 13-32%

4-trans, 42%

R" = Alk, Ar, HetAr; R? = H, Ar;
R3 = Alk, Ar; X = H, CO,Me; Y = H, CO,H

Cxema 1. CMHTE3 M30KCa30S1-0KCa30JIbHbIX 2 U N30KCa30J1-NMpnanHOBbIX I'VI6pl/|D,OB 3

Bbinn onpoboBaHbl pasnuyHbie ycrnoBus npoeaeHus peakumm: katanna Rhz(OAc)s, Tepmonns un
doTonus. B coBOKYNHOCTK (pakTOpPOB Nydllne pesyrnbTaThl Nokasan TepmMonua. AToT MeTo no3sonseT
nonyyaTb 66MnbLIME BbIXOAbl 2 U BMECTE C TEM MEHbLUEE KONMMYECTBO MOBOYHBIX MPOAYKTOB, TaKKe HeT
HeoOX0AMMOCTU UCMONb30BaTh KaTanuaaTtopbl. Hamu 6bin CMHTE3MPOBaH psif, N30KCA30I1-OKCa30 1bHbIX
mbpuaos 2 nyTem Tepmonusa Anmasoampos 1 B NPUCYTCTBMU HATPUIOB (HUTPUIbl UCNOMb30Banuch B
KayecTBe pacTBopuTens) ¢ Bbixogamu ot 22 go 81%. B cnyyae akpumoHuTpuna npousoLLnio
LUKIonponaHnpoBaHue ¢ 0bpa3oBaHNEM ABYX M30MePOB 4 B COOTHOLIEHUN 1/1.

Bnarogaps BbICOKOW peakuMOHHOM CNOCOBHOCTU 5-ankoKCMOKCa3onbHOro pparmeHTa rubpmaos
2 OHM MOryT ObITb MCNOMb30BaHbl ANA NOMlyYeHMsA APYroro Krnacca — WM3okcasonnupuaumHoB 3 C 3-
rMOpPOKCUNMPUONHOBBIM (PParMeHTOM, MPUCYTCTBYIOLLUM B BMONOrMYECKM aKTUBHBIX COEANHEHUSX.

JIlntepaTtypa
[1] C.P. Pandhurnekar, et. al. J. Heterocycl. Chem. 2022, 60, 537-565
[2] M. Saeedi, et. al. Chem Biodivers 2019, 16, e1800433
[3] S. Kankala, et. al. Bioorganic Med. Chem. Lett. 2013, 23, 1306-1309
[4] M. Wang, et. al., J. Chang. Bioorg. Chem. 2023, 135, 106505
[5] A.V. Serebryannikova, et. al. Tetrahedron 2021, 77, 132153

Bnarogapvm 3a dmHaHcoBylo nogaepxky Poccunckmin HaydHbin doHa (rpaHT Ne 21-73-00019).
TeopeTnyeckne pacuyeTbl npoBogunucbk no npoekty PH® 22-13-00011. B pabote umcnonb3oBaHbl
pecypcbl LleHTpa MarHMTHO-pe30HaHCHbIX WuccneoBaHui, LleHTpa XuMmudeckoro aHanusa W
MaTepuanosefeHus, LleHTpa peHTreHOCTPYKTYPHbLIX WCccnedoBaHun u BblyncnvTensHoro ueHTpa
Hay4uHoro napka CaHkT-NeTepbyprckoro rocyiapCTBEHHOIO YHMBEPCUTETA.
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MOLYINbHbIV CUHTES 2,5-ANrnaPO-1H-MMNOA30NOB U3 2H-A3VPUHOB,
ONASOCOEONHEHNU N N-AMUHOOTAITMMNOA

Qununnos U.I1., Pocmosckuti H.B.

CaHkT-lNeTepbyprckun rocyaapCTBeHHbl yHuBepceuteT, MHetutyt Xumun, Cankr-INetepbypr, Poccus
AcnupaHT
25ifil@mail.ru

M3BecTHO, 4TO B ycrnoBusix katanmsa coeguHeHusimn Rh(Il) 2H-a3vpuHbl pearvpyloTr
AnasocoeavHeHnsMmu ¢ obpasoBaHmem 2-azabyta-1,3-4MeHOB — YHUKarnbHbIX HenpeaenbHbIX MONeKy -
KOHCTPYKTOPOB AN CMHTE3a LUMPOKOrO Kpyra TreTepouMKIIMYECKNX coeauHeHun. Ha ocHose
npeBpawleHnin  yHKUMOHANM3MpoBaHHbIX  2-a3abyTta-1,3-aneHoB  Obln peanu3oBaH  CUHTE3
AnrngpoaseTos, NMPPOOB, 1-NMPPONIMHOB, MMMAA301108B, 1,3- 1 1,4-0KCas3nMHOB, NMMPYMUAMHOB, a TaKkKe
HEKOTOPbIX KOHAEHCMPOBAHHBIX CUCTEM, TaKUX Kak MHOOSMbI, MMPUAONMpPasvHbl U UHAONONUPasuHbl [1,
2].

B HacToswen pabote Obin OTKPbLIT HOBbIA TWUN MpeBpalleHus 2-aszabyta-1,3-gueHoB 3 —
uuknu3aums B 2,5-gurmgpo-1H-ummngasonsl 5 nog gencreuem N-ammHodTanMMmuga u TeTpaaueTtaTa
cBuHUa (cxema 1). MNpegnonaraeTcs, YTO NEPBOWN CTagnen MexaHn3ma sBnseTcs obpasoBaHne HUTpeHa
u3 N-amumHobTanuMmmuaa v TeTpaaueTaTa cBuHUA. [Janee HUTPEH NpUCOeaMHSETCA MO ABOWHON
yrnepog-yrnepogHon cBsA3u asabytagueHa ¢ obpasoBaHueM asuvpugvHa, nocrne 4ero cnegyet
HykneodwunbHass aTaka aToMOM asoTa as3vmpuamHoBoro uukna no cesasn C=N ¢ ogHOBpPEMEeHHbIM
packpbITUEM TPEXYNEHHOro uukna. B pesynbrate € BbICOKMMW Bbixogamu Obin nonydveH psag 2,5-
avrngpo-1H-umnaasonos 5, cogepxalumx ClOXHOIUPHYIO rpynny, Unn apomMmaTuyecKkuin 3amecTuTernb
BO BTOPOM MOSIOXEHWM, @ TaKKe arnkUIbHbI 3aMeCcTUTENb WX CIOXHOIMMPHYIO rpynny B NATOM

NMONOXXEeHUN.
M902C Nz
2
. R M902C>_N PhthNNH, Meozcm o MeOC
Ph  Rhy(OAc = =
R1?_ _Rhx(OAc), R2 )—Ph EED (O R2(_ 12 _,. R »—Ph
Me PhMe, 100 °C R DCM, -30 °C Srrmeeh PhtaN”
1 3 Me K2C03 R1 Me R1 Me
4

5,52-70%
Cxema 1. Cxema cuHTe3a 2,5-aurngpo-1H-nvngasonos.

M3BecTHO, YTO MMNOA30MNUHbI SABNSAOTCA BaXHbIMU O00bekTamMn MeguumnHckon xumum [3]. Tak,
OMNUCaHO NMPUMEHEHNE UX KaK TMNOTEH3MBHbLIX areHToB, a TakKe MpPU NEeYEeHUM TakuX MCUXUYECKMX
pPaccTpONCTB, Kak LM3odpeHnr, 06cecCMBHO-KOMMYNbCUBHOIO PacCTpOMCTBA, NaHWYeckux artak [4].
Taknm 06pas3om, MPOBOAUMOE HaMW UCCMEeAOBaHME SBMSETCA akTyanbHbIM W C TOYKU 3peHusd
nocreayoLwero ndydeHms 6MonorMyeckon akTMBHOCTU CUHTE3UPOBAHHbIX BELLECTB.

INutepaTypa
[1] Khlebnikov A.F., Novikov M.S., Rostovskii N.V.Tetrahedron 2019, 75, 2555-2624
[2] Rostovskii N.V., Novikov M.S., Khlebnikov A.F. Organics 2021, 2, 313-336
[3] Krasavin M.Yu. Chemistry of Heterocyclic Compounds 2017, 53, 1-16
[4] Malhotra V., Vats M., Nath R., Mehta S., Kumar R., Bhalla M., Sinha J.N., Shanker K., Pathak. S.
R. Bioorganic & Medicinal Chemistry Letters 2020, 30, 127595

PaboTta Obina BbinonHeHa npu nogaepxke rpaHta PH® (Ne22-73-10184) ¢ ucnonb3oBaHUEM
pecypcHbIx ueHTpoB CI6IY «MarHUTHO-pe3oHaHCHbIE MeToadbl uccnenoBaHmsay u «MeTtoabl aHanmsa
cocTaBa BeLecTBar.
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rMOPOAPUITMPOBAHWE ALEETUNIEHOBOW CBA3U AMUOOB APUMNMPOMMHOBLIX KACIOT B
PEAKUMAX C APEHAMU B CYTIEPKUCITIOTE BPEHCTEA CF3SOsH

Xannynu J1.1, Cokonos B.A.12, boiswesa C.B.2, Bacunwesg A.B.1?

'CaHkT-MNeTepbyprcknii rocyaapCTBEHHbIN NecoTexHnYeckuin yausepenutet umeHn C.M. Kuposa,
CankTt-leTepbypr, Poccus
2CaHkT-MeTepbyprekuin rocygapcTBeHHbIn yHuBepcuteT, CaHkT-lMNeTepbypr, Poccus
lounahll77@gmail.com

ALeTuneHoBble MPON3BOAHbLIE aKTUBHO MCMOMb3YITCA B COBPEMEHHOM OPraHUYeCcKOM CUHTE3e
ONs Nofny4eHns pasHoobpasHbiX PYHKLNOHANM3NPOBaHHbIX BELWECTB, Kapbo- U reTepoumnKiioB 1 np.,
MHOTME M3 KOTOPbIX WMMEIT BaXHOEe MpakTUYeckoe 3HadeHve pans apmakonorum, MeguuuHbl,
MaTepuanoBegeHmss U gp. obracter Haykm u TexHornormu. PaspaboTka MeTOAOB CUMHTE3a HOBbIX
BELLECTB NyTEM NPEBPALLEHN arlKMHOB SABSIETCA aKTyanlbHOW 3agaveit OpraHn4yeckon XMMnm.

Llencto pgaHHOM paboTbl  SBMANCA CUHTE3 OPraHUMYecKMX COEAMHEHUW Ha  OCHOBE
3NEeKTPOUNbHBIX peakunn aMmmaoB 3-apuinponUHOBLIX (apunaueTunieHkapboHOBLIX) KUCMOT C
apeHamu B cynepkucnote bpeHctega CF3SOszH (TfOH).

McxogHble ammnapl 1a-e CMHTE3NpOBanu C KONMYECTBEHHBIMU BbIXOAAMWU N3 COOTBETCTBYHOLLNX
aueTuneHkapboHOBbIX KMCIOT, NepeBoast X cHavana npv s3ammogenctemm ¢ SOCI2 B xnopaHrmapuasl,
KoTopble 3aTeM obpabaTbiBanu pasnuyHbIMY aMUHAMU.

Ar—==—CONH,

1a-c  Ar=4-YCgH,, Y = H (a), Cl (b), Br (c)
NH,HCO,

HN 0O O
socl
Ar—=—CO,H 2 ~ Ar—=-cocl #»m@%(
N
Et,NH 1e O
o

Ph—==—CONE,
1d

\

Peakunsi amupgoB 1a-e ¢ 6eH3onom B TfOH npu komHaTHom Temnepatype 3a 0.25-1 4 gaet
NPOAYKTbl TMAPOAPUIMPOBaHUSA aueTUIIEHOBOW CBSI3W 2a-e C XOpowuMu Bbixogamu. B cnyuae
HECMMMETPUYHO 3aMeLLEeHHbIX BeLecTB 2b,c,e obpasytoTcs E- unu Z-usomepsil.

TfOH Ar CONR;,
AI’ —— CONR2 + PhH m — Ar = 4'YC6H4, R = H’ Y = H (a),
1a- 1., 0.25- ) -n | .
e 70-85% 2a, E-2b E-2¢c, Y - ClI(0).Br(chR=EtLY=H (d)
2d, E-,Z-2e R=R= (CH,CH,),0, Y =Cl (e)

AHanoruyHble B3anmogencTens ammga 1d ¢ m- n n-kcunonamu NPUMBOAAT K NonyveHuto E-,Z-
usomepos 2f,g.

Ph—==CONEt, + AlH —— > >:r
q 2 rt.,1h oy Ar = 2,4-Me,CgHj (f),

E-z-2f,g 2,5-Me,CgH3 (9)
l/Iccne,u,yeMble peakunn npoTekarT 4Yepe3d KaTUOHbl BUHUITBHOIO ThNa, reHepupyemblie npu

MPOTOHMPOBAHMW aLETUNEHOBOWN CBA3W MUCXOAHbIX amuaos 1. [lanee TakvMe KaTUOHblI pearvpyoT C
MOIneKynaMm apeHoB Mo MexaH13My MeKTPOdUIIBHOrO apoMaTUYECKOro 3aMeLLeHus.
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SMNOKCUMETUITMPOBAHWE 2-KAPBOHMN3AMELLEHHBIX NH-FETEPOLIMKINOB.
CBOWUCTBA MNMPOAYKTOB 3NOKCUMETUITNPOBAHNA

XapaHeko A.Q., XapaHeko O.U.

WMHCTUTYT DU3MKO-OpraHn4eckon xummm u yrnexmmmm um. J1.M.JintBuHeHko, JoHeLk, Poccns
H.c., K.X.H.
antonhar08@rambler.ru

OcyuwecTtBnéH cuHTes anokcu[1,4Jokca3enMHoB aHHENMPOBAHHbIX C A4POM Nupporna 1 uHagona
NpW MCNOMNb30BaHUW SMMXIOPTUAPMHA KaK AMOKCUMETUNMPYIOLLIEro areHTa (cxema 1).

Me Ph Cl e
N
o]

R2 R2 R R
(0] 3 1
R3 m& |>\/C| Rs N R4 . m
D ————— N (@)
N

4ab,c 5a,b 6 a,b,c

a: R1= Ph, R2 = Me, R3 = H, b: R1 = Ph, R2 = CHzc(O)OEt, R3 = H, C: R1-R2 = (CH2)3, R3 = Me
Cxema 1. MeTog cuHTe3a npomnsBogHbix 1,4-anokcu[1,4]okcasennHos

CoeanHeHus 2 7] 5 ABMATCA aHanoramm 1-cbeHnn-4,5-gurngpo-1H,3H-1,4-
anokcu[1,4]okcasennHo[4,3-a]oeH3nmmaasona, KoTopblA U3BECTEH Kak dhapMaKkonormyeckuii npenapat
okcanagon [1], obrnagawWwun MOYEroHHbIM, CeaaTUBHbIM, MPOTMBOA3BEHHbLIM, 06e36onmBaoLLMM,
NPOTMBOBOCMNANUTENbHBIM, CEPAEYHBIM Y aHANeNTUYECKMM CBOMCTBaMMU.

MonyyeHHble coeauMHeHUs oxapakTepusoBaHbl MeTogamu AMP 'H, 3C wun agsymepHomn
reTeposgepHOn CNeKTPOCKOMNUA.

MpeanoxeH MexaHn3am obpasoBaHus coeauvHeHun 2, 3, 5 ,6 No peakuunm B3aUMOLENCTBUS
NUPPOI- U UHAOM-2-KAPOOHWUINBHBIX COEAMHEHWI C ANUXITOPrMAPUHOM (CXeMa 2).

IHLIH I>_{L —»I%ooﬂ IL(H
\ch. “j ) \g

: N
L~
»

Cxema 2. [Npegnonaraembli MEXaHU3M peakummn 2-kapoboHunsamelwéHHbix NH-reTepouunknos ¢
3NUXITOPrUOPUHOM

INutepaTypa
[1] Fauran C.P., Eberle J.A., Turin M.J., Raynaud G.M., Gouret C.J., Meudon. NaT. 3,951,968 (1974).
United States Patent. C.A. 1976.
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CUHTES ANrnaPonmMPPONNNNMHAOONOB N3 Coz(CO)s-KOMIMIIEKCOB ALUMKITMHYECKNX
EHOMNHOB B YCNOBUAX PEAKLIM HNKOJTACA

Xmeneeckasi E.A., [JaHunkuHa H.A., banosa U.A.

CaHkT-leTepbyprckun rocyaapcTBeHHbl yHuBepcuteT, CaHkT-lMNeTepbypr, Poccus
AcnupaHT
st099057 @student.spbu.ru

Peakums Hwukonaca npeactaBnser co6GOM YAOOHbLI CUHTETMYECKUA WHCTPYMEHT Ans
nponaprurimpoBaHns OpraHNYeckux Hykneodunos npu yydactum ctabunmamposBaHHbiXx Co2(CO)e-
nponaprunbHbiX kapbkatuoHoB [1]. B Halweln HaydHOW rpynne Obifo0 NokasaHo, YTO UMKIu3aums no
Huvkonacy siBnseTca knoyeBon ctagmen B cuHTe3e 10-4neHHbIX reTepoeHaNNHOB, KOHAEHCUPOBAHHbLIX
¢ 6eHsoTnMoeHom 3a,b, usokymapuHom wu Tpuasonom [2,3]. B TO e Bpems, OKCaeHOUUHbI,
KOHOEHCUPOBaHHbIE C MHOOJIOM, MONYYNTb LMKNn3aumen no Hukonacy He yaanoch BBMAY peanusaumm
anbTepHaTMBHOIO HanpasneHuss — BFs-npomoTtupyemori O-umknu3aummM no TPOWHOW CBSA3M B
nonoxeHnn C3 MHOOMbHOrO LMkna ¢ obpasosaHnem aurngpodypaHa 2a (Cxema 1) [1].

Llenbto  pgaHHom paboTtbl 6bim0  onpegenuTb  Hanpasnewve  N-umknusaumm B psaay
Co02(CO)s-KOMNIIEKCOB  MHOO-KOHAEHCUMPOBAHHBLIX aLMKIMYECKMX €eHOMMHOB 4a,b npu yyactum
apeHcynbOoHaMUOHON rpynnbl.

o
zZ
<
9

BF3-Et,0
ans 4a,b
1a-c
X =8, R = Me (4a), NO, (4b)
Co" = Coy(CO)s Y =0, NTs R = Me, 663 "Co" (4c)
R =H, COOEt
BF;-Et,0
aons 4c
Lo
HN-S
o
(0}
EtOOC OMe

b
s Me
Cxema 1. Peakuun Hukonaca B psay eHOUMHOBBLIX CUCTEM

Okasanocb, 4To umknu3aums no Hukonacy Co-komnnekcoB 4a,b He npoxogut, n 10-4neHHble
asauuknbel 3c,d He obpasytTcda. Tak xe, kak u B cnyvae rpynnbl OH, peakuus npotekana yepes
HykneodgunoHoe npucoeauHeHne rpynnel NHTs k BFs-akTuBMpOBaHHOW TPOWHOW CBA3M C
obpasoBaHMeM MMPPOMNMHUN3aMeELLeHHbIX WHAoMoB 2a,b. BepoaTHo, npuuMHa UM3MeHeHus
HanpaBneHus LMKnNusaunn B psay nHgona cessaHa ¢ 6onbluen JOHOPHOW CNOCOBHOCTLIO aTomMa asoTa
WHAOMBbHOrO reTepoLumkria no CpaBHEHMIO C aTOMOM cepbl 6eH30ThodeHa, YTO CMOCOBCTBYET akTnBaLUn
TponHon cesaAsn npu C3 admpartom Tpudtopmuctoro 6opa K BHYTPUMONEKYNSPHOMY HYKNeodribHOMY
NpUCOeOUHEHMIO.

OpHako, ponb Co2(CO)s-komnnekca no ceAsn C2 Takke npuvHUMnuanbHa. Tak, npu
B3aMMOOENCTBUN CBOOOAHOrO OT kobanbTa aumknuyeckoro eHgumHa 4c ¢ BF3-OEt2 npoucxogut
rmapaTtaumsi TPOMHON cBs3M npu atome C3 MHOONBHOMO UMKna ¢ obpazoBaHMEM COOTBETCTBYHLLENO
KeToHa 5, a 3aMblkaH1si NMMPPOSNIMHOBOTO LMKNa He HabngaeTcs.

Mony4yeHHble Co-KOMMNEKChl MMPPONUHUNNHAOoNOB 2b,c MoryT 6bITb NepeBefeHbl B CBOOOAHbIE
OT kobanbTa COOTBETCTBYIOLLME rETEPOLMKITLI C XOPOLUMMU BbIXO4AMM.

JlntepaTtypa
[1] Teobald, B.J. Tetrahedron 2002, 58, 4133—-4170
[2] N. A. Danilkina, A. S. D’yachenko, A. I. Govdi, A. F. Khlebnikov, I. V. Kornyakov, S. Brase, I. A.
Balova. J. Org. Chem. 2020, 85, 9001-9014
[3] N. A. Danilkina, E. A. Khmelevskaya, A. G. Lyapunova, A. S. D’yachenko, A. S. Bunev, R. E.
Gasanov, M. A. Gureev, |. A. Balova. Molecules 2022, 27, 6071.

PaboTa BbinonHeHa npu nogaepxke rpaHta PH® Ne21-13-00218.
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HYKNEO®UNJTIbHOE PACKPLITUE AOHOPHO-AKLIEEMTOPHBLIX UMKNOMPOMNAHOB,
KATAIIMSNPYEMOE LIMKITMYECKNMU MOOOHNEBBLIMN COJTAMA

YepHos I".H.t, Condamoea H.C.%, NocmHukos I1.C.%, Tpywkoe U.B.?3

"HaumoHanbHbIN nccnegoBaTenbCckuin TOMCKUIA MONMUTEXHUYECKUI yHUBEpPCUTET, MiccnegoBaTenbckas
LLKONa XMMUYECKNX n buomeanumHckmux TexHonorun, Tomck, Poccusa
2HaunoHanbHbI MeAULIMHCKUI nccneaoBaTenbCKuii LIEHTP AeTCKOW remMaTonormn, OHKONMormn u
umMmmMmyHonorum um. Amutpus PoradeBa, Mocksa, Poccusa
SUMHCTUTYT opraHuyeckon xumum um. H. 1. 3enuHckoro Poccuiickoin Akagemumn Hayk, Mockea, Poccus
AcnupaHT, M.H.C.

anci@tpu.ru

[[anoreHHoe CBA3bIBaHME B KOMMIIEKCAX COEOUHEHUN, COoAepXXaluMX 3MeKTPOH-AeUUUTHbIE
aToOMbl rarioreHoB, M pasfnnYHbIX OCHOBaHWUI Jlblonca paccmaTpyBaeTCsl Kak NepCrnekTUBHbIN crnocod
aKTMBaLMM cybCcTpaToOB C MOMOLLBIO HEKOBANIEHTHOIO CBA3biBaHUA. KaTanuTuueckas akTUMBHOCTb
OOHOPOB ranoreHHoM CBsI3M Kak KaTanvM3aTopoB B psAe MOAENbHbIX MPoLeccoB Obina nyvyeHa paHee,
XOTH Habop CUHTETMYECKUX MPUMNOXEHUA OAHHOrO MEeTOAa akTMBaUMW OCTaeTCsa orpaHuyeHHbIM. B
HacTosen paboTe Mbl U3Y4YUnnM KaTanmUTUYECKYd akTUBHOCTb LIMKIMYECKUX MOLOHMEBBLIX CONen B
peakumsix AOHOPHO-aKLLENTOPHbIX LIMKMONPONaHOB C apoMaTU4ECKMMN Hykneodunamu.

Mpwn ncnonb3oBaHun B KayecTBe MoAerbHbIX cybecTpaToB anveTtnn(3,4-
anveTokcndpenun)umknonponax-1,1-gukapbokcmnata un  1,3,5-TpumeTokcnbeHsona Hamm  Gbinu
onpeerneHbl YCrnoBUA MpPOBEOEHUS HYKNeoUIbHOrO packpbiTUs LUuMKna, Heobxogumble Ansi
00pasoBaHus LEeneBoro NpoaykTa ¢ BbICOKMM BbIXOLOM 38 OTHOCUTENIbHO KOPOTKOE BPEMS.

1.5eq. ArH

1" THN
10 % O
Q Ar EWG

EWG
| = EWG | < EWG
\EDG PhMe, 100 °C, 24 - 48 h G

Cxema 1. HykneodunbHoe packpbiTve LMKNONPONaHoOBOro LMKIa B MPUCYTCTBUM LUKINYECKUX
MOOOHNEBBLIX CONEN.

[anee mbl N3y4nUnn CUHTETUYECKY NpMMeHMMOCTb MeToda C UCnosib3oBaHMEM pdaa OOHOPHO-
aKUEeNTOPHbIX UMKNONPOMNnaHOB M pasfiMyHbIX apoMaTU4eCKux HyKJ'IGOCbI/IJ'IOB. HeCMOTpﬂ Ha TO, YTO B
OonblNHCTBE ClniydaeB BO3MOXHO MnoJliydeHne npoayKTOB pPaCKpbITUA UUKIMa C BbICOKMM BbIXOO0M,
ncnosyib3oBaHMe MaJl0akTUBHbIX HyKJ'IeOCbI/IJ'IOB nnu, HaOGOpOT, Hanbonee aKTUBNPOBaAHHbIX
LMKIionponaHoBbIX Cy6CTpaTOB, npuBoaAUT K MNpPOTEeKaHuto No6OYHbIX peaKLl,VIf/], npenATCTBYHLWNX
o6pasoBaHmo LueneBsoro npoaykra.

Pabota BbinonHeHa npu nogaepxke rparHTta MNpeangeHta PO MK-337.2022.1.3. n MnHuctepctea
Haykun 1 Bbiclero obpasoBaHusa Poccurickon ®egepauun B pamkax npoekta «MerarpaHt» (Ne 075-15-
2021-585).
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AMVHOONTMOPODTANASVNHANOH HATPUA B KOPPEKLMM PABOTbI AHTUOKCUOAHTHOW
CUNCTEMbI OPTAHN3MA

Uxy O.[1., Apasuawsunu [1.3., MapuHuy U.U.

depnepanbHOe rocygapcTBeHHOE BloaXeTHOE HaydHoe yypexaeHue «HayyHo-uccnegoBatenbckui
WHCTUTYT MeauuMHCKOoN npumaTtonornn», Coun, Poccus
B.H.C., K.X.H.
olga.chzhu@mail.ru

AmuHoaurngpodTanasnHanoH Hatpus - 5-amuHo-1,2,3,4-TeTparmapodtanasun-1,4-gnoHa
HaTpueBasl COMlb — CUHTETMYECKOE HU3KOMOIEKYNSPHOE BeLWecTBO, NpeAcTaBnswowee cobon
HaTpPUEBYD COMb NIOMMHOMA. YyeHbiMu VHCTUTYTa MHXeHepHoW usnkn paspaboTaHa TexHOonorus
nonyyeHns cybctaHuMm ammHogurapodpTanasnHanoHa HaTpusl, Kotopasi ctaburnbHa, HETOKCMYHA U
OTNNYaEeTCs 3HAYUTENbHBIMM NPEMMYLLECTBaMU OT YKe CyLLeCcTBYHOLMX B Mupe. Ha ocHoBe AaHHOMW
cybcTaHuun co3gaH nekapcTBeHHbl npenapaT TAMEPOH, koTopbii npowen wucnbiTaHue Ha
BO3pacCTHbIX NpumaTax (rpynna >XMBOTHbIX B 3KBMBASIEHTE YESI0BEYECKOro Bo3pacTa oT 76 v ctaplue)
npu pasnuyHbliX cnocobax napeHTepanbHOro BBedeHus. [lpumMeHeHue pPOCCUACKOW TEeXHOMNOorum
nonyyeHns ammHogurnapodTanasmHgmMoH HaTpus B Buae nuodunmaaTa no3Bonunno 4oonTbCs nydllen
BCaCblBAEMOCTW MpenapaTta u MNoBbICUTb €ro OMOAOCTYMHOCTb, YTO MNPOSIBUMOCH B BblPaXXEHHOM
UMMYHOMOZYNMPYIOLLIEN 1 MPOTUBOBOCMANMUTENBbHOM aKTUBHOCTBIO, B TOM YMCHE MPU NPOUNaKTUKE U
neyeHmn COVID-19 [1]. lpu atom dapmakoTepanua y nuuy NOXWIOro BoO3pacta uMmeeT psa
ocobeHHoCcTEN. Y MOXMIbIX MNaLMEHTOB WMMEKTCA BO3paCTHbIE M3MEHEHUs1 OpraHm3ma, KOoTopble
N3MEHAIT (hapMakoKUHETMKY M MOTYT NPUBOOUTbL K Mepefo3vipoBKE MMM KyMynsuuvM BeLlecTBa B
opraHuame; 6onblioe KONMMYECTBO KOMOPOMAHOCTEW, TpebyllmMx OAHOBPEMEHHOrO NPUMEHEHUS
HECKOIbKMX MpenapaToB; Hanuuve repmatpudeckmx CUHOPOMOB M npobnem. Bce 3aTto npuBoauT K
pa3BUTUIO HEXeNaTeNbHbIX peakUumii, B TOM YMCIe CePbE3HbIX U C NeTanbHbIM UCX0A4oM [2].

[MepekncHoe oKncneHme B MOXUITOM 1 CTap4eCKOM Bo3pacTe npuobpeTtaeT ocobyto 3HAa4YMMOCTb,
noaTomy B KayecTBe OfHOro n3 OCHOBHBbIX WHOUKaTOPOB OLLEHKM BNUSAHUS
ammHoaurugpodTanasnuHanoH HaTpus BbiIbpaH KOHEYHbIN NPOAYKT MEPEKNUCHOIO OKUCIEHNS NUNUAOB —
ManoHosbI ananegerng (MOA).

[dvHamuKky usMeHeHus codepxaHus npenapaTa B KpoBu onpegenanu metogom B3IXKX no
KOHLIEHTpaLMn OAHOW U3 AMCCOLUNPOBaHHbIX dopM B cbiBopoTke. CoaepxaHue npenaparta vyepes 60
MUWHYT Mocne BBeOEHWS CHWXaeTcd B Tpu pas3a, a yepe3 24 vyaca CTaHOBUTCA HwxKe npegena
0oBHapyXeHusl.

HesaBucumo ot cnocoba BBefeHWs npenapata B rpynne 3SKCNepUMEHTamnbHbIX >XMBOTHbIX
Habnoaanocb BbIPAXEHHOE CHWXEHWEe KoHueHTpauun MOA B nnasme KpoBu. OTO no3Bonser
NPeanosiokNTb CHWXKEHME aKTMBHOCTM MPOLIECCOB MEPEKUCHOrO OKUCIIEHWMS W aKTUBU3aLMIO
aHTMOKCUOAHTHOW 3aLLMTbI OpraHM3ma, YTo 0COOEHHO BaXHO Y BO3paCTHbLIX OCODEN.

HabntogeHuve 3a rpynnor NnpoBoAnmnock B TeHEHUE roga, Npy 3TOM CTOMT OTMETUTbL COXPaHeHUe
HU3KUX MoKasaTeney MHOuKaTopa OKCMAATMBHOIO CTpecca. OTO JaeT BO3MOXHOCTb MPeanonoXuTb
NPOMOHTMPOBAHHOE aHTUOKUCNINTENBbHOE OENCTBME NCCregyemMoro npenapara.

lMpn BHYTPMBEHHOM BBEAEHUW NpenapaTta B TeYeHue nepsbixX AHEN Habnoaanock ysenuyeHme
KOHUeHTpauun MOA, 4To MOXeT ObiTb CBsi3aHO NMBO cO crnocobom BBeAeHUsi, NGO adhdpekTom
aKTUBaLMM peLenTopoB, OTBETCTBEHHbIX 32 MEXaHU3Mbl B3aMOAENCTBUS C MpenapaToM.

OcO0BEeHHOCTBIO MexaHM3ma OencTBUSA npenapata MOXHO CYMTaTb BblpaBHMBaAHME MokasaTtens
OKCMOATMBHOIO CTpecca No BCeW rpynne OO CTaTUCTUYeckn Bnmnskux 3HavyeHwuin yepes Mecsl nocrne
npekpaweHus BBedeHMs CcybCcTaHUMM HE3aBMCMMO OT COCTOSIHUS WCXOOHOTO  OKUCIMTESbHO-
BOCCTaHOBUTENBHOrO ooHa ocobew, MHANBMAYarnbHbIX 0COOEHHOCTEN, pa3nuynmn B BO3pacTe.

CHWXeHVe aKTMBHOCTU NPOLECCOB MEPEKMCHOTO OKUCIEHWS NOATBEPKAAETCH U YBENIMYEHNEM B
nnasMme KpoBW 3KCMEPUMEHTAarbHBIX XUBOTHbLIX KOHLEHTpaUuM BUTamuHa E, kak ogHOro M3 OCHOBHbIX
KOMMOHEHTOB aHTMOKCUAAHTHOW 3aLMTbl OpraHu3ma.

INutepaTypa
[1] Epmakos A.M., LlapbkoBa E.A., EpmakoBa O.H., Lapbkos A.H. Mopckas meduyuHa 2020; 6(3), 67-
75
[2] Obwue npuHyuns hapmakomepanuu y Uy, MOXus020 U cmap4yeckogo go3pacma:
Memoduyeckue pekomeHdayuul Mopg peq. O. H. TkayeBon. — M.: MNMpomeTten, 2019. — 66 ¢
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CWHTES 2,3-0UPEHUN-3,5-ONTNMOPO-4H-MMWUOA301-4-OHA U EFO ONA30MPOM3BOOHOIO
LlegsentoxuHa A.B., XKuxpesa A.B., YynaxuH E.I".

Bantuiicknin pepepaneHbin yHuBepcuteT um. WU. Kanta, KanvHmHrpag, Poccus
AcnupaHT
alexandrashevelyuhina@yandex.ru
anastasiazhikhreva@gmail.com

B nocnegHee Bpemsa N0SBMNOCE MHOTO paboT O BO3MOXHOCTY MCMOMb30BaHUSA UMUA030MMHOHOB
B hotoxmmun [1,2]. BewecTtBa, C UMMAO30MMHOHOBOW CTPYKTYPOU, SBMSIOTCS XOPOLUMMWN MULLIEHSAMU U
None3HbIMM XMMUYECKUMW MOAENAMMN A9 UCCNefoBaHMsA MexaHuama dnyopecueHumn 6enkos [3], a
BBEJEHME AMa3orpynnbl MOXeET CMOocOOCTBOBATbL MOSIBIIEHWIO AOMOSMHUTENBHON OMOAKTUBHOCTU 3TUX
coegnHeHmn [4]. OCHOBHbIM METOAOM CUHTE3a WMMOO3OMMHOHOB SBMSIETCS  KOHAEHcauus
NPOM3BOAHbIX TUMMYPOBOM WM YKCYCHOW KWCAOTbI C anbderngamu («CUMHTE3 asnakToHa
OpneHmenepay) [5]. B HacTosilwen padoTte cnHTe3mpoBaH 2,3-gudennn-3,5-gurngpo-4H-nmngason-4-
oH (Ill), a Takke ero npeawecTBeHHMK 2-peHnnokcason-5(4H)-oH (1), n ycnelwHo BBeeHbl B peakLuto
AvasonepeHoca ¢ Tosnnasngom (Cxema 1). Funnyposas knucnota, nonydeHHas no metoauke [6] (Bbixoa
72%), pearmpoBana C nponuoHoBbiM aHruapugom (1:3) B 6e3sogHom NaOAcC npu MOCTOAHHOM
nepemMeLluMBaHMn Ha macnsHonm 6aHe B TedeHum 2 yvacos. K monyyeHHon cmecu gobasnsanm 50 mn
3TaHoONMa M OCTaBMsANM Ha HOYb. [lONyYEHHBIN MACASHUCTLIM MPOAYKT TEMHO-OPAHXEBOro LBeTa
nNpombIBanu AByMs nopumsamMu no 25 mn cnupTa, 1 3atemM ABaxabl Mo 25 Mn ANCTUNNMPOBaHHON BOLOMN.
BbinaBlume Kpuctannbl TEMHO-opaHxeBoro (2-cpeHunokcason-5(4H)-oH) (II) cywwmnu (Beixog 60%).
MpooykT pas3gensanu Ha [[Be YacTu: MEpBYKD 4acTb WCMOMb30BanuM AN BBEOEHWS B peakuuio
AnasornepeHoca ¢ To3unasugoM B MeCN (Bbixoa 64% IIA), a ko BTopon gobasnsanu aHunuH (1:6) ¢
uenoto nonydveHus 2,3-gndennn-3,5-gurngpo-4H-ummpason-4-on  (Ill) (Bbixog 30%). [Hanee kK
nonydeHHomy lll go6asnsnu tosunasng B MeCN npu KomMHaTHOM TemnepaTtype U nepemMelunBaHun B
TedeHun 20 4. lNonyvanu 5-guaso-2,3-gudpennn-3,5-aurngpo-4H-nmnagason-4-ox (IlIA) ¢ Bbixogom
58%. MNonyyeHHble coeauHeHns Obinu oxapakTepusoBaHbl MeTogom AMP cnekTpockonuu.

L 90 N

1%\)01\ : \)LO)K/ LN\ CgHNH, i N

> ] N

OH 5 NaoAc 0”0 base O
1I

0 I 111

SO,N;

SO,N

Nz N 24N3
oZ O >’\\
A o” N

Cxema 1. CuHTes 2,3-gudpennn-3,5-gurnapo-4H-ummaason-4-ona (l)

JIlntepaTtypa
[1] Shinde D.N., Trivedi R., Vamsi Krishna N., Giribabu L., Sridhar B., Rathod B.B., Prakasham R.S.
Appl. Organomet. Chem. 2018, 32, e4021
[2] Schramm S., Weiss D. Adv. Heterocycl. Chem. 2019, 128, 103-179
[3] Chuang W., Chen B., Chen K., Hsieh C., Chou P. 2009, 45, 6982-6984
[4] Sofan M.A., Abou Elmaaty T.M., Elkafafy A.K.M., Abdel Mageed A.E.M. J. Heterocycl. Chem.
2020, 57, 377-389
[5] Erlenmeyer E. Justus Liebigs Ann. Chem.1893, 275, 1-8
[6] Morgan E.D. 5th edn.: By BS Furniss, AJ Hannaford, PWG Smith and AR Tatchell. 1990, 1514

WccnepnoBaHue BbINONHEHO npu chuHaHcoBour nogaepxke bOY um. N.KaHta B pamkax Hay4yHoro
npoekta Ne877
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KAK CKOHCTPYMPOBATbL HOBOE JNNEKAPCTBO 3A OVH OEHbL?
BanakuH K.B.12

1KazaHckuii (MpuBomkckuin) degepanbHbii yHuBepcuTeT, KasaHb, Poccus
20K, npobnemM xmmMmuyeckon hmankm n megmumHckon xummm PAH, YepHoronoska, Poccus
1B.H.C., 2r.H.C., A.X.H.
KVBalakin@kpfu.ru

AHanu3  WMHHOBALMOHHbLIX  NEKAapCTBEHHbIX  pa3paboTok,  O0A0OpeHHbIX  BeaylMMu
HaLMOHanNbHbLIMK PErYNATOPHBIMY BEOOMCTBaMM, NOKa3bIBAET, YTO OOMbLUMHCTBO M3 HUX SIBMSIETCS HE
NOMHOLEHHO MHHOBALMOHHBIMW MOMEKYIAPHBLIMU KOHCTPYKUMAMM, 8 MOAMMULIMPOBaHHBIMM aHanoramm
XOPOLLO M3BECTHbIX JIEKAapCTBEHHbIX XEMOTWMMOB. 3a4acTyld 3TO OTHOCMTCS Aaxe K mnpenaparam,
KOTOpbIM OdomuMansHO npuceBamBaeTcsl cTaTyc "MpopbIBHBLIX", "NepBbIX B Knacce", "MpuopuUTeTHbIX",
"YCKOpPEHHO peructpypyembix" u T.N. Hawmbonee ycnewHble XemOTuMbl  IKCMIyaTUpPYTCS
AEeCATUNETUAMKN, a CTPYKTYpHble Moaudukauun, pasgenswowme mexagy cobon dopmManbHO pasHble
MOKOJIEHMS 3TUX CTPYKTYPHbIX aHamNoroB, 3a4acTylo SIBMATCA AOCTaTOMHO TpuBManbHbIMU. Hanpumep,
MHorne u3 opobpeHHbix B 2014-2023 rogax wnHrmbutopoB TpaHcrnoptepa SGLT2 (rmmdnosmHoB)
ABNSOTCS O4YeHb BNIM3KMMU CTPYKTYPHBIMW aHanoraMmy nepBoro B 3ToM kracce coeanHeHust (Cxema 1).

cl o_-
oA O

Dapagllflozm (2012)

c ' cl o
L0 @“ NP
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Empagliflozin (2014) Sotagliflozin (2023)

cl o_-
S OO aela
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O\

~ ;

Ertugllﬂozm (2014) Bexagliflozin (2023)

Cxema 1. MHorue n3 ogobpeHHbix B 2014-2023 rogax uHrméutopos TpaHcnoptepa SGLT2
(rmMmdbNo3MHOB) ABNSAOTCA OYEHb BNIM3KUMU CTPYKTYPHBIMW @aHanoramu NepBoro B 3TOM Knacce
coeguHeHusa Janarnndno3vH. OBanamu BblgeNeHbl oTnMyarLwmecs parMmeHThl.

YKkasaHHOe 06CTOATENnbCTBO  CO34aeT  OrPOMHbLIM  MPOCTOP  ANS  Au3aniHa  HOBbIX
NaTeHTOCMOCOOHbIX MOAUMUKALMIA FEKAPCTBEHHbLIX MpenapaToB, OCHOBAHHOIO Ha COefVMHEeHUU-
aHanore [1]. BaxHo, 4TO 3TOT MCcnegoBaTenbCKMA NOAXOA NPEKPACcHO NoaAaeTCcs TeXHONorm3aumm: oH
MOXeT OblTb pasgeneH Ha psg AO0CTaTOMHO MPOCThIX 3TAMNoOB, peanusaumsi KOTOpbIX LOCTYMHa
NnpaKkTU4Yeckn B NoOOM pOCCUNCKOM YHUBEPCUTETE MUK aKkageMnYeckoM UHCTUTYTe. bonee Toro, atoT
MPOEKTHbIN LMKIT MOXET ObITb MONMHOCTbIO CUHXPOHM3MPOBAH C 0Opas3oBaTeslbHbIM: HanpuMmep,
ABYXIETHAS NporpamMmma mMarmctpaTtypbl N0 MEAULMHCKON XUMUN MOXET BbiTb BbICTPOEHA MO NPUHLMMNY
€[MHCTBa MPOEKTHOW M obpasoBaTeNnbHOM YacTen Takum oOpa3oM, YTOObl K €e KOHLY MarncrpaHT
co3gan HoBble, MEepPCNeKTUBHbIE, MAaTEHTOCNOCOOHbIE IeKapCTBEHHbIE XEMOTUMbl  KaTeropuu
"crnepytowmii B knacce". NocnegoBartenbHas peanusauuns 3To NPpoekTHO-06pa3oBaTenbHON cTpaTerum
NMO3BOSIUT NOCTaBUTb pa3paboTKy TaKMX JIEKAPCTB Ha MOTOK.

B pmoknage 6yoyT npeacTtaBneHbl MHHOBALUMOHHbBIE NIEKApPCTBEHHbIE pa3paboTky, 0a00peHHble
BeAyLUMMUN HauUOHanNbHbIMK perynsatopHeiMn Begomcteamu B 2021-2023 rogax. byaoyt paccMoTpeHbl
aHToNorMM psifa NonynspHbIX CTPYKTYPHBIX PSOOB NEKApPCTBEHHbLIX aHANOroB, a Takke Nnoaxoabl K Ux
MEeANLIMHCKO-XMMUYECKOMY KOHCTPYUPOBAHMIO.

INutepaTypa
[1] Fischer J., Ganellin C.R. Analogue-based Drug Discovery. 2006
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CO30AHUE MPOrHOCTUYECKOW MOJEJSIM HA OCHOBAHUW MOJNEKYNSAPHOIO
MOOENNPOBAHWA

Eopucesuy C.C

Ydumcknin UHCTUTYT xumnn YOULL PAH, Yda, Poccus
C.H.C., K.X.H.
monrerl@mail.ru

Haunbonee vMHTEpPECHbIM W XenaembiM pe3ynbTaToM NPUMEHEHUS METOAOB MONEKYNSPHOro
MOOENUPOBaHWA ANSA pelleHns BUoXUMUYecknx 3agad SABNSeTca co3gaHme NPporHOCTUYECKON Modenu,
KoTopas no3sonuna Obl OUEHUTb OMOMOrMYecKyld akTMBHOCTb COEAMHEHWW [0 CuHTesa U
Buonornyeckoro asKkcnepmmeHTa. Vcnonb3ys AaHHble NPOTUBOBMPYCHOW aKTUBHOCTW MPOM3BOOHBLIX
agamaHTaHa [1,2] B OTHOLWEHUN OpPTOMOKCBMPYCOB B COBOKYMHOCTM C  LUMPOKOMAcLUTabHbIMK
TeopeTnyecknMn pacyeTamu (MOMEKYNAPHbIA AOKUHT M MOMEKYNAPHO-AMHAMUYECKNE CUMYNALMK)
MOCTPOMNN MPOTrHOCTUYECKYID MOAenb AnA MpeackasaHus MPOTMBOBMPYCHON aKTUBHOCTWU APYrnX
NPOM3BOAHbIX afamMaHTaHa CO CXOxuMm dapMakodopHbiM npodunem. Boibop n obocHoBaHue
BMoNorMyeckon MMULLIEHN OCHOBbLIBANCA Ha aHanu3e [[aHHbIX OMOoNornyeckoro 9SKCNepuMeHTa,
cpaBHeHUN hapmakoOopHbIX npodunen nuraHgos n nHrMbutopa p37 TekoBupumata (pUcyHok 1) m
OLEHKN 3HeprMn cBs3biBaHWa nuraHgos u 6enka B nuraHg-6enkoBbii komnnekc. Mogenb 6bina
BanuampoBaHa. 3HayeHus plCso oLeHeHHble B pe3ynbTate BMonorMyeckoro akcrnepMmMeHTa nonaganu
B AOBEPUTENbHbIV MHTEPBAN 3HA4YeHWA, NONYyYEHHbIX B pe3ynbTarte pacyeTa.

B % _ TexoBnpmmar TexoBupumar [¢]
R 3
= I
F
1C50 (VV) = 0.003 uM IC5o (VV) =0.133 uM
109.8A3 SI> 10° SI>2325

pICsq

~13A

2oouE = =S e W Jrugpo(po(inocrb O Axuentop J JloHop @ ApOMaTHYECKOE KOJIBLIO

AGhing, keal/mol

PucyHok 1. Co3gaHue nporHoctuyeckon mogenm

MogobHbIM nogxon umeeT psa orpaHuyeHuin. Bo-nepBbiX, ANs CO34aHWs agekBaTHOW
mMaTemaTtuyeckon mogenu Tpebyetcs MakcumanbHO 60MblUIOe KONMYECTBO COEAMHEHUI CO CXOXUM
apmakoopHbIM NpodMneM © OOCTOBEPHBIMU 3HAYEHUSIMU  MHTMOUPYOLLEN akTuBHOCTU. B
ngeanbHOM BapuaHTe 3TO 3HadeHuMe [OIDKHO COOTBETCTBOBATb WHIMOMPOBAHMIO KOHKPETHOM
Buonornyeckon MULLEHN, YTO B paMKax NPOTUBOBUPYCHbIX 3aA4a4 KaxeTcs ManopearnbHbiM. Bo-BTopbix,
TpebyeTca 4yeTkoe 06OCHOBaHWe Bblbopa OuonorMyeckon MueHW. B-TpeTbux, KpanHe BaXHO
nogobpaTbh KOPPEKTHbIN NPOTOKON MOMEKYNAPHOro AOKMHra. A pedepeHcHas nosnumsa AomkHa ObiTb
MWHUMW3MPOBaHa MeToAaMU MONEKYnspHOM AuHamuku. HakoHeu BblIGOp onTMManbHOW MO3vMuuUK
OOMmKeH OblTb OCHOBaH Ha MOMIOXEHWUU NuUraHaa B canTe CBS3bIBaHWUS, XapaKkrepe B3aMMOOEeNCTBUN C
KINIOYEBBLIMX @.0. B COBOKYMHOCTW C MWHUMAarbHbBIMU 3HAYEHUSMWN 3HEepreTUYeckux napameTpos.
Ctpoutb mogenb 3aBncumocTn plCso OT 3HaueHns 6anna CTbIKOBKM MOXHO, HO MCMOMNb30BaHue ee B
npeackasaTtenbHbIX LUensX COMHUTEeNbHO. HeobxoauMMbl OOMOMHWUTENbHbIE pacyeTbl 3HEpPruu
CBA3bIBAHUA NpW onpedeneHHbIX HacTpowkax anroputma pacyeta. PesynbTaTtom npenckasaHusi
ABMNSETCA AOBEPUTENbHbIA MHTEPBAN 3HAYeHWI NPOTUBOBUPYCHOM (MW OPYron) akTUBHOCTW.

JlntepaTtypa
[1] Mozhaitzev E.S. et al. Viruses. 2022, 15, 29.
[2] Shiryaev V.A. et al Eur.J.Med.Chem. 2021, 221, 113485.
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OB30P METOAMK MCCNEAOBAHKMA MPOTUBOBUPYCHOW AKTVBHOCTW HOBbIX MOJTEKYN
IN VITRO

Bonobyesa A.C.

HNWN sanugemumonorum n mmukpobuonorum um. lNactepa, CaHkr-INetepbypr, Poccus
H.c.
volobueva@pasteurorg.ru

BupycHble WH(EeKLMM AOMWHMPYIOT B COUCKE AecATv rnobanbHbiX Yrpo3 Ang 340pOBbsi
BcemupHon opraHmsauumu 3gpaBooOXpaHeHUsi, HECMOTPSI Ha CYLLEeCTBYOLME YCMELUHble NporpamMmmbl
BaKLMHALUMW N HEKOTOpPbIE AOCTYMNHbIE MeToabl fieveHns. CoxpaHsowmecs NnaHAeMnn, BO3HMKaOLNE U
BHOBb MOSIBNSIOLLMECS BUPYCbl, SBOMOLMS LITAMMOB, YCTOMYMBLIX K JIEKAPCTBEHHbIM CpeacTBaM,
TpebyloT MOCTOSIHHOTO MNoucka HOBBLIX MPOTMBOBMPYCHBIX npenapaTtoB. Paspabotka cpeacTs
NPOTUBOBUPYCHON Tepanuu TpebyeT dyHOaMeHTanbHOro noHumaHus 6uonormm Bupyca U ero
B3aMMOAENCTBUSA C KMETKOM-XO3AMHOM. HavanbHbi war B YCTaHOBNEHUM 3(PPEKTUBHOCTU HOBbIX
NPOTUBOBUPYCHbIX NpenapaToB OCHOBAH Ha METOAAX OLEHKM MX NPOTUBOBUPYCHOM aKTUBHOCTM in vitro
C UCMONb30BaHNEM KINETOYHbIX TECTOB U BECKNETOYHbIX CUCTEM.

KneTo4yHble TeCTbl NO3BOMSAOT BOCMPOM3BECTM BCE 3Tarbl XXU3HEHHOO LIMKMNa BUpYyCa, BKMoYas
CBA3bIBaHWE C peLenTopoM, BXoA B KNETKy U pasgeBaHne, pennukaumio, ynakoBky n c6opky reHoma,
BbICBOOOXAEHNE U co3peBaHWe BUPYCHbIX Yactuy (1). [Ons  BbINOMHEHWs umccnegoBaHus
NPOTUBOBUPYCHON aKTUBHOCTU B KINETOYHbIX TECTaX HEOBXoaUM AOCTYN K UH(EKLMOHHOMY areHTy u
NEPMUCCUBHBIM KITETOYHbIM KyrnbTypaMm, KAQ4eCTBO KOTOPOM HEOOXOOUMO MOCTOSIHHO KOHTPONMPOBaTb.
MpucyTcTBME BUpPYCa B CUCTEME BUPYC-KNETKa-Uccreayemasl Monekyna B 3aBUCMMOCTM OT CBOWCTB
BMpyca B OOMbLUMHCTBE CNydaeB onpeaenstoT No Hannyni BUpYC-cneungmnyeckoro uMTonaTuy4eckoro
OEVNCTBUSA B KyNbType KNEeTOoK, a Takke MeTogamu remarritioTMHaumMm, UMMYyHOEPMEHTHOrO aHanusaa,
MOINEKYNSIpHO-reHeTUYECKUMN ~ MeTodamMun  (monumepasHas  uenHass peakuus). K Hanbonee
pacnpocTpaHeHHbIM KIeTOYHbIM TECTaM Mo OnpeaerieHno NMPOTMBOBMPYCHOW akTUBHOCTU OTHOCATCS
MEeTOoL WMHIMOMPOBaHMS LMTOMATUYECKOro AEWCTBUSA, METOL WHrMbupoBaHus GnsawkoobpasoBaHus,
METOZ, CHWXEHMS NPOAYKUMN BUPYCHOrO NOTOMCTBA.

Ecnun oTcyTCTBYET JOCTYN K BbICOKOMNATOre€HHOMY BUPYCY, BMECTO HEr0 MOXHO UCMONb30BaTb
Takue MoAenu Kak NCeBAOTMNUPOBaHHbIE BUPYCHblE BeEKTOopa (Ha OCHOBE BMPYCOB BE3WKYMSIPHOMO
ctomatuta (BC) wunu nentuBupycoB (J1B)) wn pennukoHbl. [lceBgoTvnupoBaHHbIE BeKTOpa
npeacTaBnalT cobon XMMepHble PEKOMOMHAHTHBIE BUPYCHbIE YacTULbl, Y KOTOPbIX HAa MOBEPXHOCTU
BC wnu JIB Haxogsatca o6OOMnoYeyHble T[NIMKONPOTEUHbI LENEeBOro BbICOKOMATOrEHHOro BMPYCa,
obecneunBawLe UHOULUUPOBAHME KINETKU-MULLIEHW, a B FeHOMe 3aKOAMpoBaH (hryopecLeHTHbIN
©ernok, NoatoMy ryopecueHLMI0 3apaXKeHHbIX KIMETOK MOXHO AeTekTupoBath (2). PennukoHbl — 370
reHHOUH)XXEHEPHbIE KOHCTPYKLUKN, KOTOpblE HE MPOAYLUMPYKT MOMHOUEHHbIE BUPYCHbIE YacTuubl, HO
cofepxaT KogoupyloliMe nocnefoBaTenibHOCTM  HECTPYKTYPHbIX  BUPYCHbIX  6enkoB  (NpoTeas,
nonvmMmepas) u penopTepHbix 6enkoB (noundepasbl unu nyopecLeHTHbIX OenkoB), YTO NO3BONSAET
OLleHMBATb aKTMBHOCTb MHIMOMTOPOB BUPYCHbLIX BEMKOB MO YPOBHIO penopTepHoro 6enka B knetke (3).

KneTouyHble TeCTbl CBA3aHbl C DOMNbLWMMK 3aTpaTaMy Ha UX MPOBEAEHMNE U 3a4acTy0 HE MOryT
AaTb OTBETA Ha BOMPOC O TOM, YTO SBMSETCA MULUEHLI OENCTBUS HOBBIX MOIEKYSl, NMO3TOMY
CYLLIeCTBYET APYron NoAXOA4 K onpeaeneHunto MPOTUBOBUMPYCHOM akTUBHOCTU UCCeayeMbIX COEAUHEHWI
B 0ecknetoyHbIXx cucTemMax C nomouwplo  Broxmmudecknx/Guodusnyecknx mMetogos  (1).
PekomMbUHaHTHbIE BUpYCHblE Benku-muweHn (B NepBYO odepedb, MonMmMepasbl U NpoTeasbl) MOXHO
©e3onacHo Npon3BoauTb B OOMbLUMX KONMMYECTBAX METOAAMWU FEHHOW MHXEHEPUN U UCMONb30BaTb B
pasnuyYHbIX aHanmMsax C WUCMNofb30BaHMEM METOOO0B MOBEPXHOCTHOIO MIa3MOHHOIO pe3oHaHca WUnu
bNyopecLLEHTHOro Pe30HAHCHOIO NepPeHOCca SHEPTUKN NPY HANMYNN COOTBETCTBYHOLLIEro 060pYya0BaHUS.

Takum oOpa3oMm, B HaCTOALWMIA MOMEHT CyllecTByeT Oonblloe pasHooOpasne MeToauK
onpefeneHns akTMBHOCTM HOBBLIX MOJIEKYST B OTHOLLUEHUW LUMPOKOro AuManasoHa BUPYCOB-NaTOreHOB
Yyenoseka, U BbIOOP KOHKPETHOro MeToAa 3aBNCUT OT 0COBEHHOCTEN MCCnesyemoro Bupyca.

INutepaTypa
[1]. Rumlova M, Ruml T. Biotechnol Adv. 2018 May-Jun;36(3):557-576.
[2]. Li Q, Liu Q, Huang W, Li X, Wang Y. Rev Med Virol. 2018 Jan;28(1):e1963.
[3]. Fernandes RS, Freire MCLC, Bueno RV, Godoy AS, Gil LHVG, Oliva G. Viruses. 2020 May
30;12(6):598
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Tuposnn-AHK-dochoanactepaza 1 (TDP1) saensetca BaxHbiIM (EPMEHTOM CUCTEMBI
penapauun [OHK, wurpawowum, B TOM u4ucrie, KAOYEBYIO ponb B yaaneHun nospexageHun [OHK,
BO3HMKAKOLLMX B pe3ynbTaTe AeNCTBMS MHIMOMTOpoB Tonoudomepasbl 1 (Topo1), KMMHUYECKN BaXKHbIX
NPOTUBOOMYXOJEBLIX JIEKAPCTBEHHbIX CPEACTB, CHWxasd 39dEKTMBHOCTb UX Aencteus. MoxHO
oXuaatb, YTO COBMECTHOE MpumeHeHue uHrmbutopoB TDP1 u mpoTMBOOMyXOneBbiX Mpenapartos,
0COBEHHO HaueneHHbIX Ha HrMbupoBaHue Topo1, 3HauUUTENbHO NOBLICUT 3PMEKTUBHOCTE NOCIIEOHNUX.

B pesynbtate npoBedeHHbIX WCCRegOBaHUW HanpaBneHHOW Moaudukauuen npupogHbIX
COEOQVHEHMN  pasfuYHbIX  CTPYKTYPHbIX  TMNOB  pasdpaboTaH  6GombwoOn U CTPYKTYpPHO-
AveepcnduLnpoBaHHbIi Habop HoBbIx UHrMBuTopoe TDP1 [1, 2]. Hanbonee akTnBHblE MHIMBUTOPHI
AENCTBYIOT B CYOMUKPOMOSSPHBIX U HAHOMONSIPHBIX Avanas3oHax KOHLEHTpaunn.

lMpogemoHCTprpoBaHa CMOCOGHOCTb  HamAeHHbIX MHMMGuTopoB TDP1 B HETOKCUYHbIX
KOHLUEHTpaumusix MHOFOKPaTHO YCWUMMBATb LIMTOTOKCUYHOCTb WHIMbutopoB Topo1 B OTHOLWEHUM
OMyXOoneBbIX NIMHUI KNETOK, Npn4eM 3TOT 3adhdeKkT nponagaeTt Ha HokayTHon no TDP1 npoussogHomn
NVHUK KNeToK [3], 4To noaTBepXXAaeT MEXaHN3M CMHEPreTUYECKOro 4eNCTBUS.

BnepBble  nokazaHa  CMOCOOHOCTb  HaWAEHHbIX  MHrMOuTOopoB  TDP1 ycunmeatb
NPOTUBOOMYXO/IEBOE M aHTMMETacTaTU4ecKoe AEWCTBME TOMOTeKaHa, KIMMHUYECKU WUCMONb3yeMoro
uHrnbutopa Topo1, B akcnepumeHTax in vivo [4, 5]. Takum 06pa3om, HangeHHble BbICOKOI(EKTUBHbIE
UHrMbutopsl epmeHta TDP1 nepcnekTmBHbl AN AanbHelwen pa3paboTkm B Ka4ecTBe KOMNOHEHTOB
KOMMMEKCHOW Tepanunn OHKOJTOrMYEeCKMX 3aboneBaHni.
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