


OIr’NNABJIEHUE

OBLUME MOKASATEIN 3A 2024 TOLL ev.eeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeseseseeeeeenenes 3
KTKOYEBBIE MYBIIMKALMM ..o, 4
OPTAHU3ALA KOHOEPEHLMM ..o 53
YYACTUE B PABOTE KOHOEPEHLINM <. 56
CMIUCOK NMYBIIUKALN 2024 ... eeeneees 59
NHOOPMALMA O HAYYHOM LLUKOJTE ..o, 96

Unnaocmpayua Ha 06oxcKe: «/ly4u cuHmesa»

Ha wnnoctpaumm un3obpaskeHa XyO4OMKEeCTBEHHAA WHTepnpeTauma TPEXKOMMOHEHTHOW paguvKaibHOM
peakunn coveTaHuA TMOJA, a/lkeHA W aJIkKMHA, BrepBble OTKPbITOM B HaweW HayyHol LLUKone. B Takom
npouecce Mo OeNCTBMEM CBETA FEHEPUPYIOTCA TUOAbHbIE PafMKasbl, UHULUUPYIOLLME ABYXCTAANNHYIO
peakuMlo coyeTaHus, npuBoaAallyto K obpasosaHuto ceszed C-S u C-C. B oTamume oT 6O/MbLIMHCTBA
paZMKasbHbIX NPOLECCOB, HalWAeHHAA peaKuua NpOoTeKaeT YAMBUTENbHO CENeKTUBHO C obpasoBaHMeM
CNOXKHbIX OPraHMYeCcKUX NPOAYKTOB. TPEXKOMMOHEHTHAA peakuna TUON-UH-EH COYETaHNA ABAETCA MPOCTbIM
N TEXHOJIOTMYHBIM UHCTPYMEHTOM AN1A GYHKUMOHANN3ALMM OPraHUYECKUX COEAMHEHWUN U YBEUYEHUA UX
MOJIEKYNAPHOW CNOMKHOCTU. ABTOP MANKOCTPaUmK K.X.H. fTopaees E.T. (2024 r.)
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MEXAHU3Mbl BUONOMMYECKOTO AEACTBMUA MOHHbBIX XUOKOCTEN: OT KNETOYHbIX CUCTEM
A0 MHOIOK/IETO4YHbIX OPTAHU3MOB

B paboTte npeactaBneH noApobHbIN 0630p COBPEMEHHbIX MCCNea0BaHUA B3aMMOAENCTBUA MOHHbIX
Xuakocreit (MXK) c 6uonormyeckMmum cuctemamy PasiUYHON CNOMKHOCTM, OT OTAE/NbHbIX KAEeTOK A0
MHOTOK/IETOUYHbIX OpPraHM3moB. bnarogapsa CBOMM YHWKaNbHbIM GU3MKO-XMMUUYECKUM XapaKTEPUCTUKAM,
TaKMM KaK BbICOKas pacTBOPAIOLLAA CNOCOOHOCTb M BO3SMOMKHOCTb TOHKOM HacTpolKu ceolicTs, UK HaxoaaTt
LWMPOKOE NPUMEHEHME B Pa3/IMYHbIX 061aCTAX XMMUU, BKAOYAA OPraHUYECKUIN CUHTE3, SNEKTPOXUMUIO U
buoTtexHonormn. OgHaKo BOMpPoOCbl GMONOrMYECKOM aKTUMBHOCTM WM TOoKcuyHocTn WX ponroe Bpems
0CTaBa/IMCb HEAOCTATOYHO U3YYEHHbIMM, YTO CO34aBasI0 HEONPEAE/IEHHOCTb B OTHOWEHUN 6€30MacHOCTU UX
npPUMeHeHus.

B paboTe cuctemaTU3MpPOBAH HaKOM/EHHbIM 06beM 3HaHMI O UUTOTOKCMYecKUx addeKktax MK Ha
KNETOYHbIX Ky/lbTypax, a TaKXe WX BO3AENCTBMM Ha OMONOrMYECKMEe MONEKYNbl U MHOFOKNETOYHbIEe
OpraHM3Mbl, BK/tOYaA 6ECNO3BOHOYHbIX U MO3BOHOYHbIX KMBOTHbIX. [TOKa3aHO, YTO OAHMM M3 OCHOBHbIX
MEXaHU3MOB LMTOTOKCMYECKOTo Bo3geicTeua UMK aBnsetrca Mx CnocobHOCTb MOBPEXAaTb KJ/ETOYHble
membpaHbl. Takke B paboTe NoApobHO PacCMOTPEHbI OKUCAUTE/IbHbIM CTPecC M MHAYKUMA arnonto3a B
KNneTKax. B 4acTHOCTW, NPOAEMOHCTPUPOBAHO, YTO HAapyLIEHME LLe/IOCTHOCTU KNeTOUYHbIX MeMbpaH NpuBoAnUT
K NMOBbIWEHWIO YPOBHA PeakTUBHbIX ¢opm Kucnopoga (ROS) n akTMBALMK Pa3NIUYHBIX CUTHANbHbLIX NyTENn,
BeAyLMX K rTMbenn Knetku.

YCTaHOBNEHO, YTO UMTOTOKCHMYecKoe aelicTBue MK Bo MHOrom onpegenseTca CTPYKTYPOM UX KaTUOHa U
aHWOHa. Hanpumep, yANUHEHWE aNKUIbHOW LENM B KAaTMOHE 3HAUYUTENIbHO YCWU/IMBAET TOKCMYecKoe
BO3€elCTBME 3a cYEeT NoBblWeHUA rnapodobHOCTN 1 cnocobHocTM UK NpoHMKaATb B KNETOYHbIE MeMBpaHbI.
Take B paboTe paccMoTpeHbl nocneacTeus Bosgencreusa UK Ha oTaenbHble opraHennsl U buonornyeckue
MONEKYNbI, BKAOYAsA UHIMBUpYyloLLLee AeNCcTBUE Ha Benkn u annuaHble bucnoun.

Ocoboe BHMMaHWEe yaeneHO MexaHUM3Mam WHAYKUMWM amnonTto3a KaK OAHOro W3 rNaBHbIX MyTen
KNeToyHo rubenn nop Bosgenctenem MUK, B cTaTbe [AeTanbHO OMMCaHbl BHEWHWN (peuentop-
onocpeaoBaHHbIN) U BHYTPEHHUIM (MUTOXOHAPUANbHBIN) NYyTWM aKTUBALMKM anonTo3a, a TaK:Ke Po/b Kacnas u
APYruX perynatopHblx 6en1KoB B 3TUX npoueccax (puc. 1). MoadvepkmBaeTca HEO6X0AMMOCTb Aa/IbHENLLEro
n3yyeHuna BANAHUA UK Ha oTaenbHble KNeTOYHbIe KOMMOHEHTbI, BKAtoYasa 6oaee AeTanbHbili aHanns3 6enKkos,
YYaCTBYIOLLMX B OKUC/IUTENBHOM CTpecce 1 anonTose.

B 3aK/t04EHNN NOAYEPKUBAETCA BAXKHOCTb AaflbHENLLMX UCCNeA0BaHUIA MEXaHM3MOB TOKCUYHOCTU UK,
YTO He TOJIbKO NMO3BOJIUT CHU3UTb NOTEHLUMabHblE PUCKM UX MPUMEHEHUS, HO U OTKPOET NyTb K CO34aHUI0
MeHee TOKCMYHbIX BapWaHTOB 3TUX BELLECTB, MPUroAHbIX AN MCMNO/b30BaHUA B dapmaLleBTUYECKUX
pa3paboTKkax n megunumnHe.
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PucyHok 1. MK MoryT Bbi3biBaTb B 3YKapPUOTUYECKUX KNETKAX OKUCAUTENbHbIA CTPecC M 3anycKaTb
BHELUHWIM N BHYTPEHHWI NyTM anonTosa.

Ccbinka:

K.S. Egorova, AV. Kibardin, A.V. Posvyatenko, V.P. Ananikov, Mechanisms of
Biological Effects of lonic Liquids: From Single Cells to Multicellular
Organisms, Chem. Rev., 2024, 124, 8, 4679-4733,

DOI: 10.1021/acs.chemrev.3c00420
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OB30P NO MOANDPUKALIUN KOMMNJIEKCOB METANIZTIOB C N-TETEPOLUUKTUYECKUMU
KAPBEHOBbIMU TUTAHOAMMU NMPU NOMOLLU SNNEKTPOHOAKLENTOPHbIX rPYMM: BIMAHUE
HA KATAJINTUYECKYIO AKTUBHOCTb U COBEPLLEHCTBOBAHUE CBOMCTB

B pamKax HacCToALLero AMTepaTypHOro MccieoBaHWsA NpPoBedeH CUCTEMATUUYECKMI aHaNu3 BAUAHUA
3NEKTPOHOaKLEeNTOPHbIX 3amecTtuTenein B N-reTepoumknuuecknx KapbeHosbix (NHC) nuraHgax Ha
KaTa/IMTUUYECKME XapaKTEPUCTUKM KOMIMIEKCOB NepexoaHblx MeTannos (puc. 1). Katanutmyeckne cuctembl Ha
ocHoBe NHC-KOMN/eKcoB MOAyYMIM LUMPOKOE pacnpocTpaHeHue 6narogaps UX BbICOKOW CTabuUabHOCTH,
CTPYKTYPHOMY pPa3HOO6pasnio U YHUKaNbHbIM XMMMYECKMM cBoicTBam. OfHaKo BOMNPOC AeTanbHOro
N3YUYEeHUA BAUAHUA 3/1EKTPOHOAKLENTOPHbIX 3amMeCcTUTesIell Ha KaTa/IMTUYECKME XapaKTepPUCTUKKN AaHHbIX
CUCTEM OCTaeTCA He0CTaTOYHO OCBELEHHbIM.

Well known properties Direct influence on the metal center Giving new properties

Stable catalyst Fine tuning ability

High catalytic activity Frame modification

Structures diversity Recyclability

Wide applicability Water solubility

A set of characterization tools Insufficiently studied
M=Pd, Pt,Ni,Ru, R, @@ -Cl-Br - -CN,

-CF,-50s-, -COR, -N;,
I Au, Cu, Ag M, € g0, -SOR, -OTF, -NO:

PucyHok 1. ViccnegosaHHble M/NHC cuctemsi.

MpoBeaeH BCECTOPOHHMI 0630p MU KPUTUUYECKUIA aHa/IN3 Hay4HbIX AaHHbIX 332 nepuog ¢ 2006 no 2023
rog. Ocoboe BHMMaHWE yaeneHO WUCCAeAOBaHUID BAMAHUA 3/1EKTPOHOAKLLENTOPHbIX 3aMecTutenem Ha
KaTa/IMTUYECKYID AKTUBHOCTb, CEMIEKTUBHOCTb W CTabMABHOCTb KOMMIEKCOB Pa3/IMYHbIX MNepPexosHbIX
METAN/IOB, BKAOYAA Nanfagui, NAaTuHy, HUKeNb, PyTEHUI, poanii, Npuguin, 301010 U Mmeab. B pesynbTate
NnpoBeAEeHHOr0 aHanausa 6bl10 YCTAaHOBNEHO, 4YTO BBEAEHWE 3NEKTPOHOAKLLENTOPHbIX 3amMecTuTenei
CYyLLECTBEHHO MOAMPULMPYET 3IEKTPOHHbIE CBOMNCTBA KapbeHOBbIX IMFAHA0B, YTO NPUBOLMUT K USMEHEHUIO
3NEKTPOHHOMN CTPYKTYPbl META/NIOLEHTPA U €ro peakuMoHHOW cnocobHocTu. OnucaHHble B AuTepaType
KBaHTOBO-XMMUYECKME pacyeTbl MeTogoM Teopun ¢yHKUMOHana nnotHoctu (DFT), aononHeHHble
3KCNEPUMEHTA/IbHBIMU AaHHbIMW, NOATBEPAMAN, YTO BKIOUYEHUE TaKMX 3aMeCTUTENEN, Kak ranoreHbl (F, Cl,
Br), HuTpo- 1 upnaHorpynnsl (NOz, CN), a TakKe KapboKcuabHble/cnoxkHoadupHblie u cynbdorpynnst (COzR,
SOs37), 3HAUMUTENbHO YCU/IMBAIOT TI-aKLLENTOPHbIE XAapPaKTEPUCTUKM KapbeHOBOro LEeHTpa, yYBENUYMBasa ero
3NEKTPOHOA4EPULNTHOCTb U M3MEHAA NPOCTPAHCTBEHHOE OKPYXKEHME MeTanna.

B ony6anKkoBaHHbIX paboTax Obl10 NPOAEMOHCTPUPOBAHO 3HAUYNUTENIbHOE NOoBbIWeHUe 3$HEKTUBHOCTH
KaTa/n3aTopoB, COAEPKALLMX INEKTPOHOaKLenTopHble 3amectutenn B NHC-nmMraHgax, B pasiMyHbIX TMRNax
XMMUYECKUX peakLMi. B yacTHOCTU, OTMEYEHO CyLLEeCTBEHHOE yaydlleHWe KaTaIMTUYECKUX NoKasaTenen B
peakumax Kpocc-couyeTaHusn (peakuumn Cysyku-Musaypbl, Musopokun-Xeka), pyHKumoHanmsaumm ceaseit C-H,
rMAPOCUNANANPOBAHUN N TUAPUPOBAHUK, @ TaKKe B PALE APYTUX BaXKHbIX XMMUYECKUX TPaHCPOPMALUNA.

Ocoboe BHMMaHMWe B 0630pe yaeneHo aHan3y NPOCTPAHCTBEHHOMO CTPOEHMA KOMMIEKCOB M XapaKTepa
SNEKTPOHHOIO  B3aUMOAEWNCTBMA  3amecTuTeneih C  meTannom. [oAyepKHyTa  BaxKHaa  posib
NPOCTPAHCTBEHHOTO  PACMONOXeHUA 3amectutenen B  cTpyktype NHC-nuraHpos. PaccmoTpeHbl
COBPEMEHHbIe METOANKM OLEHKM 3/IEKTPOHHbIX XapaKTEePUCTUK JIMFaHAOB M NPeanoXKeHbl HOBble NOAX0Ab!
K MPOrHO3WMpPOBaHUIO KaTa/IMTUYECKON aKTMBHOCTM MOJIy4aeMblX KOMMJIEKCOB. [o/ly4yeHHble pe3ynbTaThbl



NpPeacTaBAAtoT 3HAYUTENbHbIN MHTEPEC ANA LeNeHanpaBAeHHOro MPOeKTUPOBaAHMA M ONTUMM3ALUK
KaTa/n3aTopoB C 3aZaHHbIMW CBOMCTBAMM, NpefHasHayYeHHbIX A1A peweHus cneunduyecknx 3agad B
06/1acTM OpraHMYECKOrO CUMHTE3a M CMEXKHbIX OTPACAAX XMMMYECKOW NpOMbIWAeHHOCTU. MMpoBenéHHbIN
aHanM3 co3gaeT MPOYHYI OCHOBY ANA AafbHENWMX GyHAAMEHTaNAbHbIX UCCNEA0BAHUM M NPAKTUYECKUX
NPUNOXKEHUIN B f@aHHOM 0b6nacTw.

Takum 06pasom, BbINOJNHEHHOE WCCAeA0BaHME BHOCUT CYLLECTBEHHbI BKAaZ B MNOHUMMaHWE
MEXaHM3MOB BJ/IMAHUA 3/IEKTPOHOAKLENTOPHbIX 3amecTuTesie Ha KaTaautuyeckme cBoictBa NHC-
KOMNMNIEKCOB W OTKPbIBAET HOBblE NEPCNEKTMUBbLI A/1A Pa3BUTUSA COBPEMEHHOM KaTaIMTUYECKOM XUMUMN.

Ccbinka:

R.O. Pankov, D.O. Prima, V.P. Ananikov, Tailoring metal complexes with N-
heterocyclic carbene ligands using Electron-Withdrawing Groups: Impact on
catalytic activity and property development, Coord. Chem. Rev., 2024, 516,
215897, DOI: 10.1016/].ccr.2024.215897
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PACKPbITUE MEXAHU3MA, COYETAIOLLLETO S1YYLLUWE CBOWUCTBA TOMOTMEHHOIO U
FETEPOTEHHOIO KATANIN3A B TMBPUAHbIX CUCTEMAX Pd/NHC

CtaTbs nocCBAWEHa MPUHUMMNMANABHO HOBOMY Moaxody K AuW3aliHy KaTa/M3aTopoB, KOTOPbIN
3aK/0Y4aEeTCA B OOBEAMHEHMU NYYLIMX XAaPaKTEPUCTUK TOMOFEHHbIX W FeTeporeHHbIX KaTa/iM3aTopoB B
eauHon rMbpuaHoOi cucteme Ha ocHoBe Nannaama u N-retepoumKanyeckux KapbeHosbix nnraHaos (NHC).
AKTYanbHOCTb UccnenoBaHUA 0bycnoBaeHa HeobXoAMMOCTbIO NOBbIWEHUA 3GGEKTUBHOCTU, CENEKTUBHOCTHU
M CTabMNbHOCTU KaTa/In3aToOPOB, MPUMEHSEMbIX B 1abOpaTOPHOM OPraHMYECKOM CUHTE3E U NMPOMbILLIEHHbIX
XMMUYECKUX MpoLeccax.

B paboTe b6b1/10 NOKa3aHO, YTO MOIEKYIAPHbIE NpeKaTanM3aTopbl Ha ocHose nannaaua u NHC-nuraHaos
CNocobHbI in situ dopmupoBaTb rMOPUAHBIE HAHOCMUCTEMbI, COYETatoWMe NPEeMMYLLECTBA MONEKYNAPHbIX
KOMMJIEKCOB M HaHo4YacTUL, meTannoB. Ona naeHtMdUKaumMm obpasyowmxca rubpuaHbIX CTpYKTyp Obina
pa3paboTaHa yHWKa/bHaA MeToAnKa, OCHOBaHHasA Ha UCMO/Ib30BaHUKU TBEPAOTE/IbHOM cneKkTpockonuu AMP
BbICOKOrO pa3pelleHuna u HabnwoaeHun Halitosckoro casura (Knight shift), nossonsiouwero noarsepauntsb
HenocpeacTBeHHY KoopamMHaumio NHC-n1raHao0B ¢ NOBEPXHOCTbIO HAHOYACTUL, Nafnagms.

B X0/e 3KCNepuUMEHTOB, OXBaTbIBAIOLINX peakuum Kpocc-codetaHma (Munsopoku-Xeka, Cysyku-Musypebi,
BaxBanbga-Xapteura u CoHorawupbl), 66110 yctaHoBneHo, YTo NHC-nuMraHabl OKasbiBaloOT 3HauuUTe/lbHOE
B/IUAHME HA CBOWMCTBA MNOJIy4YaeMblX HaHoYacTuy,. Bnepsble 6bln0 BbISBJAEHO, YTO AaKe MWHUMaNbHOE
KO/IMYECTBO KapbeHOBbIX /MraHAOB CNOCOBHO CYLECTBEHHO W3MEHUTb KaTa/UTUYECKUE CBOWCTBA
HaHoYacTUL, MNannaams, 3Ha4YMTeNbHO MOBbIWAaA WX CTabuIbHOCTL M aKTMBHOCTb. Ocoboe BHMMaHUe
yAEenANnochb NccnefoBaHUIO HAHOYACTMUL, pasmepom oT 1 40 4 HM, KoTopble 4E@MOHCTPUPOBAAN ONTUMANbHbIE
XapaKTePUCTUKKU ANs KaTa/IMTUYECKMX NPOLLECCOB.

MpoBegeHO KOMMNAEKCHOE uccnegoBaHue BAMAHUA KonmdectBa m pacnonoxeHna NHC-nnraHpos Ha
NOBEPXHOCTU HAHOYACTUL, Ha CTPYKTypy rMbpmaHOro KatanmsaTopa C MUCNOAb30BaHMEM KOMMbIOTEPHOMO
MOLEeNNpoBaHMA. YCTaHOBAEHO, 4YTO Hebosbloe 4YMCNo UraHgoB cnocobHo noKpbiBaTb Ao 80%
NOBEPXHOCTU HaHOYaCTML, PasmMepoM OKoJIo 1 HM, 4To ABASETCA ONTUManbHbIM Ana obecneyeHus
KaTaZIMTUYECKON aKTUBHOCTH.

B paboTe 6bi1 nNpegnokeH MeToh NPAMOro HabnloAeHWs KaTaJIMTUYECKU aKTUBHbIX HaHo4YacTuL,
HenocpeaCcTBEHHO B XO4E peakunm nocpescTBomM HbICTPOro 3aMoparKMBaHNA PEAKLLMOHHOM CMECH B *KUAKOM
asoTe M nNocaeayowWero aHanmMsa ¢ NOMOLLbI0 TBEPAOTENbHOM cnekTpockonun AMP. 3ToT noaxoa No3BoAMA
BrnepBble HabAaTb U KONMYECTBEHHO aHa/M3MPOBATb Hanbonee akKTUBHbIE U HeCTabubHble TMBPUAHbIE
HAHOCTPYKTYpPbI, YTO paHee CYNTANOCh HEBO3MOKHbIM.

Takum o0bpasom, ncciegoBaHue nNpeacTaBaseT coboi BaxKHbIN War B pa3BUTUN KaTaIMTUUYECKON XMMUK,
npegnaras  yHUKanbHbIA NOAXOA K CO34aHUI0  BbICOKOIGGEKTUBHbLIX TMOPUAHbLIX KaTaan3aTopos,
CcoyeTaloWmX NPENMYLLECTBA TOMOTEHHbIX U FeTEPOreHHbIX CUCTEM.
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PucyHoK 1. CuHTe3 1 xapakTepusauma rubpuaHbix nannaanin-kapbeHosbix (Pd/NHC) HaHocucTem. (a)
Cxema cpaBHeHWA M3BECTHbIX PacTBOpMMbIX Komnnekcos Pd/NHC n nannaguesbix HaHodacTul (Pd NPs) ¢
HoBbIMWU rMbpuaHbiMK Pd/NHC HaHocMcTeMamM, M3yyeHHbIMKU B AaHHOW paboTe. MMbpuaHble cucTembl
COYETAOT Nyylne KayecTBa 0OOMX TUMOB KaTa/iM3aTOPOB: MPOCTOTY MOJYYEHMUA, BbICOKYIO aKTMBHOCTb,
CeNEKTUBHOCTb, YHMBEPCAZIbHOCTb UM yAobcTBO  wcnosib3oBaHuA. (b)  Wccneposanve  npupogbl
B3aumopenctema mexgy NHC-avraHgamu M NOBEPXHOCTbIO ManfagmeBbiX HaHodacTuu. [MpucytcTeue
Halitosckoro casura (Knight shift) gokasbiBaeT KoBaneHTHyto ¢BA3b NHC-n1MraHaos ¢ nosepxHocTbio PANPs.
Busyanusauma pasHoobpasusa rnbpugHbix Pd/NHC CcTpyKTyp M WX aHaAUTMYECKoe MUcCnefoBaHWe C
MCMNO/Ib30BaHWEM TBEPAOTENbHOM cnekTpockonun AMP Bbicokoro paspelieHus. MoKkasaHbl ONTUMAsbHblE
pa3mepbl HAHOYACTUL, A8 AOCTUNKEHMA TPebyeMOM KaTasIMTUYECKON akKTUBHOCTU (1-4 Hm).

Ccbinika:

D.O. Prima, N.S. Kulikovskaya, R.A. Novikov, A.Yu. Kostyukovich, J.V. Burykina,
V.N. Chernysheyv, V.P. Ananikov, Revealing the mechanism of combining best
properties of homogeneous and heterogeneous catalysis in hybrid Pd/NHC
systems, Angew. Chem. Int. Ed., 2024, 63, 27, 202317468,
DOI: 10.1002/anie.202317468
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ONPEAENAIOLWAA POJIb CEPbl B PASPABOTKE UHHOBALIMOHHbIX BE3OTXO/AHbIX
METOA0B CO34AHUA CBA3U YTNNIEPOA-YINEPOL

[daHHbIn 0630p NOCBAWEH PAaCcCMOTPEHUIO K/OYEBOM POAM cepbl B Pa3BUTUM COBPEMEHHbIX
pecypcocbeperatolmMx MeToaoB co3aaHna ceasu yrnepoa-yraepog, (C—C) (puc. 1). Cepa, 6naroaaps csoei
CNocobHOCTM BbICTyNaTb B POAM MAFKOro OcCHoBaHMA Jlblouca W 3¢pdeKTMBHOro crabunumsaTtopa
NPOMENYTOYHbIX aKTUBHbIX YaCTUL, OKa3blBae€TCA ocobeHHO nosesHou B UHUUNNPOBAHUN pPaanKa/ibHbIX
TpaHchopmaumii, HanpaeneHHol C—H aKkTMBaUMM M peakumax UMKaonpucoeamHeHusa. WMsydyeHue u
ONTMMU3aLMA AaHHbBIX aTOM-3KOHOMMUYHbIX peaKLMii Ype3BblYaHO aKTyabHbl BBUAY PacTyLmX TpeboBaHUi
K pecypco3pPeKTUBHOCTU U 3KOJIOTMYHOCTM XMMUYECKOrO NPOU3BOACTBA.

waste free S-directed activation coupling partners
— C-H-activation waste free ——— LG containing —

S - =M 0
R s R-OH R
ﬁH K/\\H {1 T ~X.

O w©’

N

— m-bond activation

R-S X
i N

reagents
—dissociative activation— — waste free ————waste producing_
R . .

R\S— + M — S catalytic base/acid sacrificial base

iati tivati auxiliary base/acid sacrificial acid

assoc:al fve activation no oxidant/reductant sacrificial oxidant
R—-S© + ||| R/S\/Q 0, as oxidant sacrificial reductant
| #

QN J

PucyHok 1. Xumunuyeckasa KnaccuduKauma pacCMOTPEHHbIX CUCTEM.

B pamKax o630pa 6blAn AeTaNbHO NPOaHaNM3NPOBaHbl CYLWECTBYIOWME Noaxoabl K peakunam C—C
COYETaHMA, HaMpaB/JEHHOro cepocoAepralymmn rpynnamu, U NPOU3BEAEHO WX CpaBHEHWe C
TPagMUMOHHBIMM MNPOLEeCCaMM, KOTOPble 3a4acTylo COMPOBOXKAATCA 06pasoBaHMEM 3HAYUTENbHOrO
KO/IMYeCTBa OTXOLO0B. B cTaTbe BblgeNeHbl TPU NPUHLMNA, NeXKaLWmMX B OCHOBE 6e30TXOAHbIX METOA0/IOTUNA:
OTCYTCTBME OTXOA0B, MONYYAaEMbIX B CTEXMOMETPUUYECKUX KOMMYECTBAX, MPU aKTUBALMMN CepocoaepKalLmx
COeAMHEHWI, UCMO/Ib30BaHWE PeareHToB, He reHepupylowux B pesynbTate C—C coyeTaHUs NoBOOYHbIX
NPOAYKTOB, Kpome BOAbl MAW BOAOPOAa, U u3beraHne MNpPUMEHEHMA CTEXMOMETPUYECKMX KOAMYecTB
arpeccuBHbIX OKUCAUTENEN WU BOCCTAHOBUTENEN.

MoapobHO paccMoTpPeHbl COBPEMEHHbIE MOAX0Abl C NpUMeHeHMeM GOTOKaTann3a, SNEKTPOXMMUU U
MEeTa/INOKOMIMJIEKCHOTO KaTasin3a, AEeMOHCTPUPYIOWME BO3MOMKHOCTU MCMO/b30BAaHUS CepocodepiKalLmx
rpynn B peakuusax HamnpasneHHoW ¢yHKumMoHanmsauunm C—H ceszeld. MpuBeaeHbl NpuUmepbl YCNewHoro
NpUMeHeHNA cepbl B GOTOKATANIUTUUECKUX LIMKAAX, NO3BONAIOLLMX NPOBOANUTL peakumnmn 6es HeobxoanmocTu
NpUMeHeHus BOobLINX KOMMYECTB MHULMATOPOB PALAMKa/bHbLIX LEenen, YTo genaeT AaHHble NpoLecchl
9KO/MIOMMYECKU HENTpanbHbIMU. BarKHbIM  OOCTUMKEHWEM PACCMOTPEHHbIX METOAMK ABAAETCA  MX
NPUMEHMMOCTb A7 GYHKLMOHAIN3AUMMN CIOKHbBIX BUONOTMYECKM AKTUBHbBIX MOJIEKYT, YTO MOAYEPKMBAET MX
NOTEHLMANbHYIO NPAKTUYECKYI0 3HAYMMOCTb.
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OtpenbHo B paboTe obcy)Kaaetca aKTMBauma Ti-CBA3eW (a/IKEHOB WM anKMHOB) C  MOMOLLbIO
cepocogepKawmx cybcTpaToB, B KOTOPOM KJ/IHOYEBYHO pPOJib MUrpatoT 3/71eKTpOoHHble 3¢ddeKTbl cepbl,
YBE/IMYMBAIOLLME 3/IEKTPOHHYIO NMIOTHOCTL T-0pbutanen n ctabunnsmpyowme obpasyroumeca KaTMOHHbIE U
paaunKanbHble MHTEPMEANATI.

B 3akntouyeHMn B cTaTbe NOAYEPKMBAETCA 3HAUMMOCTb U3YUYEHUSA CEPOCOAEPIKALLMX COeANHEHUNI KaK
NepcnekTUBHOM OCHOBbI A/1A  Pa3paboTKM COBPEMEHHbIX 3KONOTMMYHbIX XMMUYECKUX MPOLECCOoB,
NO3BOJIAIOLLNX 3HAYMTENbHO COKPATUTb KOJIMYECTBO MNPOU3BO/ACTBEHHbLIX OTXOA40B W MOBbLICUTL aTOM-
3KOHOMWYHOCTb pPeaKkLUi.

Ccbinka:

N.S. Shlapakov, A.D. Kobelev, J.V. Burykina, Yu.-Zh. Cheng, S.-L. You, V.P.
Ananikov, Sulfur in Waste-Free Sustainable Synthesis: Advancing Carbon-
Carbon Coupling Techniques, Angew. Chem. Int. Ed., 2024, 63, 18,
€202402109, DOI: 10.1002/anie.202402109

12


https://doi.org/10.1002/anie.202402109

OBPATUMOE PAAUNKAJIbHOE NPUCOEANHEHUE B PEAKLIUN CENTEKTUBHOIO
®OTOKATAIUTUYECKOIO TPUMONEKYTAPHOIO TUO/1-UH-EH COYETAHUA

JaHHas paboTa nocssilleHa pa3paboTke YHMBEpPCasibHOM TPEXKOMMOHEHTHOM (OTOKATa/IMTUYECKOMN
peakummn codeTaHmna TMONOB, aIKUHOB U afKeHOB (puc. 1). MNaBHbIM pe3ynbTaToM UCCeA0BaHUS ABAAETCA
TEOPEeTMYECKOE M 3KCNepumMeHTaNbHoe OOOCHOBaHWE NPEBOCXOACTBA MaplIpyTa MNOCNeA0BaTeNbHOMO
paguKanibHOro NpucoeauMHEHUA TUMA TUON-UH-EH MO CPaBHEHUID C  APYTMMW  BO3MOMKHbIMU
MEXMONEKYNAPHbIMU KaCKalaMU B CUCTeMe TUON-a/IKUH-a/TKEH.

— B,-lype irreversible radical addition a;I)EpDrgach bolar difference

EDG Rro R . donor acceptor
= = &EDG - R\"/’Ji\”/@\EWG O +

R\‘;LEWG J&/EWG product O_O

—— This work: B-type reversible radical addition approach

polar neutrality

R’ alkyne alkene
R' _RS® _RS
& = A 7 R AN A2 é QD
<« RS® roduct l
RS\/QRZ FR2 P
. Known This work — major route
R® Re minor route

Reversible Decisive

Decisive

stagel  stage li . stage! . stage Il

PucyHoK 1. CpaBHeHMWe N3BECTHbIX M Pa3paboTaHHOM METOL0N0rMIA peakuum.

XemMocenekTMBHOCTb AaHHOTO npouecca 6bina o6bACHEHa ABAEHMEM 06pPaTUMOro NPUCoegUHeHUs
TUUNBHOTO PaAMKana K ajkMHAM M aslkeHam, YTo AaeT Hanbosiee peakUMOHHOCNOCOBHbIM MHTEPMEeAMaTam
(BMHUABHBIM paguKanam, MNoJlyYeHHbIM B pe3yabTaTe NPUCOEAUHEHMA TUWALHOIO PagmKana K afKkuHy)
NpMopuTETHOE NPaBO NPOAC/IKUTL PaAMKaibHbINA KacKag.

Bnarogapa TOMy, YTO CENEKTMBHOCTb OBHAPYKEHHOrO PafAMKaAbHOrO Kackaga onpeaensderca Ha
no3gHuX cTagmax npouecca, B pabore yaanocb msbexarb HEOHXOAMMOCTU CnefoBaTh 06LEnpPUHATOMY
TpeboBaHMIO COOTBETCTBMA MO NOAAPHOCTM (polarity matching), koTopoe fBAsAETCA KAOYEBbIM Ha AaHHbIM
MOMEHT B CYLLECTBYIOLMX MHOTOKOMMNOHEHTHbIX PafuKasbHbIX peakuuax. PaspaboTaHHas cMHTeTUYeCKan
MeToAMKa MHOFOKOMMOHEHTHOTO aTOM-3KOHOMMWYHOIO TWON-MH-€H COYeTaHMA OKasanacb NMpUMeHMma K
obWMpPHOMY Kpyry cybcTpaToB, 4TO OblI0 AOKasaHo Ha npumepe 6onee uvem 40 BblAeNEHHbIX
npoaykTos (puc. 2).
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D) 1 Ph Ph
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scope of alkynes

o
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PucyHoK 2. MNpakTnyeckoe npunoxkeHme GOTOKaTaAUTUUECKON CUCTEMBI.

Ccbinka:

N.S. Shlapakov, A.D. Kobelev, J.V. Burykina, AYu. Kostyukovich, B. Kénig, V.P.
Ananikov, Reversible Radical Addition Guides Selective Photocatalytic
Intermolecular Thiol-Yne-Ene Molecular Assembly, Angew. Chem. Int. Ed.,
2024, 63, 13, e202314208, DOI: 10.1002/anie.202314208
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PACMO3HABAHWUE MOJIEKY/IAPHOMN CTPYKTYPbl ®OCHOHUEBbIX COIEN MO BHELUHEMY
BUAY MUKPOKPUCTANNIOB C MOMOLLBIO IMTYBOKOIo ObY4YEHUA

BrnepBble nNpeAacTaBNeHO  WUcCefoBaHME,  AEMOHCTPUPYOWEe  BO3MOXKHOCTb  OMpeaesneHus
MOJIEKY/IAPHOTO  CTPOEHUA  YeTBepPTMUHbIX docdoHMeBbix conei (PC) no  M306parkeHUAM KX
MWKPOKPUCTANIMYECKOWN CTPYKTYPbI, NOSYYEHHBIM METOLOM PACTPOBOW 3/IEKTPOHHOW MUKpOCKonuu (PIM).
3HayeHne gaHHOM PaboTbl 3aKA0YAETCA B TOM, YTO TPAANUMOHHO UAEHTUOUKALMA MONEKYNSAPHBIX CTPYKTYP
TpebyeT NpUMeHeHWs [O0POroCTOALMX M TPYAOEMKUX METOAOB, TaKMX KaK CMEeKTPOCKONUA AAepHOro
MarHWTHOro pesoHaHca (AMP), macc-CneKkTpoOMeTpUA U PEHTFeHOCTPYKTYPHbIA aHanW3, @ BO3MOMKHOCTb
onpeaensiTb MONEKYNAPHbIE CTPYKTYPbI UCKAOYUTENBHO Ha OCHOBE M306paKeHui, NoayYeHHbIX METO4aMM
3/1EKTPOHHOM M ONTUYECKOW MMUKPOCKOMMM, OTKPbIBAET NEPCNEeKTUBLI A1 6osiee BbICTPOro M 3KOHOMUYECKU
BbIFOAHOMO aHaM3a U AaeHTUUKaLMN BeLLecTB.

HeWpoceTteBon
knaccudpukatop ™ 19 knaccos
WU3o6paxeHue ckaHupyoLero

3NEeKTPOHHOro MMKpocKona CBepToyHbIN 3apava -

-

KOAWUPOBLUMK pacnosHaBaHusa 2
f i

I

%

“ i AnuHa ankunbHOM uenn
(MonexynsipHoe pacnc )

14 ceoncTB

®parmeHT ns:::ga:;::o
n3o6paxeHus p sagava
npeacTasneHus —b. 3 npeAcKasa
Henpoceteson cBoncTE
perpeccop

PucyHok 1. O6wuit noaxos K npeacKasaHMo MONERYNAPHOM CTPYKTYPbI U GU3UKO-XMMUYECKUX CBOUCTB
coneit ¢ocpoHMA C NOMOLLbIO HeMpoceTeN.

B pabote 6blL10 MOKAsaHO, 4YTO WCMNO/Sb30BaHME TNyboKoro obyvyeHua no3sonseT 3PPeKTUBHO
MaeHTUOULMPOBATb CTPYKTYpPHble 0CcoB6eHHOCTU GOCHOHMEBLIX CO/El HAa OCHOBE WX KPWUCTaNINYECKOWM
MWKPOCTPYKTYpPbI, BU3yaAn3npoBaHHOM meTogamu PIM 1 onTuyecko MUKpocKonuu. [nsa pelieHusa 3Toi
334a4n bblna paspaboTaHa HEMPOHHAA CETb C apXMTEKTYPOM HAa OCHOBE CBEPTOYHONO KOAMPOBLLMKA U
Knaccuduratopa, cnocobHada € BbICOKOM TOYHOCTbIO MAEHTUGUUMPOBATb MONEKYNAPHbIE CTPYKTYPbl M
npeacKasbiBaTb GU3MKO-XMMUYECKME CBOMCTBA M3yYaeMblX COeOMHEHUI MO U300parKeHMAM KPWUCTanioB
(puc. 1).

B paboTe 6bl10 NOKA3aHO, YTO HEMPOCETb CNOCOOHA C BbICOKOM TOYHOCTbIO Pa3/NYaTh AAXKe OYeHb
621M3KMe MO CTPYKType CoOeaNHEHMA, OTANYALOLLMECA BCErO /MWb OAHON METUNEHOBOW rpynnoii B 60KOBOM
uenu. [JaHHaa 3ajadva ABAAeTcA OCODEHHO CNOMHOW M3-33 MUHMMAJIbHBIX Pas3IMuMi MeXay TaKumMu
coeanHeHUAMM, OA4HAKO paspaboTaHHas MoAesb YCNELWHO CrnpaBMAacb C 3agadei, AOCTUIHYB TOYHOCTU
pacno3sHasaHua cebiwe 90%.

Tak:ke B paboTe 6bLIO MPOTECTUPOBAHO MUCMO/Ib30BaHME W306pPAKEHMMN, MONYYEHHbIX METOLOM
ONTMYECKOM MMKPOCKOMUK, NOCPEACTBOM AOMEHHOIO NepeHoca M3006pParkeHU C MOMOLLbIO apXUTEKTYpPbI
CycleGAN. XoTs ToYHOCTb MoZenei, 0by4eHHbIX Ha ONTUYECKUX M300parkeHUsx, 6bina HUXKe, Yem ans POIM
n3ob6paxkeHU, MeToh, NPOAEMOHCTPUPOBAN MNEPCNEeKTUBHOCTb JajbHENLero pas3BUTUS noaxoda npu
MCNo/sib30BaHUK 6oJiee NPOCTOro U AOCTYNHOro 06opya0BaHMA.

Kpome Toro, B pabote 6bln0 OOHapyKeHO, 4YTO CO34aHHAA HeWpoceTb CnocobHa He TOJbKO
MoeHTMOMLUMPOBATD COEAMHEHUs, HO M MNpeackasblBaTb HEKOTopble  UX  GUIMKO-XMMUYECKME
XapaKTEPUCTMKK, TaKME KaK TemnepaTypbl NAABAEHUSA U 3HAYEHUA XMMUYECKUX CABUIOB B criekTpax AMP.
Takke 6bl10 NpoBeAeHo nccnegoBaHWe 0b6pasuUoB, coaeprKawwmx buHapHble cmecn dochoHMEBBIX CONEN,
4YTO MO3BOJIUIO BM3Ya/IM3UPOBATL NPOCTPAHCTBEHHOE pacnpeaeneHne pasinyHbIX MOEKYNAPHBIX CTPYKTYP
B TaKMx 06pasLax U oueHUTb MOPPONOrMUecKMe PasaNYMA B KPUCTANIMYECKMX dasax.

Takum obpasom, B paboTe Bnepeble OblNO MOKasaHO, 4TO Tr/1ybokoe o0b6ydYyeHWE U  MeToabl
KOMMbIOTEPHOTO 3peHuAa MOryT ObiTb YCNEWHO MPUMEHEHbl AAA ObICTPOro M TOYHOFO pPACcMO3HABaHMUA
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MONIERYNIAPHBIX CTPYKTYP OpraHNYeCKux BewecTts HenocpeacrtBeHHO NO BHEWHEMY BUAY UX TBepﬂ,Od)aBHbIX
06pa3LI,OB. Pe3y.ﬂbTaTbI AaHHOIo mnccneaoBaHMA OTKPbIBAKOT HOBble BO3MOXXHOCTU B obnactu 6bICTpOl7I
MAEHTMd)MKaLI,VIM COG,CI,VIHGHVIIZ n ,a,msaﬁHa HOBbIX MaTepnanos C 3a4aHHbIMU CBOWMCTBaMM.

Ccbinka:

D.A. Boiko, D.M. Arkhipova, V.P. Ananikov, Recognition of Molecular
Structure of Phosphonium Salts from the Visual Appearance of Material with
Deep Learning Can Reveal Subtle Homologs, Small, 2024, 20, 48, 2403423,
DOI: 10.1002/smll.202403423
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YCTAHOBJ/IEHUE MEXAHU3MA CAMOHACTPOIKU KATA/IM3ATOPOB B PEAKLUAX C-S
KPOCC-COYETAHUA C UCMOIb3OBAHUEM MHOTOYPOBHEBOM XXUOKOPA3HOMN
3NIEKTPOHHOW MUKPOCKOMUK

PaboTa nocesWEHa W3Y4YEHUIO MEXaHW3Ma CaMOHACTPOMKM KaTasiM3aTOPOB B pPeakumsax Kpocc-
COYEeTaHUA Yrnepos-cepa, KOTopble UrPaloT BaKHYIO POJib B CMHTE3e BMOSIOrMYECKM aKTUBHbLIX BELLECTB,
NIeKapCcTBEHHbIX NPEnapaToB M HOBbIX MaTepuanoB. KaTanvs3aTopbl Ha OCHOBE METa/IZIOB MepBOro
NepexoaHoro paaa, TakMx Kak Meab U HUKENb, LULMPOKO MPUMEHSAIOTCA B AaHHbIX PEaKLMAX, O4HAKO TOHKOCTU
WX noBegeHus U OCOBEeHHOCTM (GOPMUPOBAHUSA AKTUBHbLIX (OPM METa/IOB OCTAlOTCA HEeAO0CTaTOYHO
N3YYEHHbIMM.

B xoae uccnenoBaHua 6bin NpegsioXKeH MoAxod, COYeTaloWMiA MHOFOYPOBHEBYIO CTaTUYECKYIO M
ONHAMUYECKYIO KUAKOPA3HYIO 3NEKTPOHHYI0 MMKPOCKONWUIO ANA [AETa/lbHOrO M3yYeHUs MexaHU3MOB
aKTUBALMM 1 TPAHCPOPMALMM KaTaNn3aTopoB. Mcnonb3oBaHUe KUAKODA3HON 31EKTPOHHON MUKPOCKOMNUU,
B TOM YMCNIE U B PEXKMME PeasibHOro BPEMEHU, NO3BOANIO B HATUBHbIX YCNOBUAX HabAl4aTb NpoLecchl
bopMmnpoBaHMA  METa/IMYeCKUX HaHodacTuy, M(0) UM opraHMyecknx THoAATHbIX a3 M(SPh),,
HernocpeacTBEHHO BOB/IEYEHHDIX B KaTaIMTUYECKMI npouecc (puc. 1).

m E E Activation

\\

- .
' CO./IL
. Cu(0) <A——7K727”3 ,,,,,,, Cul
iv Arl /
- ArSPh
ArCul

— — Catalysis
200 nm 500 nm

PucyHoK 1. M2OM-u306parkeHMA peaKUMOHHbIX CMecei, MONAYYEHHbIX MOCAe HarpeBaHMA 4acTul,
npejliecTseHHNKa Katanmnsatopa CuSPh npu 120°C B cpeae MoHHOM xuakoctu [C4Py][BF4] B oTcyTcTBME
006aBOK (A), a Tak»Ke B NPUCYTCTBUMN Pa3/IMYHbIX KOMMNOHEHTOB peakumn C-S Kpocc-couyeTaHmnn: OCHOBaHUSA —
K2COs (B), apwnranorenHnga — m-Toll (C) nam mx cmecn (D). Ha pucyHke E nokasaHa obuwiana cxema
HabntogaembIx NpeBpaLLeHNN.

WccnepoBaHusa Nokasanu, 4YTO MPW UCMNOAb30BaHUM TUOQEHONATOB MeAM U HUKeNAa B KayecTBe
npeaLwecTBEHHNKOB KaTa/M3aToOPOB, a TaKKe NMMPUANHNEBOW MOHHOM XUAKOCTM B KayecTBe pPeaKLMOHHOM
cpeabl 06pasyeTca apPeKTMBHAA KaTaIMTUYECKAsA CUCTEMA, AEMOHCTPUPYIOLLAA YHUKANbHYHO CNOCOBHOCTb K
CaMOHacTpoliKe. B pe3ynbTaTte BbiNosHEHUA paboTbl 6bin YCTaHOBAEH MeXaHN3M GYHKLMOHNMPOBAHUA TaKoM
KaTa/IMTUUYECKOW CUCTEMBI, KNtOUYEBOM 0COBEHHOCTbIO KOTOPOro ABAANOCH OA4HOBPEMEHHOe GopMMpoBaHmMe
METa/I/INYECKMX YacTUL, U TUONATHLIX KOMIIEKCOB METaNN0B, obecneynBatowmMx akTMBaLMio CybCcTpaTos B
XO4e OKMUCAUTENbHOTO MPUCOEAMHEHMA, a TakKe ob6pa3oBaHMe UeneBblX AWMapUACYIbdUAOB MyTEM
MeTaTesnca opraHnYeckux rpynn (puc. 1).
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OOHMM M3  KNO4YEeBbIX pe3ynbTaToB pPaboTbl CTano BbiAB/AEHME MPOMOTUPYIOLLEro AeNCTBUA
NUPUANHMEBON MOHHOM XNAKOCTU, UCMOb30BaHME KOTOPOM CnocobCcTBOBAIO NOBbIWEHWUIO Habatogaemoin
KaTa/JIMTUYECKOW aKTUBHOCTM WM CTabUAM3aumM MPOMENKYTOUHbIX 4YacTUL, Ha pPasHbIX CTaausaX peakuuu.
JOonoNHUTENBHO NPY MNOMOLLM KOMBUHAUMM MEeTOA0B KUAKODA3HON INEKTPOHHOMW MMKPOCKOMUKM U Macc-
CNEeKTPOMETPUN YNbTPaBbICOKOrO paspelleHna 6bl10 YCTaHOB/IEHO, YTO UCMNO/Ib30BaHWE AAHHOW WOHHOM
XUAKOCTM B KayecTBe cpedbl ANA 3/1EKTPOHHO-MUKPOCKOMMYECKUX MCCNeA0BaHUIN MO3BOASIET YNPaBAATb
XMMUYECKMMM MPOLECCaMM B KaMepe MUKPOCKona, 6narogaps CKAOHHOCTM KaTMOHa MNUPUAWHUA K
CENIeKTUBHOWN ANMEpPU3aLMM U TPUMEPU3ALMM NOoA AeNCTBUEM 3/IEKTPOHHOTIO MYyYKa, OTKPbIBAIOLWEN NYThb K in
situ opMMPOBAHUIO NUFAHAOB AU- U TPUNUPUAMHOBOrO psaa, 0bpasyloLINX YCTOMUMBbLIE KOMMJIEKCHI C
M3y4yaembiMU METaNNaMMU.

C uenblo AeMOHCTPaLMM NPAKTUYECKON BaXKHOCTM NpPeA/IoKeHHbIX KaTa/IMTUYECKMUX CUCTEM B pamKax
BbINO/IHEHUS PaboTbl Obl  OCYWECTBNEH CUHTE3 3aMeLWEHHbIX Auapuacynbduaos, ABAAOLLMUXCA
npeawecTBeHHUKaMM MOTEHUMNABHbBIX UAWN YXKE WUCMONb3YIOWMXCA B HacTOALWEEe Bpemsa B MeAULMHCKOW
NpaKTUKe NIeKapCTBEHHbIX npenapaToB. Llenesble cepacogeprKalime noaynpoaykTbl 6bliv MOMyYeHbl C
BbICOKMMM BbIXOZ4amu BNAOTb 40 99%.

BbifABNEHHbIE B HACTOALLEM MCC/Ief0BaHUN MEXaHWM3Mbl CaMOHACTPOMKM KaTa/iM3aToOPOB OTKPbIBAlOT
HOBble MEpPCNeKTUBbl ANA  CO34aHUA  BbICOKOIDDEKTUBHBIX KaTa/IMTUYECKMX CUCTEM, CMOCOBHbIX
CaMOCTOATE/IbHO PEryIMpPoBaTh CBOH aKTUBHOCTb U CE/IEKTUBHOCTb B 3aBUCMMOCTU OT YCI0BUIA NpoBeaeHmn
peakumu. MNonyyeHHble B paboTe pesynbTaTbl MMEIT 60NbLIOE 3HAaYEeHUE He TO/IbKO AnsA GyHAaMeEHTaNnbHOM
HayKM, HO U ANS NPUKNAAHON XMMWUU, NOCKONbKY NO3BONAIOT 3HAUYUTE/IbHO ONTUMMU3UPOBATL CUHTES CIOMHbIX
OpraHUYecKMUX MOJIEKY/, BOCTPeHBOBaHHbIX B GapMaLEeBTUKE MU XMMUYECKOM NPOMBbILLIEHHOCTH.

Ccbinika:

A.S. Kashin, D.M. Arkhipova, LT. Sahharova, J.V. Burykina, V.P. Ananikov,
Revealing Catalyst Self-Adjustment in C=S Cross-Coupling through Multiscale
Liquid-Phase Electron Microscopy, ACS Catal., 2024, 14, 8, 5804-5816,
DOI: 10.1021/acscatal.3c06258
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KOHUENUWUA 4D-KATANTU3A, PEAIN3OBAHHAA C NOMOLLIbIO MHOTOYPOBHEBOIO CEOPA
AOAHHbIX U AHAJIUSA METOOAMWU MALULMHHOIO OBYYEHUA

B naHHOM paboTe paccMOTpeHbI NPOLECcChl U MeXxaHUYECKUE UCC/Iei0BaHUS, KOTOPbIE NOATBEPANAN, YTO
KNtoyeBan MHbopmaums o paboTte KaTanmMsaTopa MOMKET ObiTb NOlyYEHA TOIbKO NPU U3YYEHUU KOHKPETHbIX
YY4aCTKOB KaTasmsaTopa 40 W nocne peakumn. [lpeanorKeHHoe HamMu onucaHuMe  AMHAMUYECKUX
npeBpalLeHMii OTAE/IbHbIX KaTa/JIMTUYECKM aKTMBHbIX YacTUL, B MPOCTPAHCTBE W BPEMEHW BMepBble
cbopmmpoBano KoHuenuuto 4D-Katanmsa (puc. 1). B 4acTHOCTW, NOBEPXHOCTHbIE YacTuLbl MOryT
MUTPUPOBATb MO NOBEPXHOCTU, CIMNATLCA U OTAENATLCA OT Hee. Hanpumep, U3yyeHne MexaHu3ma oTpbIBa
HaHOYacTUL, OT MOBEPXHOCTU YrNEepPOAHOr0 HOCUTENSA B LUE/IOYHOM cpeae MOKasano, YTO HaHoYacTUubl
NAaTUHbI, Nannagma nan bBumeTanInyeckme pyTeHMM-NN1aTMHOBbLIE HAHOYACTULbI CNOCOBCTBYIOT OKUCAEHUIO
HaxogAwencs noa HUMM YrNepoAdHylo MOBEPXHOCTb, YTO MNPUBOAUT K 06pasoBaHMIO KapboHAToOB U
ocnabneHnto CBA3W MeTanaN-HoCUTeNb. ITOT Npouecc Tem 6onee BblparkeH, YemM aKTMBHEEe HaHOo4YacTULbI
KaTannsnpytoT okmcneHume CO. MNoKasaHO KaKk KucnopogHaa aTmocdepa cnocobcTByeT AUCNEPTMPOBAHMIO
HaHOYacCTUL, Ha OTAE/ibHble aTOMbl, B TO BPEeMs KaK B BOAOpPOoAHOM aTmocdepe npeobnagaet obpaTHbIn
npouecc. Copbuma CO npMBOAUT K M3MEHEHUIO MOPGOJIOTMM HAHOYACTUL, U, B HEKOTOPbLIX CAy4Yasx, K
OTWENNEHNI0O aTOMOB MeTassla C 06pa3oBaHMEM MOHOATOMHbIX LUEHTPOB WM MUrpauuuM aToOMOB MO
NOBEPXHOCTU HOCUTENA, YTO Hambosiee BblpaXKeHO AAA 4acTul 3on0Ta. OgHako Hebosblume KnacTepbl
NAaTUHbI, HANPOTUB, MOTYT ObITb CTAOUIN3NPOBAHbI OT AMUCMEPTUPOBAHNS MPUKOOPAMHNPOBAHHbIM CO.

Single atom Cluster NPs

Studied
before

reaction Studied

after
(same areas)

Catalyst

time

PucyHok 1. KoHuenuua 4[] KaTanmsa n pasmepHble AMana3oHbl.

Hanbonbluimnii MHTEpeC A/19 TOHKOTO OPraHMYeCcKoro CMHTe3a NPeACTaBAAIOT PeaKL MM KpOoCC-COYEeTaHuA.
ANnAa 3TUX peakumin XapaKTepHO YMEeHblUeHMEe YMCNA OTAE/IbHbIX aTOMOB Maniagus BCAeACTBME OTPbIBA
(BbIMbIBaHMSI) aTOMOB C MOBEPXHOCTM HOCUTENA B PEAKUMOHHYI cpedy M YacTMYHOTO PacTBOPEHMUS
HaHOCTPYKTYPUPOBAHHbIX METaNNNYeCKMX YacTul,. OTpbIB aTOMOB TaK:Ke MPOUCXOAMT OT KpaeB W YI/ioB
HaHOYacTML, ATOMbI MOTYT OCa*KAaTbCA M3 PAcTBOPA Ha MOBEPXHOCTM KaTa/iM3aTopa Kak Ha cBOGOAHbIX
yyacTKax MOBEPXHOCTM, TaK M Ha HaHo4yacTMuax. B nepBom c/iyyae aTombl MOryT BHOBb BCTYMWUTb B
KaTa/IMTUYECKUI UMKA, BO BTOPOM - OTPAB/AIOTCA HAHOYACTMLAMM, M3MEHAA MOPGONOrMI0 YacTuy u
BbI3bIBaTb MX POCT. B xo4e peakumy HaHOYACTWLLbI NMepemMeLLatoTca Mo NMOBEPXHOCTM, HO MEXaHWU3M 3TOro
ABJIEHUA [0 CMX MOpP He siceH. X ABUMKeHMEe Mo MOBEPXHOCTM B NPOLLECCE PeakUUn MOXKHO OBHapPYHKUTD,
NCMob3yA ANS aHa/IM3a MaWMHHOE 3peHue.

Ha coBpemeHHOM 3Tane aKcrnepumeHTanbHan 6asa 1 BbIYMCAUTE/IbHbIE AOCTUXKEHUA (MOAENNPOBaHNE
M MaWuHHoe obydyeHne) obecneunBaloT HEOHXOAMMbIE MHCTPYMEHTbI A1A peanusaunm KoHuenumu 4D-
KaTa/M3a Ha NPaKTUKe B MOBCEAHEBHbIX UCCAEA0BaHMAX B 1abopaTopuaAX. ITOT NOAX0A CTaHET BarKHENLWNM
WMHCTPYMEHTOM ANA AETaNbHOrO0 aHanv3a KaTa/IMTUYECKUX cucTem. B 6auKallume rodpl mMbl OXUAAEM
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yBe€/IMHEHNA YYUC/Ia NMPOEKTOB, MNOCBAWEHHbIX WU3YYEHUIKO KOHKPETHbLIX YYaCTKOB KaTa/n3aTtopa ,CI,O/BO
BDEMﬂ/I'IOCI'Ie peakunun, AeTasibHO NMPOaHa/IM3NPOBAHHbIX C MOMOLWbBHO MAWWNHHOIO O6y‘-|€HMﬂ/3p€HMﬂ. K
HacTtoAwemMmy BpemeHU noAsuiaCb BO3MOXHOCTb KOHTPO/IMPOBATb AWNHaAMUYECKME nNnpeBpalleHnA
KaTa/in3aTtopos, COXPaAHATb aKTVIBHOCTb/CEI]eKTMBHOCTb BO BPEMEHMN, nsberaTb Ae3aKTnBauunn n, B Ka4yecrtee
KOHEeYHoWM uenwn, lC|,061/IBaTbCF| pPaunoHanbHOTO ,qm3a171Ha BbICOKOad)d)eKTVIBHbIX ANHaAMUNYECKUX

KaTa/IMTUYEeCKUX CUCTemM.
Ccblinka:

A.S. Galushko, V.P. Ananikov, 4D Catalysis Concept Enabled by Multilevel Data
Collection and Machine Learning Analysis, ACS Catal., 2024, 14, 1, 161-175,
DOI: 10.1021/acscatal.3c03889
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ONPEAENNIEHUE OCHOBHbIX ®AKTOPOB 3KO/IOMMYECKOM BE3OMNACHOCTU TOHKOIO
OPFAHMYECKOTO CUHTE3A HA NMPUMEPE KATAJIMTUYECKUX PEAKL MK KPOCC-COYETAHUA

B pabote 6bln npoBeAEH CUCTEMATUYECKUI aHANM3  OCHOBHbIX GAKTOPOB, OMNpPeaenatoLmnx
3KONOTNYeCKyto 6e30MacHOCTb KATAIMTUUYECKMX PEaKUMM KPOCC-COYETaHUA, MPUMEHAEMbIX B TOHKOM
OpraHMYecKoM cuHTese. Takue peaKkumu, B YacTHOCTU, peaKkumm CoHorawmpbl 1 MU30POKKN-XeKa, LUMPOKO
MCMNOMIb3YIOTCA B COBPEMEHHON XMMWUKM ANA CO34AHUA  C/OMKHbBIX OPraHUYECKUX MOJEKYS, BKAOYasA
dapmaLeBTUYECKME NpenapaTbl U GYHKLMOHANbHbIE MaTepuasbl. HECMOTPA Ha UX LWMPOKOEe NPUMEHEHWE U
OouYeBMAHbIE MPEUMYLLECTBA, AaHHblE PeaKLMM CONPANKEHbI C NOTEHLMANbHBIMU PUCKaMU ANA OKPYHKAtOLWEen
cpeabl M YenoBeka, KoTopble TPEBYIOT CTPOroro KOHTPOJIA U OLEHKW.

B paboTe 6b1710 NoKa3aHo, YTO ocoboe BHUMaHWe cneayeT yaenaTb Bblbopy KaTaan3aTopos, MOCKObKY
MMEHHO KaTa/M3aTopbl OKasblBAlOT 3HAYMTENIbHOE BAMAHME Ha OOLLYIH0 TOKCMYHOCTb PAaCcCMaTpPUBAEMBbIX
peakuunii. Nannagmesble N MegHble KaTaaM3aTopbl, HECMOTPA Ha OTHOCUTE/IbHO HebO/bLUME KONMYECTBa,
MCNONb3yeMble B PeaKuMAX, NPOABAAIOT 3HAYMTENbHYIO LMTOTOKCUYHOCTb MO OTHOLWIEHUIO K M3YYEHHbIM
Ky/IbTypaM KNETOK YesioBeKa. Ans Tpex pas/IMyHbIX KNeTouHbix AnHuin (CaCo-2, FRSN u HEK293T) 6bino
NPOAEMOHCTPUPOBAHO, YTO nannaauesBble coeamHeHus, ocobeHHo Pd(acac)2, o6napaloT BbICOKONA
TOKCUYHOCTbIO M TPEBYIOT CTPOrOro KOHTPOIA UX MPUMEHEHMA B KaTaNUTUYECKMX NpoLeccax.

Kpome Toro, B pabote OblIO YCTAaHOBAEHO, 4YTO 3HA4YMTeNbHbIM (GAKTOPOM, BAMAIOWMM Ha
3KOJIOrMYeckyto 6e30MacHOCTb peakuuun, asaseTcs Bblbop pacTBoputens. OpraHUYecKkMe pacTBoOpUTENH,
TaKkue Kak gumeTtunpopmammng n N-MeTUANNMPPOINLAOH, TPUMeEHAEMble B 6ONbLUNX KOIMYECTBAX, OKA3bIBatOT
3HaYMTEeNIbHOE BAMAHME HA OOLLYHD TOKCMYHOCTb, B TO BpPemA KaK MCMNO/Jib30BaHWe BOAbl B KayecTse
PacTBOPUTENA CYLLECTBEHHO CHUMAET 3KONOMMYECKUN PUCK, AEMOHCTPUPYS Hambonee HU3KME YPOBHM
LUMTOTOKCUYHOCTUN Cpeam NCCAef0BaHHbIX BELLECTB.

MoapobHo onucaHHaa B pabote metoamka 6uoctpunos (bio-Strips) nosBossAeT KonAMYecTBEHHO
OL,eHMBATb 3KO/IOTMYECKYIO U TOKCMKONOMMYECKY0 6e30MacHOCTb KaXKAoro aTana peakuuu (puc. 1). Takoi
noaxon, Brnepsble NO3BOAAET ObICTPO M HArAALHO CPaBHMBATb MHOFOUYUC/IEHHbIE BapUAHTbl CUHTETUYECKUX
nyTen c y4ETOM UX BIMAHMA HA KUBble OpraHn3mbl. C noMoLbto pa3paboTaHHOM MeTOAUKM 6bl10 NpoBeAEHO
CpaBHeHMe 864 oTAeNbHbIX peakuuii n oueHeHo 2592 6uosornyeckux npodunn, 4ONONHEHHbIX pacyéTamm
610(paKTOPOB M NOTEHLMANOB LUTOTOKCUYHOCTHU.

BaykHbIM BKJ1aZ0M MCCef0BaHUSA CTana pa3paboTKa KOANMYECTBEHHOTO NOAX0Aa K CPAaBHEHUIO peaKkLumii
C pPasHbIM COOTHOWEHMEM METaN/I0B-KaTa/IM3aTOPOB M CTENEHbID KOHBEPCMM, YTO NO3BO/INAO BbIABUTL
ONTMMaA/IbHblE YCNOBUS NPOBEAEHMA PeaKLMi C MUHUMA/IbHOM 3KOIOrMYECKOM HarpysKom.

B paboTe TaKe 6bin NpeasioxKeH HOBbIN MHAEKC "onyxoneBon cenekTuBHocTU" (tumor selectivity index,
tSl), nossonAwWMIA OOMNONHUTENbHO OLLEHUTb MOTEHUMaNbHbIA Bpes XUMMYECKUX COeAMHEeHun ann
HOPMaJIbHbIX M OMYXO/IEBbLIX K/ETOK, YTO ABNAETCA BaXKHbIM GaKTOPOM MpU oueHKe 6e30NacHOCTU HOBbIX
CUHTETUYECKUX METOLOB.

Takum 06pasom, NpepNoXKeHHbIM MNOoAXOh4 AAeT HAay4yHOMY COOOLLEeCTBY HAAEXHbIA W LUMPOKO
NPUMEHUMBIA UHCTPYMEHT A1A OLEHKM M ONTMMM3AUMM 3KOAOorMyeckol 6e30nacHOCTU KaTaaAUTUYECKUX
NPOLLECCOB B XMMUYECKOM CUHTE3E.
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bio-Strips of chemical reactions: the way to the safest synthetic routes
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BF = 0.79 BF = 0.66 BF = 0.91
cell line CaCo-2 cell line FRSN cell line HEK293T
Reaction name = SM2-CT1-CT2-R-S

PucyHOK 1. BUoCTpunbl NO3BOAAIOT KOIMYECTBEHHO OLEHMBATb IKOOTMYECKYIO U TOKCUKOIOTMYECKYHO
6e30MacHOCTb KaXK4oro aTana XMMUYECKon peakLumm.

Ccbinka:

K.S. Egorova, A.E. Kolesnikov, AV. Posvyatenko, A.S. Galushko, R.R.
Shaydullin, V.P. Ananikov, Establishing the main determinants of the
environmental safety of catalytic fine chemical synthesis with catalytic cross-
coupling reactions, Green Chem., 2024, 26, 2825-2841,

DOI: 10.1039/D3GC04572B
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BEbICTPAA U BE3OMNACHAA METOAUKA NPOBEAEHNA XUMUYECKUX PEAKLIUIA,
COBMECTUMAA C UNDPPOBLIMU TEXHONNIOITMAMMU, C UCNOJIb3OBAHMEM 3D-MEYATU
NONMMEPHbIX KAMCYN ANA PEATEHTOB

B pabote 6b1710 NpeacTaBNeHO MHHOBALMOHHOE pelleHne A8 COBPeMEHHOM N1abopaTopHOM NPaKTUKNK,
HanpaB/IeHHOE Ha NoBbilWeHMe 6e30nacHOCTU, 3GGEKTUBHOCTM U IKOJIOTMUYHOCTM NPOBOANUMbIX XMMUYECKUX
peakumit. TpaguuUMOHHble nabopaTopHble METOAMKM 4YacTo CBA3aHbl C PWUCKAMM, BbI3BaHHbIMMU
TOKCUYHOCTbIO, FOPIOYECTbIO U HECTAabUNBHOCTBLIO peareHToB, TPebYLWMX 0CObbIX MeP NPeAOCTOPOXKHOCTU
npu obpauweHmn. na peweHns ykasaHHbIX npobiem B nccnegoBaHMm 66110 NpeanoXeHo UCnoib3oBaThb
NoOMMEpPHbIE Kancy/bl, N3roToBsieHHble MeTogom 3D-neyatu, BHYTPb KOTOPbIX NOMELLAOTCA XMMUYECKMe
peareHTbl (puc. 1).

A Known, common design of reactions

PR
Unpacking Dosing Weighing
:aZ?ghand dese ~15 min per reaction
-balance ~25 hours optimization

B This work, chemical kits for reactions

80

/i

<

Simple transferring -

s pre-packed _
»direct transfer }. 15 sec per reaction
+ no weighing ~25 min optimization

PucyHoK 1. MHKancyiMpoBaHME XMMWYECKMX BelecTB € Lesbto 6onee 6esonacHoro nposeneHus
XMMUYECKUX PEAKLMA C MMHUMANbHbIM BpEMEHEM MOCTaHOBKM peaKLuu.

B paboTe 6b110 NOKa3aHO, YTO CrNeLmanbHO pa3paboTaHHble Kancybl, 6i1arofaps Ux PacTBOPUMOCTM B
PacnpoCcTpaHEeHHbIX OPraHUYECKMX PACTBOPUTENAX, CNOCOBOHbI K KOHTPOJMPYEMOMY BbICBOOOKAEHUIO
peareHTOB HEMNOCPEeACTBEHHO B XO4E XMMMUYECKUX peakuuMi. ITO CyLLeCTBEHHO YNpoliaeT npouecc
NOArOTOBKM K peaKkLMn, MUHUMU3INPYET PUCKM ANA UCCNef0BaTe/Iel U COKPALLLAeT BpeMA NpesBapuUTesbHbIX
onepaunin npumepHo B 60 pa3 Mo CPaBHEHMIO C TPAAULMOHHBIMM NOAXOAAMU. B 4acTHOCTH, CTaHAAPTHbIE
npoueaypbl NOArOTOBKW peaKLuuii, BKAKOYatoLWmMe [03MPpOBaHME U B3BELIMBAHNE XMMUYECKMX BELLECTB, MOTYT
3aHMMaTb OKOJI0 15 MUHYT, B TO BpEMA KaK MCNONb30BaHME Kancyn NO3BOSIAET COKPATUTL 3TO Bpema Ao 15
CeKyHa,

B paboTe 6b110 NPOAEMOHCTPMPOBAHO, YTO UCNO/Ib30BaHME TAKUX KAMNCY HE CHUMKAET BbIXOAbl Le1eBbIX
NPOAYKTOB M He OKAa3blBAeT HEraTMBHOMO B/AMAHUA HA MPOTEKaHWe peakuui. Tak, 6bL10 UccneasoBaHo
HECKOJIbKO TUMWYHbIX OPraHUYECKMX NpeBpaLLeHni, TaKUX KaK auuanMpoBaHMe aMUHOB, peaKkLMu 3almThbl
aMUHOTrpynM, peakuun BOCCTAHOBAEHUA, OKUCIEHUSA, HYKNeODUIbHOTO NPUCOeAMHEHUA U KaTaJIUTUYECKue
npoueccol. B Kaxaom ciydae pesynbTaTbl MOKa3aam OT/IMYHYIO COBMECTUMOCTb NPeASIOKEHHOW TEXHONOMMK
C YCNOBUAMMU XMMUYECKOM peakumu.

Kpome Toro, B paboTe 6b1710 06HapyKeHO, YTO KancyJ/ibl U3 Pa3IMYHbIX NOJIMMEPOB, Takux Kak PLA, HIPS
1 SBS, 061a43t0T BbICOKOW YCTOMYMBOCTBIO K BO3AEMCTBUIO OKPYKatOLLEN cpeabl, NpeaoTBpalLan ncnapeHue
TOKCUYHbIX U IETYYMX BELLECTB, @ TaKXKe PasfoKeHWe YyBCTBUTE/bHbIX K BAare coeanHeHui. MpumeHeHune
Karncyn no3so/sivno 6e30nacHo NPOBOAMUTL PeaKUMM AaXKe C O4EHb YYBCTBUTENbHBIMW BELLECTBAMM, TAKUMMU
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KaK uuknoneHTagmenug Hatpua (NaCp), 6e3 ncnonb3oBaHmMA TPAAULMOHHBIX MeTOA0B PaboTbl B MUHEPTHOWM
aTtmocdepe.

Ncnonb3osaHue 3D-nevatn obecneynsaeT rmMOKOCTb B AM3aMHe Kancy, NO3BOAAA ONTUMMU3UPOBATb UX
reoMeTPUIO U XMMUYECKME XapaKTEPUCTUKKN NOoA, KOHKPETHbIe NOTPEBHOCTM Kaxaoro peareHTa 1 npouecca.
Takke B paboTe 6blAM YCMEWHO MNPOAEMOHCTPUPOBAHbI BO3MOXHOCTM aBTOMaTU3aLMKM npouecca

NoAroTOBKW peareHToB M MacluTabupoBaHMUA TEXHONOMMK ANA NabopaTOPHbIX M MPOMbIWAEHHbIX Uenen
(puc. 2).

Phase | Automatic (to avoid routine part)
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PUCYHOK 2. MpeafnioXKeHHbI MHHOBALUMOHHbIM NOAX04, K AM3aiHY XMMMYECKOro aKcnepumeHTa. MNepsas
CTaAMA BKAKOYAET NOJHOCTbIO aBTOMaTU3MPOBAHHOE A03MPOBAHME M YNAKOBKY XMMMUUYECKMX BELLEeCTB, TOr4a
KaK BTOpas CTafusA Hanpas/ieHa Ha UCMO/b30BaHMe NPeaBapuTe/ibHO L03MPOBAHHBIX MHKAMNCY/IMPOBaHHbIX
peareHToB B N1abopaTopHbIX ycioBuAxX. Pasa |: ABTOMaTU3MPOBAHHOE NPOM3BOACTBO MHKAMCY/IMPOBAHHbIX
peareHToB; Crnpasa npeacTasiaeH obwui Bug 3D-nevyaTHbIXx HAabopPOB A/1A XPaAHEHUs U UCMNO/Ib30BaHMA
peareHToB. Pasmep U LLBET KOHTEMHEPOB afanTUPOBaHbI N0 KOHKPETHbIE BEeLLecTBa U UX KoanyecTea. Pasa
Il: MpuMeHeHMe WHKaNCyAMPOBaHHbIX peareHToB B JlabopaTopuu, NpoBefeHWe BblibpaHHbIX Peakuuit ¢
MCMO/Ib30BaHNEM Pa3paboTaHHbIX XMMUYECKMX HAaboPOB.

Takum 06p330M, ﬂpeAﬂO)‘KeHHblf/’I noaxo4 OTKpPbIBaeT nepcnexkTnebl AnAa CoO34aHuUA 6onee 6e30nacHbIX

MU 3KOJZIOTNYHbIX XMMNYECKUX NMPOon3BOACTB, CI'IOCOGCTBYFI nepexogy K LI,VId)pOBOﬁ napagurme OTKprTMVI n
VIHHOBaLl,VIﬁ B XMMUMN.

CcblnKa:

A.N. Lebedev, K.S. Rodygin, S.A. Vakhrusheva, V.P. Ananikov, A 60-times
faster digital-discovery-compatible reaction setup with enhanced safety for
chemical applications, Green Chem., 2024, 26, 37763785,

DOI: 10.1039/D3GC04064)
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KOMMbIOTEPHbIA AHANIU3 OKUC/TUTENBHOIO NPUCOEOUHEHUA R-X
K HAHOYACTUUAM NANNAANA

B pabote 6blN0 NpoBegeHO NepBoe MNOAPOOHOE MCCNeAoBaHME MeXaHW3Ma OKUC/IUTENbHOro
npucoeanHeHNn OpPraHNYeCcKMX raloreHna0B K HaHoYacTuuam nannaama (Pd), KoTopoe paHee ocTaBanoch
NPaKTUYECKU HEU3YYEHHbIM, B OT/IMYME OT XOPOLUIO M3BECTHbIX MPOLECCOB C Y4acTUEeM MOJIEKYNSAPHbIX
Komnnekco Pd(0). Peakuum OKMCAUTENbHOrO NPUCOEAMHEHWUA WIPaloT BarKHEWLWY pPo/ib BO MHOTMX
KaTa/IMTUYECKUX MPOLECccaX, TaKUX Kak peakumu Xeka, Cysyku-Musaypbl 1 ammHMpoBaHuA no ByxBanbay-
XapTBUry, ABNAIOLMXCA KNHOYEBBIMM METOL4AMMN COBPEMEHHOMO OPraHMYecKoro CMHTesa.

Chemical
Science

P ROVAL SOCIETY  EDGE ARTICLE
'OF CHEMISTRY omputational a

PucyHok 1. O6n0:Ka }KypHana Chemical Science ¢ unntoctpaumeit, NocBALWLEHHON HacTosALLel paboTe.

B poaHHOM paboTe Obl NPUMEHEH KOMMNAEKCHbIN NOAXO4, BKAKOYAOWMIA MOLENNPOBaHME METOLOM
Teopun QyHKUMOHanNa naoTHocTn (DFT) M meTagMHaMMUYecKMe CUMYIAUMKM, YTO MO3BOMIO AETaNbHO
nccnefoBatb 3HepreTMyeckme npoduam U MeXaHU3Mbl pPeakUuUit OKUCAUTENbHOTO NpPUCOeAUHEHUA
deHnnbpommaa K HaHo4yacTULAM Nannagma pasnyHoro pasmepa. Bnepsble 6bi10 YCTaHOBEHO KAlOYeBOe
3HauyeHue pebepHbIX 1 BEPLLUMHHbIX y4acTKOB HaHo4YacTul, Pd B npoTeKaHMM AaHHbIX peakuuit. MoKasaHo, uTo
3HepreTMYecKkunin bapbep OKNUCANTENIbHOIO NPUCOeAMHEHNA HA KPaeBbliX y4acTKax HaHO4YacTUL, CyLLeCTBEHHO
HUXe, YeM Ha FNadKuX rpaHsax, YTo JenaeT 3TU aKTUBHbIE LEHTPbl 0COBEHHO pPeaKLUMOHHOCNOCOBHbIMU U
NepcnekTUBHbIMU AN1A KaTaIMTUYECKUX MPUNOKEHUN.

B xoae uccnenoBaHuA 6bIN10 YCTaHOBNEHO, YTO OKUC/IUTENbHOE NpucoeauHeHue deHunbpomuaa K
HaHo4acTuuam nannagua (Pd) aenserca He TONbKO KUHETUUYECKU AOCTYMHbIM MPU KOMHaTHOM TemnepaType,
HO U TEPMOAMHAMMYECKN BbIrOAHbIM, UTO NOATBEPKAAETCA pacieTaMmn U3MEHEHUs cBOBOAHOM 3Heprumn B
XxoAe peakuui. MosyyeHHble AaHHble 6blAKM COMoOCTaBieHbl C pe3y/ibTaTaMW Pacy€ToB ANA MPOLLeccoB
B3aMMOAENCTBUA OPraHMYECKUX raloreHNA0B C MONEKYAAPHBIMU KOMMIEKCAMW NANNagmMa, CoAepPKaLLMMM
¢docdrHOBbIE M aMUHHbIE NTaHAbl, KOTOPbIE LUIMPOKO NPUMEHAIOTCA B COBPEMEHHOM META/IZIOKOMIMIEKCHOM
KaTanuse. PesynbTaTbl MNOKas3anuM, 4YTO HaHOYaCTUUbl Nanfagua AeMOHCTPUPYIOT  KaTaJUTUYECKYo
AKTMBHOCTb, COMOCTaBMMYID WM [aXKe MPEeBbIWAOWY TAaKOBYHO Y TPAAULMOHHBLIX MOJIEKYAAPHbLIX
KOMNAEKcoB nannagua. [aHHoe HabnogeHwe aABAAETCA NPUHUMMNMANBHO HOBbIM M OTKpbIBAaeT HOBblEe
nepcneKkTUBbl 41A NOHUMAHNA MeXaHU3MOB KaTaan3a C y4acTMem HaHOo4YacTuL,.
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B paboTe 6bl10 NOKa3aHo, YTO NPOLECChl OKUCANTENILHOTO NPUCOEANHEHUA K HAHOYACTMLAM NanNagms
(Pd) conpoBoKaatoTcA aKTUBHOW MWrpauMen apuibHbIX U FaNoreHUAHbIX GparmeHTOB Mo NOBEPXHOCTU
HaHo4acTMLbl. 3Ta 0COBEHHOCTb MPUBOAUT K GOPMUPOBAHUIO KAauyeCTBEHHO WMHOM KapTWMHbI MPOTEKaHWA
pPeakumMn No CPaBHEHWIO C NPOLLeCCamu, HabaloaaeMbiMU 1A MONEKYNSAPHbIX KOMMNNEKCOB nannaaus. B
CTaTbe MOAYEPKMBAETCA 3HAYMMOCTb Y4YeTa LaHHOTO ABJEHMA B OyAywMX SKCNEepPUMEHTasbHbIX WU
TeopeTnyeckmx pabotax gna 6osee TOYHOTO U PEAUCTUYHOTO ONUCAHMA KaTaIMTUYECKMX NPOLLECCOB.

MonyyeHHble pe3ynbTaTbl 06134aK0T 3HAYUTENBHOW MPAKTUYECKOM LEHHOCTbIO M OTKPbLIBAIOT HOBbIE
NepcrneKkTMBbl AN PaspaboTKM BbICOKOIDDEKTUBHBIX U YCTOMUYMBLIX KAaTa/IMTUUECKUX CUCTEM, CMOCOBHbIX
GYHKLMOHMPOBATDL B YC/IOBUAX PA3IMYHbIX XMMUYECKUX NPOLLECCOB, YTO MO3BOJIUT PACUMPUTL BO3MOXKHOCTH
NpUMeEHEHNA NannaameBbiX KaTaM3aTopoB B CUHTE3E OPraHUYECKUX CoeaANHEHNI, cnocobCTBYA PasBUTUIO
COBPEMEHHbIX METOA0B XUMUMU.

Ccbinka:

M.V. Polynski, Yu.S. Vlasova, YaV. Solovev, S.M. Kozlov, V.P. Ananikov
Computational analysis of R—X oxidative addition to Pd nanoparticles,
Chem. Sci., 2024, 15, 9977-9986, DOI: 10.1039/D4SC00628C
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BMOTMEBEPUAHDIE NAN/IAQUEBBIE KATAZIU3ATOPbI HA OCHOBE ASPOEBHbIX BAKTEPUI ANA
3®PEKTUBHbIX PEAKLMIA KPOCC-COYETAHUA

B pabote BnepBble UCNOIb30BaHbI KETKN a3pobHbix 6akTepuit Paracoccus yeei BKM B-3302 B kayecTse
61MONOrMYECKOro HOCUTENA 414 HAHOYACTUL, NanNaamMa u cosaaHusa buornbpuaHoro Katanusartopa Pd/P. yeei.
Mannaguesble KaTa/iM3aToOpPbl LWWPOKO MPUMEHAIOT B OPraHWYecKoOM CUHTe3e, OAHaAKO BOMPOCHI
3KONOTMYECKON YCTOMYMBOCTU, CAOXKHOCTU MONAYYEHUSA M YTUAM3AUMM TaKUX KaTasnMs3aTopoB TpebytoT
pa3paboTKM HOBbIX MNOAX0AOB. B paboTe noKasaHo, YTO aspobHble GakTepun P. yeei MOryT BbICTynaTb B
KayecTBe 3pPEKTUBHOM N IKONOTMUYECKM BE30NACHOM aNbTePHATUBbI TPAANLMOHHBIM HOCUTENAM, TAKMM KaK
aKTMBMPOBAHHbIN YroAb U ApYrMe CUHTETUYECKNE MaTepUabl.

ObpaszoBaHne meTannnyeckort ¢asbl NoATBEPHKAEHO METOAAaMWU PEeHTreHoBCKon andpakumm (XRD) m
PEHTIEHOBCKOM  $OTO3NEKTPOHHOW  CneKTpockonuu  (XPS).  DHeproamcnepcMoHHasa  peHTreHoBCKas
cnektpockonua (EDX) npoaemoHCcTpupoBasa NOKPbITUE BMONOTMYECKOrO HOCUTENA NaNNALUEM.

Moka3aHO, YTO HaHOYacCTMLUbl Manfagua MoryT ObiTb JIOKaZM30BaHbl Ha MOBEPXHOCTU U BHYTPWU
6aKTepmManbHbIX KNETOK, YTO MOATBEPXKAEHO METOAOM 3SNEKTPOHHON MUKpocKonuu. O6Hapy»KeHo, 4To
CpefHNn pasmep HAHOYaCTUL, HAa NMOBEPXHOCTU KNETOK COCTaBAAET OKOJIO 5 HM, @ BHYTpU BaKkTepuanbHbIX
KNETOK — OK0J10 3 HM, 4TO 0b6ecneynBaeT BbICOKYH AUCNEPCHOCTb M KaTaIMTUYECKYHO aKTUBHOCTb.
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PucyHok 1. W3o6paxeHusa Katanusatopa Pd/P.yeei, nonydeHHble METOAOM CKaHMpYytoLLEi
3/1IEKTPOHHOWM MUKPOCKOMMU B PEXUME PETUCTPALUN NPOLLIEALINX EKTPOHOB, Npu yBeanyeHum 50 Toic. (A),
100 Tbic. (B) 1 200 Tbic. pa3 (C). MTncTorpammbl pacnpeaeneHns no pasmepam ANA HaHOYaCTUL, Nannaaums,
PacroOXKEHHbIX Ha MOBEPXHOCTU KaeTok (D), mexay MHAMBMAYaNbHbIMU KAeTKamu B capumHe (E) mam
BHYTPU KNneTkn 6aktepum (F). PacnonoskeHue yyactkoB 1-3 (D—F) nokasaHo Ha nsobparkeHuu B.

BuormbpuaHbiit Katanusatop Pd/P.yeei vcnbitaH B peakumsax Musopoku—Xeka u Cysyku—Musaypbl.
Pd/P. yeei obecrneumBaeT BbICOKMNIA BbIXO NMPOAYKTOB peakLmii Ha YPOBHE, COMOCTaBMMOM C KOMMEPHECKUM
aHanorom. Mpu sTom 6MOrMBpPUAHBIN KaTaM3aToP MOXKHO NOBTOPHO UCMO/Ib30BaTb B TEUYEHWE NATU LIUKIOB
6€3 3HAUMTENIbHOTO CHUXEHUA aKTUBHOCTM, YTO MOATBEPIKAAET €ro BbICOKYIO CTabUIbHOCTb M MOTEHUMAN
NPaKTUYECKOro NPUMEHEHUA.
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PUCYHOK 2. Ipadmuyecknii abcTpaKT paboTsbl.

YCTaHOB/IEHO, YTO KNeTkn 6akTepuii P. yeei B MUCNONb30BaHHbIX KOMYECTBAX HE B3aMMOLENCTBYIOT C
NCXOAHbIMW peareHTammu 1 NPOAYKTaMM Peakumii U He OKa3blBalOT HEFAaTUBHOTO BAMAHUA Ha X04, PeaKkLuuii 1
nocineayowmii aHaaM3 NolydYeHHbIX NPoAyKTOB MmeTogammn AMP 1 rasoBoi XpOMaTO-Macc-CNeKTPOMETPUM.
B XoZ4e 3KCNEepPUMEHTOB BbIABAEHA YacTMYHAA MUrpauma nannagua c HaKTepuanbHOro HocuTena B
PEaKUMOHHYIO CMEeCb, OAHaKO 3TOT Mpouecc He NPUBOAUA K ObICTPOMY CHUMKEHUIO KaTa/lMTUYecKow
aKTUBHOCTW.

TaKKe 0BHapy»KeHo, YTo KNeTku P. yeei cnocobHbl CTabuaM3npoBaTb 06pasyloWMEcs HaHOYACTULbI
nannaausa, npeaoTepawas ux arperaumio u dopmuposaHue 6osiee KPYMHbIX HEAKTMBHbIX 4YacTul,. 3TO
OOMO/IHUTENIbHOE  MPEUMYLLECTBO MPEASIONKEHHOTO OMONOTMYECKOTO HOCUTENA OTKPbIBAeT  LUMPOKUE
BO3MOXHOCTU A1 Aa/IbHENLLIEro UCMO/1b30BaHUA B XMMUYECKOM KaTanuse.

Takum obpasom, B paboTe pa3paboTaH skonornyeckm 6esonacHblii M 3pHEKTUBHbIN NOAXOA K CO34aHUI0
61ornbpuaHbIX NannafMeBbiX KaTanM3aTopoB Ha BakTepusax P. yeei, KOTOpble MOTYT HANTU NPUMEHEHUE B
TOHKOM OpraHMYecKom CMHTe3e, obecneumBas BbICOKYH 3DPEKTUBHOCTb, YCTOMYMBOCTb M BO3MOMKHOCTb
NMOBTOPHOTO MCMOJIb30BAHMS.

Ccbinika:

PV. Rybochkin, R.N. Perchikov, B.Ya. Karlinskii, O.A. Kamanina, V.A. Arlyapov,
A.S. Kashin, V.P. Ananikov, Aerobic bacteria-supported biohybrid palladium
catalysts for efficient cross-coupling reactions, J. Cat., 2024, 429, 115238,
DOI: 10.1016/].jcat.2023.115238
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NOBbILWEHNE YHUBEPCA/IbHOCTU KATAJIUTUYECKUX CUCTEM BTATOAAPA CUHEPTETUYMECKOMY
3OPEKTY IMTAHAOB B NA/IAOUA-KATANTM3UPYEMOW PEAKLIMM C-N KPOCC-COYETAHUA

B paboTe npeactaBneHO WcCNeaoBaHWE, HAMpaBJeHHOe Ha pa3paboTKy YHMBEPCANbHbIX W
3¢$PEKTMBHbIX NaNNAAMEBbIX KaTaIMTUYECKUX CUCTEM ANA PEeaKLMA KPOCC-COMETaHUSA, B YaCTHOCTU peakumum
baxBanbga—Xaptseura.

B cTaTbe 6b1/10 BbIABMHYTO NPEANON0KEHNE O TOM, UTO codeTaHue N-reTepoLMKANYECKUX KapbeHOoBbIX
(NHC) n pocpuHosbix (PR3) nvraHaoB NO3BOAUT NOBLICUTb YHUBEPCANbHOCTb NaANaAMEBbIX KaTaIMTUYECKUX
cuctem. C ucnonb3oBaHMeM peakuuu baxBanbga—XapTBura Kak MogenbHOW, 6bl0 MOKasaHo, 4To
COBMECTHOE MPUMEHEHUE 3TUX TNraHA0B NO3BOAET AOCTUYb CUHEepreTuyeckoro agpdekTa, NPUBOJALLETO K
YAYYWEHUIO KaTa/IMTUYECKUX CBOMCTB MO CPABHEHUIO C CUCTEMaMM, COAEPKALMMMU JIUWb OOUH TUN
NINraHaoBs.

Mcnonb3oBaHWe meToaa MallMHHOIO 06y4YeHMA NO3BOAUIO BbIABUTb K/OUYEBbIE NApPaMeTPbl IMFAaHAOB,
BAMAlOWME HA 3PPEKTUBHOCTb KaTasmsa. B 4acTHOCTM, Ha OCHOBaHWWM aHanu3a cobpaHHOro Maccuea
KCNepMMeHTabHbIX AaHHbIX 6blno MOKa3aHo, 4To Ba)KHeMLW MMM napameTpammn ABNAKOTCA CTepuyeckue
XapPaKTePUCTUKN GOCOMHOBDLIX NIUFAHAOB, Hanpumep, BeAnYMHa yrna To/IMaHa, a TaK¥Ke 3/IeKTPOHHble
CBOICTBA /IMTAHAOB, KOTOPbIE MOTYT ObITb ONpeaesieHbl YACAEHHO No AaHHbiM AMP-cnekTpockonuun. Taknum
06pasom, C NOMOLLbIO aAITOPUTMOB MaLLMHHOIO 06y4YeHUs H6bl10 NOATBEPKAEHO, YTO COYETAHMNE CTEPUYECKM
3aTPYAHEHHbIX M 9NEKTPOHHO HACbILEHHbIX IMFaHA0B obecneymBaeT oNTMMA/bHbIE YCIOBUA A5 BbICOKOM
3pPeKTUBHOCTM KaTanmnsa.

A Focus on a key complimentary ligand types B Collecting experimental data
. . o™
.P-p R-., "™~ -R ((\NH Bm@\ [Pd)systems L _N.
R ot oiione 50T
R - N~ toluene, 85°C ©\N/
|
|
* Electronics * Steric bulk Types of [Pd] systems:
« Sterics  Structure flexible + NHC-PACl-Py + PR, =IPr, IMes, IAd, NHC-1
« m-acceptor « Easy synthesize * PR-PdCl-Py NHC-2, NHC-3 ’
P Y Sy + PR ;-PdCl,-Py + NHC - HCI ’
+ To leave the metal center « Asymmetric organometallic catalysis . -PdCl-PR 5 PR 5 = PPhs, P(4-metoxyphenyl)s,
. . . . « PdCl, + PR PCys, JohnPhos, tBuXPhos
« Steric and electronic properties » Strong o-donation : ’ Yo ' !
prop g « PACl, + “HCl SPhos, RuPhos, CyJohnPhos,
« Can facile the reductive elimination step « Electronic and steric interactions « PdCl, + PR+ -HCl

C Approaching reaction space with three ML algorithms

Decision tree Random forest

S

PucyHok 1. (A) OcHoBHble KoMMnemeHTapHble cBolcTBa ¢ochuHoBbiXx M NHC-nuraHgos. (b)
AMUHUMpoBaHMe no BbaxBanbay-XapTBUry, MCMNO/b30BaHHOE B KauyecTBE MOZE/IbHON peakuuu ana cbopa
OaHHbIX B CUCTEMax pPas/MYHbIX TUMOB Ha ocHose nannagus. (C) Tpu mogenu MaluHHOro oby4yeHwus,
MUcnonb3yemble g5 NPOrHO3MpPoBaHMA cMHepreTuyeckoro apdekrta nmraHgos Tuna NHC n PRs.

B paboTte 6bin nNpegsoXeH HOBbIM MOAXOA K KOJIMYECTBEHHOM OUEHKE YHMBEPCa/bHOCTU
KaTa/IMTUYECKUX CUCTEM Yepe3 BBeAeHWe MHAEKCA yHuBepcanbHocTu (generality score), nossosstoLiero
06bEKTUBHO CPaBHMBATb PA3/INUHbIE KaTaIMTUYECKUE CUCTEMbI MO MX 3PPEKTUBHOCTM B LUMPOKOM CMEKTPE
peakumit. C nNOMOLWbBIO MNPeaNoKeHHOro noaxoda 6blL10  YCTaHOBAEHO, 4YTO KOMBMHMPOBaHHbIE
KaTa/MTUUYECKME CUCTEMbI, codepkawme oaHospemeHHo NHC-auraHg v pocduHoBbit auraHa RuPhos,
OEMOHCTPUPYIOT HaMBbICWIMIA WMHAEKC YHWMBEPCANbHOCTM (40 85%), 4TO AenaeT MX NepcnekTUBHbIMU
KaHAMAaTaMu ANA WUPOKOro NPUMEHEHNA B OPraHNMYECKOM CUMHTese.
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Takum obpasom, B paboTe 6bin paspaboTaH 3dpdeKkTUBHbIN meToa noabopa YHUBEPCANbHbIX
KaTa/M3aTOpPOB Ha OCHOBE NaniaaMa U KOMOBWHMPOBAHHbIX JIMTAHAHbIX CUCTEM, KOTOPbIM OTKpbiBaeT
LUMPOKME NepcnekTuBbl 414 Aa/ibHEWLWero passmTmsa U ONTUMM3ALLMM KaTaIMTUYECKUX NPOLLECCOB.

CcblnKa:

N.O. Grebennikov, D.A. Boiko, D.O. Prima, M. Madiyeva, M.E. Minyaey,
V.P. Ananikov, Boosting the generality of catalytic systems by the synergetic ligand
effect in Pd-catalyzed C-N cross-coupling, J. Cat.,, 2024, 429, 115240,
DOI: 10.1016/j.jcat.2023.115240
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MEXAHUCTUYECKUIA AHANTU3 TPAHCOOPMALIUA KATAJIUSATOPA Pd/NHC MPU
CENEKTUBHOM r'MaPUPOBAHUU 1,2-AUPEHUNALETUNIEHA MONEKY/TIAPHbIM BOAOPOAOM

B paboTte 6bin AeTasbHO M3y4yeH MeEXaHW3M TpaHchopMaUMn nannaamesbix KomnaekcoB ¢ N-
reTepoUMKAMYECKUMIN  KapbeHoBbiMM auraHgamu (Pd/NHC) B peakumm nonyruapupoBaHus 1,2-
anbeHnnaueTMneHa C  UCMOJIb30BAaHMEM MOJEKYNAPHOrO BOAOPOoAa. AKTyalbHOCTb UCCAeAO0BaHUA
06yCcnoBNEHA Ba)KHOM POJSIbIO TaKMX peaKkuuMii B COBPEMEHHOM OPraHUYECKOM XMMUU, B YaCTHOCTM B
bapmaLLeBTUHECKON XMMUN M TOHKOM OpPraHMYEeCKOM CUHTEe3e, rae TpebyeTca BbICOKAA CENEKTUBHOCTb U
3KONOrMYHOCTb Npoueccos. Micnonb3oBaHMe MONEKYNAPHOro BOA4OPOAa BMECTO TPAAULMOHHBIX peareHTos
ONA TMAPUPOBAHMUA MMEET BaXKHOE NPAKTUYECKOe 3HavyeHMWe, TaK Kak no3sosseT nsbexaTb NPUCyTCTBUA B
peakLMOHHOM CMEeCcH OCTaTKOB BOCCTAHOBUTENA M MPOAYKTOB €ro NpeBpaLleHnii, YTo 3Ha4YMTeNbHO obaervaer
NPOLLECChI BbIAENEHWUA N OYUCTKU KOHEYHbIX COEANHEHWUI.

B paboTe 6b1710 NOKA3aHO, YTO NOA, AEMNCTBMEM MOJIEKYIAPHOIO BOAOPOAA B yCA0BUAX peakumm Pd/NHC
Komnnekcbl (B 4yactHoctu, Komnnekc Pd/BIDI) nogsepratorca CywecTBEHHbIM M3MeHeHMAM, obpasysa
KKOKTEM/Ib» KaTa/IMTUYECKM aKTUBHbIX COEAMHEHMUN, KOTOopbii Obin uccnedoBaH ¢ nomoubto AMP-
CMEKTPOCKOMUK, MaCC-CMEeKTPOMETPUN BbiCOKoro paspewerus (ESI-HRMS) n anekTpoHHON MUKpocKonum
(TEM n SEM) (puc. 1). Bbino obHapy)eHo, 4YTO 06pPa30BaBLUMNCA «KOKTEW/Nb» BKAOYaeT B cebA Kak
MOJIEKY/ISIPHbIE KOMMJIEKCbI MeTasnna, Tak U reteporeHHyto ¢asy — ocafoK, cogeprkawuii 18.8 macc.%
nannagusa, N Haxoaalwmeca B pacTBOpe HaHOYACTMLUbI Naanaama co cpegHUm pasmepom o 12.1 Hm.

Ha
Pd nanoparticles
TEM (nanocapture)
[Pd] complexes
NMR ° z
ESI-HRMS
PY ~ Precipitate
Y TEM, SEM
i L) EDX
ESI-HRMS

PucyHoK 1. KomnaeKkc GU3NKO-XMMNYECKUX METOA0B, MCNOIb30BAHHbIX A1 UCCAEA0BAHUA PA3/IUYHbIX
a3 KaTtanutmueckoit cuctembl Pd/NHC B peakumm ruapmposaHusa agubeHmnnauetTnieHa.

MpoBeaEéHHbIN TECT C OTAENeHMeM KaTannsaTtopa (split test) noaTBepamn «KOKTEWNbHBINY» TUN KaTanusa
B8 cucteme Pd/NHC: MeHHO co4yeTaHMe roMOreHHbIX U reteporeHHbix ¢a3 obecneunmsaeT MaKCUMabHYIO
3¢bdEeKTUBHOCTb KaTan3a U BbICOKYIO CeIeKTUBHOCTb 06pa3oBaHuA (Z)-cTunbbeHa.

Kpome TOoro, Metogom macc-cnekTpomeTpun 66iam noeHTUONLMPOBAHbLI MPOMENKYTOUYHbIE U KOHEYHble
nannagumucoeprkalime npoaykTbl TpaHcPopmaumii pPacTBOPEHHbBIX KOMMJIEKCOB, MOATBepKAatowme
npouecc nocreneHHoro yaaneHua NHC-nMraHaoB U3 Mcxo4HOro Komnaekca (puc. 2). Takune TpaHchopmaumm
He MNPUBOAAT K MOTEpPe KaTa/JIMTUYECKOM aKTMBHOCTM, HanNpoTUMB, BHOBb 0OpPa3oBaHHble HAHOYACTULbI
nannagma sGPeKkTMBHO yHaCTBYIOT B KAaTaIMTUUYECKOM npoLecce.

TaKk:Ke 6bI10 06HAPYKEHO, YTO BBEAEHME B PEAKLMOHHYIO CMECb PA3/IMYHbIX OCHOBAHWUI CYLLECTBEHHO
B/IMSAET Ha NpoLecc rmapuposaHmsa. B yactHocTn, aobasneHne KOH cylwlecTBEHHO YCKOPAIO M’MAPUPOBaHUe
33 CYET obneryeHua MNPOLLECCOB AKTUBALMM M BbICBOOOMKAEHWUA AKTUBHbIX KaTaJIMTUYECKUX 4YacTul, M3
komnnekcos Pd/NHC.
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PucyHoK 2. MNpeanonaraemasn cxema npespalleHunii Komnaekca Pd/BIDI (1) B ychosuax ruapuposaHma
(1-10 6ap Hy, AMDA, KOH, 22 °C); Bce npeacTaBieHHble YacTuLbl 6bln 3adMKcnpoBaHbl meTtogom ESI-HRMS
npw aHannse peakLuNoHHOMN cMmecH.

MonyyeHHble  pe3ynbTaTbl  WUCCEOOBAHUA  ABAAIOTCA  Ba)KHbIMM - A8 pa3paboTKM  HOBbIX
BbICOK03¢d)eKTVIBHbIX KaTaIMTUYECKUX CUCTEM, NPUMEHUMBIX B Pa3/INYHbIX OPraHUYECKUX npespalleHnAaXx.
MosyyeHHble 3HAHWA O MexaHW3Max TpaHchopmauuii nannagmeBbiXx KOMMNAEKCOB no3BonstoT bosnee
pauMoHaNbHO NOAXOAMTb K AN3ANHY KaTasM3aTOPOB M ONTUMM3ALMKN YCII0BUIA PEAKLLUN.

Ccbinika:

E.R. Saybullina, R.M. Mironenko, A.S. Galushko, V.V. llyushenkova, R.R
Izmailov, V.P. Ananikov, Mechanistic analysis of transformative Pd/NHC
catalyst evolution in the 1,2-diphenylacetylene semihydrogenation using
molecular hydrogen, J. Cat., 2024, 430, 115293,

DOI: 10.1016/j.jcat.2024.115293
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WUCCNEAOBAHUE NYTEA TPAHC®OPMAL MU KOMMJIEKCOB Au-NHC U Au-ANIKUHWU/, A TAKXKE
CBA3U MEXAY MONEKYNAPHbIMUA U HAHOPASMEPHbIMU CUCTEMAMMU
HA OCHOBE 30J10TA

B pabote npoBedeHO cucTeMaTMYecKoe M3yyeHWe TpaHchopmauuii reTeponenTUyYeckux u
romo/ienTUYeckMx Komnaekcos 30107a(l) ¢ N-reTepoumnknnyeckumm kapbeHosbimu (NHC) M ankKMHUABbHBIMK
nvraHgamu. 3TM coegmHeHus 061a4aloT UCKAYUTENbHBIMWU KaTaUTUYECKMMM CBOWCTBAaMM W LUMPOKO
MCMONb3YIOTCA B TOMOFeHHOM W TreTeporeHHOM KaTa/iM3e, O4HAKO MeXaHW3Mbl WX TpaHcpopmaumi,
0COBEHHO NyTW B3aMMOMNPEBPALLEHUSA MONEKYNSAPHLIX KOMMIEKCOB M HaHOPAa3MepPHbIX YacTuL, 30/10Ta,
OCTalOTCA MANIOU3YYEHHbIMMU.

B paboTe nokasaHo, YTo Komnekcbl 30/10Ta ¢ NHC- M afIKMHWUABHBLIMK IMTAaHAAMW NOABEPratoTCA
ANHaMMYEeCKMM npeobpasoBaHMAM, NPUBOAALLMM K GOPMMPOBAHMUIO YacTWL, 30/10Ta, PasmMep KOTOPbIX
BApbMPYeTCA OT HECKOJIbKMX HAHOMETPOB A0 AECATKOB MWKPOMETPOB. [1A M3y4YeHUs 3TUX MPOoLEeccoB
NPUMEHEHbI COBPEMEHHbIE aHAIUTUYECKME METOAbI, BKAtoYasa AMP-CNeKTpOCKoNMio, Macc-CNeKTPOMETPUIO
BbICOKOTO pPaspelleHus C MOHM3ALMEeN 3/1EKTPOPACTbIIEHUEM U 3/IEKTPOHHYID MUKPOCKOMWIO, A TaKkKe
MOZEeIMPOoBaHNE METoA0M Teopun GyHKUMOHana naoTHocTu (DFT).

[/ THT-AUCI /\
Dipp~ NN ~Dipp Dipp/NYN\Dipp
C_I NaHCO3 Au
CH,Cly:CH3OH = 5:1 .
IPr*HCI ) Cl 1

[Au]

PucyHoK 1. Cxema cuHTe3a Komnaekca Au-NHC (csepxy) n CIM-mukpodoTorpadumm yactuu, 30/10Ta,
NONYYEHHbIX B Pa3INYHbIX YCNoBUAX (BHMU3Y). THT — TeTparngpotmodeH.

O6Hapy:KeHo, 4To npupoaa 3amectuteneit B8 NHC-nuraHgax (Takmx Kak IPr, IMes, BIMe) cyuiectBeHHO
B/IMAET Ha CTabW/IbHOCTb KOMMJIEKCOB M MNyTb WX TpaHcdopmaumu. MpomsemoHCTPUMPOBaHO, YTO Npw
onpeaenéHHbIX YCN0BUAX BO3MOXKHO 06pa3oBaHMe NpoayKToB TPEX TMnos npespateHnin: NHC-H, NHC=0 u
NHC-C. NMpu aTom MmexaHn3m 1 NyTb TpaHCHOPMALMM 3aBUCAT OT CTEPUYECKMX N SNEKTPOHHbIX XapaKTePUCTUK
nuccnenyemoro anraHaa.

Ocobblit  MHTepec BbI3bIBAIOT MPOLECCHl, MNPOUCXOAAME MPU B3aUMOLENCTBUN  MOJIEKYNAPHDIX
KOMMJIEKCOB 30/10Ta C MOBEPXHOCTbIO MeTaNIMYEeCKMX HaHo4vacTuy,. BnepBbie NnpoaeMOHCTPUPOBAHO, YTO
KapbeHoBble AMraHAbl CNOCOOHbLI M3BAEKATb («BbIWENIAYMBATLY) MOHbI 30/10Ta M3 HAHOYACTUL, NPUBOAA K
06pa30BaHNIO TOMOSIENTUYECKMX KOMMJIEKCOB 3010Ta(l). ITOT pesyabTaT OTKPbIBAET HOBOE Hanpas/eHME B
M3yYeHUN OUMHAMMYECKOro nosefeHua 30/10Ta B KaTa/IMTUYECKUX CUCTEMaxX M MOAYEPKMBAET BaKHOCTb
nccnenoBaHNA B3aMMHbIX TPaHCHOPMaLMIA YacTUL, U KOMMNEKCOB 30/10Ta.

TaK»Ke NokasaHo, YTo 06pa3oBaHNE MEeTAIMYECKMX YACTUL, ABNAETCA BaXKHOW YacTbio 0OLLEel KapTUHbI
TpaHchopMaumit Komnaekcos 3010Ta. PasHoobpasne o6pasyroLLMXCA HAHOYACTUL, CYLLECTBEHHO 3aBUCUT OT
YCNOBUIA peakL MM N CTPYKTYPbl MCXOAHBIX KOMMEKCOB.
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PucyHoK 2. O606LWEHHas cxema NPeBPaLLEHUN TOMONENTUYECKMX N FEeTEPONENnTUYECKMX KOMMNJIEKCOB
30010Ta. [Au]— meTannMuyeckme HaHOYaCTULbI M MMKPOYACTULbI 30/10Ta, M3y4eHHble meTofamu SEM wu

DFSTEM.

MonyyeHHble pe3ynbTaTbl

MMEIT d)pr,ameHTaanoe 3Ha4vyeHMe ONA NOHMMaHMA NpOoLUEeCCOoB,

npoucxoaAawmnx B 30/10TO-KaTa/IM3NPYyeEMbIX pPeaKkuMAX W NOo3BONAKOT 3HAYUTENIbHO NPOABUHYTLCA B
NPOEeKTNpPOoBaHMN HOBDbIX, 6onee 3¢¢EKTMBHbIX KaTaIMTU4eCKNX CUCTEM Ha OCHOBE 3010Ta.

CcblnKa:

M.V. Grudova, A.S. Galushko, V.. llyushenkova, M.E. Minyaev, A.N.
Fakhrutdinov, D.O. Prima, V.P. Ananikov, Unraveling the transformative
pathways of Au-NHC and Au-alkynyl complexes and bridging the gap
between molecular and nanoscale gold systems, Inorg. Chem. Front., 2024,
11, 1839-1851, DOI: 10.1039/D3QI02672H
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OBLUMPHbINA HABOP IAHHbIX MO LUTOTOKCUYHOCTU UOHHbBIX XXUAKOCTEN

NoHHble xuakoctn (M) - aTo opraHuyeckme conm c HU3KOW TemnepaTypol NaaBfieHuA, MmeroLme
WMPOKUIA CNEKTP MNPUMEHEHUA: OT XMMUYECKOrO CUHTE3a A0 aKKYMY/NATOPOB, HOBbIX MaTepuasoB W
MeguUMHbI. HecmoTps Ha Mx noTeHumMan, TOKcMYyHocTb UK npeacrtaBaseT coboi cepbesHyto 3K0N0rMYecKyto
n buonormyeckyo npobnemy. UK o6nagatoT cnocobHOCTbIO NMPOHMKaTb Yepe3 AUNuAHble 6ucioun, us
KOTOPbIX COCTOAT K/AETOYHble MeMbBpaHbl BCEX ¥UBbIX OpraHnamoB. AMdudunbHas npmupoaa coeamHeHUn
3TOro Kjlacca MOXKET ObiTb OCHOBHbIM GaKTOPOM, OMNPeAENAOLMM BbICOKYIO BMOMOrMYECKY0 aKTUBHOCTb
mHorumx UK.

B pgaHHOM uccnegoBaHWMWM MpPeACTaBieH MOJHbIA MAacCUMB AaHHbIX MO LMTOTOKCMYHOCTM 1227 UK,
cobpaHHbIn M3 151 HayyHol paboTbl M BKAloYatowmn 3837 3anuceit. Ons KarKOAOM MOHHOM KWAKOCTU
npuBeAeHbl TakKMe NapameTpbl, Kak Ha3BaHWE BeLLeCTBA, aMmnmnpuyeckan ¢opmyna, Homep CAS, KogmpoBsKa
SMILES, monekynapHaa macca, 3HayeHue umtoTokcuuHoctu (IC50, EC50 unm CC50), ycnosus nposeaeHus
3KCNEepMMEHTOB (Bpems WHKybaLMu, WCMNONb30BaHHAA K/ETOYHaA JIMHUA, MeToAMKa M3MepeHus
LUMTOTOKCUYHOCTU) U CCbIJIKA Ha NEePBOUCTOYHMK AaHHbIX.

Bblno obOHapy)KeHo, 4YTO Hambosnee 3HAYMMbIM  CTPYKTYPHbIM  PaKTOpPOM, OnpeaenArLWmnm
LMTOTOKCUYHOCTb MOHHbIX }KUAKOCTEN, ABNAETCA A/IMHA aZIKUNbHOTO 3aMeCTUTeNA B KaTUOHe. Yem ganHHee
aNKWUNbHas Lenb, TEM Bbllle UMTOTOKCUYHOCTb coeguHeHua. Takxe B paboTe Oblno BbiABAEHO, YTO TMN
AHWOHA OKa3blBaeT CyLLECTBEHHOE BANAHME Ha BMONOrMYECKYIO aKTUBHOCTb. Hanbosnee Wwnpoko B maccuse
AaHHbIX npeacTaBaeHbl MK Ha ocHoBe nmnaasonns, dochoHMUs, aMMOHMA U NOIN3APSIKEHHbBIX COEAUHEHUIA.

MaccuB AaHHbIX MO UUTOTOKCYMHOCTM BKAtoYaeT 3837 3anuceit M 0OXxBaTblBaeT AaHHble no 155
KNETOYHbIM JIMHUAM, NOJIY4EHHbIE C UCNO/Ib30BaHMEM 13 pasNNYHbIX METOA0B OLLEHKU LIUTOTOKCUYHOCTH,
TaKkux Kak MTT, MTS, SRB n WST-1 (puc. 1). Bce 3anucu npoLuiv AByXCTyNeH4YaTyo NPOBEPKY IKCNepTamm B
obnacti xummnmn n BUONOrMK, YTO NO3BOJIU/IO FAPaAHTUPOBATbL BbICOKOE KAaYecTBO NPeacTaB/NeHHbIX AaHHbIX.

d.
m MTS assay
MTT assay
B SRB assay
s WST-1 assay
Other
41.0%
b.
SRB assay 430
MTT assay
MTS assay
3
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= Flow cytometry (7AAD)
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PucyHoK 1. MeTtogbl, Hanbosiee 4acTo UCNOIb3yEMbIE A5 U3YYEeHUS LUTOTOKCMYHOCTU (a) Bcex UK 1 (6)
ummngasonmesbix M. Count = KonnyecTso 3anucei B MaccuBe AaHHbIX.
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Ocoboe BHMMaHUE yaeNeHo AeTalbHOMY ONMUCAHMIO SKCMEPUMEHTA/IbHbIX YCI0BUIA U Pa3Inunii Mexay
pesynbTaTamu, MNOJYYEHHbIMW  PasHbIMW  UCCNELOBATENbCKUMM  TPynnamMu, 4YTO  NoAvyepKuBaeT
HeobXoAMMOCTb CTAaHAAPTU3MPOBAHHOIO NOAX04A K W3YYEHUID TOKCMYHOCTM MOHHBIX KUAKOCTEM.
MpeacTaBNeHHbI MaccMB AaHHbIX ABAAETCA Ba*KHOM OCHOBOM ana nposeaeHus QSAR-mogennpoBaHus u
NPOrHO3MPOBaHMA BMONOrMYECKOM aKTUBHOCTM HOBbIX WM, KoTopas MNoO3BOAWUT YCKOPWUTb pa3paboTky
6e30nacHbIX U 3GPEKTUBHBIX COEANHEHWNIN ANA PAa3HOOOPA3HbIX NPUNONKEHWUN.

Ccbinka:

L.A. Arakelyan, D.M. Arkhipova, M.M. Seitkalieva, A.V. Vavina, L.T. Sahharova,
S.K. Kurbanalieva, AV. Posvyatenko, K.S. Egorova, V.P. Ananikov, A
comprehensive dataset on cytotoxicity of ionic liquids, Scientific Data, 2024,
11, 1379, DOI: 10.1038/s41597-024-04190-3
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MOHHbIE XKWAKOCTU HA OCHOBE XXUPHbIX KUC/TOT KAK MATKUE U 3KOJTOTUYECKU
BE3OMNACHbIE AHTUMWUKPOBHbIE ATEHTbI

MNpobnema ycTonunmBoCcTn BaKTepuin K aHTUBMOTMKAM NPeACTaBASET CePbE3HYI0 Yrpo3y COBPEMEHHOMY
3[1paBOOXPaHEHUI0, CHWXKaA 3PDEKTUBHOCTb nevyeHUA WHOEKUMOHHbIX 3aboneBaHMit M cnocobcTeys
PacrnpoCTPaHEeHUIO PEe3UCTEHTHbIX WTaMMOB. [lOMONHUTENbHYIO OMACHOCTb CO343ET  HaKoMaeHue
AHTMCENTUYECKUX CPEACTB B OKPYKAIOLLEN cpeae, rae OHWU pa3aaratoTcs MmeaeHHoO U MoryT cnocobcTBOBaTh
pPa3BUTUIO AHTUMMKPOBHOM PEe3UCTEHTHOCTU. TpagMUMOHHbIE KECTKMEN aHTUCENTUKM,
XapaKTepusyowmecs BbICOKOW aHTUMMKPOOHOM aKTMBHOCTbIO WM CTabWUIbHOCTbIO, YCYrybnsoT AaHHYHO
npobaemy, NOCKO/IbKY COXPaHAIOT CBOE AeNCcTBME nocne nonagaHus B sKOCUCTEMY M 061a4atoT HU3KOM
6uopasnaraemocTblo.

B HacToswel paboTte nccnegoBaHa HoBas cepma aMPUPUNbHBIX MOHHBIX }uakocten (MHK), nonyyeHHbIx
Ha OCHOBE MKMPHbIX KUCIOT MPUPOLHOrO MPOUCXONKAEHWUA, C LENbH CO34aHMA MATKUX U 3PPEKTUBHbIX
aHTUMMKPOOHbIX cpencTB. MMOKa3aHO, YTO JKMPHbIE KUC/IOTbI, a TaKXKe WX CMecCW, BblAeseHHble W3
BO306HOBAAEMbBIX MPUPOAHbBIX MCTOYHMKOB, TAaKMX KaK CTeapwH, Ma/sbMOALPOBOE M KOKOCOBOE Mmacia
ABNAIOTCA  NEPCNeKTUBHbIMU  UCXOAHbLIMW  MaTepuanamu  AAa  CUHTE3a MOHHBbIX  KUAKOoCTen ¢
OYHKUMOHANM3NPOBAHHOM a/IkMNbHOM Uenbio. Takue CTPYKTYpbl MO3BOAAIT 3OPEeKTUBHO paspyLllaTtb
K/IeTOYHble MembpaHbl GakTepuit, HO NMPW 3TOM Jlerye pasnaraloTcA B OKpyrKatowelh cpeae 6narogaps
NPUCYTCTBUIO CNIOKHOIOUPHbIX FPYMM, NOABEPKEHHbIX TMAPON3Y.

CMHTE3UPOBaAHHbIE COEAMHEHUA BK/KOYA/NM Pas/iMyHble KaTUOHHbIe LEeHTPbl (MMWOA30MEBLIN,
NUPUAMHUEBBIN, XOJNIMHUEBLIN) U anKkuabHble 3amectutenm C10-Cl7, 4yTo MO3BO/IMAO CUCTEMATUYECKU
W3YYUTb BAUAHNE MOJIEKYNSPHOTO CTPOEHUSA Ha UX Bruosormyeckne u GpuUsnKo-xmMmuyeckune cBoicTea. AamHa
JNINHKepa MeXKay KaTUOHHbIM LEHTPOM W aNKWUIbHOM LEenblo TaKKe OKa3blBaeT 3HAYMTENbHOE B/UAHME Ha
CTabunbHocTb UK, X TemnepaTypy NnaBAeHUA U B3aUMOAENCTBUE C BUONOTMYECKUMU MeMBpaHamu.

S. aureus E. faecium C. parapsilosis
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PucyHok 1. CpasHeHne MUK (mKr/mn) Hambonee aktusBHbIX MM 1 Mx cmecei co ctaHgapTamu ans
Pa3TNYHbIX 6aKTepMaﬂbe|X WTamMMmoB U“ rpVI6OB. MK obo3HayeHbl CUHMM, UX CMecu — 3eNéHbiM, a
KOMmepYyeckue aHTI/IMI/IKpOGHbIe npenaparbl (CTaHLI,aprI) — KpPaCHbIM. HpaCHaﬂ NYHKTUPHAA JIMHUA

yKasbiBaeT yposHM MUK gna craHaapTos.
MpoBeaEHHbIe 3KCNEPUMEHTbI MOKa3a/n, YTO COeIMHEHUS € Lenamu cpeaHent anmHbl (C12, C13 n C15)

NPOAEMOHCTPUPOBAN HaUBObLUYI0O aHTUMUKPOBHYIO aKTUBHOCTb NPOTUB PasNnYHbIX BaKkTepuin 1 rpnubos,
BKAtOYaA ycTolumBble Wwrtammsbl (puc. 1). X addeKTMBHOCTb CPaBHMMA C KOMMEPYECKUMWN aHTUCENTUKaMMU,
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TAaKMMU KaK xaopua OGeH3aNKOHWA U MUPAMUCTMH. YCTaHOBNEHO, 4To cmecu MUK, cuHTe3npoBaHHble
HEMOCPEeACTBEHHO M3 NPUPOAHbIX Macen 6e3 nNpeaBapuUTENbHOMO BblAENEHNA OTAENbHbIX XUPHbIX KUCAOT,
OEMOHCTPUPYIOT  3HAUUTENbHYID  aHTUMUKPOOHYHD aKTMBHOCTb, YTO MNOATBEPXKAAET BO3MOMKHOCTb
MCMNO/Ib30BaHUA HEA0POroro NPUPOAHONO Cbipbs A8 NPOU3BOACTBA AaHHbIX BewecTs. Cpean cmecei
MOHHbIX XWAKOCTEN HaMBONbLIYID aKTUBHOCTb MNPOAEMOHCTPUPOBANMN COEAMHEHMUA, MOJYYEHHble W3
KOKOCOBOro Macna.

CMHTE3UPOBAHHbIE WOHHbIE KMOKOCTM 06NaJAT HU3KOM  LMUTOTOKCUYHOCTBIO B OTHOLUEHWM
HOpMa/ibHbIX KneTok HEK293T, 4To 3HaunTeIbHO OT/IMYAET UX OT KOMMEPYECKUX aHTUCENTUKOB (pUc. 2).
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PUcyHOK 2. LinToToKCMYHOCTb MK, MolyYeHHbIX U3 *KUPHbIX KUCNOT, UX CMECEN U CTAaHAAPTOB B KAETKaXx
HEK293T; ana Kaxkaoro coeanHeHuma npmsegeHol 95 % noseputenbHblie MHTEPBAnbI.

Takum obpasom, B pesynbTaTe NPOBEAEHHOrO McCienoBaHMA paspaboTaH 3hGEeKTUBHLIM Noaxos K
NOJIYYEHUIO HOBbIX aMPUOUNbHbBIX BELLECTB C LUMPOKUM CNEKTPOM aHTUMMKPOBHON aKTMBHOCTM, HU3KOW
TOKCMYHOCTbIO U BbICOKOM 6MOpasnaraemocTbio, YTO OEeNaeT MUX MepPCneKkTUBHbIMW ANA MPUMEHEHUA B
MeauumMHe 1 Apyrux obnacTax, Tpebytolwmx 6e3onacHbIX aHTUMUKPOBHbIX CPeaCTs.

Ccbinka:

AV. Vavina, M.M. Seitkalieva, E.N. Strukova, V.P. Ananikov, Fatty acid-derived
ionic liquids as soft and sustainable antimicrobial agents, J. Mol. Lig., 2024,
410, 125483, DOI: 10.1016/j.molliq.2024.125483
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KPOCC-AUCUUNINHAPHbIE BUOCEHCOPbl HA OCHOBE OPMOCWU/1/®EPMEHTHOIO
MATEPUANA ANA YAYHWLEHHOIO ObHAPYEHUA ITIOKO3bI

B aaHHOM paboTe NpeanokeH HOBbIM NOAX0A K pa3paboTke Kpocc-ANCUUMNANHAPHbIX BUoCeHCcopoB ANnA
06Hapy*KeHUs TNoKO3bl Ha OCHOBe TMBPUAHbLIX HaHOKOMMO3UTHbLIX MaTepuanos. MOHUTOPUHT YPOBHA
rNOKO3bl MPeACTaBAAeT KPUTUUYECKU BakHylO 3adadyy B MeauumHe, BUOTEXHOIOrMYeckux npoleccax,
NULLEBOM NPOMBILINEHHOCTU U MHOMUX XMMMUYECKUX NPOU3BOACTBAX, rAe TOYHOCTb, CKOPOCTb M NPOCTOTa
aHa/n3a MMeloT NepBocTeneHHoe 3HayeHne. HecmMoTpsA Ha Ha/MuMe MHOMKEeCTBa CYLLLEeCTBYHOLWMX MeTo0B
aHanuMs3a, MNOTPebHOCTb B BbICOKOYYBCTBUTENbHBIX, ObICTPbIX U CENeKTUBHbIX 6uoceHcopax ocTaeTcA
aKTyaNbHOW.

B paboTe Bnepsble NpeacTaBieH MaTepuan Ha OCHOBE pPefoKC-aKTUBHbIX MOAMMEPOB, BKAIOYAIOLWMX
MaTpuLy M3 OKCUAOB KPeMHWN (CUMIOKCAHOBYHD MaTpuuy, CO34aHHYH MeTOAOM 30/b-Tefib-CUHTe3a C
ncnonb3oBaHMem (3-ammHonponun)TpmuaTokcucuaaHa (APTES) u TeTpastokcucunana (TEOS)), KoBaneHTHO
CBA3AHHYIO C MeAnaTopamMu 3NeKTPOHHOro TpaHcnopTa ¢eHasnMHOBOro paaa (HerWTpanbHbIA KpacCHbIN).
Matepvan  OOMONHUTENIbHO  MOAMOULMPOBAH  MHOTOCTEHHbIMM  YINEpPOAHbIMU  HaHOTpybKamu,
obecneuymBaloWLMMK GOPMUPOBAHNE MPOBOAALLErO KapKaca M MOBbILWEHME 3/1IeKTPOHHOW NPOBOAMMOCTU
maTpuubl (puc. 1).

Known This work

>< leaching of a mediator and the J flexibility of the ORMOSIL polymer

® enzyme not bound to a polymer N~ T immobilization of the mediator
high catalytic activity of the enzyme
J high loading and holding capacity of
the enzyme
J/ biocompatibility
N

s
¢
3

>< swelling and instability of an
organic polymer

X rigidity and brittleness of an
inorganic polymer

Enzyme - glucose oxidase s, Fragment of an organosilicon matrix

-’, Fragment of glutaraldehyde . Mediator
{

sy Multi-walled carbon Polyvinyl alcohol
nanotubes

Cross-Disciplinary Sensor Functioning

Biotechnological monitoring Medical monitoring Chemical monitoring
2 O
b WA on 9
—— \ ‘ "‘&f o P —— ) "
- . o
Wheat Kvass Blood Glucose 5-{hydroxymethyljfurfural

Advanced Al prediction extension

% Determination of the type of
- — — = impurity (or its absence) by
the biosensor response curve

PucyHoK 1. OcHOBHble npeumyLlecTBa HaHOKomno3uTHoro OPMOCW/1/depmeHTHOrOo matepuana Ha
OCHOBE KPEMHWIOPraHWYEeCKOM MaTpULbl, KOBAJIEHTHO CBA3aHHOW C MeAMaTOPOM W COAeprKallel
BKJIIOYEHMA YINEPOAHbIX HAHOTPYOOK, @ TaKXKe BO3MOMXKHOCTU NPAKTUYECKOTo NpUMeHeHna broceHcopa Ans
onpefeneHusa CcoAeprKaHUA [OKO3bl, MOAUPUUMPOBAHHOIO MPeasioXKeHHbIM MaTepuanom. Co3gaHo ¢
ncnonb3oBaHmMem pecypcos Flaticon.com.

Pa3paboTaHHbIi MmaTepuan XapaKTepus3oBaacA C MCNONb30BaHMEM CMEKTPOCKOMUU AAepHOro
MarHUMTHOro pe3oHaHca, WMK-CNeKTPOCKOMUM, CKaHUPYIOLWENW 3NEKTPOHHOW MUKPOCKONUKM, Jla3epHOoi
KOHGhOKaNbHOW CKaHMPYIOLWEA MUKPOCKOMUU, UMKANYECKOW BONbTaMMEPOMETPUM U UMMNEeAaHCHOM
CNekTpockonuu. bnarogapAa  KOMMIEKCHOMY  aHaiUTUYeckoMy nogxody W MaTeMaTudeckomy
Mo4eNMpoBaHUio 6blna  onpeaeneHa oONTUMasbHaA KOMNO3UUMA MaTepuanos, obecneumsarowas
MaKCMMaNbHY0 YyBCTBUTENbHOCTb M  MMHMMANbHOE COMPOTUBAEHME MNepeHoca 3apaga. BaxkHow
0CO06eHHOCTbIO CO3AaHHOro broceHcopa ABAAETCA HU3KMIA Npeaen AeTeKTUPOBaHUA raoKo3bl (0,003 mM),
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WMPOKUIA JIMHENHBLIN AMana3oH onpeaensemblx KoHueHTpauui (ot 0,01 mo 0,92 mM) u Bbicokas
onepaumnmoHHan ctabunbHoOCTb ¢ usmepeHui (1,9%).

ABTOpamu BnepBsble npeanoxeHa MmeToA010rusA oTbopa Haubonee 3bbEKTUBHbIX
6MO3NEKTPOXUMUYECKMX MeAMUaTOPHbIX CUCTEM, OCHOBAHHAA Ha KOMMAEKCHOM aHaiuM3e KUHEeTUYECKMUX
XapaKTepUCTMK B3aMMOAENCTBUA depmeHTa, meauatopa W 3/eKTPoAHON noBepxHocTU. MoKasaHo, 4To
MCNO/Ib30BaHME  MHOFOCTEHHbIX YrNepoAdHbiX HaHOTPYBOK cnocobcTByeT COXpaHEHWUIO  BbICOKOW
610N0rMYECKOM aKTUBHOCTM FNHOKO300KCMAa3bl U 3G HEKTUBHOCTU 3NEKTPOHHOTO NepeHoca.

Pa3paboTaHHbIl ceHcop bbi ycnelwHo anpobupoBaH B pa3/inyHbIX 061acTAX NPUMEHEHUA — MeaMLUMHE,
6MOTEXHONOMMAX U XMMUYECKOM MNPOWU3BOACTBE, — MOKAa3aB BbICOKYIO KOPPENAauuio C TPaaULUOHHbIMM
mMeToZlaMn aHanusa. Kpome TOro, npegnoxeH noaxod C NPUMEHEHMeM MaLIMHHOro obyyeHus Aans
aBTOMaTMUYECKOro pacrno3HaBaHUA Melwatouwux npumecen no ¢opme 6OMOCEHCOPHOro OTKAMKA, YTO
3HAUYMTE/IbHO PacLLUMPAET BO3MOMKHOCTM NPAKTUUYECKOro UCMONb30BaHNA AaHHOMN TEXHONOMUMU.

TakmMm 06pa3om, NoJiyYeHHble Pe3yibTaTbl OTKPbLIBAOT NEPCNEKTUBbI A4 CO34aHUA HOBOTO NOKOAEHUS
6MOCEHCOPOB  ANA  ONpeAeneHUa  COAEepXKaHMA  [IIOKO3bl € YAYYWEHHbIMU  aHaNIUTUYECKMMMU
XapaKTepUCTUKamM, 4YTO MMmeeT 60nblIoe 3HavyeHMe ANA  AMarHOCTUKM  aAnabeTta, MOHUTOPUHTa
B6MOTEXHONIOTMYECKMX NPOLLECCOB M KOHTPOIA KAYeCcTBa B MULLEBOMN MPOMBbILLAEHHOCTH.
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KO/IMYECTBEHHOE OMPEAENEHUE NPOAYKTOB R-NHC-COYETAHUA B YCNIOBUAX NANNTALUN-
KATAIMU3UPYEMbIX PEAKLIUWA

B paboTte Bnepsble 6bINO NPOBEAEHO KOJIMYECTBEHHOE ONpeaeneHue MNPoAYyKTOB TpaHcpopmaumm
nannaaneBbiXx KOMNAEKCOB ¢ N-reTepoLuKandeckumm KapbeHosbimu anraHgamm (Pd/NHC), obpasyrowmxcsa
B YCNIOBUAX KAaTa/IMTUYECKMX peaKL i, METOL0M MAcC-CMEKTPOMETPUN C MOHU3ALMEN 31EKTPOopachblIeHUEM
(M3P-MC) wn cnektpockonun AMP. BaKHOCTb M3y4YeHUsA nyTen TpaHcPopmauMm TaKUX KOMIMJIEKCOB
06yCcnaBNMBaEeTCA MX LWMPOKMUM MPUMEHEHMEM B COBPEMEHHOM TOHKOM OPraHWYeCKOM CUHTE3e.
YcTaHoBeHMe nyTei TpaHchopmaumm Pd/NHC KoMNNeKCoB M MX BAMSAHUA HA NPOTEKaHWUE LLeIeBOM peakumnm
NMo3BOIUT NPOBOAUTb KaTafIUTUYECKME NpeBpalleHna 6onee apdeKkTMBHO. MexaHn3mbl TpaHchopmaLumii
Pd/NHC, ocobeHHO npu HU3KMX 3arpyskax (MeHee 1 mMon.%), A0 HaCTOALWEro BpPeMeHW OCTaBa/MCb
HEAOCTAaTOMHO WM3YYEHHbIMW M3-33 OFPAHUYEHUA TPAAMULMOHHBLIX aHaNUTUYEeCKMXx MmeTtogos (AMP-, UK-
CMEeKTPOCKONMA, crnekTpockonusa B YO n BuaMMON 06/1acTi, rasoBas XpPOMATO-MACC-CMEKTPOMETPUA U
YKMIAKOCTHasA xpomatorpaopus).

B pabote 6b110 NokasaHo, 4To metog MIP-MC ¢ MCnosb30BaHMEM AENTEPUPOBAHHbIX NPOAYKTOB R-
NHC-couetanus (H-NHC, Ph-NHC n O-NHC) B KayecTBe BHYTPEHHMX CTaHAApPTOB MO3BOASET MPOBOAUTb
KO/IMYECTBEHHbIN MOHUTOPUHT NpeBpaLleHmnii KaTanamTndecknx cuctem Pd/NHC aaske npu HU3KMX 3arpy3kax
Komnnekca metanna (go 0,005 mon.%). Bnepsble 6blla  NPOAEMOHCTPUPOBAHA BO3MOXHOCTb
KOJIMYECTBEHHOTO onpeaeneHns npoayKTos TpaHcpopmaumm komnaekcos Pd/NHC B peakumax Musopoku—
XeKa, CoHorawmpbl U TpaHcPEepPHOro rmMapupPoBaHMA alKMHOB.

B paboTe 6bl710 NOKa3aHO, YTO B YyCAOBMAX peakuum Musopoku-Xeka npoaykTel Ph-NHC- 1 H-NHC-
coyeTaHMa GOPMUPYIOTCA BbICTPO HA HaYaNbHOW CTaAMM peaKkuuun, Nocse Yero NPoOUCXoamUT NOCTeNeHHoe
CHU)KEHME UX KOHLEHTPaLMW, YTO CBA3AHO C NOCNAeAyHOWUMU TPAHCHOPMALMAMM STUX MPOMENKYTOUHbIX
coegMHeHMN. B nNpoOTMBOMONOXKHOCTb 3TOMY, KOHUeHTpauua npoayktoB O-NHC-coyeTaHwa HapacTaet
MOCTEMEHHO Ha MPOTAXEHUM BCErO NEpMoa Peakuun. ITU KUHETUYECKME 3aKOHOMEPHOCTU Oblu
06DBACHEHBI MEXaHW3MaMK BbICTPOro U MeAIEHHOTO BbICBODOXKAEHUSA NUTAHAOB U3 MCXOAHbIX KOMMEKCOB
Tnna PEPPSI.

B ycnosusax peakunn CoHoralwmMpbl OCHOBHbIMM NPOAYKTaMU TpaHCcPopmaumm 6biam npoaykTbl Ph-NHC-
n H-NHC-couyeTtaHua. [llpesBpaweHma komnnekcos no nytn O-NHC-coyeTaHuA B yCnoBMAX peakuum
CoHorawmpbl He HabaAaNoch.

B ycnoBuAx peakumm TpaHCchepHOro rmapupoBaHmnA alKMHOB OCHOBHbLIM NPOAYKTOM TpaHchopmauum
KomnsiekcoB 6bln NpoayKT O-NHC-covetaHuaA. MHTepecHbiM HabatogeHnem 6bi10 06pasoBaHMe NpoayKTa
Ph-NHC-coueTtaHua. Mpegnonaraemoln mexaHM3m npouecca nsobpaxkeH Ha Cxeme 1.

Ph NR
Ph—=—Ph R I {N’}_Ph
N ML {N gde — >
ér}rd( A pn MR
R R E,\ = Ph
N+

R

Cxema 1. Mpeanonaraembli NyTb obpasoBaHMa npoaykta Ph-NHC-coueTaHusa B yCnoBMsX peakumu
TpaHchepHoro rmapuposaHna eHmnaleTmneHa.

Metoa MIP-MC no3Bo/MA TaKKe MPOBECTU KUHETMYEeCKMe uccaeaosaHua TpaHcdopmaumii Pd/NHC

KOMMAEKca B peasibHbIX KaTa/IMTUYECKUX YCAOBMAX peakumm Mus3opoku-XeKa U BbIABUTb 3aBUCUMOCTU
mexagy CprKTypOﬁ nnraHaa, CTabUNbHOCTLIO KOMMAEKCA U €ro KaTa/IMTUYECKON aKTUBHOCTbIO.
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PucyHok 1. KuHetmnyeckune Kpmsble o6pasoBaHna npoayktos H-BlMe-, Ph-BIMe- n O-BIMe-coyeTtaHua
13 Komniekca Pd/BIMe B ychosuax peakumm Musopokun-XeKa, nosy4yeHHble METOA0M MacC-CreKTPoOMeTpun
C BpeMAnponeTHbIM macc-aHannsatopom (TOF) 1 TpoliHbIM KBaApyno/ibHbIM Macc-aHanmnsaTopom (TQ).

Bnepsble 6bI10 NPOAEMOHCTPUPOBAHO, YTO AaxKe MPU MUHUMabHbLIX KOHUeHTpauuax Pd (go 0,005
MO/1.%) MOKHO KONMYECTBEHHO OMUCLIBATb MNYTU PA3/NI0OMKEHUA KaTasM3aTopa M MNOJyYyaTb BarKHYHO
MHpOPMaLMIO O NOBEAEHMUM CUCTEMbI B PEa/IbHbIX KaTaIMTUYECKUX YCIOBUAX.

Takum ob6pasom, B paboTe 6bi1 NpesNoXKeH HOBbIM BbICOKOUYYBCTBUTE/bHbIN aHAIMTUYECKUA NOAXOA,
KOTOPbIN CYLLECTBEHHO PacLIMPAET BO3MOMHOCTU M3YyYEeHUA MEXaHM3MOB KaTa/UTUYECKMX MPOLECCOB U
cnocobcTByeT AaNbHeWeMy COBEPLUEHCTBOBAHMIO U ONTUMM3ALLUM KaTaIMTUYECKUX CUCTEM.
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CTPYKTYPA U AUHAMMUYECKHUE NPEBPALLEHUA KOMMNJIEKCOB
Pt2dbas U Pd>dbas B PACTBOPE

MNpoBeAeHO [AOETaNbHOE WCCNeAOBAaHME  CTPYKTYPbl M AMHAMWYECKOTO  MOBEAEHUS  KOMIJIEKCOB
Tpuc(ambeHsnnnaeHauetoH)amnnatuHbl  (Ptadbas) mn Tpuc(anbeHsmnnaeHauetoH)amnannaama (Pd.dbas) B
pacTBope. [laHHble coeaMHEeHUA ABNAIOTCA BarKHbIMW UCTOYHUMKaMu meTannos Pt(0) n Pd(0) n ucnonbaytotca B
KaTa/nse M maTepuanoBedeHnn. bblio nokasaHo, yto Komnnekc Pt,dbas cogeput TpuM MOCTUKOBbLIX
AMBeH3nAnaeHaUeToOHOBbIX AuraHaa (dba) B S-LMC,S-TPAHC, S-TPAHC,S-UMC, U S-TPAHC,S-TPAHC KOHbopMaumaXx.
Kaxabln atom Pt B coeaMHEeHWM KOOPAMHWPOBAH C ABYMA 0NedUHOBLIMM PparMeHTaMM B S-TPaHC M OOHMM
onedHOBbIM PParMeHTOM B S-LC KOHPOpPMaLMAX.

B H cnektpax AMP komnnekcos Pt,dbas 1 Pd,dbas oBHapy»KeH XMMMUECKUIn 0BMEH MeKay CUMrHanamm
0n1epUHOBBIX NMPOTOHOB Pa3/IMYHbIX MraHaoB dba, YTO yKasbiBaeT Ha GbICTPblE CTPYKTYPHbIE NeperpynnmMpoBKu
KOoMMNieKkcoB. MexaHuM3mM neperpynnupoBOK Oblil onpeaeneH B pamKax MOJIEKYNAPHOrO MOAEIMPOBAHUA U
COOTBETCTBYET A4BYM NOC/AEL0BATE/IbHbIM BPALLEHMAM ABYIPAaHHbIX Yr10B, 06pasoBaHHbIX ABOMHON cBA3bio C=C 1
KapboHunbHo rpynnon C=0 nuraHga dba. MepBoe BpalleHWe NPUBOAUT K M3MEHEHMIO KoHdopmaumm dba
JIUraHA@ C S-TPAHC,S-TPAHC Ha S-LMC,S-TPaHC U 0bpa3oBaHMIO HecTabunbHoro nsomepa Ptodbas. BpaleHne BToporo
[OBYrpPaHHOrO yria OaeT UCXOAHbIM m3omep (puc. 1). MNepBoe BpalleHWe ABMSETCA MMMUTUPYIOLLEN cTagmeint C
3Hepruei aktmeaumm 21,1 kkan/mosb. [oMUMO PoTaLMOHHOTO MexaHM3Ma, BblaIv PaCCMOTPEHbI AUCCOLMATUBHbIN
1 NOAYANCCOLMATMBHDBIN NYTU peaKkLmm, 418 KOTOPbIX U3MeHeHMe KoHGOpMaLmMm MraHaa Npoucxoamnaio Nocie ero
NOJIHOM WM YaCTUYHOM AMccoumaLmMn. PaccumTaHHble SHEPrMM akTUBALIMM AaHHbIX MPEBPALLEHU UMENN CINLLIKOM
BbICOKME 3HAYeHWA A1A ObICTpbIX MeperpynnmMpoBOK, MPOTEKAOWMX MPM KOMHATHOM TemnepaTtype, OAHaKo
YacTMYHAA UM NOJTHAA AMCCOLMALIMA ITaHAA MOXKET Peasin30BbIBaTbCA NMPU Pacnage KOMM/IEKCOB.

3HayeHmA sHepPrn aKTMBaLLMM AMHAMUYECKMX NPEBPALLEHUIA, OnpeaeneHHble METOA0M cneKkTpockonuu AMP
coctasmnm 19,9 + 0,2 Kkan/monb Ana Komnaekca Ptadbas 1 17,9 + 0.2 KKan/monb Ana nannagmesoro aHanaora, 4to
XOPOLLO COrNacyeTcs C pacyeTHbIMM AaHHbIMMU.
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PucyHoK 1. a) lnHammueckne neperpynnupoBkn Komnaekca Pt2dba3. b) CTpyKTypbl nepexoaHbiX COCTOAHMIA
nsomepusaumm Ptodbas, npoTeKkatoLeit No Tpem pasanyHbIM MeXaHU3MaM.
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WOHU3UPYIOLLMECA B OCHOBHOW CPEAE AHUOHHbBIE NHC-IUTAHAbI B NANIAUN-
KATAJIUSUPYEMbIX PEAKLUUNAX C YHACTUEM APUNXNTOPUOOB

Apunxnopuabl 06bIYHO PACCMATPUBAKOTCA B KaYecTBe HeAO0POrnxX M NErkoaoCTymnHbIX PeareHToB BO MHOIMMX
peaKLMsaX apuanpoBaHMS, KaTanM3npyemblx Komnaekcamm nannaaus. OgHako, B OTIMUKME OT apuabpomMraos nam
apUAMOAMAOB, KaTaMTUYECKME NPEBPALLEHMA C y4acTMEM apuixIopuaoB bonee TpyaHopeanusyemble U3-3a
60/1ee BbICOKMX IHEPreTUYeCcKNX bapbepoB CTaaMmM OKUCIUTENbHOTO NpucoeanHeHus (OA).

B Hactosiwei paboTe npeanoXeH HOBbIM noaxod K ausaiiHy N-reTepoumkamyeckmx KapbeHosbix (NHC)
JIMraHA0B, 3HAYNTE/IbHO NOBbILWAOWMX 3PDEKTUBHOCTL U MPOU3BOAMTENBHOCTb KaTa/IMTUYECKMX CUCTEM HA OCHOBE
nannagma B peakumsx C yyactmem apuaxnopuaos. PaspaboTaHHbIM Noaxod OCHOBaH Ha CMHeprnyeckom addexTte
CTEPUYECKMX MApPaMETPOB W aHWOHHOIO Xapaktepa 1,2,4-Tpuason-5-UnnaeHoBbIX NMFrAHAOB, COAEPMKalUX B
cTpyktype NH-KMCNOTHYIO apwua(ankun)ammHorpynmy, CnocobHyl0 Nerko MOHM3MPOBATbCA B LLE/IOYHOM cpeae.
IKCnepuUMEHTaNbHbIE UCCeA0BaHUA U PACYETbl METOAOM TeopUM dyHKUMOHana nnotHocth (DFT) nokasanu, uto
[EenpoTOHMPOBAHWE TaKMX IMFAHAOB NPUBOAMT K CYLLLECTBEHHOMY YBE/IMYEHWIO 3/1EKTPOHOAOHOPHOM CNOCOOHOCTM
NHC no OTHOLLEHMIO K META/IZIMYECKOMY LIEHTPY, M KaK c/ieAcTBme, 0BAer4eHno OKUC/IMTENIbHOMO NPUcoeanHEHNA
apunxnopuaa. ONTMMU3MPOBaHHbIM anraHg, ATPr, cogepawmin o6bemHble 2,6-aumnsonponunideHnbHbIe Fpynmnbl,
MOKa3a/ MPEBOCXOAHYIO KAaTaMTUYECKYIO aKTMBHOCTb B peakumsax Cysykn-Musypbl, o-apuavpoBaHMsa KETOHOB U
peakumn byxBanbaa-XapTBura € y4acTMeM TPYAHOAKTUBMPYEMbIX apUAXIOPUAOB U CYLECTBEHHO ornepeaun B
KaTaIMTUYECKOM FOHKE KOMM/IEKCbl Ha OCHOBE 3/1IEKTPOHENTPaNbHBIX IMraHA0B 6A13Koro cTpoeHus (Hanpumep, IPr).

oxidative Ar 146G _Ar
addition , NHC-PdZ_ !
NHC-Pd-Py + ArCl -~ NHC-Pd\ ~Cl
| Py n C TSP 4 60
oSS oTTTTTTTTTTTTTTTTTmmmmmmm T | ) \ -/mo|
' NHC: : v Jkeal
! . 1" TS-ATPr 1
: 1 1! \\‘ 2-8
.\L@ ! ! "l |kcal/mol
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: [N NN> NN> : ",'// TS-ATPF-\\ \.
oy PRE ol 2 | ArCl + ! .
| N N : DA ‘l anion \‘ K _
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. IPr ATPr ATPr-anion : | Ar=4-MeCgH, \
""""""""""""""""" II-ATPr-
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PucyHoK 1. DHepreTuyeckme bapbepbl CTaaum OKUCUTENBHOMO NMPUCOEANHEHNA apUIXI0OPUAA K KOMMIEKCaM
Pd/NHC ¢ avranaamu tuna ATPr, ATPr-anion u IPr.

Bonee petanbHOE W3y4eHWE BAMAHUA MOHM3AUMW Ha 3HepreTUdeckue 6apbepbl KAKOYEBbIX CTAAMM
OKWUCAIUTENBHOTO MPUCOEANHEHUSA U BOCCTAHOBUTENIbHOTO 3/IMMUHMPOBaHMS (RE) Takyke moKasanu, 4to Kpome
Habntogaemoro yckopeHus peakummn Cysyku-Musypbl BcieacTeme obnerdeHnsa ctagum OA, aHMOHHaa npupoaa
NHC-nuranga mos<eT npuBoauThb K yBenndeHuto bapbepa RE B peakumax byxsanbaa-XapTeura U a-apuaMpoBaHus
KETOHOB, YTO TPebyeT yyeTa nNpu pa3paboTke BbICOKOIPDEKTUBHBIX KaTaIMTUYECKMX cucTeM. B xoae nccnenoBaHun
6blIM ONTUMM3MPOBAHbI YCNOBUA Peakuuii U noareepaeHa 3OPeKTMBHOCTb MPUMEHEHUS MPeA/IoKEHHOTO
qvraHaa ATPr B cMHTE3e pa3HOOOpasHbiX OMAPU/IbHBLIX COEAMHEHMI, COAEPHKALLMX (YHKLMOHANbHbIE U
dapmakodopHble rpynnbl. Lienesble npoayKTbl 6biv NOAYYEHbI C BbIXOAAMM OT XOPOLLMX 10 OT/IMYHbIX.

MonyyeHHble B AaHHOW paboTe pesy/ibTaTbl OTKPbIBAKOT NEPCMEKTUBLI AR Aa/bHENLLNX UCCAEA0BAHUIN U
paclumpeHmns obnactv NnpumeHeHa aHMOoHHbIX NHC-1uraHa0B B CMHTE3€ BarKHbIX OPraHUYeCKUX COeAVHEHWN.
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A.Yu. Chernenko, V.A. Baydikova, V.V. Kutyrev, A.V. Astakhov, M.E. Minyaev, V.M.
Chernyshev, V.P. Ananikov, Base-lonizable Anionic NHC Ligands in Pd-catalyzed
Reactions of Aryl Chlorides, ChemCatChem, 2024, 16, 5, e202301471,
DOI: 10.1002/cctc.202301471
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NPAMON METOZ, ANA NPOBEAEHMA MAHUNYNALNKA B MUKPOMACLLUTABE HA TPAHULIE
PA3AENIA XXUOKOCTb-*KUAKOCTb B CPEOAX HA OCHOBE MOHHbIX YXMAKOCTEW C
HABNIOLEHUEM METOA0M 3/IEKTPOHHONU MUKPOCKOMNWU B PEXXMME PEA/IbHOTO BPEMEHU

B pabote Ha npumepe MMUKPOCTPYKTYPUPOBAHHON CMECM Ha OCHOBE WOHHOM KMAKOCTU Obin
NPOAEMOHCTPUPOBAH HOBbIM MOAX0A4 ANA M3YYEHWUs MPOLLECCOB Ha rpaHuue pasgena ¢as KUAKOCTb-
KUOKOCTb Ha MMKPOYPOBHE C MCMNOAb30BaHWEM CPEACTB MPAMOro BO3AEWCTBMA Ha KUAKMIA obpasey, u
OAHOBPEMEHHOI0 HabNloAEHUs C NMOMOLLbIO METOAA 3/IEKTPOHHOM MUKPOCKOMUN B peXXUMe peasibHoro
BPEMEHM.

NccnepoBaHue npoueccoB Ha rpaHuue pasgena ¢as B 0bbekTax «msarkon matepum» (soft matter)
ABNAETCA Ba*KHbIM HanpaB/iEHUEM B MaTeEPUANOBEAEHUN, XUMUM N HAyKaX O *KU3HWU, OAHAKO NPUMEHEHME
TPAAULMOHHbIX METOA0B 3/1EKTPOHHON MUKPOCKONUM AN1A U3yYeHUs NOAO0OHbIX ABNEHUI OrPaHNUYEHO M3-3a
YC/IOBUIA BbLICOKOrO BaKyyma B Kamepe 3/1eKTPOHHOIo MMKPOCKONa M PaamoIMTUYEcKoro AencTeus
3N1eKTPOHHOIO ny4yka. B paboTe 6bIIO NOKas3aHO, YTO WCMNOJIb30BAaHUE BaAKYyM-CTabWU/bHbIX MOHHbIX
KUOKOCTEM W crneumanbHO nogobpaHHbIX  WAAAWMX YCIOBUIA  aHanu3a no3BosiseT 3PPeKTUBHO
npeoAoneBaTb 3T OrpaHUYeHns U NPoBoAUTb HabsloaeHne MopPPOIOrMM YyBCTBUTE/IbHbBIX KUAKODA3HbIX
06pa3uoB C NOABUXKHOWN rpaHuuel pasgena a3 KUAKOCTb-KMAKOCTb. B yacTHocTM, B paboTte Obina
npeanoXxeHa onTMmanbHaa KoHdurypauma obopyaoBaHUA Ona NpoBeaeHua HabalaeHWi: 3N1eKTPOHHbIN
MMKPOCKOM, OCHALLEHHbIN KaToAOM C XO/I0OAHOW MOJIEBOM 3MUCCUEN U BHYTPUJIMH3OBBLIM AETEKTOPOM
BTOPUYHbIX 3/IEKTPOHOB.

NMoMmnmo HenocpeacTBEHHOIO HabAeHMA MerKdasHbIX FPaHML, METOA0M 3/1EKTPOHHOM MUKPOCKOMUK,
pa3paboTaHHbIi MeTo4 TaK¥e fOOMNyckaeT OAHOBPEMEHHOE NPUMEHEHWE JIOKANIM30BaHHOIO C
MWKPOMETPOBOM TOYHOCTbIO MEXAaHWYECKOr0 W 3/1EKTPUYECKOro BO3LENCTBMA Ha KuUAKMe o0b6pasubl C
MCMNOJIb30BaHMEM Nbe303/IEKTPUYECKOrO MaHunyaaTopa (puc. 1).

n Electron beam

Piezoelectric
manipulator
IL/water

Copper TEM grid

PucyHok 1. Cxematuuyeckoe n3obpaxkeHne YCTaHOBKM O MEXaHMYECKOro BO34eNCTBMA Ha KUAKWNA
obpasey, B YCAOBMAX Kamepbl 3/IEKTPOHHOro MuKpockona (A) u  COM-u3obparkeHna 30HAA
Nbe303/1EKTPUYECKOTO MaHMNYAATOPa Ha (GOHE MWMKPOCTPYKTYPUPOBAHHOIO Xuakoro obpasua ao (B) u
nocne (C) ocyliectBAeHUs Bo3aeNcTBUA. PUMCKMMM Lndpamm 0603HaYeHbl ONOPHbIE TOYKKM Ha obpasLe.

C nomolLLbio AaHHOrO MeToAa, NPUMEHEHHOTO B OTHOLLEHUU MUKPOCTPYKTYPUPOBAHHOM CMECU MOHHOM
*)uakoctn [Camim][BF4] ¢ Bogol, yaanock nsyumTb pakTopbl, BAUAOWME Ha CTabUAbHOCTb Mopdoaorum
MWKPOAOMEHOB, 0BPa3yIOLLMXCA B JaHHOW CMECU, U OCYLLECTBUTb HENOCPEACTBEHHOE MaHUMNY/IMPOBaHUe
3TUMM MUKPOOBBbEKTamMM. B xoae akcnepumeHTOB 6b110 06Hapy»KeHOo, YTO MexaHMYecKoe Bo3aeicTeme Ha
MUAKUIM  obpasel, MNO3BOMAET /IOKa/NbHO M3MEHATb MOPDONOTUIO W CTPYKTYPY MUKPOAOMEHOB,
06pa30BaHHbIX BOAOM B MIOHHOM KUAKOCTU 32 CYET NepPecTPOMKMN CETKM BOAOPOAHbIX CBA3EN, a MPUNOKEHME
onpeaenéHHon pasHOCTU NOTEHUMANO0B K 06pasLy NPUBOAUT K NepepacnpeneneHunio ¢as no NnoBepxHoOCTu
o0bpasua 6bharogapa 3N1eKTPOKMHETUYECKUM 3P PeKTam.
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B uenom, npepsioxeHHbIi B paboTe noaxon MO3BOAAET CYLLECTBEHHO PaCWIMPUTb BO3MOMKHOCTM
3/1EKTPOHHOW MWKPOCKONUMU A8 UCCNEeA0BaHUA AMHAMUYECKUX KUAKODA3HbIX cMcTem, obecrneynBas He
TO/IbKO BbICOKOE MPOCTPAHCTBEHHOE paspelleHre WU BO3MOXKHOCTb MPOBEAEHUSA M3IMEPEHUIN B perrmme
peanbHoro BpemMeHW, HO W MpefoCcTaBAAa YHUKA/NbHYI0 BO3MOMKHOCTb YynpaBneHua Mmopdonoruei
nccnesyemblix 06bEKTOB Ha MMKPOYPOBHE HEMNOCPEACTBEHHO B Xo4e HabntogeHus. MonyyeHHble pesynbTaTbl
MMEIOT LIMPOKME NePCNeKTUBLI NPUMEHEHWA ANA Aa/IbHENLWNX NCCNef0BaHMI 0OBEKTOB «MATKO MaTepum»
W Pa3BUTUA BO3MOXKHOCTEN MaHUNYAALMU UX MUKPOCTPYKTYPOM.

CcbinKa:
A.S. Kashin, V.P. Ananikov, Direct method for microscale manipulation at liquid-

liquid interfaces in ionic liqguid media with real-time electron microscopy
observation, J. lonic Lig., 2024, 4, 2, 100116, DOI: 10.1016/].jil.2024.100116
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4-TANOTEHMETUN-3AMELLEHHbIE CO/IM UMUAA30IUA: YHUBEPCANIbHAA NJIAT®OPMA ONA
CUHTE3A ®YHKUNOHATUZUPOBAHHbIX NMPEALLECTBEHHUKOB
N-TETEPOUUNKNTNUYECKUX KAPBEHOB

CraTbs MocBALWEHa MCCIeA0BaHMIO HOBbIX PYHKUMOHaAM3MpoBaHHbIX N,N-AnapnaMmuaasonneBbix CoNen,
CoAePHKALUMX raioreHMETUNbHBIE FPYNMbl B MONOXKEHUN 4 MMAA301bHOMO UMKANAG, KaK NEPCNEKTUBHbBIX PEAreHToB
ON19 CMHTE3a HOBbIX QYHKUMOHaNbHBIX NpeaectBeHHMKOB N-reTepoupkanyecknx KapbeHos (NHC). NHC mn ux
NPOTOHUPOBaHHble GOpPMbl  (MMWAA30N(MH)MEBbIE COMM) HaxXoAAT LUMPOKOE MPUMEHEHWE B KaTanuse,
maTtepuasoBegeHMn U MeguKo-b1MoNorMyecknx nccneaoBaHusx. BeeaeHvne GpyHKUMOHaNbHbIX rpynmn, ocobeHHOo B
nosoXeHma 4 n 5 NMMAA301bHOrO AAPa, NO3BOAAKOT CYLLECTBEHHO BAPbMPOBATb 3/1EKTPOHHbIE U CTEPUYECKME
cBonctBa NHC-nUraHOoB, UTO CYLLECTBEHHO B/MSIET HAa WX KaTa/MTUYECKYID M OMONOrMYECKYHD aKTUBHOCTb.
PaspaboTka AOCTYMHbIX W BbICOKOAKTUBHbIX (GYHKLUMOHANM3UMPOBAHHBIX COMen MMMAA30A(MH)MA ABAnAeTca
aKTya/IbHOW 3a4a4el.

A. Imidazoline series (known):

Y = OR, NR, Y=I
Ar proligands for potential precursors
X water soluble, for broad applications
H /> polymer-supported Y = CgF5B-
N* and biohybrid proligands for
Ar M/NHC catalysts anionic M/NHC complexes
(M = Ru, Rh, Au) (M = Rh, Au, Cu)

B. Imidazole series (this work):

Cl Ar Br Ar Ar
N CI™ N - . N X
HBr Br [y:] X
K/[ pooE T T
R™ N~* R™ N R N+
1 Ar 2 Ar Ar
Q Easy access to starting compounds Y = NR,, NHR, OR,
Q Enhanced reactivity of BrCH,-group in 2 O(CO)R, S(Het),
O Diversity of Y SC(NHy),"

PucyHoK 1. CuHTe3s 4-YCH;-byHKUMOHANN3MPOBaHHbIX conelt MMMaason(MH)ms.

B pabote npegniorkeH npocton U 3ddeKTUBHBIA cnocob nosayyYeHus HoBbIX 4-6pom- M 4-MoAMETUBbHBIX
MMMAA30/IMEBBIX COJIEM NyTEM 3aMeLLeHWA aToma X1opa B X/J10pMeTWabHOW rpynne. [lonyyveHHble 4-
B6pPOMMETU/IbHBIE MMMAA30/IMEBBIE COMM 00/1aZA0T CYLECTBEHHO 60/iee BbICOKOW aKTMBHOCTbIO B peakumsax
HYK/1e0DUBHOTO 3aMeLLIEHMA, YTO NO3BOMAO MONYYUTb PAA, HOBbIX, paHee HeaocTynHbIX 4-CHx-Y (Y = NR;, NHR,
OR, O(CO)R, S(Het), SC(NH,);) ¢yHKumMoHanmnsumposaHHbix NHC-nposvraHgoB. Bo3amoKHOCTb MCNOAb30BaHMA
NOJIy4eHHbIX a30/IMEBbIX COMIEN B KaYecTBe MpeaLllecTBEHHUKOB IMraHA0B A1 METAN/IOKOMMIEKCHOTO KaTa/im3a
6bl/1a NPOAEMOHCTPMPOBAHA Ha MPMMEpPE CMHTE3a HOBbIX Kommaekcos Pd/NHC 1 Au/NHC.

Taknum 06pa3om, NpessiorKeHHble METOAbl 3HAYMTENbHO PACLUMPAIOT CUHTETUYECKME BO3MOMKHOCTU W
OTKPbIBAOT MEPCMNEKTUBbI MUCMO/Ib30BaHUA (QYHKLIMOHANM3NPOBAHHBIX MMWAA30/MEBbIX COMEA B Pa3/IMYHDbIX
obnacTax, BK/AOYas pa3paboTKy HOBbIX KaTa/IM3aTOPOB M BUOMEANLMHCKMX MATepPUanoB.

Ccbinika:

D.V. Pasyukov, M.A. Shevchenko, M.E. Minyaev, V.M. Chernyshev, V.P. Ananikov,
4-Halomethyl-Substituted Imidazolium Salts: A Versatile Platform for the
Synthesis of Functionalized NHC Precursors, Chem. Asian J.,, 2024, 19, 24,
€202400866, DOI: 10.1002/asia.202400866
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CUHTE3 U CPABHUTE/IbHOE MU3YYEHWUE KOMMJIEKCOB (NHCr)PdCl.Py U (NHCF)Ni(Cp)Cl:
WCCNEQOBAHUE 3/IEKTPOHHbIX CBOMACTB NHC-IUTAHA,0B U XAPAKTEPUCTUK KOMIMIEKCOB

B paboTte npoBeAeHO CUCTEMATUYECKOE WCCAEAOBaHME HOBbIX KOOPAUHALMOHHBIX COeANHEHWUI
nannagma U HUKena, cogepawmnx N-retepoumkanyeckme kapbeHosble (NHC) anraHabl ¢ proprpoBaHHbIMK
beHUNbHbIMU 3amecTuTenamm (puc. 1). AKTyanbHOCTb UCCIef0BaHUA onpeaenseTca 3HauMmol ponbto NHC-
NINFAaHO0B B COBPEMEHHON KOOPAMHALUMOHHOM XMMWU U FTOMOFeHHOM KaTanuse, r4e WX 3NEeKTPOHHble
CBOMCTBA OKA3blBAOT HENOCPEACTBEHHOE BAUSAHME Ha PEaAKLMOHHYK CNOCOBHOCTb, CENEKTUBHOCTb M
TEPMOAMHAMMUYECKYIO CTabUAbHOCTb COOTBETCTBYHOLLMX METANOKOMMAEKCOB. B pamkax pabotbl bblan
cuHTesnposaHbl Komnnekcbl Pd/NHCe 1 Ni/NHCf, B KOTOpbIX BapbWpOBaiMCb KOAMYECTBO U MONONKEHME
aTomoB PTOpa B apomaTmyeckmnx Konbuax NHC-nuraHaoB ona AeTaibHOro aHanM3a BAUAHUA 3N1EKTPOHHbIX
XapaKTEPUCTMK Ha B3aMMOAENCTBME METANNO0B C /IMFAHAAMM, @ TaKXKe HA KaTa/UTUYECKYHD aKTMBHOCTb
NoNy4YeHHbIX COEANHEHWIA.

o-F T

Catalytic activity

PucyHoK 1. 21eKTpOoHHOEe CTpoeHMe KOMM/IEKCOB.

B xome wccnepoBaHuAa Obl10 YCTAaHOBAEHO, UYTO 3/IEKTPOHOAOHOPHbIE W 3/1EeKTPOHOAKLENTOPHbIE
csonctBa NHC-nuraHgoB moryT 6biTb 3ddEeKTUBHO MOAY/MPOBaHbl MyTeM BBeAeHWA aTomoB ¢Topa B
pas/nyHble TMONIOXKEHUA apoMaTUYEeCKOro KosbLa. Bce nonydyeHHble Komnaekcbl 6bian  noapobHo
OXapaKTepuM3oBaHbl C MCNO/b3oBaHMEM MmeTofoB AMP-CNEeKTPOCKONUM, Macc-CMeKTPOMETPUN U
PEHTITeHOCTPYKTYPHOrO aHa/M3a. 3TO NO3BO/INAO YCTAHOBUTb UX TOUYHbIMA COCTaB, CTPYKTYPY U 0COBEHHOCTM
MOJIEKYNIAPHOM OpraHu3aLmu.

B paboTte 6bIN0 BbIABNEHO, YTO BBEAEHME aTOMOB GTOpPa OKa3bIBAET CYLLECTBEHHOE BAWAHME KaK Ha
reomeTpuyeckmMe napameTpbl, TaK W Ha 3/IEKTPOHHble CBOMCTBA MeETA/I/NIOKOMNAEKCOB. B 4yacTHoCTH,
NMOKa3aHO, YTO PACMONOXKeHWe aToMoB (TOpa B OPTO-MOJIONKEHUAX apPOMaATUYECKMX KOAeL, MPUBOAUT K
3HAYMTE/IbHOMY YBEINYEHUIO ABYIPAHHOTO yraa mexXay GeHUNbHbIMU U MMUAA30/bHbIMU GparmeHTamMm.
TaKkas CTPyKTYypHas nepecTpoika cnocobcTByeT cTabmnmsaumm cBA3M MeTaNN—nraHa, Y4To, B CBOIO ovepesb,
NOBbILIAET KaTa/IMTUYECKYIO aKTUBHOCTb AAHHbIX COEANUHEHUI B peaKUUAX TMAPOTUOIMPOBAHNA aIKMHOB.

bblno npoBefeHO AeTafbHOE M3yYeHWE OMNTUYECKUX M INEKTPOXMMUYECKUX CBOMCTB MOJIYYEHHbIX
KOMMNAEKCOB HUKeNAa ¢ pTopmpoBaHHbiMM NHC-nuraHgamu. YCTaHOBNEHO, YTO BBeAeHME aTomoB ¢TOpa
BbI3bIBAET CABUI MAKCMMYMOB MOI/IOWEHUA U JIOMUHECUEHUMN B KOPOTKOBOJIHOBYIO 06/1acTb CrieKTpa.
Kpome TOro, npoLeMOHCTPMPOBAHO, YTO KOAMYECTBO U MOJIOKEHME PTOPHbLIX 3aMeCTUTENEN OKa3blBaKOT
3HAUUTENIbHOE B/IMAHME HA 3SHEPTUI0 TPaHMYHBIX MONEKYNAPHbIX opbutaneit (HOMO u LUMO), uto
onpeaenset GOTONOMUHECLLEHTHDBIE U 3NIEKTPOXMMUYECKME XaPAKTEPUCTUKM NOSTYYEHHBIX COEANHEHU.

B pabote TakKe ObINO MOKa3aHO, YTO KOMMN/IEKCbl HUKeNA € pa3inyHbiMu ¢TOpMpoBaHHbIMKM NHC-
VraHgamum  AeMOHCTPUPYIOT ~ HEOAHOPOAHYIO  KaTa/MTMYECKYID  aKTMBHOCTb B peakumax
rMapoTMonmpoBaHna. Hambonbluyto 3GGEKTUBHOCTb NPOABWUIM KOMMAEKCbl C ABYMA 3aMeCcTUTENAMM,
PacrnosioXKeHHbIMU B OPTO- M META-NOJIOKEHUAX apOMaTUYECKUX Koseu,. [aHHoe saBneHue obbAcHAeTcA
ONTUMANIbHbIM COYETAaHUEM 3/IEKTPOHHBIX U CTEPUYECKUX CBOMCTB IMFaHA0B, 06ecneymBatoLmnX BbICOKYHO
AKTUBHOCTb U CENIeKTUBHOCTb B KaTa/IMTUYECKMX NpoL,eccax.
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Takum 06pasom, B pamKax AaHHOrO MCCNeAOBaHWUA BMEPBble CUCTEMATUYECKM M3YYEHO B/UAHME
3/IEKTPOHHbIX CBOWCTB (TOPUPOBaHHbIX NHC-NMraHLOB Ha CTPYKTYpHble, KaTaautuyeckme U ¢U3MKO-
XMMWYECKME XapaKTEPUCTUKM KOMIMIEKCOB NaNNaams U HUKens. MoayyeHHble pesyibTaTbl OTKPbIBAOT HOBblE
NepcrneKkTUBbl ANA HaNPaBNEHHOro AM3aiiHa BbICOKOID(MEKTUBHbIX METANIOKOMMNIEKCOB, NPUrOAHbIX A5
LUMPOKOro MPUMEHEHMS B OPraHMYEeCKOM CUHTE3e.

Ccbinka:

R.O. Pankov, I.R. Tarabrin, A.G. Son, M.E. Minyaev, D.O. Prima, V.P. Ananikov,
Synthesis and comparative study of (NHCg)PdCl,Py and (NHCe)Ni(Cp)Cl
complexes: investigation of the electronic properties of NHC ligands and complex
characteristics, Dalton Trans., 2024, 53, 12503—-12518,

DOI: 10.1039/D4DT01304B
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WCCNEQOBAHUE PEAKUMIA OBPA3OBAHMA CBA3EW YINEPOO-YINEPOL, YINEPOO-
FETEPOATOM U FTETEPOATOM-TETEPOATOM, NPOTEKAIOLLUX B KOMNJEKCAX NANNAAUA(II)

BocctaHoBUTENBHOE 3/IMMUHUPOBaHME — OAHA M3 OCHOBHbIX CTaAWiA B METa/I/IOKOMMNNEKCHOM KaTanmse. B
OaHHOW paboTe BbINOHEH TEOPETUYECKUIA aHa/M3 MPOLLEeCCOB BOCCTAHOBUTENBHOTO 3AMMUHUPOBAHUA ANA
LWMPOKoro paga Komnnekcos nannagusa(ll), Kak cummetpuuHoro crtpoenust (R).Pd(L);, (X):Pd(L);, Tak u
HecummeTpuyHoro ctpoerms (R)(R')Pd(L)2, (R)(X)Pd(L)2 (R = Me, Vi, Ph, Eth; X = OMe, SMe, SeMe u T.4.). Takune
peaKkuun nNpuBoAAT K obpasoBaHuio ceAzel yrnepoa—yrnepog, (C-C), yrnepoa—retepoatom (C—X), retepoatom—
retepoatom (X—X) 1 MMeloT KNloYeBoe 3Ha4YeHUe B OPraHMUYECKOM CUHTE3e, TaK KaK UCMOo/b3yioTca 415 NolyYeHns
CNOMKHBIX XMMMUYECKUX COEAMHEHWUI, MPUMEHSAEMbIX B MPOM3BOACTBE JIEKApPCTBEHHbIX MpenapaTos, HOBbIX
MaTepranoB 1 MPOMENKYTOUHbIX NPOAYKTOB TOHKOrO OPraHMYeCcKoro CMHTe3a.

[MEPEXOAHOE

A=l COCTOAHME

[TPOAYKT

PucyHok 1. KapTbl GYHKUMM NOKaAM3aLMM 31E€KTPOHOB A/1A peareHTa, NepexoAHOro COCTOAHMA U
NPOAYKTa peaKuMuM BOCCTAaHOBUTENLHOIO 3/AMMUHUPOBaAHWA B Komnaekce Pd(ll), npuBoaAwen K
dopmupoBaHuio ceasm C-C mexay ABYMA METUbHBIMM Fpynnamu.

B paboTe NoKasaHO BAUAHWME 3NEKTPOHHbIX CBOMCTB COYETAROLLMXCA MPYNn Ha cTabuamsaumio yuc-uomepa
Komnnekca Pd(ll), KoTopblli fBAseTCA NpeapeakuMOHHbIM KOMMIEKCOM A/A Mpolecca BOCCTaHOBUTE/IbHOIO
3/IMMUHNPOBAHUA.

C ucnonb3oBaHMEM METOA0B KBAHTOBO-XMMMYECKOrO MOAENMPOBaHUA Obl10 MOKa3aHO, YTO 3Heprus
aKTMBaumm obpasoBaHms ceazelt C-C n C-X ymeHbluaetca B pAay Csps—Csps > Co—Cop > Cop2—Cop2. B X0aE McCneaoBaHmuA
TakKe 6blIM HalaeHbl 3aKOHOMEPHOCTY U3MEHEHMWSA SHEPTUIA aKTUBALLMK ANA peaKumii obpa3oBaHus cBsasein C-X ¢
y4acTMem retepoaTtomMoB. Bbino MOKa3aHo, YTO aKTUBHOCTb GYHKLMOHA/BbHBIX FPYNM, COAEPMKaLLMX reTepoaTom,
yMeHbLUaeTcs B pagy retepoatomos P, S, Se > N >> O gna ceaseld ¢ atomamu yrnepoaa Cspo 1 Csp, @ ANA aTOMOB
yrnepoga Cspz YMeHbLUeHUe akTUBHOCTU npoucxoamt B pagy P > S, Se >> N >> O. 311 pesynbTaTtbl NO3BONAIOT
CYLLLECTBEHHO YMPOCTUTL NOA60P ONTUMA/bHBIX YCIOBUI 419 KaTaIMTUYECKMX NMPOLLECCOB € y4acTUeM KOMIMIEKCOB
Pd(l).

YCTaHOB/IEHO, YTO TEPMOAMHAMMYECKME NAPAMETPbI PEAKLMIA A1 HECUMMETPUYHBIX KOMMIEKCOB MOTYT ObITb
NpPUGAN3UTENIBHO OLLEHEHbI Kak cpeaHee apuUdMeTMYECKOe 3HAYeHW TePMOAMHAMMUYECKMX MApPaMeTpoB Aas
COOTBETCTBYIOLLMX CUMMETPUYHbIX KOMMIeKcoB. OcOBEHHO XOPOLLIO TaKoM NoAxXoL paboTaeT B C/ly4ae KOMMIEKCOB
(R)(R’)Pd(L)2  cywectBeHHO xyxe ana komnnekcos (R)(X)Pd(L),. MeTtogom DFT monekynapHon AMHaMKKU 6bl10
YCTaHOB/IEHO, YTO MPOLLECChl 3/IMMMHUPOBaHKA, NpMBoAsALLME K obpasoBaHuio monekyn Vi-Vi, Eth-Eth u Ph-Ph,
NPOUCXOZAT CaMOMNPOM3BO/IBHO M HAUYMHAOTCA C Auccoupmaumm ogHoi us cesaser Pd-C, yTo BRnocneacTtsmu
WHULMMpPYET anccoumaLmio BTopoi ceasm Pd-C, ogHaKo B LLeIOM peaKkLma XapaKTepum3yeTca BbICOKOWM CTEMNEHbHO
CUHXPOHHOCTW Anccoumaumm apyx ceasei Pd-C n popmmposaHna Hosoit csasn C-C, TO eCcTb MoAeNb CUHXPOHHOTO
NepexoaHOro COCTOAHUA, MUCMOMb3YIOWAACA B BONBLIMHCTBE TEOPETUYECKMX PaboT Mo AaHHOW Teme, BroJHE
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060CHOBaHa AanAa I'IpM6}'IVI)KeHVIFI N30/INPOBAHHbBIX MONEKY/. CooTBETCTBEHHO, BbICOKAA CTeneHb ACNHXPOHHOCTU
BOCCTAaHOBUTE/IbHOIO 3/IMMUHNPOBAHNUA, Ha6mo,u,aemaﬂ ANA HEKOTOPbIX CUCTEM B 3KCNEPUMEHTE, B YaCTHOCTHU,
NPOTEKaHNE peakunn No MmexaHn3Imy SN, 3ameLueHuns, BEPOATHO ABNIAETCA cneacrsnem BI1MAHUA CﬂELI,Md)M‘-IECKOﬁ
CONbBaTaunu B cpeae pacTtBopuUTENA.

Ccbinka:

E.G. Gordeev, D.G. Musaev, V.P. Ananikov, Comparative Study of Pd-Mediated
Carbon-Carbon, Carbon-Heteroatom, and Heteroatom-Heteroatom Bond
Formation/Breakage (C = Cs>, Cso%, Csp; X=B, N, O, Si, P, S, Se, Te), Organometallics,
2024, 43,1, 1-13, DOI: 10.1021/acs.organomet.3c00367
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TON-20 NEPCNEKTUBHbIX TEXHONOIMU HA OCHOBE
MCKYCCTBEHHOIO UHTENNIEKTA B XUMUUN

CratbA nocefleHa aHanusy Ton-20 Haubosiee BAMATE/IbHBIX TEXHO/MOTMIA HAa OCHOBE WCKYCCTBEHHOIO
nHTennekta (MKM), okasbiBalOWMX CYLLECTBEHHOE B/MAHME Ha Pa3BUTME COBPEMEHHOW XMMMYECKOM HayKu W
NPOMbILLNIEHHOCTU. AKTYanbHOCTb TEMbI UCCEA0BaHMA 06yC0BieHa HEOBXOAMMOCTLIO NPEOA0IEHNA BbISOBOB,
CTOALUMX Nepes, XMMMEN, TaKUX KaK NMOMCK HOBbIX /IEKAPCTBEHHbIX NPENapaTos, pa3paboTka 3KO0MMYECKM YNCTbIX
NPOM3BOACTB Y ONTUMM3ALLMA CIOMKHBIX XMMUYECKMX NPOLLECCOB. BHeApeHME UMdPOBbLIX TEXHONOMMIA B XMMMUYECKYHO
OTpacnb MO3BONAET 3HAUMTE/ILHO TMOBLICUTL  3QPEKTUBHOCTb  UCCNEA0BAHWUMA,  YAYYLWKMTb TOYHOCTb U
BOCMPOU3BOAMMOCTb PE3Y/IbTaTOB, a TaKKe MMHMMM3MPOBATb PUCKW, CBA3AHHbIE C BO3AEMCTBMEM XMMUYECKUX
BELLECTB Ha 30P0BbE YE/I0BEKA M OKPYHKAIOLLLYIO Cpeay.

Bbin NpoBeaeH rnyboKMiA aHaIU3 CYLLECTBYHOLMX M NEPCNeKTUBHbIX M-TEXHONOTWI, KOTOpbIE YrKe aKTUBHO
MCMNO/b3YHOTCA UM MOTYT BbITb LUMPOKO BHEAPEHBI B XMMMWYECKYHO OTPac/b B 6aunKawem byaywem. Cpeam Takmx
TEXHO/IOMUI  BbIAENAOTCA MalUMHHOE obyyeHne, 6onbluMe AaHHble, LMOPOBble ABOMHMKM, 60KYENH,
aBTOMaTM3MpPOBAHHble nlabopaTtopuu, MHTEpHeT Belei (loT), BUpTyasbHas PEanbHOCTb M CUCTEMbI YMHOTO
ynpas/ieHus.

B cratbe MOAPOOHO PACCMOTPEHbI KOHKPETHbIE MPUMEPbI U MPUIOXKEHUA KaXKOoon M3 NepeymncsieHHbIX
TexHoNMOrMi. Hanpvmep, NPUMEHEHME WUCKYCCTBEHHOTO WHTE//IeKTa B 06/M1aCTU CMEKTPOCKOMNWUM MNO3BOAAET
aBTOMATM3MPOBaTb C/IOXKHbIN aHaIM3 AaHHbIX, 3HAYUTE/IbHO YCKOPAA MAEHTUOUKALMIO M KONIMYECTBEHHDI aHaIn3
XUMUYECKMX CoeVHEHU. ABTOMaTU3NPOBaHHbIE nabopaTtopHble nnatdopmbl, OCHalLeHHble
POBOTU3UPOBAHHBIMU CUCTEMAMM U UHTEIIEKTYA/IbHBIM NPOrPamMmmMHbIM obecneveHrem, 06ecrneymBatoT BbICOKYHO
TOYHOCTb NPOBEAEHMSA IKCMEPUMEHTOB M BOSMOXKHOCTb KPYT/I0CYTOYHOO GYHKLMOHMPOBaHWA 6e3 BMeLLATe/IbCTBa
yenoBekKa.

OTaenbHO MOAYEPKHYTA 3HAYMMOCTb MPUMEHEHUs UMOPOBbLIX ABOMHWMKOB — BUPTYa/ibHbIX MOAENEN
XMMUYECKMX MPOLLECCOB, KOTOPbIE MO3BOAAIOT MPOBOAUTL CUMYAALMM U ONTUMM3ALMIO B PEXMME PeasibHOro
BPeMeHM, n3beras pUCKOB M PacXoLoB Ha GpU3MYECKOe TecTMpoBaHUe. Mcnoib3oBaHWe 610KYENH-TEXHONOMMI B
YNpaBieHUM LeNoYKammn MNOCTaBOK XMMWUYECKMX BeLLeCTB obecneyvBaeT MpO3payHOCTb M 6HesonacHoCTb
TPpaH3aKLMM1, CHUXKaAsA BEPOATHOCTb OLUMOOK Y MOLLEHHUYECTBA.

B cTaTbe BnepBble NPeACTaBNEHO KOMM/IEKCHOE PAacCMOTPEHUE U CUCTEMATM3ALMA 3HAYUTENBHOMO MacCKBa
NW-TexHONOMMIN, 06bEANHEHHDBIX B PaMKax eanMHOro 0630pa, YTo NpUAaET AaHHOM paboTe YHUKaNbHOCTb M 0Cobyto
Hay4YHYIO LEEHHOCTb. MMoyYeHHble BbIBOAbI MO3BONAIOT CHOPMMUPOBATL NPeACTaBaeHNE O ByayLeM XMMUYECKOM
HayKW, OCHOBAaHHOM HAa UMQPOBbIX MHHOBALMAX, M CMOCOBCTBYIOT CO34aHMIO HOBbIX MOAXOAOB K pPeLleHuto
aKTya/IbHbIX 33134 B HayKe, 06pa30BaHUM U MPOMBbILLIEHHOCTU.

[JaHHaa paboTa npeacTaBisfeT CyLWECTBEHHbIA MHTEPEC He TOJIbKO /11 HAy4HOro COoobLLecTBa, HO U AJis
CMEeuMannCToB U3 MPOMbILLIEHHBIX M 0bpa3oBaTeibHbIX chep, KOTopble CMOTYT NMPUMEHWUTb NPEeACTaB/eHHble
mMaTepuanbl AnAa oNTUMn3aunn CyLLEeCTBYOWMNX MPaKTUK U BHeEOPEHNA MHHOBAUMOHHbIX DELIJeHVI[;i.

CcbinkKa:
V.P. Ananikov, Top 20 influential Al-based technologies in chemistry,
Art. Int. Chem., 2024, 2, 2, 100075, DOI: 10.1016/j.aichem.2024.100075
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MEXAYHAPOAHAA HAYYHAA KOH®EPEHLUA-LLKONA
«BUOITMBPUAHBIE CUCTEMbI B XUMWUU, BUOTEXHONOTUN U MEOULLUHE»
(«BIOHYBRID SYSTEMS IN CHEMISTRY, BIOTECHNOLOGY AND MEDICINE»)

22-24 anpena 2024 r., ®IbOY BO TynbCKWUI rOCYAaPCTBEHHbIM YHUBEPCUTET, . Tyna

HayuHas
NornsPNOHbIE CUCTEMbI
XMW, BUOTEXHOJIOrn

o chemistry, e

“ helicine 2 fe

[%.

22-24 anpens 2024 roga B TyAbCKOM rocygapcTBeHHOM yHuBepcuTeTe (r. Tyna) coctosnach
MexayHapoaHana KoHdepeHuna HayyHol wKonbl akagemuka B.M. AHaHuKoBa «buornbpuaHolie cuctemsl B
XUMUN, BUOTEXHONOTUN U MeanumHe». B KoHbepeHUMM NpUHAAK yyacTue 6onee 75 Monoabix yYEHbIX U3
Poccum (MockBa, CaHkT-MeTepbypr, Tyna, TBeps, MNywmHo 1 Maxaukana) u benopyccum. B xoae koHbepeHLUn
6b1710 NpeacTaBneHo 10 naeHapHbIX U 27 YCTHbIX AOKAAL0B, a TakKe 31 cTeHA0BbIM A0KAA4,.

NccnepoBaHuA, NpOAEMOHCTPUMPOBAHHbIE HAa  KOHEepeHUMW, OxXBaTblBAlOT  LUMPOKMI  CMEKTP
WHHOBALMOHHBIX HanpaBaeHU 1 NPUAOKeEHUI B 061acT BMOrMbpuaHbIX MaTepunanos, BKAOYAA MeaULMHY,
XMMMUIO, 3KONOTUI0, BUOTEXHOIOTUIO, SHEPTETUKY U MPOMbILLIEHHOCTb, U AEMOHCTPUPYIOT MNOTEHLMAN 3TUX
MaTepmnanos ANA CO34aHNA NPOPbIBHbIX TEXHOMOTUN N peLUeHUN.

B pamKax KoHbepeHLMM bbinn NpeacTaBAeHbl CAeaytoLne TeMaTUYeCcKMe CeKUMn:

e buoceHcopsl

e BuorMbpuaHble KaTaaUTUYECKME MaTepuanbl

e Buopasnaraemble n bonogobHbIE MaTepPUabI

e PereHepaTMBHaA meanuUMHA

e LlleneHanpaBneHHan AOCTaBKa IeKapCTB

e KapKacbl oA KNETOUYHON UHKeHepumn

e WNCKyccTBEHHbIM GOTOCUHTES

e BuormbpuaHble TONJUBHbLIE 31EMEHTbI

e BMOrMbpuaHbIE OYUCTHbIE COOPYKEHMA

o (depmeHTHble BMornMbpuaHble cMcTembl
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VI BCEPOCCUMCKAA KOH®EPEHLIMA MO OPTAHUYECKOW XUMUU

23-27 ceHTAabpa 2024 r., MOX um. H.A. 3enmHckoro PAH, r. Mocksa

== N--Ilm |

23-27 ceHTAbpa 2024 roga B UHCTUTYTEe opraHuyeckon xumumn um. H.4. 3enmHckoro PAH (r. Mocksa)
coctosnacb VI Bcepoccuitickas KoHdepeHuUMAa Mo OpraHMYeckolM XMmMMKW, B KOTOpOM HayyHas wKona
akagemunka B.[l. AHaHMKOBa NpuHANA yyacTMe He TONbKO B /MUEe AO0KAAAYMKOB, HO U B KayecTBe
coopraHunsaTopa KoHbepeHUnn.

B pamkax KoHpepeHumn bbiamn caenarbl 10 naeHapHbIX, 22 Kato4vesbix, 40 npurnaleHHbIX, 81 yCTHbIN K
142 cTeHAO0BbIX AOKIA4a MO CAeAyoWMM HanpaBaeHUAM:

MEeTOA0/10M1SA OPraHNYECKOro CMHTe3a

MEXaHU3Mbl PeaKLMIA 1 CTPOEHUE OPraHUYECKUX COeQNHEH U
Hanpas/IeHHbIN CUHTE3 OPraHUYECcKUX CoegnHEHMI

XMMUA NPUPOAHbIX COEANHEHWI

OPraHNYEeCKNI U META/IIOKOMMNEKCHbIV KaTaius

MepcrneKkTUBHbIE OPraHNYecKkme NPoayKTbl U MaTepuaribl

OpraHMYecKne n rmbpuaHble MOAEKYNAPHbIE CUCTEMDI

pa3paboTka NPOMbILLINEHHbIX TEXHOIOMMIA TOHKOrO OPraHNMYeCcKoro CUHTEe3a
LUMPPOBbIE TEXHONOMMM B OPraHNYECKOM CUHTE3E

KoHdepeHuuto nocetnnm 288 yvyacTHMKOB M3 25 ropoaos Poccum, B TOM Yncie U COTPYAHUKM HayyHo
LWIKOJIbl, @ TAK¥Xe MEeXAYHapOoAHble YYaCTHUKM U3 ApMeHUM U TagKMKUCTaHa.
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YYACTME HAYYHOW IPYMMbl B PABOTE OTEYECTBEHHbIX
N MEXXYHAPOAHbIX KOHPEPEHLMUIA

1. Bcepocculickas Hay4HaA WKOAG-KOHpepeHyus «MapKOBHUKOBCKUE YMeHUA: Op2aHUYECKaa XUMusa om
MapkosHuxkoea 0o Hawiux OHeli», Poccus, KpacHoBnaoBo, 19-22 aHeapa 2024 r.;

2. HayyHo-npakmuy4eckas KoHghepeHuus «ManomoHHAMHAs Xumus: paspabomku, npou3soocmeo,
aHanumu4eckuli KoHMpose», Poceus, HoBocnbupcek, 11-15 maprta 2024 r;

3. Becepocculickaa mMosno0excHas HAay4YHas WKO/A-KOHepeHyus «AKmyarnbHble rnpobsiemsl opeaHUYecKol
xumuu», Poccna, Weperew, 15-21 Mapta 2024 r,;

4. KObuneliHasa Hay4Has KoHgepeHyus 90 nem MHXC PAH, Poccusi, Mocksa, 8-12 anpena 2024 r.;

5. Mex0yHapoOHas Hay4YHAs KOH@epeHyUs cmyoeHmos, acrnupaHmos U Mosoo0biX Yy4éHbIX «/ToMoHOCOo8-
2024», Poceuna, Mocksa, 12-26 anpena 2024 r.;

6. X MexOyHapooHsIl cummnosuym "[usaliH u cuHme3 cynpamoneKyasapHoix apxumekmyp", nocesawieHHoll
90-nemHemy tobunero AnekcaHopa MeaHosu4a KoHoeasoea, Poccus, KasaHb, 15-19 anpena 2024 r.;

7. MexOyHapoOHasa Hay4YHAA KoHGepeHUUs-WKoa «buo2ubpudHele cucmemeol 8 Xumuu, BuomexHoao2uu u
meouyuHe», Tynl'Y, Poceua, Tyna, 22-23 anpens 2024 r.;

8. XXV MexOyHapoOHoU Hay4YHO-MPAKmMuUYecKas KoHgpepeHUus cmyo0eHmos U Mos00bIX yYeHbIX «Xumus u
Xxumuyeckasa mexHosnoz2uA 8 XXI seke», Poccua, Tomck, 20-24 man 2024 r.;

9. 2nd Sino-Russian Symposium on Chemistry and Materials, Poccusi, MockBa, 29 mas-1 utoHsa 2024 r.;

10. Chemistry Mall 2024 (CheM-2024), Armenia, Yerevan, June 6-7, 2024;

11. XIl MexOyHapoOHaa KoHgepeHyua «MexaHu3mbl Kamanumuyeckux peakuuli» (MCR-XII), Poccus,
Bnagnmup, 17-21 nioHa 2024 r.;

12. Becepocculickaa KoHghepeHuyus «Xumusa HernpeoenoHbix coeOuHeHull: GAKUHOB, Q/IKEHO8, APEHO08 U
2emepoapeHos», MNoceAWeHHas HayyHomMy Hacaeouto Muxauna [lpueopeesuya Kyueposa, Poccusa, CaHKT-
Metepbypr, 19-21 nioHa 2024 r.;

13. International Symposium on Activation of Dioxygen and Homogeneous Oxidation (ADHOC-2024), Italy,
Venice, 30 June-3 July 2024;

14. X HayuoHanbHAas Kpucmanaoxumuyeckas KoHgepeHyus, Poccna, Hanbumk, 1-5 niona 2024 r.;

15. 30th International Conference on Organometallic Chemistry, India, Agra, July 14-18, 2024,

16. The 6th International Conference on Organometallics and Catalysis (OM&CAT-6), China, Tianjin,
August 15-18, 2024;

17. 26th IUPAC International Conference on Physical Organic Chemistry hosted by the Department of
Chemistry, China, Beijing, August 18-24, 2024;

18. ACS Meeting, ACS FALL 2024, USA, Denver, 18-22 August 2024;

19. Xlll International Conference on Chemistry for Young Scientists «MENDELEEV 2024», Russia,
St Petersburg, September 2-6, 2024;

20. Becepocculickasa oHnaliH-KOHepeHyuA «Hay4Hble mocmel: pe3ysemamel epaHmonoaydyameneli PH®»,
Poccuna, MockBa, 9-25 ceHTabpa 2024 r.;

21. Il MexcOucyunauHapHas  ecepocculickas — MOa00eMHas  HAy4YHas  WKOAAa-KOHghepeHyus ¢
MeHOyHapoOHbIM yyacmuem «MoneKynsapHell OudaliH buonosudeckU GKMUBHbIX sewecms: buoxumudeckue u
meOuyuHcKue acriekmol», Poccnn, KasaHb, 16-20 ceHTAabpAa 2024 1.,

22. opym napmHepos: HayuyHas KoHpepeHyus, npuypodeHHas K 300-nemuto CI16Y, Poccusi, CaHKT-
Metepbypr, 20-21 ceHTAbGpA 2024 1.;

23. VI Bcepocculickas KoHgpepeHyus mno opeaHuyeckoli xumuu, WOX PAH, Poccus, MockBa, 23-
27 ceHTAbps 2024 r.;

24. XXl MeHOeneesckuli cve3d rno obweli u npuxknadHol xumuu, Poccua, PepepanbHas Tepputopua
«Cupuyc», 7-12 okTabps, 2024 r.;

25. 10th IUPAC International Conference on Green Chemitry (ICGC), China, Beijin, October 18-22, 2024;

26. Bcepocculickas KOHGhepeHUuUs € MeHOYHAPOOHbIM ydacmuem «XUMus 31eMeHmoopaaHUYecKux
coeOuHeHull u nonumepos - 2024», Poccua, Mocksa, 18-22 Hosbps 2024 r.;

27. The INTERNATIONAL CONFERENCE «Chemistry of Organoelement Compounds and Polymers — 2024 », Russia,
Moscow, INEOS RAS, November 18-22, 2024,
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28. lll MexOyHapoOHas Hay4yHAs KOHhepeHyua 6 uyensax ycmolyuso2o passumus uueuausayuu:
compyoHu4ecmeo, Hayka, obpaszosaHue, mexHosnoz2uu «[lyme JlamuHckol Amepuku u cmpaH Kapubckozo
bacceliHa k 17 LUYP: komrineKcHblili nooxod», Poccus, Mocksa, 19-23 Hosbpa 2024 r.;

29. Bcepocculickas ~ M0On00exHas  HAy4YHAs  KOHepeHuus ¢  MeMOyHAPOOHbIM  ydyacmuem
«DyHKUYUOHanbHbIe mamepuansl: CuHme3s. Ceolicmea. [MpumeHeHue» YOUNG ISC 2024, Poccus, CaHKT-
Metepbypr, UXC PAH, 3-6 nekabps, 2024 .
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[Ty6nukammu 2024 rona

Mechanisms of Biological Effects of lonic cHEmon
Liquids: From Single Cells to Multicellular .

Organisms
Egorova K.S., Kibardin A.V., Posvyatenko A.V., Ananikov V.P.

Chem. Rev., 2024, 124, 4679-4733
doi: 10.1021/acs.chemrev.3c00420

The review presents a detailed discussion of the evolving field
studying interactions between ionic liquids (ILs) and biological

systems. Originating from molten salt electrolytes to present
multiapplication substances, ILs have found usage across various @ @ 0
fields due to their exceptional physicochemical properties,
including excellent tunability. However, their interactions with
biological systems and potential influence on living organisms
remain largely unexplored. This review examines the cytotoxic
effects of ILs on cell cultures, biomolecules, and vertebrate and
invertebrate organisms. Our understanding of IL toxicity, while
growing in recent years, is yet nascent. The established findings
include correlations between harmful effects of ILs and their ability
to disturb cellular membranes, their potential to trigger oxidative
stress in cells, and their ability to cause cell death via apoptosis.
Future research directions proposed in the review include studying
the distribution of various ILs within cellular compartments and
organelles, investigating metabolic transformations of ILs in cells
and organisms, detailed analysis of IL effects on proteins involved
in oxidative stress and apoptosis, correlation studies between IL
doses, exposure times and resulting adverse effects, and
examination of effects of subtoxic concentrations of ILs on various
biological objects. This review aims to serve as acritical analysis of
the current body of knowledge on IL-related toxicity mechanisms.
Furthermore, it can guide researchers toward the design of less
toxic ILs and the informed use of ILs in drug development and
medicine.

Keywords

lonic liquid, toxicity, cytotoxicity, cytotoxicity mechanism,

apoptosis, oxidative stress

https://doi.org/10.1021/acs.chemrev.3c00420 8 - CTaTeA MO NOANNCKE,

[0CTyMNHa no 3anpocy aBTopam

PenTuHr xypHana: @ — Web of Science @— Scimago NmnakT-dpaktop = 51.4 @ (>15)
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[Ty6nukammu 2024 rona

Tailoring metal complexes with N-
heterocyclic carbene ligands using
Electron-Withdrawing Groups: Impact on
catalytic activity and property
development

Pankov R.O., Prima D.O., Ananikov V.P.

Coord. Chem. Rev., 2024, 516, 215897
doi: 10.1016/j.ccr.2024.215897

In the field of catalytic chemistry, metal complexes containing N- @ @ @

heterocyclic carbenes (NHCs) have gained significant attention due to

their versatile nature and wide range of potential applications. In the
synthetic ap- plications, the catalytic properties of M/NHC complexes
are affected by the incorporation of sterically hindered donor
substituents into NHC ligands. However, a comparative analysis of
M/NHC complexes with electron- acceptor substituents revealed
significant differences in catalytic activity and selectivity. The complexes
exhibit enhanced performance in several catalytic transformations.
Therefore, this review focuses on substituents with electron-acceptor
properties to explore their impact on the catalytic efficiency, stability
and general characteristics of the resulting M/NHC complexes.
Additionally, the potential for their use in catalytic processes is
examined. Both experimental and computational methodologies have
been employed to shed light on this phenomenon, revealing that
electron-withdrawing groups play a significant role in altering the
electronic properties of the molecule and creating unique spatial
environments around the metal center. This, in turn, greatly influences
the reactivity, stability and selectivity of M/NHC catalysts. The findings
analyzed in this re- view elucidate the critical contribution of electron-
withdrawing substituents in the design and optimization of efficient
M/NHC catalysts. This opens up new avenues for innovation in the
development of novel catalysts and applications in the ever-evolving
field of catalysis.

Keywords

N-heterocyclic carbenes (NHCs), metal complexes, electron-
withdrawing groups (EWGs), catalytic activity, ligand electronic
properties

https://doi.org/10.1016/j.ccr.2024.215897 8 - CTaTbA N0 NOAMMUCKE,

[0CTyMNHa Mo 3anpocy aBTopam

PelTUHT XypHana: @ — Web of Science @— Scimago MmnakT-dakTtop = 20.3 @ (>15)
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[Ty6nukammu 2024 rona

Revealing the Mechanism of Combining
Best Properties of Homogeneous and
Heterogeneous Catalysis in Hybrid
Pd/NHC Systems

Prima D.O., Kulikovskaya N.S., Novikov R.A.,
Kostyukovich A.Yu., Burykina J.V., Chernyshev V.N.,
Ananikov V. P.

Angew. Chem. Int. Ed., 2024, 63, €202317468
doi: 10.1002/anie.202317468

The formation of transient hybrid nanoscale metal species from @ @ Q
homogeneous molecular precatalysts has been demonstrated by

in situ NMR studies of catalytic reactions involving transition metals
with N-heterocyclic carbene ligands (M/NHC). These hybrid
structures provide benefits of both molecular complexes and
nanoparticles, enhancing the activity, selectivity, flexibility, and
regulation of active species. However, they are challenging to
identify experimentally due to the unsuitability of standard
methods used for homogeneous or heterogeneous catalysis.
Utilizing a sophisticated solid-state NMR technique, we provide
evidence for the formation of NHC-ligated catalytically active Pd
nanoparticles (PANPs) from Pd/NHC complexes during catalysis. The
coordination of NHCs via Cine)-Pd bonding to the metal surface was
first confirmed by observing the Knight shift in the 3C NMR
spectrum of the frozen reaction mixture. Computational modeling
revealed that as little as few NHC ligands are sufficient for complete
ligation of the surface of the formed PdNPs. Catalytic experiments
combined with in situ NMR studies confirmed the significant effect
of surface covalently bound NHC ligands on the catalytic properties
of the PANPs formed by decomposition of the Pd/NHC complexes.
This observation shows the crucial influence of NHC ligands on the
activity and stability of nanoparticulate catalytic systems.

Keywords
N-Heterocyclic carbenes, SS NMR, catalysis, hybrid PANPs/NHC
catalysts, cross-coupling reactions

https://doi.org/10.1002/anie.202317468 8 - CTaTbA N0 NOAMUCKE,

[LOCTYMHa Mo 3anpocy aBTopam

PelTUHT XypHana: @ — Web of Science @— Scimago MmnakT-dakTtop = 16.1 Q (>15)
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[Ty6nukammu 2024 rona

Sulfur in Waste-Free Sustainable
Synthesis: Advancing Carbon—Carbon
Coupling Techniques

Shlapakov N.S., Kobelev A.D., Burykina J.V., Cheng Yu.-Zh.,
You S.-L., Ananikov V.P.
Angew. Chem. Int. Ed., 2024, 63, 202402109

doi: 10.1002/anie.202402109

This review explores the pivotal role of sulfur in advancing
sustainable carbon-carbon (C-C) coupling reactions. The unique
electronic properties of sulfur, as a soft Lewis base with significant @ @ @
mesomeric effect make it an excellent candidate for initiating

radical transformations, directing C-H-activation, and facilitating

cycloaddition and C-S bond dissociation reactions. These attributes

are crucial for developing waste-free methodologies in green

chemistry. Our mini-review is focused on existing sulfur-directed C-

C coupling techniques, emphasizing their sustainability and

comparing state-of-the-art methods with traditional approaches.

The review highlights the importance of this research in addressing

current challenges in organic synthesis and catalysis. The innovative

use of sulfur in photocatalytic, electrochemical and metal-catalyzed

processes not only exemplifies significant advancements in the field

but also opens new avenues for environmentally friendly chemical

processes. By focusing on atom economy and waste minimization,

the analysis provides broad appeal and potential for future

developments in sustainable organic chemistry.

Keywords

Waste-free processes, carbon-carbon coupling, C-H activation,

photoredox catalysis, atom economy, sulfur containing directing

group

https://doi.org/10.1002/anie.202402109 8 - CTaTbA MO NOANNCKE,

[LOCTyMHa Mo 3anpocy aBTopam

PenTuHr xypHana: @ — Web of Science @— Scimago NmnakT-dpakTop = 16.1 @ (>15)
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[Ty6nukammu 2024 rona

Reversible Radical Addition Guides
Selective Photocatalytic Intermolecular
Thiol-Yne-Ene Molecular Assembly

Shlapakov N.S., Kobelev A.D., Burykina J.V.,
Kostyukovich A.Yu., Kénig B., Ananikov V. P.

Angew. Chem. Int. Ed., 2024, 63, €202314208
doi: 10.1002/anie.202314208

In modern organic chemistry, harnessing the power of
multicomponent radical reactions presents both significant
challenges and extraordinary potential. This article delves into this @ @ @
scientific frontier by addressing the critical issue of controlling

selectivity in such complex processes. We introduce a novel

approach that revolves around the reversible addition of thiyl

radicals to multiple bonds, reshaping the landscape of

multicomponent radical reactions. The key to selectivity lies in the

intricate interplay between reversibility and the energy landscapes

governing C-C bond formation in thiol-yne-ene reactions. The

developed approach not only allows to prioritize the thiol-yne-ene

cascade, dominating over alternative reactions, but also extends

the scope of coupling products obtained from alkenes and alkynes

of various structures and electron density distributions, regardless

of their relative polarity difference, opening doors to more versatile

synthetic possibilities. In the present study, we provide a powerful

tool for atom-economical C-S and C-C bond formation, paving the

way for the efficient synthesis of complex molecules. Carrying out

our experimental and computational studies, we elucidated the

fundamental mechanisms underlying radical cascades, a knowledge

that can be broadly applied in the field of organic chemistry.

Keywords

Photoredox catalysis, multicomponent reaction, radical cascade,

reversible radical addition, thiol-yne chemistry, carbon-carbon

coupling
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Recognition of Molecular Structure of I al
Phosphonium Salts from the Visual i sl

Appearance of Material with Deep

Learning Can Reveal Subtle Homologs =
Boiko D.A., Arkhipova D.M., Ananikov V.P. =
Small, 2024, 20, 2403423 s
doi: 10.1002/smll.202403423

Determining molecular structures is foundational in chemistry and

biology. The notion of discerning molecular structures simply from
the visual appearance of a material remained almost unthinkable @ @ Q

until the advent of machine learning. This paper introduces a
pioneering approach bridging the visual appearance of materials
(both at the micro- and nanostructural levels) with traditional
chemical structure analysis methods. Quaternary phosphonium
salts are opted as the model compounds, given their significant
roles in diverse chemical and medicinal fields and their ability to
form homologs with only minute intermolecular variances. This
research results in the successful creation of a neural network
model capable of recognizing molecular structures from visual
electron microscopy images of the material. The performance of
the model is evaluated and related to the chemical nature of the
studied chemicals. Additionally, unsupervised domain transfer is
tested as a method to use the resulting model on optical
microscopy images, as well as test models trained on optical images
directly. The robustness of the method is further tested using a
complex system of phosphonium salt mixtures. To the best of the
authors’ knowledge, this study offers the first evidence of the
feasibility of discerning nearly indistinguishable molecular
structures.

Keywords

Machine learning, electron microscopy, optical microscopy,

microscopy, neural networks
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Revealing Catalyst Self-Adjustment in C=S
Cross-Coupling through Multiscale
Liquid-Phase Electron Microscopy

Kashin A.S., Arkhipova D.M., Sahharova L.T., Burykina J.V.,
Ananikov V.P.

ACS Catal., 2024, 14, 5804-5816
doi: 10.1021/acscatal.3c06258

Carbon-carbon and carbon-heteroatom bond formation mediated
by transition metals is a powerful and convenient methodology for
organic synthesis. To effectively meet the demands of catalyst
design, an in-depth understanding of the reaction mechanisms and
pathways of active species evolution is essential. Advances in
electron microscopy now offer unprecedented multilevel
visualization of liquid-phase chemical systems, providing a powerful
tool for mechanistic studies. In this work, we found that the use of
either nickel- or copper-based catalyst precursors with preinstalled
thiolate groups in combination with pyridinium ionic liquid as the
reaction medium leads to a positive synergistic effect, resulting in
the formation of transition metal species with high catalytic activity
in the C-S cross-coupling reaction between aryl halides and thiols
or disulfides. Through multiscale in situ and operando electron
microscopy in the liquid phase, we elucidated the self-adjustment
of the catalytic system and revealed the simultaneous emergence
of metallic nanoparticles and corresponding thiolate species,
leading to the independent activation of the C- and S-substrates
and the subsequent elimination of the product via organic group
metathesis. The proposed methodology for the catalytic
preparation of aromatic organosulfides was used for the design of
synthetic routes to pharmacologically important substances.

Keywords
Metal thiolates, ionic liquids, nanoparticle catalysis, C-S bond
formation, in situ electron microscopy
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4D Catalysis Concept Enabled by ——
Multilevel Data Collection and Machine 2 o v s o o 4
Learning Analysis

Galushko A.S., Ananikov V.P.
ACS Catal., 2024, 14, 161-175
doi: 10.1021/acscatal.3c03889

In this article, we present an advanced framework to address the

challenges associated with the study of dynamic catalytic systems.
Here, we highlight the role of 4D catalysis, which combines multi-
scale data collection, time-domain analysis, and machine learning @ @ 0
(ML) tools to comprehensively study catalyst behavior. By focusing

on tracking the same catalytic sites before, during, and after the

reaction, the system captures spatial and temporal transformations

at the atomic, nano-, and microscale levels, revealing important

dynamic processes that traditional methods often miss. The study

highlights the critical importance of understanding the dynamic

nature of catalysts, including morphological changes, leaching,

aggregation, and nanoparticle movement. These transformations

significantly affect catalytic activity, selectivity and stability, often

leading to catalyst deactivation. The viewpoint demonstrates how

ML techniques such as automated electron microscopy image

analysis can identify individual particles, their position and

transformations over time. The concept also sheds light on the role

of supports and their interaction with active sites, highlighting how

dynamic rearrangement affects catalyst performance. By combining

experimental methods with computational tools, the concept of 4D

catalysis represents a paradigm shift in the study of catalytic

systems. It enables researchers to design more efficient and stable

catalysts, minimizes deactivation processes, and opens the way to

the rational design of dynamic catalytic systems. This innovative

approach will be a critical tool for advancing catalytic science,

facilitating breakthroughs in areas such as green chemistry,

pharmaceuticals, and sustainable energy production.

Keywords
Electron microscopy, machine learning, catalysis, dynamic
transformation, leaching, 4D catalysis, identical location
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Establishing the main determinants of
the environmental safety of catalytic fine = =5 e
chemical synthesis with catalytic cross- :
coupling reactions

Egorova K.S., Kolesnikov A.E., Posvyatenko A.V.,
Galushko A.S., Shaydullin R.R., Ananikov V.P.

Green Chem., 2024, 26, 2825-2841
doi: 10.1039/d3gc04572b

Fine chemical synthesis is the key area of industry and academic
research, with a strong focus on catalytic C—C bond formation targeted
at drug design, biologically active compounds and new materials. Until
recently, such catalytic technologies had been employed without a
rigorous analysis of a plausible eco- logical impact, which is now a key
question that cannot be neglected. In this work, we experimentally
classified the complete range of harmful compounds used in common
Sonogashira and Mizoroki—Heck cross-coupling reactions by means of
bio-Profiles (bio-Strips) built on the basis of 24 h CCsp values of individual
reaction substances measured in three cell lines of different origins. For
a comprehensive evaluation, 864 individual reactions and 2592 bio-
Strips supplemented with bio-factors (BFs) and cytotoxicity potentials
(CPs) were evaluated. According to the results, from the viewpoint of the
contribution of the tested chemicals to the “overall cytotoxicity” of the
synthetic routes analyzed, close attention should be paid to the selection
of the catalysts due to their high cytotoxicity and to the solvents because
they are used in significant quantities in the reaction. The choice of the
base can also have a significant impact on the bio-Profile, whereas the
effect of the starting materials seems lower in comparison. We also
describe a new approach to unambiguous and quantitative comparisons
of biological objects (in this case, cell cultures) in terms of their response
to the continually varying conditions in reaction systems. In addition, we
support the earlier-suggested notion that the choice of a particular cell
line for CCso measurements can be of secondary importance for the
resulting bio-Strips. Nevertheless, the actual cytotoxicity of a given
compound should not be ignored when selecting the participant
components for a target reaction, as evidenced by the newly introduced
“tumor selectivity index” (tSl) of individual chemicals. A detailed analysis
of these two practically important catalytic reactions also provides a
guide and a global view for assessing the bio-risks of other catalytic
processes.

Keywords

Bio-Strip, tox-Profile, Sonogashira reaction, Mizoroki-Heck reaction,

cytotoxic potential
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A 60-times faster digital-discovery-
compatible reaction setup with
enhanced safety for chemical
applications

Lebedev A.N., Rodygin K.S., Vakhrusheva S.A., Ananikov V.P.
Green Chem., 2024, 26, 3776—-3785
doi: 10.1039/d3gc04064]
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. A60-times faster digital-discovery-compatible
. reaction setup with enhanced safety for chemical
applicationst

Modern laboratory practices demand safer, efficient, and more
green and sustainable solutions, especially given the often @ @ 0
dangerous nature of the chemicals used. This study introduces a
technique for addressing these challenges by encapsulating
chemicals within 3D-printed polymeric cylinders designed for
various chemical transformations. The studied encapsulation
method not only exhibits reaction yields comparable to those of
established methodologies, but also significantly increases the
safety and procedural efficiency of laboratory practice. The
specially designed capsules are soluble in prevalent organic
solvents, facilitating the controlled release of their chemical
contents when subjected to reactions. The inherent compatibility
of these capsules with multiple reagents underscores their
potential to be considered as a new approach in sustainable
laboratory practices. Encapsulation technology presents a safer
alternative to manual handling of volatile, toxic, and flammable
reagents, thus mitigating potential hazards. This translates to a
significant reduction in the risks associated with chemical handling
while simultaneously simplifying traditional time-consuming
procedures. Varying the geometric and chemical properties of the
capsules allows for the encapsulation of a diverse range of
substances and reactions, demonstrating their adaptability. Given
its transformative potential, this technique provides new
opportunities for future endeavors in the chemical domain. The
approach of encapsulating chemicals could contribute to an
expected digital discovery paradigm shift, ushering in an era of
streamlined, safer, and sustainable chemical practices. The
potential benefits, from safety to sustainability, of this approach
make it appealing for a broad spectrum of chemical applications.

Keywords
3D-printing, chemicals storage, polymeric capsules, safe synthesis,
automatic synthesis
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Mechanisms of cytotoxicity in six classes
of ionic liquids: Evaluating cell cycle

impact and genotoxic and apoptotic =
effects S== T
Dzhemileva L.U., D'yakonov V.A., Egorova K.S., Ananikov V.P. 4\,

Chemosphere, 2024, 364, 142964
doi: 10.1016/j.chemosphere.2024.142964

lonic liquids (ILs), earlier praised for their eco-friendliness, have
emerged as key chemicals in advancing green chemistry, catalysis,
solvent development, and more. However, the discovery of their @ @ Q
notable toxicity has led to a controversial reputation of ILs and has
shifted the research landscape towards understanding their
biological impacts. The present study examines the mechanism of
cytotoxicity of 32 ILs across six classes, highlighting their effects on
the cell cycle of the Jurkat cell line. Focusing on five ILs with
pronounced cytotoxicity, we uncover their genotoxic effects and
their role in inducing apoptosis. Our findings suggest intricate
interplay between the extrinsic and intrinsic apoptotic pathways at
different time points after exposure to ILs. Moreover, the ILs
studied displayed marked genotoxicity, likely stemming from the
accumulation of double-strand DNA breaks in the Jurkat cells.

This investigation offers a comprehensive view on interactions of
ILs with eukaryotic cells, thereby providing new guidelines for
developing safer pharmaceutical and industrial applications of
these chemicals. The results not only broaden and enhance the
previous perceptions but also open new avenues in research,
emphasizing the dual potential of ILs in innovation and safety, and
marking a significant step towards integrating chemical innovations
with biological safety.

Keywords

lonic liquids (ILs), cytotoxic action of various classes of ionic liquids,

extrinsic and intrinsic apoptosis, genotoxity, cell cycle
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Computational analysis of R—X oxidative
addition to Pd nanoparticles

Polynski M.V, Vlasova Yu.S., Solovev Ya.V., Kozlov S.M.,
Ananikov V.P.

Chem. Sci., 2024, 15, 9977-9986
doi: 10.1039/d4sc00628c

Oxidative addition (OA) is a necessary step in mechanisms of widely
used synthetic methodologies such as the Heck reaction, cross-
coupling reactions, and the Buchwald—Hartwig amination. This
study pioneers the exploration of OA of aryl halide to palladium
nanoparticles (NPs), a process previously unaddressed in contrast
to the activity of well-studied Pd(0) complexes. Employing DFT
modeling and semi-empirical metadynamics simulations, the
oxidative addition of phenyl bromide to Pd nanoparticles was
investigated in detail. Energy profiles of oxidative addition to Pd
NPs were analyzed and compared to those involving Pd(0)
complexes forming under both ligand-stabilized (phosphines) and
ligandless (amine base) conditions. Metadynamics simulations
highlighted the edges of the (1 1 1) facets of Pd NPs as the key
element of oxidative addition activity. We demonstrate that OA to
Pd NPs is not only kinetically facile at ambient temperatures but
also thermodynamically favorable. This finding accentuates the
necessity of incorporating OA to Pd NPs in future investigations,
thus providing a more realistic view of the involved catalytic
mechanisms. These results enhance the understanding of aryl
halide (cross-)coupling reactions, reinforcing the concept of a
catalytic “cocktail”. This concept posits dynamic interconversions
between diverse active and inactive centers, collectively affecting
the outcome of the reaction. High activity of Pd NPs in direct C—X
activation paves the way for novel approaches in catalysis,
potentially enhancing the field and offering new catalytic pathways
to consider.

Keywords
Cross-coupling, oxidative addition, Pd nanoparticles, aryl halides,
DFT, metadynamics, dynamic catalysis
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Recent Trends in Supercapacitor
Research: Sustainability in Energy and
Materials = ;
Chernysheva D.V., Smirnova N.V., Ananikov V.P. / 4
ChemSusChem, 2024, 17, e202301367 &
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doi: 10.1002/cssc.202301367 \\

Supercapacitors (SCs) have emerged as critical components in
applications ranging from transport to wearable electronics due to
their rapid charge-discharge cycles, high power density, and
reliability. This review offers an analysis of recent strides in @ @
supercapacitor research, emphasizing pivotal developments in

sustainability, electrode materials, electrolytes, and ‘smart SCs’

designed for modern microelectronics with attributes such as

flexibility, stretchability, and biocompatibility. Central to this

discourse are two dominant electrode materials: carbon materials

(CMs), primarily in electric double layer capacitors (EDLCs), and
pseudocapacitive materials, involving oxides/hydroxides,

chalcogenides, metal-organic frameworks, conductive polymers

and metal nitrides such as MXene. Despite EDLCs’ historical use,

challenges such as low energy density persist, with heteroatom

introduction into the carbon lattice seen as a solution.

Concurrently, pseudocapacitive materials dominate recent studies,

with efficiency enhancement strategies, such as the creation of

hybrids based on different types of materials, surface structural

engineering and doping, under exploration. Electrolyte innovation,

especially the shift towards gel polymer electrolytes for flexible SCs,

and the harmonization of electrode materials with SC designs are
highlighted. Emphasis is given to smart SCs with novel attributes

such as self-charging, self-healing, biocompatibility, and

environmentally conscious designs. In summary, the article

underscores the drive in sustainable supercapacitor research to

achieve high energy and power density, steering towards SCs that

are efficient and versatile and involving bioderived/biocompatible

SC materials. This brief review is based on selected recent

references, offering depth combined with an accessible overview of

the SC landscape.

Keywords

Supercapacitors, electrode materials, electrolytes, smart
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Aerobic bacteria-supported biohybrid
palladium catalysts for efficient cross-
coupling reactions

Rybochkin P.V., Perchikov R.N., Karlinskii B.Ya.,
Kamanina O.A., Arlyapov V.A,, Kashin A.S., Ananikov V.P.

J. Cat., 2024, 429, 115238
doi: 10.1016/j.jcat.2023.115238

Palladium-based catalysts are of key importance in organic
synthesis due to their versatility and tolerance for a wide range of
functional groups. However, their use challenged by increasing @ @
sustainability issues and complex preparation methods.

Consequently, the development of new heterogeneous catalysts

with enhanced sustain- ability is of significant interest. Typically,

the synthesis of carbon supports for palladium is associated with

high energy consumption or the generation of substantial chemical

waste, prompting extensive research into the creation of

sustainable biological supports. In this study, the potential use of

aerobic bacterial cells as a support for palladium nanoparticles was
explored, using Paracoccus yeei VKM B-3302 as a model organism.
Electron microscopy, powder X-ray diffraction (XRD) and X-ray
photoelectron spectroscopy (XPS) studies demonstrated the

formation of palladium particles on the cell surface as well as inside
microorganisms following deposition from a solution. Control

experiments established that bacterial cells do not interact with

either the reactants or the products of selected cross-coupling

processes. Furthermore, bacteria do not affect the analysis of

reaction mixtures by nuclear magnetic resonance (NMR)

spectroscopy and gas chromatography-mass spectrometry (GC—

MS). At the same time, palladium/Paracoccus yeei demonstrated

efficient catalysis of the Mizoroki-Heck and Suzuki-Miyaura

reactions, yielding results comparable to commercial palladium on

carbon (Pd/C) catalysts. Employing a fresh start procedure and

catalyst separation method, the catalyst was successfully recycled

and reused across five cycles, maintaining good catalytic activity. In

a broader aspect, bacteria-supported biohybrid palladium catalysts

can represent a new type of catalysts worth to explore in a number

of processes, where sustainability issues are concerned.

Keywords

Biohybrid catalysts, Pd/bacteria, transition metal catalysis, cross-
coupling reactions, Mizoroki-Heck reaction, Suzuki-Miyaura
reaction
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Boosting the generality of catalytic
systems by the synergetic ligand effect in
Pd-catalyzed C-N cross-coupling

Grebennikov N.O., Boiko D.A., Prima D.O., Madiyeva M.,
Minyaev M.E., Ananikov V.P.

J. Cat., 2024, 429, 115240
doi: 10.1016/j.jcat.2023.115240

In the areas of catalysis and organic chemistry, the development of
versatile and efficient catalytic systems has long been a challenge,
primarily due to the intricate relationship between ligands and
transition metal centers. This study addresses this challenge by
exploring the concept of ligand synergy to enhance the generality
of catalytic systems, a crucial metric for their practical utility. By
combining N-heterocyclic carbene (NHC) and phosphine ligands, we
unveil a novel catalytic system that exhibits high level of generality
in the Buchwald-Hartwig cross-coupling reaction. Our findings not
only demonstrate the enhanced efficiency of this system, leading to
the synthesis of valuable compounds with applications in organic
electroluminescent devices and the pharmaceutical industry, but
also shed light on the broader potential of ligand synergy in
catalysis. Through machine learning analysis, we uncover the critical
role of specific ligand properties, further paving the way for rational
catalyst design.

Keywords
Palladium catalyst, Buchwald-Hartwig reaction, synergetic effect, N-
heterocyclic carbine, fluorine-substituted amines, machine learning
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Mechanistic analysis of transformative
Pd/NHC catalyst evolution in the 1,2-
diphenylacetylene semihydrogenation
using molecular hydrogen

Saybullina E.R., Mironenko R.M., Galushko A.S.,
llyushenkova V.V., Izmailov R.R. Ananikov V.P.

J. Cat., 2024, 430, 115293
doi: 10.1016/j.jcat.2024.115293

This study explored the dynamic transformations of the Pd/NHC @ @
catalytic system during the semihydrogenation of alkynes using
molecular hydrogen under mild reaction conditions. Focusing on
the appearance of a “cocktail”- type system, we harnessed
advanced characterization methods, such as NMR, ESI-HRMS, and
SEM/TEM. In the hydrogenation process of 1,2—diphenylacetylene,
the Pd/NHC complex evolves to produce novel palladium-based
compounds and a heterogeneous phase, which partially
precipitates into catalytically active nanoparticles. A pivotal finding
revealed that the modification of the Pd nanoparticle surface by
organic ligands under reaction conditions significantly influenced
the catalytic activity of the Pd particles. The split test results
suggest an enhanced selectivity toward (Z)-stilbene when the
precipitate is maintained in the reaction mixture, highlighting that
the palladium nanoparticles act as active catalysts (or reservoirs of
active species) synergistically with dissolved molecular complexes.
This research reports important findings for understanding the
dynamics of the Pd/NHC system, contributing to the development
of more efficient catalytic systems.

Keywords

Hydrogenation, nanoparticles, «cocktail»-type catalysis, palladium,

reaction mechanism
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Unraveling the transformative pathways
of Au-NHC and Au-alkynyl complexes and
bridging the gap between molecular and
nanoscale gold systems

Grudova M.V., Galushko A.S., llyushenkova V.V.,
Minyaev M.E., Fakhrutdinov A.N., Prima D.O., Ananikov V.P.

Inorg. Chem. Front., 2024, 11, 1839
doi: 10.1039/d3qi02672h

The aim of the present study was to explore the transformations of @ @
heteroleptic and homoleptic Au(l) complexes in detail and to
systematically map their chemical evolutionary pathways. The
relationships between these Au(l) complexes and the formation of
gold nanoparticles and between the leaching processes of Au
species from nanoparticles by NHC carbenes were studied.
Moreover, Au-based reaction systems exhibit a wide variety of gold
complexes and metallic gold particles depending on the conditions.
The evolutionary pathways and transformations of homoleptic and
heteroleptic Au(l) complexes were mapped using NMR, ESI-HRMS
and electron microscopy. Depending on the conditions, a diverse
range of metallic gold nanoparticles was formed. Interestingly, the
formation of an NHC-Au(l) complex during the leaching of Au
species from metallic nanoparticles in the presence of NHC
carbenes was also noted. Our findings illustrate that the
composition of Au-based reaction systems can simultaneously
include various gold complexes and gold particles, reinforcing the
potential of gold complexes to activate and transform molecules in
a variety of reactions. By studying and understanding the physical
and chemical properties of NHC-Au(l) complexes and the
transformations they undergo under various conditions, we provide
new opportunities for future research using gold-based systems for
the development of dynamic catalytic systems.

Keywords
Gold, gold(l) complexes, gold nanoparticles, NHC
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A comprehensive dataset on cytotoxicity —

scientific data

of ionic liquids

A comprehensive dataset on

Arakelyan L.A., Arkhipova D.M., Seitkalieva M.M., Vavina A.V.,
Sahharova L.T., Kurbanalieva S.K., Posvyatenko A.V., Egorova
K.S., Ananikov V.P.

Scientific Data, 2024, 11, 1379
doi: 10.1038/s41597-024-04190-3

lonic liquids (ILs) are structurally tunable salts with applications
ranging from chemical synthesis to batteries, novel materials and
medicine. Despite their potential, the toxicity of ILs poses
significant environmental and biological challenges. This study
introduces a comprehensive dataset of cytotoxicity of 1227 ILs,
compiled from 151 research papers and encompassing 3837 data
entries. For each entry, the following information is provided:
substance name, empirical formula, CAS, SMILES, molecular weight,
cytotoxicity value, details on the experimental setup (incubation
time, cell line, assay used, etc.), and reference to the original
publication. This dataset can be used for deriving structure—activity
relationships and establishing the major structural elements that
govern the cytotoxic effects of ILs on eukaryotic cells. The dataset is
available freely to all researchers.
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lonic liquid, cytotoxicity, dataset, prediction
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Determining the orderliness of carbon
materials with nanoparticle imaging and
explainable machine learning

Kurbakov M.Yu., Sulimova V.V., Kopylov A.V., Seredin O.S.,
Boiko D.A., Galushko A.S., Cherepanova V.A., Ananikov V.P.

Nanoscale, 2024, 16, 13663-13676
doi: 10.1039/d4nr00952e
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Carbon materials have paramount importance in various fields of
materials science, from electronic devices to industrial catalysts. @ @
The properties of these materials are strongly related to the

distribution of defects—irregularities in electron density on their

surfaces. Different materials have various distributions and

guantities of these defects, which can be imaged using a procedure

that involves depositing palladium nanoparticles. The resulting

scanning electron microscopy (SEM) images can be characterized by

a key descriptor—the ordering of nanoparticle positions. This work

presents a highly interpretable machine learning approach for

distinguishing between materials with ordered and disordered

arrangements of defects marked by nanoparticle attachment. The

influence of the degree of ordering was experimentally evaluated

on the example of catalysis via chemical reactions involving carbon—

carbon bond formation. This represents an important step toward

automated analysis of SEM images in materials science.

Keywords

Explainable machine learning, image analysis, carbon materials,

nanoparticle detection, nanoparticles ordering, Pd/C nanocatalyst
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Build-a-Bio-Strip: An Online Platform for
Rapid Toxicity Assessment in Chemical
Synthesis

Boichenko D.S., Kolomoets N.I., Boiko D.A., Galushko A.S.,
Posvyatenko A.V., Kolesnikov V.E., Egorova K.S., Ananikov V.P.

J. Chem. Inf. Model., 2024, 64, 8373-8378
doi: 10.1021/acs.jcim.4c01381

The increasing need to understand and control the environmental
impact of chemical processes has revealed the challenge in efficient
evaluation of toxicity of the vast number of chemical compounds
and their varying effects on biological systems. In this study, we
introduce “Build-a-bio-Strip”, a novel online service designed to
carry out a quick initial analysis of the toxic impact of chemical
processes. This platform enables users to automatically generate
toxicity characteristics of chemical reactions using their own data
on cytotoxicity or median lethal doses of the substances involved or
computational predictions based on SMILES strings. The service
calculates the toxicity metrics such as bio-Factors and cytotoxicity
potentials, which can be used to identify the substances with
significant contributions to the overall toxicity of a particular
process. This facilitates the selection of safer synthetic routes and
the optimization of chemical processes from a toxicity perspective.
“Build-a-bio-Strip” represents a step toward safer and more
sustainable chemical practices. It is available free-of-charge at
http://app.ananikovlab.ai:8080/.

Keywords

Toxicity evaluation, toxity metrics, chemical reaction toxicity,
chemical safety, laboratory online platforms, biological activity
predictions
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Fatty acid-derived ionic liquids as soft
and sustainable antimicrobial agents

Vavina A.V.,, Seitkalieva M.M., Strukova E.N., Ananikov V.P.
J. Mol. Lig., 2024, 410, 125483
doi: 10.1016/j.molliq.2024.125483

In this study, two sustainability goals are addressed: 1) developing
new soft antimicrobial agents (to control antimicrobial resistance)
and 2) using natural bio-derived components for this purpose. Fatty
acids of bio- renewable origin (stearin, palm kernel and coconut
oils) were found to be excellent starting materials for obtaining @ @
ester-functionalized ionic liquids (ILs) and mixtures. A series of soft

antimicrobial agents based on imidazolium, pyridinium and

cholinium ILs with long alkyl ester chains were synthesized, and

their properties were examined. The length of the alkyl chain had a

notable effect on the physicochemical and biological properties of

the synthesized materials. The introduction of a butyl linker and an

ester bond lowered the melting point, increased the antimicrobial

effectiveness and reduced the cytotoxicity compared to those of

non- functionalized ILs with the same hydrocarbon chain. ILs and

mixtures with medium chain lengths (C1,, C13 and Cis) were

recognized as promising substitutes for demanding cationic

antimicrobial agents. The presence of an ester bond connecting the

polar head and hydrophobic tail can promote the breakdown of

amphiphilic molecules into less toxic initial compounds. These

findings make an important contribution to the development of

new, effective amphiphiles with broad-spectrum antimicrobial

activity and lower environmental impact.

Keywords

Sustainability, antimicrobial activity, antifungal activity, fatty acids,

palm kernel oil, coconut oil, stearin, ionic liquids, cytotoxicity
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Mechanistic Insight into Palladium- e Sk
Catalyzed Asymmetric Alkylation of
Indoles with Diazoesters Employing
Bipyridine-N,N’-dioxides as Chiral
Controllers

Fukazawa Ya., Vaganov V.Yu., Burykina J.V.,
Fakhrutdinov A.N., Safiullin R.l., Plasser F., Rubtsov A.E.,
Ananikov V.P., Malkov A.V.

Adv. Synth. Catal., 2024, 366, 121-133
doi: 10.1002/adsc.202300845

Metal-catalyzed asymmetric alkylation of indoles with a-
diazoesters is well-known, however, the underlying mechanisms of
this reaction, particularly the origin of stereoselectivity, remain
uncertain. For the Pd catalysis, we address this cutting-edge
challenge from two complementary viewpoints — i) the molecular
level regarding a single catalytically active Pd center; and ii) nano-
level Pd species investigating the factors favoring the appearance of
the preferred catalytic centers. The formation of the active catalytic
species was monitored by structural methods (NMR and ESI-MS),
and metal particles were characterized with electron microscopy
(SEM, EDX). On the molecular level, chiral bipyridine-N,N’-dioxides
proved to be competent chiral controllers. The kinetic and DFT
computational data revealed a crucial role of water in the rate and
selectivity determining steps and showed that the
enantioselectivity of the process is controlled by the
protodepalladation step. On the nano-scale, the important effect of
catalyst precursor on the overall reaction performance was shown.

Keywords
Asymmetric catalysis, diazo compounds, C-C coupling, nitrogen
heterocycles, O ligands
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Cross-Disciplinary Glucose Biosensors: An
ORMOSIL/Enzyme Material for Enhanced
Detection

Kuznetsova L.S., Ivanova K.D., Lantsova E.A., Saverina E.A,,
Kharkova A.S., Guetnga C., Lipkin M.S., Kamanina O.A,,
Kozlova T.V., Popova N.M., Savishcheva A.A., Losev T.V,,
Bekmansurov D.R., Chaliy V.A., Medvedev M.G.,
Vereshchagin A.N., Arlyapov V.A., Ananikov V.P.

ACS Appl. Polym. Mater., 2024, 6, 12405-12419
doi: 10.1021/acsapm.4c01394

In this study, we introduce an efficient approach to cross- disciplinary
glucose biosensor technology through the development of hybrid
nanocomposite materials. These materials were crafted from redox-
active polymers embedded in silica sol-gel matrices, intricately linked
with phenazine mediators and reinforced with carbon nanotubes. By
leveraging advanced analytical techniques, including NMR
spectroscopy, scanning electron microscopy, and confocal microscopy,
we characterized the structures of these redox-active polymers. Our
investigation further addressed their electrochemical behaviors by
employing cyclic voltammetry and impedance spectroscopy to
elucidate their distinctive properties. Employing a complex analytical
strategy and a computational approach, this study identified an
optimal redox-active system that shows synergy between multiwalled
nanotubes and engineered redox-active polymers. This polymer, which
is composed of (3-aminopropyl)triethoxysilane and tetraethoxysilane
at an optimized ratio of 20:80 vol %, is seamlessly integrated with a
covalently bonded neutral red mediator. The resulting biosensor is
capable of detecting glucose across a range of 0.01-0.92 mM with a
low detection limit of 0.003 mM. Its operational stability is 1.9%,
coupled with an unparalleled selectivity that holds promise for further
enhancement through machine learning techniques. This machine
learning breakthrough represents a significant leap forward in the
accurate quantification of glucose in diverse samples, achieving a high
degree of correlation with established methods. The composite
material revealed in this research has implications for further
applications in biosensing technology. The biocompatibility,
nontoxicity, stability, and superior conductivity of the material
underscore its potential in the field, opening possibilities for the
development of blood glucose measurement techniques.

Keywords
Electrochemical biosensors, redox polymers, carbon nanotubes,
glucose oxidase, nanocomposite, sol-gel matrix, glucose analysis
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Quantitative Determination of Active

Inorganic Chemistry
Species Transforming the R-NHC e ol
Coupling Process under Catalytic
Conditions

Patil E.D., Burykina J.V., Eremin D.B., Boiko D.A.,
Shepelenko K.E., llyushenkova V.V., Chernyshev V.M.,
Ananikov V.P.

Inorg. Chem., 2024, 63, 2967-2976
doi: 10.1021/acs.inorgchem.3c03614

Palladium complexes with N-heterocyclic carbenes (Pd/NHC) serve @ @
as prominent precatalysts in numerous Pd-catalyzed organic
reactions. While the evolution of Pd/NHC complexes, which
involves the cleavage of the Pd-C(NHC) bond via reductive
elimination and dissociation, is acknowledged to influence the
catalysis mechanism and the performance of the catalytic systems,
conventional analytic techniques [such as NMR, IR, UV-vis, gas
chromatography-mass spectrometry (GC-MS), and high-
performance liquid chromatography (HPLC)] frequently fail to
quantitatively monitor the transformations of Pd/NHC complexes
at catalyst concentrations typical of real-world conditions (below
approximately 1 mol %). In this study, for the first time, we show
the viability of using electrospray ionization mass spectrometry
(ESI-MS). This approach was combined with the use of selectively
deuterated H-NHC, Ph-NHC, and O-NHC coupling products as
internal standards, allowing for an in-depth quantitative analysis of
the evolution of Pd/NHC catalysts within actual catalytic systems.
The reliability of this approach was affirmed by aligning the ESI-MS
results with the NMR spectroscopy data obtained at greater
Pd/NHC precatalyst concentrations (2-5 mol %) in the
Mizoroki—-Heck, Sonogashira, and alkyne transfer hydrogenation
reactions. The efficacy of the ESI-MS methodology was further
demonstrated through its application in the Mizoroki-Heck
reaction at Pd/NHC loadings of 5, 0.5, 0.05, and 0.005 mol %. In this
work, for the first time, we present a methodology for the
quantitative characterization of pivotal catalyst transformation
processes commonly observed in M/NHC systems.

Keywords

Pd/NHC complexes, R-NHC coupling products, quantitative mass-

spectrometry
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Structure and Dynamic Rearrangements
of the Pt,dbas; and Pd,dbas Complexes in
Solution

Kulikovskaya N.S., Ondar E.E., Perepukhov A.M.,
Kostyukovich A.Yu., Novikov R.A., Ananikov V.P.

Inorg. Chem., 2024, 63, 10527-10541
doi: 10.1021/acs.inorgchem.4c00803

Although the tris(dibenzylideneacetone)diplatinum complex
(Ptodbas) is an important source of Pt(0) used in catalysis and
materials science, its structure has not yet been fully elucidated.

A thorough study of the three-dimensional structure of Pt,dbas; and
its dynamic behavior in solution was carried out using NMR
spectroscopy methods at a high field (600 MHz) and molecular
modeling. The complex was shown to contain three dba ligands in
the s-cis,s-trans, s-trans,s-cis, and s-trans,s-trans conformations,
which are uniformly oriented around the Pt backbone. In solution,
the Pt,dbas and Pd,dbas complexes undergo rapid dynamic
rearrangements, as evidenced by the exchange between the signals
of the olefin protons of various dba ligands in the EXSY NMR
spectra. According to the experimental measurements, the
activation energies of the rearrangements were estimated to be
19.9 £ 0.2 and 17.9 + 0.2 kcal/mol for the platinum and palladium
complexes, respectively. Three possible mechanisms for this
chemical exchange process were considered within the framework
of DFT calculations. According to the calculated data, M,dbas
complexes undergo fluxional isomerization involving successive
rotations of the dihedral angles formed by the carbonyl group and
the C=C bond. Dissociation of dba ligands does not occur within
these processes.

Keywords
Conformation, ligands, molecular structure, palladium, platinum
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Base-lonizable Anionic NHC Ligands in
Pd-catalyzed Reactions of Aryl Chlorides

Chernenko A.Yu., Baydikova V.A., Kutyrev V.V., Astakhov A.V.,
Minyaev M.E., Chernyshev V.M., Ananikov V.P.

ChemCatChem, 2024, 16, €202301471
doi: 10.1002/cctc.202301471

Aryl chlorides, due to their affordability and accessibility, are
preferred reagents in Pd-catalyzed arylation reactions. However,
the reactivity of aryl chlorides is often lower than that of aryl
bromides and iodides due to the significantly higher barriers of the
oxidative addition stage. This research introduces a novel design for
NHC ligands, which notably enhances the efficiency of Pd/NHC
catalytic systems in reactions where the oxidative addition of aryl
chloride is the rate-limiting step. This design leverages the synergy
between specific steric characteristics and the anionic nature of the
newly fashioned 1,2,4-triazol-5- ylidene ligands. These ligands,
inspired by Nitron-type designs, can be ionized under basic
conditions due to their NH-acidic aryl(alkyl)Jamino groups. Detailed
experimental and DFT studies revealed that the deprotonation of
these NHCs promotes electron donation to the metal center,
promoting the oxidative addition of aryl chloride. The specially
optimized ATPr ligand, featuring 2,6-diisopropylphenyl groups,
displayed remarkable catalytic efficacy in the Suzuki-Miyaura
reaction and improved outcomes in ketone a-arylation and
Buchwald-Hartwig reactions with unactivated aryl chlorides. The
insights and strategies established in this study provide rational
considerations for further advancements in NHC designs and their
applications in metal-catalyzed reactions.

Keywords
N-heterocyclic carbenes, nitron, ionizable ligands, palladium,
oxidative addition, cross-coupling, aryl halides
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Direct method for microscale
manipulation at liquid-liquid interfaces in
ionic liquid media with real-time electron
microscopy observation

Kashin A.S., Ananikov V.P.

J. lonic Lig., 2024, 4, 100116
doi: 10.1016/j.jil.2024.100116

A deep understanding of the processes in soft matter systems with
liquid-liquid phase boundaries is of particular importance for
materials science, chemistry and life sciences. A vast variety of
physicochemical techniques have been proposed for the study of
interfacial properties of liquid systems. Among them, electron
microscopy methods occupy an important place due to the
possibility of direct observation of the sample areas of interest with
high spatial resolution; however, the harsh conditions of the
electron microscope chamber impose significant restrictions on the
possibilities of observing and manipulating unprotected liquids and
related soft systems. To overcome these difficulties, in this work,
we developed a methodology for direct probing of liquid-liquid
interfaces with simultaneous control of the process using electron
microscopy. Practically relevant liquid mixtures based on vacuum-
compatible ionic liquid (IL) with water additives were probed with
micrometer accuracy in real time inside an electron microscope
chamber, which made it possible to reveal the role of specific ions
aggregation and electrostatic phenomena in the stabilization of
liqguid microdomains. To test the versatility of the proposed
approach, the morphology of a typical IL/water mixture was
examined using a series of electron microscopes of various
configurations, and it was shown that the best level of contrast
between two chemically related liquid phases can be obtained in
the case of a cold field emission electron source in combination
with an in-lens secondary electron detector, regardless of the
specific instrument manufacturer.

Keywords

Soft matter systems, liquid-phase dynamics, microstructured
solutions, liquid-phase electron microscopy, ionic liquids,
micromanipulation
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4-Halomethyl-Substituted Imidazolium
Salts: A Versatile Platform for the
Synthesis of Functionalized NHC
Precursors

Pasyukov D.V., Shevchenko M.A., Minyaev M.E.,
Chernyshev V.M., Ananikov V.P.

Chem. Asian J., 2024, 19, e202400866
doi: 10.1002/asia.202400866

N,N’-Diarylimidazolium salts containing haloalkyl functional groups
that are reactive with various nucleophiles are considered to be
promising reagents for the preparation of functionalized N-
heterocyclic carbene (NHC) ligands, which are in demand in
catalysis, materials science, and biomedical research. Recently, 4-
chloromethyl-functionalized N,N’-diarylimidazolium salts became
readily available via the condensation of N,N’-diaryl-2-methyl-1,4-
diaza-1,3-butadienes with ethyl orthoformate and MesSiCl, but
these compounds were found to have insufficient reactivity in
reactions with many nucleophiles. These chloromethyl salts were
studied as precursors in the synthesis of bromo- and iodomethyl-
functionalized imidazolium salts by halide anion exchange. The 4-
ICH2-functionalized products were found to be unstable, whereas a
series of novel 4-bromomethyl functionalized N,N’-
diarylimidazolium salts were obtained in good yields. These
bromomethyl-functionalized imidazolium salts were found to be
significantly more reactive towards various N, O and S nucleophiles
than the chloromethyl counter- parts and enabled the preparation
of previously inaccessible heteroatom-functionalized imidazolium
salts, some of which were successfully used as NHC proligands in
the preparation of Pd/NHC and Au/NHC complexes.

Keywords
Imidazolium salts, synthesis design, halogenation, nucleophilic
substitution, carbene ligands
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Synthesis and comparative study of
(NHC¢)PdCI;Py and (NHCg)Ni(Cp)CI
complexes: investigation of the
electronic properties of NHC ligands and
complex characteristics

Pankov R.O., Tarabrin I.R., Son A.G., Minyaev M.E.,
Prima D.O., Ananikov V.P.

Dalton Trans., 2024, 53, 12503
doi: 10.1039/d4dt01304b

The electron-donating and electron-accepting properties of N-
heterocyclic carbene (NHC) ligands play a pivotal role in governing
their interactions with transition metals, thereby influencing the
selectivity and reactivity in catalytic processes. Herein, we report
the synthesis of Pd/NHCr and Ni/NHCr complexes, wherein the
electronic parameters of the NHC ligands were systematically
varied. By performing a series of controlled structure modifications,
we elucidated the influence of the o-donor and m-acceptor
properties of NHC ligands on interactions with the transition metals
Pd and Ni and, consequently, the catalytic behavior of Pd and Ni
complexes. The present study deepens our understanding of NHC-
metal inter- actions and provides novel information for the rational
design of efficient catalysts for organic synthesis.

Keywords

N-heterocyclic carbenes (NHCs), palladium and nickel complexes,
catalysis and electronic properties, fluorine substitution effects,
organic synthesis
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Role of Acetylene in the Chemical -
Evolution of Carbon Complexity Sy i
Pentsak E.O., Murga M.S., Ananikov V. P. =S

ACS Earth Space Chem., 2024, 8, 798-856
doi: 10.1021/acsearthspacechem.3c00223

Acetylene, among the multitude of organic molecules discovered in
space, plays a distinct role in the genesis of organic matter.
Characterized by its unique balance of stability and reactivity,
acetylene is the simplest unsaturated organic molecule known to
have a triple bond. In addition to its inherent chemical properties,
acetylene is one of the most prevalent organic molecules found
across the Universe, spanning from the icy surfaces of planets and
satellites and the cold interstellar medium with low temperatures
to hot circumstellar envelopes where temperatures surge to several
thousand kelvins. These factors collectively position acetylene as a
crucial building block in the molecular diversification of organic
molecules and solids present in space. This review comprehensively
discusses the formation and expansion of carbon skeletons
involving acetylene, ranging from the formation of simple
molecules to the origination of the first aromatic ring and ultimately
to the formation of nanosized carbon particles. Mechanisms
pertinent to both hot environments, such as circumstellar
envelopes, and cold environments, including molecular clouds and
planetary atmospheres, are explored. In addition, this review
contemplates the role of acetylene in the synthesis of prebiotic
molecules. A distinct focus is accorded to the recent advancements
and future prospects of research into catalytic processes involving
acetylene molecules, which is a significant instrument in driving the
evolution of carbon complexity in the Universe. The insights
garnered from this review underscore the significance of acetylene
in astrochemistry and potentially contribute to our understanding
of the chemical evolution of the Universe.

Keywords

Acetylene, benzene, PAH, carbon, catalysis, astrochemistry,

prebiotic chemistry, chemical evolution
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Comparative Study of Pd-Mediated —
Carbon-Carbon, Carbon-Heteroatom, and
Heteroatom-Heteroatom Bond
Formation/Breakage (C = Cyp3, Csp?, Cop; X =
B,N,O,Si,P,S, Se, Te)

Gordeev E.G., Musaev D.G., Ananikov V.P.

Organometallics, 2024, 43, 1-13
doi: 10.1021/acs.organomet.3c00367

Comparative Study of Pd-Mediated Carbon-Carbon,
Carb H

Carbon-carbon and carbon-heteroatom bond formations via direct
reductive elimination as one of the possible mechanisms of reductive
elimination in Pd(ll) complexes are the key stages of catalytic processes
in fine organic synthesis. For the (R),Pd(L),, (X)2Pd(L), and (R)(X)Pd(L)2
complexes (where R = Mg, Vin, Ph, or Eth; X=B, N, O, Si, P, S, Se, or Te; L
= PPh;s), the R-R, R-X, and X-X bond formation barriers and reaction
energies were calculated. The reaction barriers for C-C and C-X coupling
decrease in the series C,* > Csp > Csp°. The activity of coupling groups X
containing a heteroatom decreases in the series of heteroatoms P, S, Se
> N > O (for Csp? and Cs, types of carbon centers) and P> S, Se > N >
O (for Cs,° type of carbon center). The relationship between the
structural lability of the (R).Pd(L)>. complexes and the probability of
reductive elimination was determined by DFT molecular dynamics. An
analysis of the calculated bond formation barriers and reaction energy
showed that, in most cases, their values for unsymmetrical RX coupling
are intermediate between the values for the reactions of symmetrical RR
and XX coupling. The influence of the electronic properties of the
coupling groups on the stabilization of the cis-form of the complexes,
which are suitable pre-reaction complexes for reductive elimination, was
shown. The additivity of the energy difference between the cis- and
trans-isomers was established: the cis-trans-isomerization energies for
the (R)(X)Pd(L), complexes are intermediate between the corresponding
energies for the (R),Pd(L); and (X).Pd(L). complexes. A high degree of
additivity of the QTAIM charge of the palladium atom in all of the
considered complexes was analyzed. In the present detailed study, we
establish a hierarchy in bond formation barriers, emphasizing the
influence of carbon center types, and discern the impact of coupling
groups containing heteroatoms, revealing distinct trends based on
carbon center types.

Keywords
Palladium complexes, reductive elimination, molecular modeling,
molecular dynamics, carbon-carbon coupling, carbon-heteroatom

coupling
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Assembly of (2xC,+C’;)xn Molecular
Complexity Using a Sequence of Pt- and Pd-
Catalyzed Transformations with Calcium
Carbide

Potorochenko A.N., Rodygin K.S., Ananikov V.P.
Eur. J. Org. Chem., 2024, 27, €202301012
doi: 10.1002/ejoc.202301012

Constructing molecular complexity from simple precursors stands as a
cornerstone in contemporary organic synthesis.

Systems harnessing easily accessible starting materials, which offer
control over stereochemistry and support a modular assembly approach,
are particularly in demand. In this research, we utilized calcium carbide,
presenting a sustainable pathway to generate acetylene gas — a
fundamental C; building block.

We performed a Pt-facilitated linkage of two Cx-units sourced from two
calcium carbide molecules to craft a conjugated C4 core with exceptional
stereoselectivity. As a benchmark, we selected the synthesis of (E,E)-1,4-
diiodobuta-1,3-diene, executing it in a two-chamber reactor.
Compartmentalization of the reactions across these chambers resulted
in the desired product in 85% yield. Furthermore, high-energy polymeric
substances were derived by marrying the molecular intricacy between
(E,E)-1,4-diiodobuta-1,3-diene and calcium carbide, underpin- ning a
unique C4+C; assembly blueprint. The structure and morphology of the
polymeric material were characterized by IR and NMR spectroscopy,
scanning electron microscopy, and energy dispersive X-ray spectroscopy.
Overall, two complemen- tary 2xC,-to-C4 and (2xCy+C’;)xn assembly
schemes were developed using Pt and Pd catalysis.

Keywords
Calcium carbide, conjugated polymer, (E,E)-1,4-diiodobuta-1,3-diene,
metal catalyst, two-chamber reactor
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Simple Access to 3-(Hetero)arylated A
Derivatives of 2-Furoic Acid via Ru(ll)- SR
Catalyzed C3-H Arylation of 2- =
Furoylimidazole

Shepelenko K.E., Gnatiuk I.G., Lavrentev I.V., Minyaev M.E.,
Chernyshev V.M., Ananikov V.P.

Synthesis, 2024, 56, 3063—3073
doi: 10.1055/5-0043-1775383

A new approach for the preparation of a variety of 3-arylated 2-furoic
acid derivatives has been developed. The approach involves selective
Ru-catalyzed C3-H arylation of the furan moiety of readily available 2-
furoyl-1-methylimidazole (using imidazole as a removable N-donor
directing group), subsequent N-methylation, and nucleophilic
substitution of the imidazole moiety with N, O, S, and C nucleophiles.

Keywords

2-furoic acid, ruthenium, C—H activation, arylation, directing groups,

nucleophilic substitution

https://doi.org/10.1055/s-0043-1775383 8 - CTaTbA NO NOANUCKE,

[AOCTyMHa No 3anpocy aBTopam

PenTuHr xRypHana: — Scimago MmnakT-daKkTop = 2.2

92


https://doi.org/10.1055/s-0043-1775383

[Ty6mukarmmu 2024 rona

3D Printable Materials Based on — e =
Renewable Polymers from Terpene sl
Alcohols and Calcium Carbide

Lotsman K.A., Samoylenko D.E., Rodygin K.S., Ananikov V.P.
Chem. Sel., 2024, 9, e202401273
doi: 10.1002/slct.202401273

The transition to a sustainable future requires the use of waste- free
technologies for production. Potentially, additive technologies can be a
promising approach for accessing circular economy due to the precise @ @
amount of feeding materials and the absence of molds. However, the

initial feeding materials for additive approaches are often based on non—

renewable hydro- carbon sources. This work focused on the use of

polymers derived from terpene alcohols to develop a filament suitable

for 3D printing. Initially, the vinylation of menthol using calcium carbide

was optimized and scaled up, then a series of terpenyl — based vinyl

ethers were obtained under optimal conditions. The cationic

polymerization of vinyl ethers was also scaled up and resulted in 99%

yield of the polymers, which was subsequently subjected to hot

extrusion. The initial terpenol was used as an additive to increase

polymer flexibility. The addition of menthol (30 wt%) to polyvinyl

menthol led to the suitable filament. Using the filament, a series of

objects were 3D printed at 125°C. The material demonstrated good

sinterability and adhesion to glass and shrinkage comparable to that of

commercial 3D printing filaments. Furthermore, the polymers obtained

were used as additives to enhance the adhesion of commercially

available filaments.

Keywords

3D printing, recyclable polymer, biomass, calcium carbide,

polymerization
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Top 20 influential Al-based technologies
in chemistry
Ananikov V.P. =

Art. Int. Chem., 2024, 2, 100075
doi: 10.1016/j.aichem.2024.100075

The beginning and ripening of digital chemistry is analyzed
focusing on the role of artificial intelligence (Al) in an expected
leap in chemical sciences to bring this area to the next
evolutionary level. The analytic description selects and highlights
the top 20 Al-based technologies and 7 broader themes that are
reshaping the field. It underscores the integration of digital tools
such as machine learning, big data, digital twins, the Internet of
Things (1oT), robotic platforms, smart control of chemical
processes, virtual reality and blockchain, among many others, in
enhancing research methods, educational approaches, and
industrial practices in chemistry. The significance of this study lies
in its focused overview of how these digital innovations foster a
more efficient, sustainable, and innovative future in chemical
sciences. This article not only illustrates the transformative impact
of these technologies but also draws new pathways in chemistry,
offering a broad appeal to researchers, educators, and industry
professionals to embrace these advancements for addressing
contemporary challenges in the field.

Keywords

Chemical science, artificial intelligence, digital technologies,
research methodology, machine learning, chemical industry,
digital twins, blockchain, large data
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Will Artificial Intelligence (Al) Replace
Chemists?

Ananikov V.P.
Chemistry Today, 2024, 42, 14-15

WILL ARTIFICIAL INTELLIGENCE (Al) REPLACE CHEMISTS?

BSTRACT

The current discussion surrounding the role of artificial intelligence (Al) sk
in chemistry often centers on the provocative question of whether Al -ﬁ
will supplant chemists in the laboratory. Such debates, while stimulating, i g

tend to overshadow a more pressing and realistic consideration. At
present, there is little evidence to suggest that Al will replace
experimental chemists in research laboratories in the foreseeable
future. However, a critical aspect frequently overlooked in these
discussions is the competitive advantage that Al confers. Chemists who
adeptly integrate Al into their research methodologies are likely to
surpass their peers who do not adopt these advanced tools. This shift in
research dynamics underscores the importance of embracing Al not as a
replacement but as a powerful ally in the evolving landscape of chemical
research. This article was written to demystify the capabilities and
limitations of Al in modern chemical research, and to provide a balanced
perspective on how Al tools can be effectively integrated without
wasting the essential human element in scientific discovery.

Keywords
Artificial intelligence, chemical science, machine learning, chemical
industry, chemical research
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