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PE3IOME: [aHHbii uuKn HayvHbix paboT NOcBAWEH pa3spaboTKe HOBLIX METOA0NOrMiA
CUHTE3a MNPAKTUYECKU 3HAYUMBIX T[EeTEePOLMK/INYECKUX M  aUUKAMYECKMX COeAMHEHUN C
UCMONb30BaHNEM MNOAXOA0B «3eNEHON XMMUMY, KOTAQ MO/NYYEHUE HOBbIX MPOMBILAEHHO M
nabopaTopHO 3HaYMMbIX COEMHEHWIi OCYLECTBAAGTCA B pe3yabTaTe MeTannoKaTau3MpyembixX U
METaNNoNPOMOTMPOBaHHbIX peakuui. MonyueHHble BewecTsa 061a4310T LEeNbIM PALOM NOME3HDbIX
CBOMCTB W NPEACTaBNAIOT HECOMHEHHDIA UHTEPEC HE TONbKO /11 XMMUKOB-OPraHMKOB B KayecTse
3HAaYMMbIX CUMHTOHOB A1 MONEKYNAPHOrO Au3akHa HOBbIX COEAVHEHWM, HO TaKkke U B
6uomegnumHe Kak «cTpouTenbHbie 6NOKM» ANA  CO34aHMA  NeKapCTBEHHbIX npenapaTos.
Pe3ynbTaThl UCCNeA0BaHMIA KONNEKTMBA ONYBAMKOBaHbI B BEAYLLMX MEXAYHapOAHbIX )KypHanax (44
CTaTbu, B HacTHOcTH, B ACS Catal., Org. Lett., J. Org. Chem., Inorg. Chem., Organometallics v Dalton
Trans.), a Takke o0606weHbl U NpeacTaBneHbl XMMUYECKON obLiecTBeHHOCTH B Buae 0630poB B
Chemical Reviews v Coord. Chem. Rev. n B Hanbonee peliTUHIOBOM OTEYECTBEHHOM XMMUUYECKOM
XypHane — Ycenexu xumuu. COBOKYNHbIA MMNAKT GaKTOp NpeacTaBAEHHbIX Ha KOHKYpC pabot 6onee
209. MpoeKTbl BCex comcKaTenei noayuMnu NoAAepKKy HayuHbix GoHA0B (POCCHMIICKHI HayuHbIN
$oHa, Poccuiickuii doHa GyHaameHTanbHbIX UccaeaoBaHuii, Coser no rpaHTam MNpesugeHta PO) s
$opme rpaHTOB, B KOTOPbIX KaMAblii U3 COMCKaTenei aBaseTca pykoBoguTenem (cm. Tabauuy Ha
cTp. 5).

XoTtA no ycnosuam KoHKypca pabotel 2016 r. He BXOAAT B npeacTaBAsembiil umMkn pabor,
CTOMUT OTMETUTb, YTO COMUCKATE/IN He COaBUAM HM TEMN UCCNEA0BAHMIA, HU CBOIO NYBANKALMOHHYIO
aKTUBHOCTb, U B 2016 r. UMM 6bINK ONY6NNMKOBaHDBI CTaTby B BEAYLLMX MEXKAYHAPOAHbIX }KypHaNax —
Chem. Rev., Coord. Chem. Rev., Inorg. Chem., Org. Biomol. Chem, Tetrahedron w Inorg. Chim. Acta.

KPATKOE COAEPM{AHUE: CuHTe3 HOBLIX NPAKTMHECKN 3HAYMMBDIX BELECTB C gaBHUX NMop
ABnaeTca l'lpI/IOpVITETHOﬁ 3ap,aqeﬁ XUMUKA-CUHTETUKaA. O,D,HaKO B nocnegHue roabl npoucxoauvt
“3MeHeHne camou napagnrmbl OpraHU4ecKoro CMHTesa, u B HactoAulee Bpemsa CTaHOBUTCA BaXKHbIM
Heé TOMAbKO TO, 4YTO XUMUKWU MOTyT CUHTE3UpOoBaTb, HO WU TO, KaK 3TO 6y,D,ET Aenartbea.
AononHurenvHoie TpebosaHmAa no 3HeprosdpdeKTMBHOCTH, BE30TXOAHOCTM W IKOIOrMYECKOI
6e3onacHocTH npou3ssoactea BbIHYXAAIOT XUMUKOB-OPraHUKoB pa3pa6abeBaTb HOBbIE
Mano3aTpaTHble, aTOM3KOHOMUYHbIE U Be3onacHbie noaxoabl K CUHTE3y uenesbix COE,D,MHEHMVI.
I'IoaTomy pa3pa60TKa KaTaIMTUYeCKUux peaKu,wﬁ, B 4YaCTHOCTH, C y4vyacTuem METaNnNoUueHTpoB —
ABNACTCA NPUOPUTETHLIM HaNpaB/eHUEM PA3BUTUA COBPEMEHHOW XMMUM.

MeTannonpomoTUpyembiil OpraHNiecKnin CUHTE3 — 3T0 c60pKa COMHBIX U BaXKHbIX ANIA
4eNoBeka OpraHuYeckux Monekysn (Hanpumep, NEKapcTB) U3 MPOCTbIX KOMMOHEHTOB C yYacTUem
METa/I/IoB. 3TO KaK AETCKUIA KOHCTPYKTOP, B KOTOPOM eCTb 3/1eMeHTbl Ana CBOPKM, ecTb raiikm
BMHTbI, HO 06A3aTENbHO HYXKEH raeuHblil KoY, YToBbl OCYLLECTBUTL CHOPKY. POAb TaKOTo KAOua
WIPaeT MEeTans u ymenoe WUCNONL3OBAHUE AAHHOTO KNIOYA MO3BOMAET KOHCTPYMPOBAaTb HOBbIE
MONIEKY/ibl, CPeAN KOTOPbIX Npenapatbl NPOTMB pPaka W HOBble TUMbI NOMUHO(OPOB, KOTOpbIE
MOTEHLMANBbHO MOTYT UCMNO/Ib30BATLCA B CBETOU3NYYAIOLLMX AMOAaX.



Tak 1,2,4-0kcagmasonsl Mmelowme WKUPOYANILNIA CNEKTP NPUMEHEHUA KaK B XUMUM
MaTepnanos B KayecTBe KOMMOHEHTOB NOJIMMEPOB, MUAKUX KPUCTa/N0B, JIOMUHECLLEHTHbIX U
ONTO3NEKTPOHHbIX MaTepPUaNoB, UHIMBUTOPOB KOPPO3UM, TaK U B papMaLeBTHKe, BbIU NONYYEHDI
nvwb 6naroaapa metannonpomotupyemoii (Pt(Il), Pt(IV), Zn(ll)) peakumm coueTaHns ammaoKCMMOB
C HUTPUNAMKU MAN unaHamuaamu. B Toxe spema nonydeHue 2,3-auruapo-1,2,4-okcaamasonos,
TeTPa3oNos U TPUABOAUHOB, CTA/I0 BO3MOMHBLIM B CNEACTBUM aKTUBaLMiA TpoliHoW CN-ceAsu
coeaurenuamu Pt(ll) u Zn(ll). Takum obpasom Gnaropaps METaNI/IoONPOMOTUPYEMOMY CUHTE3Y
YA3anocb OCYLIeCTBUTL TPaHCHOPMaLMN  COeAVHEHUN, KOTOpblE MONHOCTLIO WHEPTHbI B
“6e3ameTanbHbix ycnoBuax”. JonoaHUTENbHO 6bIN0 NOKa3aHo, YTo KoopanHaumsa K Pt(ll) u Zn(ll)
NPUBOAMT K aKTUBAaLUUW HUTPUNOB M LMAHAMUAOB He TO/ILKO MO OTHOWEHUIO K AMNONAPHOMY
UMKNONPUCOEANHEHUIO, HO U K HYKNEOPMNbHOMY NPUCOEAUHEHUIO BOAbI, AMUHOB M aMUAHON
rpynnbl  amMuaokeumos ¢ obpa3oBaHMemM  MOYEBMHOBbLIX, amMWUAMHOBBIX U 1,3,5-
TpUasaneHTagMeHoBbIX KOMNJIEKCOoB. NocneaHne ABARIOTCA MHOroo6ewaowmmm seLecTBamu ana
NONYYEHUA NIOMUHECLUEHTHBIX MaTepuanos.

Mpn  paspabotke meToga cuHTE3a  2-aMMHOOKCA30/10B, KOTOpble  06nagaloT
NpoTHBOrpubKOBOM M NPOTUBOBUPYCHOMN aKTUBHOCTbIO (HIV-1), MHIMBMpPYIOT bepmeHTb (VEGFR2,
IMP), a Take ABNAIOTCA AMYPETUKAMM W AHTUrE/IbMUHTHBIMK Npenapatamu, asToOpbl Nposenu
KaTa/MTUYECKYI0 SNEKTPOGUNBLHYIO aKTMBALUMIO HEeNoNApHOI C=C-cBA3M ¢ nomolbio coneit Au(l).
Takum obpasom, yaanocb NposecTu Au'-KaTanmsupyemoe CoUeTaHUe aLeTUNEHOB W UMaHammaos ¢
obpa3oBaHMeM 3aMelEHHbIX 2-aMUHOOKCa30/108. 1A cUHTe3a dapmakodopHo-3Hauumsbix 2H-1,4-
OKCasMHOB, KOTOPble NPUMEHAIOTCA B NPOTUBOPAKOBOM TEPaNnK, a TaKXKe AN IEYEHNA MUTPEHU U
OXKUPEHUA, aBTOPbI YCMEWHO NPUMEHUAU PeaKuuio NPUCOEAUHEHMS AWNa30CoeAMHEeHWt K 2H-
asupuHam, Katanusnpyemyio coeguHeHuamm poama(ll). UHtepecHbie pesynbratbl 61K NOAYYEHBI
NPY NONbITKE OCYLECTBUTL CUHTES BULMKANYECKNX NMMPPONUHOB W 2,5-AMrMAPOOKCa300108. Bbino
ycTaHoBNeHO, uTo coeauHeHua meau(l) u meau(ll) asnaiotca adpdekTMBHLIMM KaTanusaTopamu
PacKpbITUA  a3MPUHOBOTC  LMKNA, MNPUBOAALLETO K 06pa3oBaHUio  BUHUAHUTPEHOBOrO
WHTEpMEAMNATa, BCTYNAIOWEr0 B PeakuUIo LMKNONPUCOEAUHEHUA K KpaTHbIM CBA3AM C
0bpa3zoBaHMem NATUUNEHHBIX A30TUCTbIE FETEPOLMKIOB C XOPOLIMM BbIXOAOM. [N peanusaumu
NPOEKTa NO CMHTE3Y NONMLMKNUYECKUX CYNbTAMOB (UMKAMYeckne cynbdoHamuabl), CnocoBHbIX
WHrUBUPOBaTL CepuH TpaHcnenTUaasy, 6bino Heobxoaumo paspaboTaTs METO/, CUHTE3a CY/IbTama,
COAEepIKaLLero HesamelleHHbIM aTom a30Ta. B xoge peweHnus nocrasneHHONM 3anaum asTopam
yAanocb paspaboraTb OKuCAUTENbHbIN MeToa N-AeapuauMposaHus 4-meTOKCMbEHUNLHOTO
dparmenTa geiictenem coneii uepua(lV). MonyverHbie pes3ynbTaThl CTaNM OTNPaBHOW TOYKON B

CUHTEe3e NONNUUKINUYECKUX CYﬂb(’)OHaMM,D,OB, ABMAIOWMNXCA aHanoramm aHTMbUoTHKoB
NeHNUNNANHOBOro paaa.

ZK] npUBEOEHHbIX BbllUe NPUMEPOB, CTAHOBUTCAH OuYeBUAHO, YTO «MeTann» ABNAETCA O4HNM
M3 CaMbiX BaXKHbIX K UHCTPYMEHTOBY» B COBpeMEHHOﬁ XUMUN, a CONCKaTENN YCNEWHO UM NOAb3ytoTCA
ANA pelieHUA KOHKPETHDIX NPaKTUYeCKnx 3aiay.



Metals in organic systems: from small molecules to new materials

SYNOPSIS This series of works describes the development of atom-economic green routes
toward practically useful heterocyclic compounds employing metal-catalyzed and metal-mediated
reaction in a key step of the synthesis. Heterocycles are widely used in organic synthesis as a useful
synthons for molecular design and they found application in drug design as building blocks for
mastering pharmaceutical products. The results in this filed have been published in top international
Journals (44 articles, in particular, ACS Catal,, Org. Lett., J. Org. Chem., Inorg. Chem., Organometallics
v Dalton Trans.) and summarized and presented to the chemical community as a review in Chem.
Rev., Coord. Chem. Rev. and the highest impact Russian chemistry journal, viz. Russian Chemical
Reviews. The total IF of the published articles is 209+. The projects of each applicant were supported
by the Russian Science Foundation, the Russian Foundation for Basic Research and the Scientific
Council of the President of the Russian Federation (in all cases applicants are PI’s, see Table on page
5).

According to the contest rules, papers published in 2016 could not be considered, but it is,
nevertheless, noteworthy that in 2016 the applicants have published a number of works in top
international journals such as Chem. Rev., Coord. Chem. Rev., Inorg. Chem., Org. Biomol. Chem,
Tetrahedron and Inorg. Chim. Acta.

RESEARCH SUMMARY Synthesis of new practically useful compounds is the most important
challenge of organic chemistry. However, in present time we observe changing of common
approach in organic synthesis. Not only do chemists consider what they can prepare, but they also
think how to achieve it. Strong ecological restriction pushed organic-chemists to develop new
energy saver, atom-economic and safe approaches to the synthesis of target molecules. This is why
the development of catalytic reaction is one of foreground topic in modern chemistry.

Metal-mediated organic synthesis is assembling of complex and significant organic
molecules (drugs, for example) from simple components assisted by a metal. This is like a
constructor, which has building elements, screws, and screw-nuts, but it is required a tools to be
assembled. A metal plays a role of the spanner and skillful employment of the spanner allows the
construction of new molecules, which, in particular, are anticancer drugs and new types of
luminophores, which potentially could be used for OLED.

Thus 1,2,4-oxadiazoles which are widely used in material science as a components of
polymers, liquid crystals and ionic liquids, luminescent, optoelectronic materials and in medical
chemistry was obtained through metal-promoted coupling reaction of amidoximes and nitriles or
Cyanamides. Moreover the high yielding synthesis of 2,3-dihydro-1,2,4-oxadiazoles, tetrazoles, and
triazolines becomes available due to effective activation of CN-bond by Pt(ll) n Zn(ll) salts. Thereby,
completely unreactive compounds were involved in novel transformations due to the key role of
metal in their activation. In addition, it was demonstrated that the coordination to the platinum(Il)
and zinc(ll) centers result in activation of the nitriles and cyanamides either toward 1,3-dipolar
cycloaddition or nucleophilic addition of amines and water leading to the amidine and urea
complexes.

In our study concerning the development of new synthetic routes leading to 2-
aminooxazoles, which demonstrate a wide spectrum of biological activity such as antiviral (HIv-1),
enzyme (VEGFR2, inosine monophosphate dehydrogenase), and valosin-containing protein
inhibition, the authors employed activation of alkynes via its coordination to the Au(l) center. Thus,
we provide Au'-catalyzed acetylene—cyanamide coupling leading to substituted 2-aminooxadiazoles.
Authors successfully used diazocompound-2H-azirine coupling reaction catalyzed by Rh(ll) in the
synthesis of pharmacology important 2H-1,4-oxazines applicable in anticancer therapy and curing
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of migraine and obesity. Interesting results have been obtained while developing routes to
preparation of bicyclic pyrrolines and 2,5-dihydrooxazoles. It was established that complexes of
copper(l) and copper(ll) are effective catalysts for azirine ring opening leading to the formation of
vinylnitrene intermediate, which subsequently undergoes cycloaddition to unsaturated bonds to
form five-membered azaheterocycles in good yields. Another part of our study was focused on the
searching suitable method of synthesis of secondary sultams (cyclic analog of sulfonamides) through
N-dearylation of easily available fully-substituted sultams. We demonstrated that 4-methoxyphenyl
moiety could be easily removed from the nitrogen atom by treatment with cerium(lV) ammonium
nitrate. The developed protocol of oxidative N-dearylation became a cornerstone in the synthesis
of polycyclic sultams, which inhibit serine transpeptidases by acylation via ring opening.
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