FTOAOBOM OTYET

HAYYHOM LLIKOAbI AKAAEMMKA B.T1. AHOHMKOBA

2023




OrNABNEHUE

OBLUME MOKASATENIN 3A 2023 TOLL evveeeeeeeeeeeeeeeeeeeeeeeeeeeesee e eeeenenen e 3
KTHOUEBDBIE TMYBINKALAM <. 4
OPTAHU3ALNA KOHPEPEHLMM ...ovoeeeeee e, 38
YYACTUE B PABOTE KOHOEPEHLIMM <. 41
CMIUCOK MYBITUKALAN 2023 ..o eee e eeeae. 43

Unnaocmpauyua Ha obroxcke: "Yacme u yenoe"

Kak nepeintM oT uactet K uenomy, OT pPa3pO3HEHHOr0 K 0O6begMHEHHOMY, OT pas3gpobneHHoro K
MOHONNTHOMY? Y Kaxaoh 061acTM HaykKM U TEXHUKU — XUMUU, GU3UKKM, Buonorun, meguumHbl,
MaLUMHOCTPOEHUA — CBOM OTBET Ha 3TOT BOMPOC. Y aAAMTUBHbBIX TEXHONOTMMI TaKoW nepexos Npoucxoaut
nocnomHo. Ha ¢otorpadmm nNokasaH MacCMB XMMMUYECKUX PEaKTOPOB, MOJYYEHHbIX METOAOM /1a3epHOro
cneKaHWA MeTalJIMYEeCKOro MOPOLLKA, B KOTOPOM MesibyaiLume cheprnyeckmne 4acTmLbl HEPXKaBEOLWEN CTanm
WKW Apyroro cnniasa nog, AeNCcTBMEM aydya nasepa 06pasyloT MAOTHbIA HepasaesbHbli MaccMB MeTanna.
MMeHHO no3TOMYy agAMTUBHbIE TEXHOJIOTMM YAcTO HasblBalOT MNOC/AOMHbIM CUHTE3OM. M306parkeHHble
pPeakTopbl UCMOb3YIOTCA 415 NPOBEPKN BO3MOXKHOCTM OPraHMYEeCKoro cMHTe3a B Takom obopyaoBaHuu. OT
NOC/IONHOTO CMHTE3A K XMMUYECKOMY.
ABTOP MANOCTPALMM (MPOEKTUPOBAHME, NPOM3BOACTBO, GOTOCHEMKA) K.X.H. fopaees E.T. (2024 1.)



OBLLUUME NOKA3ATE/IN 3A 2023 o,

MpurnawéHHble 1 NIeHapHble A0KNaAbl Ha KOHpepeHUUaX 14
YCTHble AOKNaabl Ha KOHPepeHUMax 34
CreHpoBble AoKNaabl 12
Bcero nyb6aunkaunm 34
N3 Hux nybamnkaumim Web of Science 34
N3 Hx Q1 no knaccndpumkaumm Web of Science 24
N3 Hux Q1 no kKnaccndmKaumm Scimago Journal Rank 28
Cymma nmnakT-paKktTopoB Bcex ctaten (no Web of Science) 312

CpeaHuin umnakT-dpaKTop Ha cTtaTtbio (no Web of Science) 9.2
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AOANTUBHAA KATAJIMTUYECKAA CUCTEMA AN19 OPTAHUYECKOIO CUHTE3A

Peakuum Kpocc-coyeTaHMAa ABAAIOTCA OAHUMM U3 BaKHEMWKUX nNpeBpalleHUii B COBPEMEHHOM
OpraHMYeCcKOM CUHTe3e. XOTA [AMana3oH WCNOAb3YEMbIX APWATANOTNEHUAOB M YUC/IO CBA3bIBAEMbIX
HyKﬂeOd)VI}'IOB O4yeHb Be/IMKO, YCN0oBUA peakunn 3HAYNTENIbHO U3MEHAIOTCA MeXay Pas3/InYHbIMKN KnaCCaMin
coeguHeHUI, 4To TpebyeT oT uccneaoBaTeNa NOCTOSHHOM ONTUMM3aLMK YCIOBUMI Npouecca. B Hawel paboTe
npeactasaeHa naea u peanrsaumnsa aganTMBHOrO AMHAMUYECKOrO HUKENeBOro romoreHHoro Kartaamsa (AD-
HoC), ynpaBnsiemoro BMAMMbIM CBETOM, AN CO343HUSA CBA3SU Yyrnepoa—reTepoatom. Takoil noaxon
onupaetca Ha GOPMMPOBAHNE AMHAMMYECKOTO KOKTEMNA KaTa/IMTUYECKUX YacTuu, Heobxogmmoro ans
YCMELWHOro NpoTeKaHUA peaKkuunii Kpocc-codeTaHna nog AeicTBMEM pPa3paboTaHHbIX YCA0BUIA peakuum.

C nomouibio Macc-CNEeKTPOMETPUM BbICOKOTO paspeLlleHns Obliv 3aperncTpupoBaHbl  K/ko4yeBble
KOMMEKCbl U MPeanoXeH MexaHusm peakuuu. B pamkax onvcaHHOW metogonorm 6bino BblaeneHo m
OXapaKTepusoBaHo 282 coeAMHEHUA, COAEPKALWMX 3aMeCTUTENIN Pa3NYHOM Npupoabl. Takum obpasom,
pa3paboTaHa U ycnewHo anpobupoBaHa AyasibHasA KaTaJAUTMYECKas CUCTEMA, COCTOALLAA U3 NMPOCTOM COMM
HuKkens (ll), ocHoBaHWMAa W UuUuMaHapeHoBOro KaTtanusatopa 4CzIPN ana peakuMm Kpocc-COYeTaHus
aApPUNTanoreHna0B U PasInYHbIX HYK1eodnI0B 1 Hanpas/ieHHan Ha co3aaHue cesasel C-N, C-S, C-Se, C-P, C-P,
C-B, C-O, C-C, C-Cl (PucyHokK 1).
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. Mpynna IV

PucyHok 1. KnaccuduKaumsa HykneodusnoB No peakLMOHHOM CNOCOBHOCTM B C/yvyae NpOBeAeHUs
PeaKLuMn KPoCC-CoYEeTaHuA.

Ccbinika:

Ghosh I., Shlapakov N.S., Karl T.A., Diker J., Nikitin M., Burykina J.V., Ananikov
V.P,, Kbnig B. "General cross-coupling reactions with adaptive dynamic
homogeneous  catalysis",  Nature, 2023, 619, pages 87-93,
DOI: 10.1038/s41586-023-06087-4
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NPOCTPAHCTBEHHOE KAPTUPOBAHUE PABOTbI Pd-KATAJIU3ATOPOB C PASPELLEHUEM BO
BPEMEHU AEMOHCTPUPYET K/NIHOYEBYIO POJ1Ib OAMHOYHbIX MOBEPXHOCTHbIX ATOMOB
NANNAAUNA B KPOCC-COYETAHUU

I‘Ipe,u,no»(eH noaxon, K I'IpOCTpaHCTBeHHO—nOKaﬂMBOBaHHOVI XapaKTepUnUcTunke HaHeCeHHbIX
KaTanns3aTopoB B XoAe peakuuu. OH COCTOMT M3 KOMOMHALMM CKAHWPYIOWEN, NpPOCBEYMBAtOWLEN U
CKaHMpYyloLWen nNpocBeYmBatowWwein 31eKTPOHHOM MUKPOCKOMMKN BbICOKOTO paspelleHus gna onpeneneHus
MEeTaNI/IMYECKUX YacCTUL, OT MACCMBOB MOBEPXHOCTHbIX HAHOYACTUL, A0 OTAENbHbIX HAHOYaCTUL, U Aarke
oTAeNbHbIX aTOMOB. Msyqume 9BOTIOUUN KOHKPETHbIX 4YaCTUL, MeTa/lZINYeCKOro Kata/Jim3atopa Ha Pa3HbIX
MacCLTabHbIX YPOBHAX C TeYEHWEM BPEMEHM, OCOBEHHO A0 WM NOC/AE KaTa/JIMTUYECKOW peaKkuMu Kpocc-
COYeTaHMA, NO3BOAMIO NPUBAM3UTBCA K KoHuenuuu 4D-kaTanmsa — OTCAEXMBAHUA MOJOXMKEHUN
KaTaIMTUYECKMX LieHTpoB B npocTpaHcTee (3D) n BpemeHn (+1D). AnHamunyeckoe noseaeHue OTAENbHbIX
aTOMOB M HAHOYaCTML, MasfafgMA B peaKkuMAX KpPOCC-COYETaHWA 3aperucTtpupoBaHO C HAHOMETPOBOWA
TOYHOCTbIO Bnarogapa TOYHOM IOKANM3AUMM KATaIMTUYECKMX LeHTPoB. OANMHOYHbIE aTOMbl Nannagma nos
LeNcTBMeM KaTa/IMTUYECKOM CUCTEMBI BbIMbIBAOTCA M3 HOCUTENA B PACcTBOP, r4e NPOABAAOT Ype3BblYaliHO
BbICOKYIO KaTa/IMTUYECKYI0 aKTMBHOCTb MO CPAaBHEHUIO C MOBEPXHOCTHbIMW HAHOYaACTMLAMM MeTaNna.
MoHOaTOMHbIE LeHTPbI, COCTaBAAOLWME AMWb OKoNo 1% nannagus B cucteme Pd/C, obecneumsatot 6onee
99% KaTaNUTMYECKON aKTUBHOCTM. OcCTaBLUMECs HaHO4YacTMLUbl NannagMa MeHAann csoto Gopmy U MOrAu
nepemeLLaTbca Mo NOBEPXHOCTU MOAJONKKK, Y4TO 6bl10 3aduMKCMpoBaHO NyTem 06pabOTKM M306paXKeHU
MacCCMBa HaHOYaCTML, HEMPOHHOM ceTbto (PucyHoOK 1).

Before reaction After reaction

PucyHok 1. Busyanusauma AMHaMUYECKMX MpeBpalileHuMidi 4acTul, nannagusa, MpUMBOAALIMNX K
[e3aKTMBALMM aKTUBHbIX LeHTPOB. LLIkana 5 HMm.



AKTUBHOCTb OTAE/NbHbIX aTOMOB HACTO/IbKO BbICOKA, YTO 3a 8 4 peakuun npumepHo 0,5% nannagua 8
BUAE OTAE/IbHbIX aTOMOB AaeT KOHBepcuio B 2,5—4 pasa 6onbuyto, Yem 99,5% nannagma B BUAE HaHOYACTULL,.
DNEeKTPOHHAA  MWMKPOCKOMMA  BbICOKOrO  paspelleHMa UM MacC-CMeKTPOMEeTPpUAs C  MOHM3auumen
3N1EKTPOpaCHbIIEHUEM BbIABUAN MUFPaALMIO OTAENbHbIX aTOMOB Nafnagus B pacTBOp M JajbHellee nx
nepeoca)kgeHue Ha YrnepoaHbih HOCUTeNb B BUAE OTAE/bHbIX MOBEPXHOCTHbIX aTOMOB WM
NPUCOEAUHEHHDBIX K HaHo4YacTUUAM. ITO ABNEHME MNPUBOAMUT K YBE/IMYEHMIO PA3MEPOB U U3MEHEHMUIO
reoMmeTpmMmn HaHo4vacTuubl. 18 U3y4yeHnsa AMHaAMMKM OTAE/IbHbIX aTOMOB B XOA4e KaTa/IMTUYeCKoro npouecca
O4HW N Te e y4yacTKM KaTanusatopa MUCCNenoBasinCb NPU COTHSX ThbICAY U MUANMOHAX KpaT yBENYEHUN.
YHUKanbHaa TexHWKa COYEeTaHWs 3EKTPOHHOM MUKPOCKOMMUWU U HEMPOHHbIX CETEeN BU3yasnM3MpPyeT Bce
KaTa/IMTMYECKME LLEHTPbI HA HOCUTENE KaTanmnsaTtopa. Anroputm obecneymBaeT onncaHMe KatasamnsaTopa Ha
YPOBHE MacCMBa HAHOYACTUL, M OTAENbHbIX HAHOYACTULL.

BbifABNEHO  KOHLENTya/bHOE  OT/IMUME  MPEMMYLLECTBEHHbLIX  XapPaKTEPUCTUK  OAHOATOMHbIX
KaTa/aIN3aToOpPOB B XKWAKOPA3HOM OpraHMYecKom cuHTe3e. [leaKTMBaLMA KaTa/M3aTopa B TAKOM Cay4yae
obycnoBsieHa 3aXBaTOM OAHOATOMHbIX LLEHTPOB U3 pacTBOpa HaHOYaCTULLAMU METanNa, a He NOBEPXHOCTbIO
yrnepoga (oTpbiB aTOMOB MeTa/ila OT METa//IMYECKON NOBEPXHOCTU Bosee 3HEpPreTMYecKn 3aTpaTeH, Yem
OTPbIB OT MOBEPXHOCTU YrnepogHoro Hocutens). OTaesbHble aToMbl Mannagua MMeT HaUMEHbLUYHo
3HEepruto CBA3bIBAaHMA C HOCUTENEM; C/lel0BaTE/IbHO, OHU MEePBbIMM BbIMbIBAlOTCA B PacTBOP B YC/J0BUAX
peakuun. B MArKMX yCnoBMAX peakuun KnacTepbl M HAHOYACTMUblI OCTAlOTCA Ha HocuTene. [MOCKONbKY
KaTa/IUTMYECKass aKTMBHOCTb B pacCMaTpuMBaembiXx peaKkumsx obycnoBneHa B OCHOBHOM OTAe/bHbIMM
aTomamu, 3aXBaT HaHo4acTMuen atoma Pd 3 pactBopa npuBoaUT K A€3aKTMBALUM KaTaIMTUYECKOM CUCTEMDbI.
CnepoBaTtenbHo, B peakumsax Cysykn—Musaypbl 1 MU30pOKM—XeKa HaHO4YaCTMLbl MOTYT AeMCTBOBATb KaK AAbl
O[HOATOMHbIX KaTa/IMTUYECKNX LEHTPOB.

Ccbinika:

Galushko A.S., Boiko D.A., Pentsak E.O., Eremin D.B., Ananikov V. P. "Time-
Resolved Formation and Operation Maps of Pd Catalysts Suggest a Key Role of
Single Atom Centers in Cross-Coupling", J. Am. Chem. Soc., 2023, 145, 16,
9092-9103., DOI: 10.1021/jacs.3c00645
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TMBPUAHDBIE BUOKATA/IU3ATOPbDI «3-B-1»: ACCOUMALUNA OPOKKEBDBIX
MWUKPOOPIAHU3MOB, UMMOBWU/TIM3OBAHHbIX B 30/1b-TE/Ib MATPULLbI ANA ONPEAENTEHUA
3ArPA3HEHUA CTOYHbIX BOA

B aTOM UccnesoBaHUKM NpeAcTaBNAeH HOBbIN MMBpUAHbIA BMoKaTanusaTop «3-B-1», KOTOPbIA COYETaET B
cebe 3¢ eKTUBHOCTb TPEX BUAOB APOMKIKEBLIX KETOK, HAXOAALWMXCA B OAHON CUCTEME M HE OKa3blBaoLLMX
BpeAHOro BO3AENUCTBUA APYr Ha Apyra. ns nonydyeHusa rubpugHoro 6MoKaTanmMsaTopa APOXKIKEBbIE KIETKU
Ogataea polymorpha BKM Y-2559, Blastobotrys adeninivorans BKM Y-2677 n Debaryomyces hansenii BKM Y-
2482 nMmMmobUNM30BanN B KpPEeMHWUIMOPraHUYecKkmMe martepuanbl 30/b-felb MeToaom. KaTanutTuyeckyro
aKTUBHOCTb CMECU WMMOBUAN30BAHHbIX MMKPOOPraHM3MOB OLEHMBAAM, MWCNOMb3yA ee B KadyecTse
6MopeLLenTOpHOro 3/emeHTa buoceHcopa. [na usydyeHua mopdonorum 6uormbpuaHoro maTepuana
MCMNONb30BaN ONTUYECKYIO U CKaHUPYIOLLYIO 3NEKTPOHHYI0 MMKPOCKoNMio. C MOMOLLbIO TBEPAOTEbHOMO
AMP no aapy 2°Si onpeaeneHo, 4To MaTpuLLa C COOTHOLIEeHeM 85/15 xapaKkTepm3yeTca MeHbLIeN CTeNeHbIo
KOHZAEHCaLUMK No CPaBHEHWIO C MaTPULLAMM C APYTUMU COOTHOLIEHMAMM. AHaNN3 pacnpeneneHnsn 31eMeHTOB
NoATBEPANN UHKANCYNNPOBaHUE [APOXIKEBbIX KNETOK B MaTPuULy, COCTOALLYIO U3 METUATPUITOKCUMCMANAHA
(MT3C) n TeTpasTokcucunaHa (T90C) (85 u 15 06. % cooTtBeTcTBEHHO). Kpome Toro, 6b11M NOATBEPKAEHDI
3alUMUTHbIE CBOICTBA 30/1b-Te/lb MaTPULLbl AN COXPAaHEHWNA KaTaNUTUUYECKOM aKTUBHOCTU MHKaMNCYMPOBaHHbIX
KNEeTOK OTHOCUTENbHO BO34ENCTBMA HebnaronpuaTHbIX GaAKTOPOB OKpy)Kalowen cpedbl, TakKMX Kak Y-
n3nyyeHue, nameHeHus pH cpebl, NOBbILLEHHAA CONEHOCTb BOApbI.

PucyHoOK 1. CxemaTnyHoe M306pa)KeHMe TPEXKOMMNOHEHTHOIO 6MOKaTa/'IM3aTOpa.

MpaKTMyeckoe NpUMeHeHWe noaydyeHHoro bumornbpmaHoro matepuana 6bi10 NPOAEMOHCTPUPOBAHO
ANA onpeaeneHus 3arpssHEHUMI M OUYUCTKM CTOYHbIX BOA. Pe3ynbTaTbl MOKas3blBalOT, 4TO MaTepwuasnbl,
nonydyeHHble B paboTe, NPeBOCXOAAT aHaNOMM4YHble mMaTepuasbl, NOAYyYEHHble TPAAULUMOHHLIM METOAOM
nMmobunusauum GuomaTepuana B rmgporesie NOAMBUHWAOBOIO cCiMpTa. MMMO6MAM3aUMA PasINYHbIX
WTAMMOB MMKPOOPraHW3MOB B OPraHOCWJIMKATHbIX MaTpuuax npueesa K o6pasoBaHWIO YCTOMYMBOW M
ANUTeNbHOM NO BPEMEHM M COCTaBy accoumaumn. ITo NO3BONSET reTeporeHHoMy 61MoKaTanmsaTopy paboTtaTb
HenpepbiBHO 6e3 HeobXoAMMOCTM YacTOW 3aMeHbl MHKAMNCyAMpoBaHHOro 6Guomatepuana. PesynbraTtbl
paboTbl NoAYEepPKMBAIOT MOTEHUMaN pa3paboTaHHbIX reTeporeHHbix 6MoKaTanM3aTopoB ANns 6MOCeHCopoB
BMK. UMM0BUAM3aLMA Pa3IMYHbIX LUTAMMOB MUKPOOPraHM3MOB B OPraHOCUMKATHbIX MaTpuLLax Npueoannia
K 06pa3oBaHUIO YCTOMYMBOM U AANTENBHOM NO BPEMEHM U cocTaBy accoumaumm (PucyHok 2, 3).



PucyHok 2. (A) Cxematuuyeckoe wu3obparkeHne 6uornbpuaHoro martepuana, MacwTtab BbiOpaH
Npou3BoAbHO Ans yaobctea Busyanusaumu; (B) 6uoceHcop; (C) KUCNOPOAHBIA 31EKTPO4 C rMBpUAHbIMU
6MOKaTaNM3aTOPaMM Ha OCHOBE acCoOUMaLMM OPOXIKEBbIX KAETOK, MMMOBUIM30BaHHbLIX B 30/b-Tejb
mMaTpuue.
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Pucynok 3. (A) CxemaTtuuyeckoe u30b6paxeHue npouecca GopmupoBaHua  rMBPULHOTO
6uokatanusatopa; (B) MAS-AMP-cnekTpbl 2°Si rnbpuaHbIX 301b-resib maTepunanos Ha ocHose MT3C/TI0C;
(C) 3HaueHWs napameTpoB YyBCTBUTENBbHOCTH; (D) Npodunb cybcTpaTHOM cneumdUUHOCTU UCKYCCTBEHHOM
accoumaunn opoxKKen, UMMoBOUAN30BaHHON B 30/1b-resib MaTpuue; (E) Koppensuua mexay pesyibTaTamu
onpeaeneHuns nHaekca bMNK crangaptHbim metogom (BMKs) 1 6BMoceHCcopHbIM METOAOM.

TakMm 06pasom, paspaboTaHHbIl reTeporeHHbli BUOKATAM3ATOP NEePCNeKTUBEH NS MPUMEHEHUS B
OYUCTKE CTOYHbIX BOA, W ONpedeneHUM WHTErpasbHbIX XapakKTepucTUK. B uenom, 3To wuccneaosaHue
npeactasnser cobol BarKHOe AOCTUXKeHMe B 061acTU 30/b-TeNb-UHKaNcynauum 6akTepuasbHbIX KNETOK,
npeanaras npaktuyecknin u addeKkTUBHbIA noaxod K paspaboTke 6GuoceHcopoB M 6MOKaTanM3aTopoB C
YNYYLEHHBIMU XapaKTePUCTUKAMM U CTabUNbHOCTbLIO.

Ccbinka:
Kamanina O.A., Lantsova E.A., Rybochkin PV., Arlyapov V.A., Saverina E.A.,
Kulikovskaya N.S., Perepukhov A.M., Vereshchagin A.N., Ananikov V. P., "“3-in-
1” Hybrid Biocatalysts: Association of Yeast Cells Immobilized in a Sol-Gel
Matrix for Determining Sewage Pollution", ACS Appl. Mater. Interfaces, 2023,
15, 47779-47789, DOI: 10.1021/acsami.3c09897
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OB30P HOBbIX JOCTUKEHUN B OBIACTU PASPABOTKU «3ENEHDBIX» ®YPAH-COAEPKALLIUX
MATEPUANOB 13 BO3OEHOBNAEMOWM PACTUTE/IbHOM BUOMACCHI

OCHOBHbIMW UCTOYHMKAMM XMMWYECKOTO CbipbA A1 NPOU3BOACTBA MNOIMMEPOB, KaK UCMO/b3yeMbIX B
6bITy, TaK M NPUMEHSAEMbIX B BbICOKOTEXHO/IOTMYHBIX M3AENAUAX U MHMKEHEPHbIX KOHCTPYKUMAX, Ha
CErogHAWHMMA OeHb ABNAIOTCA HEeBO30OHOBAAEMble MPUPOAHbIE pecypcbl — HedTb M NPUPOAHbLIA ras.
3apayelt no paspaboTKe HOBbIX MOAXOAOB C MUCMOJ/Ib30BAaHMEM ANIbTEPHATUBHBIX MCTOYHUKOB CbipbA ANA
NPOM3BOACTBA MOJIMMEPHbLIX MATEPMANOB C HEOOXOAMMbIMM CBOMCTBAMW 3aHMMAKOTCA Pa3MYHbIE
KONNEKTUBbI MO BCEMY MMUpPY, M 3a nocnegHue rogbl Obln AOCTUIHYT CyLWECTBEHHbIM nporpecc B
MCNOoNb30BaHMM GypPaHOBbIX «COEANHEHUA-NAATPOPM» U UX MPOU3BOAHDIX, MOJYHAEMbIX B XO4€ KOHBEPCUM
pacTuTeNbHOM BUOMacchl, B KaYecTBe NePCNEKTUBHbIX BO3OOHOBAAEMbIX MOHOMEPOB.
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PucyHok 1. «[lopoHas KapTa» AN NPUroTOBJAEHMA Pa3fIMYHbIX KNAacCOB JIMHEMHbIX U CLUMTbIX
noaMmepos 13 GypaHOBbIX MOHOMEPOB Pa3HOro TMna.
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B pamkax npoBegeHHOM HamuM MmacwTabHon paboTbl OblIM 0606WEHbl M CUCTEMATUIUPOBAHbI
nybavMkaumm nocnegHux net (2017-2022 rr.) B chepe maTepuanoBeeHUs, KacaloLMeCa CyLLECTBYHOLLNX
npobnem u nporpecca B 06sactM nonyyeHna BO30OHOBASEMbIX MNOAMMEPOB HA OCHOBE QypaHOBbLIX
coeanHeHn-NNaThopm M X NPOoU3BOAHbIX. Bce paccmoTpeHHble maTepuanbl Bblan pasgeneHbl Ha Aga
KPYMHbIX KAacca: JIMHEWHble MNOAMMEPbLI, NPEUMMYLLECTBEHHO HA OCHOBE MPOM3BOAHbLIX 2,5-
bypaHANKAPOOHOBOW KWUCNOTbI, W pasBeTBAEHHble (MAWM  CLUMTbIE) NOAMMEPHI, NPEUMYLLECTBEHHO
nosyvyaemble MNyTEM PaACKpPbITUA 6eH30KCA3MHOBOrO ¢parmMeHTa WMAW 3MOKCUMAHLIX CMOA HA OCHOBE
¢dypaHoBbIx cnnpToB (PUcyHoK 1).

MNpoBefeHHOe UCCAefOBaHWE OTKPLIBAET LUMPOKME BO3MOMKHOCTM ANA NPOBEAEHUA [ajbHenwei
3KCNepUMeHTa/IbHOM PaboTbl MO CUHTE3Y U U3YYEHWUIO CBOMCTB HOBbIX BO30OHOBAAEMbIX NMOJMMEPOB Ha
ocHoBe ¢ypaHOB, MOCKO/IbKY MNO3BOMAET OUEHUTb CYLLECTBYHOLWME TEHAEHUMM M KMArMCTpasibHble
HanpaB/ieHMA» B pacCMaTpPMBaEMbIX 06nacTsax.

Ccbinika:

Karlinskii B.Ya., Ananikov V. P., "Recent advances in the development of green
furan ring-containing polymeric materials based on renewable plant
biomass", Chem. Soc. Rev., 2023, 52, 836-862, DOI: 10.1039/D2CS00773H
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CBA3b MUKPOCTPYKTYPbl PEAKLLIMUOHHOM CPEAbI C
HABNIIOAAEMOMN AKTUBHOCTbIO APUNTANIOTEHUA,0B B PEAKLUU XEKA

MunarodasHble KaTaMTUYECKME CUCTEMbl Ha OCHOBE COEAMHEHUA MepexofHbliX MEeTansos,
MUCNoNb3yeMble B peakumsax Co3faHusa CBA3EN Yrnepoa-yriepos v yriepoa-reTepoaTtom, XapakTepusyorca
pasHoobpa3smMem TUMOB aAKTUBHbIX LLEHTPOB, GYHKUMOHUPYIOWMX Ha Pas3IMYHbIX YPOBHAX OpPraHm3auum
matepun. TpPagUUMOHHO MNPU  OMUCAHUU MEXaHM3IMOB MPEBPALEHUM B NOAOOHbLIX cUcTeMax
pPaccMaTpPUBAlOTCA MNPOLLECCbl C Y4acTUEM MOHOSAEPHbIX KOMMJIEKCOB, KNacTepoB, METANNMYECKUX
HaHOYaACTUL, M YACTUL, KOOPAUHALMOHHBIX MNONIMMEPOB, T.€. 0O BEKTOB, CYLLECTBYIOLWMNX HA MOIEKYNAPHOM U
HaHOPa3MepPHOM YPOBHAX, MPU 3TOM B/USHUE CTPYKTYPbl PEaKUMOHHOM CMecu B MUKpomaclutabe Ha
pes3ynbTaT XMMUYECKOTo npesBpaLLeHna 0bbIYHO CYMTAeTCA HecyLecTBeHHbIM. B HacToAwwel paboTe B xo4e
[EeTaNbHOrO aHaNM3a pPeakUMOHHOW CMOCOBHOCTM CepuM apuUArafioreHMaoB B YCAOBMAX MNannaguii-
KaTannsmpyemon peakumm XeKka Obl10 NOKa3aHO, YTO Ha/iMuMe CTPYKTYPHON OpraHu3aumm peakuMoHHOM
CMeCU Ha MUKPOYPOBHE MOMKET BHOCUTb 3HAUUTEIbHbIN BKNaA, B Hab1l04aemyto OTHOCUTE/IbHYHO aKTUBHOCTb
apuaranoreHMaoB pasinyHoi npupogbl. Mpu nomowm metToda KUAKOCTHOM 3/IEKTPOHHOM MMKPOCKOMUM
6b1710 NPOAEMOHCTPUPOBAHO, YTO CKAOHHOCTb K GPOPMUPOBAHUIO HKUAKUX MUKPOAOMEHOB B PeaKLMOHHOM
cpene MOXKET CNYXUTb 06bACHEHUEM BbICOKOM aKTUBHOCTU apuaIMOANA0B Hapsaay C OTHOCUTEIbHO HU3KOM
NPOYHOCTbIO CBA3W Yrnepoa-nog M BbICOKMM CPOACTBOM Moga K nannaguvio, obycnasnuBatowmm
BO3MOXHOCTb GOPMMPOBAHUA PALa KATAIMTUYECKM aKTUBHbIX MOACOAEPKALLMX KNACTEPOB M HAaHOYACTML,
(PvcyHok 1).

Controlling relationship in the reactivity Nanoscale to microscale level
of organic halides (R-X) in
catalytic transformations Usually considered
Catalyst
R-I > R-Br>R- /
m Molecular level R-

Pd + RX == pd{

C-X bond strength, relative trends in bond breakage

and thermodynamics of this elementary step |
Solvent

E Cluster to nanoscale level Comprehensive view ] )
Microdomain:
R- _R catalyst + R-
Pd == Pd <= [Pd,(R),(X),(L),(Solv)] 7 s /
Pool of complexes, clusters @ °;
and nanoparticles : ' LR
Oxidative addition Stabilization in solution >
as one of the factors as a key contribution

to the overall reactivity

PucyHok 1. ®aKkTtopsbl, onpegensaiolme peakuMoHHYH CNOCOBHOCTb apuUATranoreHna0B B XMUAKOMasHbIX
KaTaIMTUYECKMX MpeBpaLleHMAaX Ha  MosekyaspHom (A), KnacTepHom/HaHopasmepHom (B) u
MUKpopasmepHom (C) ypoBHSAX.
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B cpaBHMTE/IbHBIX IKCMEPUMEHTaX C UCNOJIb30BaHMEM MoabeH301a, bpombeH3ona 1 xnopbeHsona npu
NOMOLUM METOAA 3/IEKTPOHHOM MWMKPOCKONWUU B XKMAKOW ¢ase Ha npumepe peakuum XeKa B cpege
MMMOA30/IMEBON MOHHOM }UAKOCTU ObINO NOKasaHo, Yto B paay Phl > PhBr > PhCl HabntogaeTcs 3ameTHoe
YMEHbLLIEHNE KOMYECTBa MUKPOdasbl B PEAKLMOHHOM CMECK, YTO KoppenpyeT ¢ Habntogaembim NageHnem
aKTMBHOCTU cybcTpatoB (PucyHoK 2). Takke B paboTe 6bl10 NPOAEMOHCTPUPOBAHO, YTO MpoBeAeHue
pPeaKkumm C UCNob30BaHUEM CMECE apUIraNoreHNA0B NO3BO/IAET OCYLLECTBAATL MPEBPALLEHMSA C y4acTUem
MaNoaKTUBHbIX CcybCTpaToB 33 CYET MPOMOTUPYIOLLEro AeicTBuA bosiee  PeakuMOHHOCMOCOHHOro
apuanoamaa. Tak, 6bl10 NOKa3aHo, YTo KoHBepCcHA bpombeH30/1a B MOAE/IbHOW peakumm XeKka MoKeT bbiTb
posegeHa o 85% npu ero BBeAEHUM B CUCTEMY B CMECHU C MOA4O6EH30/10M, TOTAa KaK B YACTOM BUAE AAHHbIN
cybCTpaT NpPaKkTUYECKM He BCTynaeT B Peakuuio B BbIbpaHHbIX ycnoBuax. [ns Bcex NpoaHaM3MpPOBaHHbIX
peaKLMOHHbIX Cpes, coAeprKallmx cMecu noabeHsona n 6pombeH3ona, MeToa 3/1eKTPOHHOM MUKPOCKONUK
TaKXe NpoAeMOHCTPMPOBaA GOPMMPOBAHNE 3aMETHOTO KOIMYeCcTBa MUKPOdasbl, Kak U B C/ly4ae YMCTOro
MopnbeHsoNa. BbiNnosHEHHbIE UCCNeA0BaHMA NOKA3aAn He TO/IbKO BaXKHOCTb YYETA ABNEHUIA, NPOUCXOAALLMX
B MMKpOMacwTabe, Npu ONTUMMU3ALUKN YCOBUIA NPOBELEHMA KaTaIUTUYECKMX NPOLECCOB B KUAKOM ¢ase,
HO M NPOAEMOHCTPUPOBA/IM BO3SMOMKHOCTU METOAA INEKTPOHHON MUKPOCKOMNN B NPUIOKEHUN K COKHbBIM
OPraHUYeCKMM PEAKLMOHHbIM Cpeaam.

X Pd(OAc)., Et.N X _COO"Bu
+ Z>Co0"u L

[C,mim][BF,], 120°C, 3h

PucyHOK 2. MukpodoTorpadmm peakumMoHHbIX CMecer ANA MOAE/NbHOM peakuum XeKa C yvyacTuem
nopbeHsona, 6pombeHsona uamM xnopbeHsosa, NosyvyeHHble METOLO0M MKMAKOGDA3HON CKaHMpylowein
3N1EKTPOHHOW MUKPOCKOMUMU.

Ccbinika:

Kashin A.S., Prima D.O., Arkhipova D.M., Ananikov V. P. "An unusual
Microdomain Factor Controls Interaction of Organic Halides with the
Palladium Phase and Influences Catalytic Activity in the Mizoroki-Heck
Reaction", Small, 2023, 2302999, DOI: 10.1002/smll.202302999
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YCTAHOBJIEHUE POJ/IN ANMEPHbBIX KOMMNNEKCOB NANNAAUA B PEAKLUU
rMaPOTUO/IMPOBAHUA U BIMAHUA UX HA XEMOCENIEKTUBHOCTb NMPOLIECCA

Peakuun 06pa3oBaHusA cBA3el yrepoa-reTepoaTtom U yriepoa-yrepos, Kataamsmpyemble naniaguem,
ABNAIOTCA BECbMA BOCTPEDOOBAHHBIMM CUHTETUYECKMMU MeTogamun. B nocneaHue rogbl 66110 paspaboTtaHo
HECKO/IbKO YHUKA/IbHbIX KaTaJIMTUYECKUX CUCTEM OIS CUHTE3a Pa3/IMYHbIX KNACCOB COEANHEHUI C BbICOKOM
PErno- U XeMOCENEKTUBHOCTbIO. K HAacToALLEeMY BPEMEHMU CYLLECTBYET MHOMECTBO KOMMJIEKCOB Maniagms,
KOTOpPble MOTYT KaTa/IM3MpoBaTb LUMPOKUIN CMEKTP OpraHUYeckux peakuui. OgHaKo Nocne BBeAeHWA B
PEeaKLMOHHYI0 CMeCb KOMMJEKCa Nannafama npealecTBEHHUK KaTanmsatopa MNpeTeprneBaeT MHOMECTBO
npespaLLeHnii, Noka He obpasyeTcs KaTaIUTUYECKM aKTUBHbIA KomnaeKc. OgHOM M3 OCHOBHbIX Npobaem
M3YYEHUA peakumil, KaTaAU3UPYeMbIX MEPEXOAHbIMU MEeTanNlamMKu, ABNAETCA onpeaesneHne npupoapl
AKTMBHbIX KATaJIMTUYECKMX LLEHTPOB. be3 3HaHWMA nNpupoabl AKTUBHbIX YacTUL, BPAL /i1 BO3MOMKEH
paLMOHaNbHbIM AM3aliH KaTa/IM3aTOPOB HOBOMO NOKONEHUA U MOBbILEHWE CENEKTUBHOCTU peaKL M.

Re-thinking the role of dimer

H
Catalytic ~ “\y~ M M Catalytic
cycle |~ “x I “x” R cycle
Known: This work:
e monomer is an active e additional reaction channel
form of the catalyst e dimer is active

® dimer is non-active
or a resting state

B faHHOW paboTe M3yyYeHa Posib AUMEPHbIX KOMMIEKCOB Maniaansa, 0bpasylolmxcs B X04e peakumm
rMapPOTUOANPOBAHNA afKMHOB. B KauecTBe NpeAwecTBEHHWKOB KaTaan3atopa MCNo/ib30BaanCb KOMMIEKCbI
nannagua, cogepskawme N-reTepoumkamyeckue KapbeHoBble AMraHabl.

C MCnonb3oBaHMEM 3KCMEPUMEHTANbHbIX W TEOPETUYECKMX MNoAxodoB 6Oblia nepeocmbicieHa
obLEenpuHATan KapTuHa, NpeanonaratoLLas, Yto AMMEpPHbIE KOMMAEKChl Nasfiaana BO MHOMMX Caydasx He
NPUHMMAIOT HEMOCPEACTBEHHOIO Y4acTUA B KaTaJIUTUUYECKMX npoLieccax.

NHC\ ,CI
Lueneson
No60YHbIN npoayKT 2PhSH +EtN uenesol
NpoayKT _R npoaykT
( [EtsNHJ*CI" + acacH _ ZRI
R
NHC en SPh S
Spal Sl
Pd‘SPh 2 Na” N
PhS S
NHC P NHC PhSH
=R’
R'—= Ph R'
— NHC SO /=

R' PhS S NHC
Ph
s X sph F
N R' NHC | s SPh
Pd-sPh _Pd__Pd_
NHC PhS S NHC

PucyHoK 1. Mpeanonaraemblii KaTaAMTUHECKUIA LMKA peakumm rmapoTMOANPOBaHNA aIKMHOB.
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B pesysbTate 3KCNEepUMEeHTOB 6bl0 NMOKa3aHO, YTO MOHOMEPHbIE KOMMAEKCbl Mafnaams CKNOHHbI K
06pa3oBaHNI0 AMMEPHbIX KOMMNEKCOB, KOTOPbIE TaKMKe MOTYT NPOABAATL KaTaIMTUYECKYIO aKTUBHOCTb. Mpu
MCMNONb30BaHUKN CTepUYECcKU He 3arpykeHHbIX NHC-n11raHaoB KaTaIMTUYeCKUiA LMK C yYyacTUem AMMEPHOro
KOMMN/IEKCa CTAHOBMTCA OCHOBHbIM. M IaBHOE NMPEeMMyLLECTBO KaTa/IMTUYECKOrO LMKNA, NPOTEKaloLWero ¢
yyacTMeM OUMEPHbIX KOMMAEKCOB MNannagus, 3aK/A04YaeTcs B WUCKIOYEHUUM BO3MOMKHOCTM 06pa3oBaHMS
noboYyHOro NpoAyKTa npucoeguHeHus aucynbduaa, U Takum obpasom [OCTUraeTcs BbICOKAA CTeneHb
XEeMOCEeNEeKTUBHOCTM npouecca (PUCYHOK 1).

Ccblnka:

Sahharova LT, Burykina J.V., Kostyukovich AYu., Eremin D.B., Boiko D.A,,
Fakhrutdinov A.N., Ananikov V.P., "Expanding the Role of Dimeric Species: On-
Cycle Involvement, Improved Stability, and Control of Stereo-Specificity. A
Case Study of Atom-Economic Catalytic Hydrothiolation", ACS Catal., 2023, 13,
6, 3591-3604, DOI: 10.1021/acscatal.2c06406
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KACKAAHbIE PEAKLUUN LUKNONPUCOEANHEHUA:
HA MYTU K MOJIEKY/IAPHOW CNIOXKHOCTHU

B coBpemeHHOM TOHKOM OpraHMYecKoM CUHTe3e 00/iblioe 3HayeHue npuobpeTtaeT paspaboTKa
METOZ0B ObICTPOro MONyYEeHUsA MPOAYKTOB C/OXKHOINO XMMWUYECKOTOo CTPOEHUs A/1A NPOou3BOACTBA HOBbIX
NNEKAPCTBEHHbIX MpenapaTtoB, NPOAYKTOB arpoxXxmmumn, CUHTETUYECKUX KOHCTPYKUUOHHbIX MaTepunanos.
BbicTpoe AOCTUNKEHWE MONEKYNSAPHOW CNOMKHOCTM MOMKET ObiTb Peannu3oBaHO B HeyrnpaBAseMbIX WAn
OrPaHUYEHHO YMPABAAEMbIX XMMWYECKMX MPEBPALLEHMAX, HANPUMep, Npu Tepmuyeckon obpaboTke
OpraHUYeCcKUX COeAMHEHMN, B peakumsax Noanmepusaumu, NOJANKOHAEHCAUMU U BUMOTEXHOJIOrMYECKUX
npoueccax. OaHaKo Takne NpoLecchl MPUBOAAT K C/OKHON CMecU NPOAYKTOB U NPUTrOAHbI ANA NONYYeHUs
orpaHuYyeHHoro Habopa UeHHbIX CoeaUHEHNN.

TOHKWNI OpraHMYEeCcKUin CUHTE3 NO3BOIAET NOJYYaTb C/IOXKHbIE COEAUHEHUA C BbICOKOW CEIEKTUBHOCTbLIO,
MUCNONb3yA YNpaBAsieMble U KOHTPOAMPYEMbIE METOAMKM CUHTE3a. BONbLKMHCTBO METOAO0B MOJyYeHus
C/IOXKHbIX OpraHn4yecKkux COEAMHGHMVI ABNAKOTCA MHOFOCTa,ﬂ,MVIHbIMM, 4yTO nNpuMBOAUT K YyBeIUN4YeHUro
CTOMMOCTU NPOAYKTOB, NO3TOMY pa3paboTka 6os1ee NPOCTbIX METOAMK MNONYYEHUA TaKUX COEANHEHNI BCceraa
ABNAETCA aKTyaIbHOM 3aJa4eit CUHTETUYECKOM OPraHNYecKon XMMNUU.

MepcnekTMBHOMW OCHOBOWM B COBPEMEHHOM OpPraHMYeCKOM CUHTE3e — TaK Ha3blBaeMoW CoeanHeHneM-
nnatpopmoi — aBnsetca 5-rugpokcumetundypdypon (5-HMF), KOTopbIi MOMKET HbITb MOJIYYEH B pe3yibTaTte
nepepaboTKM NPUPOAHOIo PacTUTE/IbHOTO cbipbA. Mcnonb3oBaHue 5-HMF u apyrux npoayKTos nepepaboTku
NPUPOAHOrO CbiPpbA NocTeNeHHO GOPMUPYET OCHOBY «3€/1I€HON XMMUM» ANA Nepexona NPOMbILAEHHOCTU K
YCTOMYMBOMY Pa3BUTUIO. YHUKaNbHON ocobeHHocTblo 5-HMF sBAsieTcs ero OorpoMHbIA CUHTETUYECKUI
NnoTeHUMan, Tak KaKk flaHHOoe CoOeIMHEHNE NO3BOJIAET NOy4aTb MHOMOYNCEHHbIE MPOU3BOAHbIE, KaXKa0e U3
KOTOPbIX MOXeT ABNATbCA OTI'IpaBHOl‘/‘I TOYKOM AnAa nonyyvyeHmna CnoXHblX OpraHN4YeCcKnx npoayKTos. MmeHHo
nosTomy paboTbl No xumum 5-HMF chopmmpoBanm ceroaHs Lenoe oTaeNbHOE HanpaBieHne opraHMYeckoro
CUHTe3a.

B pamKax npoekTa Mno pasBUTUIO CUHTETMUYECKUX MeToaoB Ha ocHoBe 5-HMF 6bin npeanoxeH
3dEKTMBHBIN CNOCO6 NONYYEHUA CNOXKHbBIX NONULUKANYECKMX NPoAYyKTOB 13 5-HMF (PucyHok 1).

R R'
COOMe
MeOOC—=——CO0OMe
‘ 110 °C COOMe
0 o) X o)
v — R'
5 \ / on R\@/\ /\E)/ 150 °C
(1) (2)
‘ COOMe COOMe
80°C Me0OC « COOMe
MeOOC————COOMe
R (3) R'

PucyHoK 1. Cxema cuHTe3a BULMKANYECKUX coeauHeHui M3 5-HMF ¢ ucnonb3oBaHMeM KacKafHow
peaKkuun UMKNONPUCOeaANHEHNA.

B pamkax npeanoxeHHol MeToAuKWM Ha nepsBoi ctagum us 5-HMF (1) npoucxoaut obpasoBaHue
aumepa 5-HMF (2), KoTopbili Aanee BCTynaeT B peakuuio ¢ guMmeTunauetuneHamkapbokcunatom (DMAD) ¢
obpasoBaHuem npu 80 °C npoaykTa (3), KoTopblit Npu HarpesaHuu Ao 150 °C neperpynnupoBbiBaeTcA B
NONNLMUKANYECKUI NPOAYKT (4).

C NoOMOLLbIO MOIEKYNAPHOrO MOAEANPOBaHNA BblN0 NOKa3aHO, YTO 06pa3oBaHMe NOMMULMKANYECKOTO
NpPoAyKTa (4) A0NKHO NPOUCXOANTL C 6ONbLLEN BEPOATHOCTbIO, TaK Kak SHEPrna Takoro coeguHEHUA MeHbLLe
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3HEeprumn coegnHeHus TMna (3), YTo XOPOLLIO COrNAcyeTcs C IKCNEPUMEHTOM, TaK KaK NPU HarpeBaHMM NPOAYKT
(3) B KOHEYHOM UTOrE NeperpynnMpPoBbLIBAaETCA B NPOAYKT (4).

N

AG, kcal/mol
io

24 36 48 24 36 48 60
AF = -12.2 kcal-mol™* AF* = 22.4 kcal/mol AF = -18.4 kcal-mol™* AF* = 22.3 kcal/mol

PucyHok 2. (A) npodunb MameHeHns sHeprun MMb6ca B peakunmn LUKAONPUCOEOUHEHUA C yHacTUEM
6MLMKAMYecKMX npousBoaHbix 5-HMF; (B) npodunb saHeprum Fenbmronbla, aaa npouecca obpasosBaHma
npoaykTa tvMna (3), nonyyeHHbIn metogom MeTaguHamuku; (C) npoounb sHeprum Fenbmronbua, AnaA
npouecca ob6pasoBaHMA NpoayKTa TMNa (4), NoONyYeHHbI METOAOM METaANHAMMKM.

MpenmyliectBeHHOMY 06pPa30BaHMIO  MOJIMLMKAMYECKOTO MpoayKTa Tuna (4) cnocobereyeTt
SHTPONMIAHBIN $aKTOP, TaK KaK AaHHoe coeanHeHue bopmMUpyeTca B pesyabTaTe BHYTPUMOJEKYNAPHOTO
npouecca. ITo 6blI0 HArNAGHO NOATBEPKAEHO MOAEMPOBAHNEM peaKLmM 06pa3oBaHUA NPOAYKToB (3) u
(4) meTogom meTagnHammku (PucyHok 2 B, C). MockonbKy NpogyKT Tmuna (3) popmmupyeTtcs B pesynbrate
MEXMOIEKYIAPHOrO NpoLecca, TO BEPOATHOCTb CTO/IKHOBEHMA ABYX HE3aBUCUMbIX PEArMPYHOLLMX MOIEKY
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3HAYMTE/IbHO MeHblUe, MO CPAaBHEHMUIO C BEPOSTHOCTbIO CTO/IKHOBEHUA ABYX FPynn O4HOW MOAEKYAbl BO
BHYTPMMOIEKYNIAPHOM MpoLLecce, NpMBoAALWEM K NpoayKTy Tvna (4). O6wupHas obnacTb CMHEro LBeTa B
cnyyae MeMoNeKkynspHoro npotecca (PrcyHok 2 B) oTparkaeT BbICOKYHO NOABUMKHOCTb MOJIEKY/1 PEareHTos,
TOrAa Kak aHafornyHan o6aacTb ANs BHYTPUMOAEKYNsipHOro npouecca (PUCyHOK 2 B) 3HaunTeIbHO MeHbLUe
no pasmepy, TO eCTb NOABUKHOCTb ABYX Pearnpyrowmx rpynn B nocanegHem caydae HAaMHOro meHotue. Mpu
3TOmM 3Heprua [enbmronbla peakumm obpasoBaHuA npoayKta (4) coctasnseT -18.4 KKkan/monb, 4TO
CYLLLECTBEHHO MeHblle -12.2 KKan/monb ana npouecca obpasosaHma npoaykra (3). MonyvyeHHble gaHHble
OT/INYHO COrNACYIOTCA C IKCNEPMMEHTANbHbIMU pe3yabTaTaMMU.

Ccbinka:

Averochkin G.M., Gordeev E.G., Kucherov F.A., Ananikov V.P. "Rapid access to
molecular complexity from bioderived 5-HMF derivatives via cascade
cycloadditions", Green Chem., 2023, 25, 1045-1055,
DOI: 10.1039/d2gc04197a
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KOHUENUUA «MEPTBOrO» METAJ/I/IA B TETEPOTEHHOM KATA/IU3E

HaHecéHHble MeTannnyeckue KaTaamM3aTopbl MPU3HAHbl Kak oaHW K3 Hambonee 3¢dPEKTUBHBbIX
reTeporeHHbIX KaTa/iM3aTopoB, MNPUMEHAEMbIX B CUHTETUYECKOM OPraHMYECKOM XMMUK, a TaKKe B
KaTaZIMTUYECKUX MpOoLLeccax KPYNHOTOHHAaXKHOro NpOM3BOACTBA XMMMYECKOW NpoayKumn. HaHecéHHble
KaTannsaTopbl 06bIYHO COAepKaT METANIMYECKME HAHOYACTULbI, Pa3Mep KOTOPbIX BapbUpPyeTca OT eAuHuUL,
00 [OecAaTKOB HaHOMETPOB B 3aBMCMMOCTM OT MpPUPOAbl HOCUTENs, YC/NOBUWA MNPUrOTOBNEHUS U
npegBapuTeNnbHoO 06paboTKM KaTanusaTopa. Kpome Toro, nepeyncineHHble ¢GaKTopbl OKasbiBatoT
CYLLECTBEHHOE BAUAHME U HA AOCTYNHOCTb HAaHECEHHOro MeTanna AN aacopbunm MONeKyn pearnpyroLmnx
coegmMHeHUN. oo HaHeCéHH020 Memarsna, Komopsili HedocmyneH 05 peazeHmos U, 1edo8amesbHo, He
B8HOCUM BK/A1A0 8 KamanumuyecKkue peakyuu, MOMCHO HA38amb «MEpPMEbIM» memasnnom (PucyHok 1).
Ol-IeBVIp,HO, YTO eC/n BeCb HaHEeCEHHbIN MeTaslN OKarXKkeTca HEAOCTYNMHbIM ANA MOIEKY/, TO KaTa/IM3aToOp He

A NPOABUT aAKTUBHOCTU B KaTanuTu4ecKom
B peakuun. fABNeHMe «MEPTBOro» MeTanna

peampyiowan e L ABNAETCA BaXKHOM npobnemoli, ¢ KoTopoii
A Monesyra MPOAYKTa peaKkuiu HEpPEeAKO CTANKMBAIOTCA MCCAE0BaTENN NpH
NPaKTUYECKOM MCMONb30BaHNUM HAHECEHHDBIX
‘ / u KaTa/an3aTopoB B TOM UAM UHOM peaKkuuu.
# B HacToALen paboTte ABMIEHUA
y > .;:, «MEPTBOro» meTanna noApo6HO
“MEPTEBIA" o PacCMOTPEHbI Ha MOKasaTe/lbHOM MpUMepe
WAETIIA Y MeTann-yrnepoaHbIX KaTam3aTopos, LWMPOKO

MUCNO/MIb3yeMbIX B KaTa/iM3e oOpraHuyecKux
peakunMit W s KoTopbix  npobnema
orpaHuyeHun bYHKLMOHANbHOTO
noTeHuMana, ceAlaHHaa ¢ GopMnpoBaHNEM
«MEpPTBOro» MeTansa, ocobeHHO aKTyasbHa.
B paboTe BbINOJAHEH aHaAM3  K/KOYEBbIX
baKToOpoB M npoueccos, CNOCOBCTBYOWMX 0O6Pa3oBaHUIO «MEPTBOrO» MeTaala B MeTaNN-yrNepoaHbIX
KaTannsaTopax: CTPoeHne M Mopdosorna yrnepogHoro Hocutena, MHTEpPKanAumMAa aTOMOB MeTasla B
MEXC/I0eBOE MPOCTPAHCTBO HOCUTENA, KaMnCy/IMPOBAHME HAHOYACTUL, MeTanna aMopPHbIM YrIeposom,
6N1OKMPOBKA MNOBEPXHOCTM METaNNa OPraHUYeCKMMM  MOJIeKylamu-ctabunmsatopamm BO  Bpems
NPUroTOBAEHMA KaTa/aM3aTopa, a TaKXKe AMHAaMWYecKoe noBefeHMe 4acTuL, MeTanna npuv BO3AeNCTBUM
MWKPOBOJIHOBOTO M3/1y4YeHusa (PUCYHOK 2). B 3aBUCMMOCTM OT MPUYMHBI NOABAEHUSA «MEPTBOrO» MeTanna
NPUMEHAIOTCA pa3/InYHble NoAXoAbl, NO3BOAAOWME MUHUMU3NPOBATL UAN NPeaoTBPaTUTL 3TO ABAEHME, a
TaK¥Ke pereHepupoBaTb, TO eCTb, 06pa3HO roBOpPA, «OXKMBUTE» «MEPTBLIN» MeTann. Kpome HeobpaTumon
Aerpajaumy Katanusatopa nof AelCTBUEM MWKPOBOJIHOBOTO M3/yyeHus (PUCyHOK 24), B OCTasibHbIX
CNyYasnx «KMEPTBbIM» MEeTaN1 MOXKET BbITb «OKMBNEHY, YTO, KAK MOKA3aHO B PAAE UCCNen0BaHUIA, NPUBOAUT
K nosblweHUo 3GGEeKTUBHOCTU KaTasiM3aTopa B TOWM WAM MHOM peakuuu. ITO KacaeTcAa, B YaCTHOCTW,
NoAXOA0B K «OXWBAEHUIO» «MEPTBOro» MeTasna, BO3HUKLIEro MPW Kancy/JMpoBaHUU MeTan/IMyecKmx
HaHoyacTUL, amopdHbIM yrnepogom (PUCYHOK 2r) muan BNOKMPOBAHHbLIX OPraHUYECKUMM MOJIEKYIAMU-
ctabunmnszatopamu, Hanpumep, MAB (PucyHoK 2e). B nepBom cayyae M3BECTHbIM MOAXOA0M ABAAETCA
OCTOPO)KHOE BbIXXUraHWe amopdHOro yrnepoga, a BO BTOPOM — OYUCTKA MOBEPXHOCTM METaIMYECKMX
HaHoYacTUL,  Npu  AencTBuM pas3NnyHbIX  peareHToB. OcCo6Oro  BHMMAHMA  3aC/AYKMBAIOT
NpPOAEMOHCTPUPOBAHHbBIE MNPEUMYLLECTBA HAHOIMNOOYNAPHOrO Yyrnepoda Kak HocUTena naaiagueBblxX
KaTanusaTtopoBs (PucyHoK 26). KaTanmsatopbl Ha OCHOBE HaHOIN06YAAPHOro yraeposa 3a4acTyto NpoABAAtoT
BbICOKME NMOKa3aTeNn B Pas/IMUHbIX PeakUNAX rmaApupoBaHUA U KPOCC-COYETaHNA NPU HU3KOM coaeprKaHum
nannagma (1 — 2 mac.%), 4To sBAAETCA 3HAUUTENIbHOW MHHOBALMEN B 06/11acTU KaTanusa. JeicTBUTENbHO,
HEeKOoTopble pacnpoCTpaHEHHbIE NannagmeBble KaTanM3aTopbl HA OCHOBE, HAaNPUMep, aKTUBUPOBAHHOIO yraA
XOTA U coaepKaT bosblee KoamyecTBo nannagua (5 — 10 mac.%), oaHako, 3a4acTyto meHee 3pdeKTUBHDI,
NOCKO/IbKY B HWX BbICOKA A00A Nannagua, /NOKaAM30BaHHONO B MMKPOMOPax HocUTena u notomy
HeAOCTYNHOTO ANA pearnpyowmx monekyn (PucyHok 2a). B aTom cmbicne npobaema «MEPTBOro» nannagus
BblABMraeT Ha NepBbIi NAaH HeE0HXOAMMOCTb ONTUMM3ALMK NPOLEAYP NPUroTOBAEHUA KaTaansaTopos Pd/C

PucyHok 1. HaHecEHHble HaHo4YacTULUbl «MEPTBOro»
MeTanna (cnesa) n «KMBoro» meTanna (cnpaea).
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PUCYHOK 2. flBieHNA, NPUBOAALLME K NOAB/IEHUIO B KaTanM3aTopax TMNa MeTann/yriepos « MEPTBOro»
MEeTasNa, U BOSMOXKHOCTU /11 MUHUMM3ALMMK UV NPESOTBPALLEHNA 3TUX ABNEHWI: () 610KMPOBKa MeTanna
B MMWKPOMOpPax yrnepoaHoro Hocutens; (6) nokanusaums meTanna B TPYAHOAOCTYMHbIX MECTaX KOHTAKTa
YrNepogHbIX HaHoOrobyn B HaHornobynsapHom yrnepoge; (B) MHTEPKanAuWAa aTOMOB METana MeXAay
rpadeHoBbIMM  cnosimu; ()  Kancy/MpoBaHME HaHOYacTUL, MeTanna amopdHbIM - yraepodom; (a)
AOMHaMU4Yeckoe noBeAeHWe HAHEeCEHHbIX Ha YrepoaHbli HOCUTEb METaN/IMYECKMX HaHo4vacTuL, npu
BO34ENCTBMM MWKPOBOSIHOBOTO M3ydyeHus; (e) OJO0KMPOBKA MNOBEPXHOCTM HAHOYACTML, MeTanna
OpraHMYeCKMMM  MONEKY/amMK  CTabwuamsatopa, aAacopObUPOBAHHBIMWM BO BPeEMs  MPUrOTOBAEHWUA
KaTanusaTopa. 'Eéntble, opaH:KeBble M KpacHble cdepbl 0b603HayatoT GopmMbl HAHECEHHOro MeTanna
(HaHo4acTMUbI, KnacTepbl UKW OTAENbHbIE AaTOMbI), COOTBETCTBEHHO AOCTYMHbIE, YaCTUYHO AOCTYMHblE U
HeAOoCTYMNHble ANA pearnpyowmx MONeKy.

Takum 06pa3om, cucTemaTm3aluma n aHanns cBefeHnil 0 «MEPTBOM» MeTasl/ie B KaTasn3aTopax BaXKHbl
[O/1A COBEpLUEHCTBOBAaHMA METOA0B NPUrOTOBAEHMA KaTaM3aToOPOB, 0COBEHHO CoAep KalunX AParoLueHHble
mMmeTannbl. NIOMMMO NpPaKTUYECKOro 3HauyeHua Ana paspaboTKM KaTanusaTopos, MCCAeAO0BaHUA ABAEHMIA
«MEPTBOro» MeTan/la OTKPbLIBAIOT MepCrneKkTUBY ANA MNOHWMAHMA M ONTUMM3ALUMK GYHKUMOHUPOBAHMA
KaTanmM3aTopos. Cneayer OXKMAaTh, YTO KOHLENUUA K MEPTBOrO» METa/I/1a OKaXKEeT MOJIOKUTE/IbHOE BANAHUE
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Ha pa3/IMYHble Hay4YHble AUCUMUMAUHLI, TaK WM MHaYe CBSA3aHHble C reTeporeHHbIM KaTain3om, 4yto byget
CTUMY/IMPOBaTb WMHHOBALUMM B 3HEPreTMKe, Hayke 06 OKpyKalolwen cpeae M MaTepuanoBedeHuu.
HanbHelwee u3ydeHne ¢eHOMeHa «MEPTBOro» MeTanna M pa3paboTka Moaxod0B K MUHMMM3aAUMM
NocneacTBUiA ero MposBAeHUA HECOMHEHHO 6yayT cnocobcTBOBaTb PELIeHMIO KpaliHe BaKHOW Aand
reTeporeHHOro KaTtaams3a 33a4ayyM — CO34aHWMI0 BbICOKOI(PQEKTUBHLIX M B TO Ke BpPems Heaopormx
METaNNCOAEPKALUMX KaTaIn3aTOPOB.

CcbinKa:
Mironenko R.M., Eremin D.B., Ananikov V.P., "The phenomenon of “dead”

metal in heterogeneous catalysis: opportunities for increasing the efficiency
of carbon-supported metal catalysts", Chem. Sci., 2023, 14 (48), 14062-14073,
DOI: 10.1039/D3SC04691E
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BbICTPAA OLEHKA BE3OMACHOCTU XMMUYECKUX PEAKLIUIA NMPU MOMOLLIU
BUOCTPUNOB U ULUTOTOKCUHECKUX NOTEHLUUANOB

B maHHOM paboTe npeactaBneHbl HOBblE KOAMYECTBEHHbIE METPUKU OLLEHKU BAUAHUA XMMUYECKUX
NPOLLECCOB Ha OKpPYrKaloWyto cpeay — LUTOTOKCMYECKME MOTeHUManbl, - KOTopble NO3BOJIAKT NPOBOAUTH
6bICTPYIO NpeABaAPUTENBHYIO OLEHKY ONACHOCTU XMMMUYECKMX PeaKumii Ha OCHOBAHUWU LUTOTOTOKCUYHOCTU
Y4YacTBYIOWMX B HUX Bewects. [lpeanoxeHHble HaMu paHee 6MONPodUAN XUMUYECKUX peakumi
npeacTasfeHbl B Buae 601ee KOMNaKTHbIX 6MOCTpMNOB. Bce 3TO AaeT BO3MOXKHOCTb HANPAMYIO CPaBHUBATb
pa3/IMyHblE MYTM CMHTE3a ONpeaeseHHOro LeneBoro NpoAyKTa M OnpeaensTb KOMMOHEHTbl peaKkuui,
BHOCALWME HANOOMbLIMIN BKAAA B UX OOLLYID LMTOTOKCUYHOCTb. [MpemmyllectBa AaHHbIX HOBOBBEAEHUIN
NPOAEMOHCTPMPOBAHbI Ha npumepe 36 cnocobos cuHTesa 1,1’-6udeHmna n 72 cnocobos cuHTe3a 4-
meToKcu-1,1'-6udeHunna. TakKe NoslyyeHbl CBUAETEIbCTBA HECYLL,ECTBEHHOIO BAMAHUA BbIOOPA KNETOUYHOM
JIMHUM ANA U3YYEHUA LUTOTOKCUYHOCTM BELLECTB HA OLEHKY 6@30MacHOCTU XMMUYECKUX peaKLLUi.

Buoctpunsbl wectn cnocobos cuHTesa 1,1’-6udeHnna npeacraBneHbl Ha PucyHke 1. JAUHbI CEKTOPOB
6MOCTPUNOB paBHbl HOPManN3oBaHHOM LMTOTOKCUUYHOCTU (NC), KoTopas npeacTasnAeT coboit OTHoLLEeHMe
KO/IMYecTBa BeLLeCTBA (MMO/b) Yy4acTBYIOLWLIErO WMAW 0b6pasyloWerocs B pPeakuuMuM COeAMHEHUA K ero
NONYMAKCUMaIbHOMN LMTOTOKCMUYECKOMN KOHUEeHTpaumm (CCso, MMOb-Y), UI3SMEPEHHOM Ha HEKOM KNeTOYHOWM
NnHUKM (B aaHHoM cnydyae — CaCo-2). LiBeT cekTopoB oTparkaeT 3HadyeHuns CCsp BellecTs, U3MepPeHHbIe Ha
HEKOM KNeTOYHOW IMHUK; BELECTBO C MaKCMMa/IbHON LLUTOTOKCUYHOCTbIO (MUHMMaNbHbIM 3HaYeHnem CCs)
0603HaYeHOo KPaCHbIM LIBETOM, BELLECTBO C MUHMMANbHOM LUTOTOKCMUYHOCTbIO (MaKCMMa/ibHbIM 3HaYeHNEM
CCso) — 3en1eHbIM; OCTa/IbHble BELLECTBA NOKa3aHbl MPOMEXKYTOUYHbIMU OTTEHKAMU KPACHOIo, OPaH}KEBOO U
Kentoro. B pgonosnHeHne K 6uonpoduaam peakuuii TakxkKe paccuuTaHbl MX 6uodakTopbl, KOTOpble
npeacTasaaioT coboit oTHoweHne cymmbl NC BellecTs, NOKUAAWOWMX peakumio (MpoAayKTbl, NoboYHbIe
NPOAYKTbI 1 BCE BELLECTBA, KOTOPblE MOXKHO pereHepupoBaThb), K cymme NC BellecTs, BXOAALLINX B peaKLmIo
(McxopHble BelecTBa, KaTanus3aTopbl, PacTBOPUTENM M BCMOMOraTesibHble peareHTbl). Takum obpasom,
61odaKTOp OTparkaeT usmeHeHMme obL e UMTOTOKCUMYHOCTM B XOZE NPOTEKAHUA peakuuu.

MpeacTaBneHHble Ha PUcyHKe 1 peakunmn OTIMYa0TCA KaTaiM3aToOPOM M PacTBOPUTENIEM, YTO OTPaXKatoT
BTOpan (CT: A = Pd(OAc),, B = PdCl,, C = P(acac),) u yetBeptan (S: A = ataHon, B = NMP) 6yKBbl B HazBaHUAX
peakuuii. B gaHHOM c/lyyae BO BCEX PeakUMAX UCMONb30BaHbl 04MHAKOBblEe UCXOAHble BewecTea 2 (SM2,
nepsas 6yKBa B Ha3BaHWK peakummn, A = ioabeH3on) n peareHTsl (R, TpeTba 6yKkBa B Ha3BaHUM peakumu, A =
K2COs). MocmoTpeBs Ha NpuUBeAEHHbIE BUOCTPUNbI, MOXKHO CPa3y NPEeAMnoIoXKUTb, YTO C TOUYKU 3peHnn obuiei
LMTOTOKCUYHOCTU peakuuu npeanodyTeHne cneayeTt oTAaasBaTb KaTtanmsatopam A (Pd(OAc),) u B (PdCly) u
pacTtBopuTesnto A (3TaHON), 0 YEM CBUAETENLCTBYIOT AJIMHBI U LBET COOTBETCTBYIOLLUX CEKTOPOB BUOCTPUMOB.

TakXe B xoge paboTbl NpeanoXeHbl HOBble METPUKM, XapaKTepU3YoLWME ONACHOCTb XUMUYECKMUX
peaKkumii, a UMeHHO LUMTOTOKCMYecKkne noteHumanbl (CP): ucxoaHbI LUTOTOKCUYecKuiA noteHumnan (CP;, nnu
cymma NC BelecTB, BXOAALMX B PEAKLMIO), KOHEYHbIN LMTOTOKCMYecKuid noteHuman (CPy, uam cymma NC
BELLLECTB, BbIXOAAWMX U3 peaKLmm) U OTHOCUTE/IbHbIN KOHEYHbIM LMTOTOKCMYECKUi noTeHuman (CPs re, nan
cymma NC BelLecTB, BbIXOAALMX U3 PeaKkLUmn, 3a UCKAOYEHNEM NPOAYKTa). Mo cyTU, UCXOAHbINA U KOHEYHbIH
CP paBHbl KO/IMYECTBY IMTPOB CPeibl A/1A KYy/IbTUBMPOBAHUA KNETOYHbIX KY/IbTYP, KOTOPble MOTYT «OTPaBUTb»
BELLEeCTBa, BXO4AWME B PeakuMio M nokuaalowme ee, COOTBETCTBEHHO. MpoaHann3npoBaB HayasbHble U
KoHeuyHble CP peaKuui, MOXKHO caenaTb NpeaBapuTeNibHble BbIBOAbI O NpPeAnoYTUTENbHbLIX cnocobax
CMHTE3a, He BM3yanusmnpysa nHansmnayanbHble CCso y4acTBYIOWMX B HUX BELLLECTB.

23



[Pd] = Pd(OAc), (A), PdCl, (B), Pd(acac), (C) /CT/

B(OH)z X [Pd]
+
Solvent/H,O
ISM1/ X =1(A)/SM2/ - MX /IBP1/ IPI
-M,B,O, /BP2/
- H,BO,/BP3/
Solvent = ethanol (A), NMP (B) /S/
BP1 M=K (A)/RI BP1
cT BP2
‘BPB
SM1 SM2 R S P
A-A-A-B 0.35 I
BP1
cT BP2
BP3
SM1 SM2 P
A-B-A-B 1 10.36
BP1 BP1
BP2 BP2
pP3 SM1_ SM2 CT R S p BP3

A-C-A-A 052

/ bio-Factor

Reaction name

cC., mM

The lowest CC, value — 0.
(the most toxic substance)

s | ||

7

The sections are colored in accordance
with the CC_ values

ii relative scale il
37 cellline CaCo-2 598875 ~— The highest CC,, value

(the least toxic substance)

Reaction name = SM-CT-R-S
SM = starting material, CT = catalyst, R = reagent, S = solvent, P = product, BP = byproduct

PucyHoKk 1. Buoctpunbl 6 cnocobosB cuHTesa 1,1’-6udeHnna npuv BapbMpPOBAHUM KATaNM3aTOPOB
(Pd(OAC)2 (A), PdCI; (B), Pd(acac); (C)) n pactsoputeneit (ataHon (A), NMP (B)). B BepxHelt 4acTu puUCyHKa
[aHa XMMMYecKasa peaKkums, B HAXKHeEN YacTi — 0bwan WKana LMTOTOKCUYHOCTM U pacluindpoBKa Ha3BaHUM
peakuuii U cCoKpaweHunin. JanHa cekumii 6UOCTPUNOB COOTBETCTBYET HOPMA/IM30BAHHOMN LIUTOTOKCUYHOCTM
(NC) Bewects, uet — 3HaYeHnsam CCsp BELLEeCTB AN HEKOW KNEeTOUYHOMN NnHUKM (B AaHHOM caydae — CaCo-2).
BHyTpK BuocTpmnos npmseseHbl buodaKkTopbl COOTBETCTBYHOLMX PEeaKLUN.

Ccbinka:
Egorova K.S., Posvyatenko A.V., Galushko A.S., Ananikov V.P., "Fast evaluation

of the safety of chemical reactions using cytotoxicity potentials and bio-
Strips", Chemosphere, 2023, 313, 137378,
DOI: 10.1016/j.chemosphere.2022.137378
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KATAJIMUTUMECKAA CUCTEMA Pd/NHC-TPEDO A/11 CENEKTUBHOIO APUIMPOBAHUA
BbICOKOA3OTUCTbIX AMUHOTETEPOLUUK/IOB

Peakuma byxBanbga-XapTBura LWMPOKO MUCMOJb3yeTca ANs NoJlydeHun (retepo)apomaTMyeckmx aMmmMHOB
B8 ¢$apmaLeBTUYECKOM MPOMbIWNEHHOCTM, AarPOXMMUU U MaTepuanoseseHnn. ApMnaMmmMHONPOU3BOAHbIE
Mo/IMa30TUCTbIX FeTEPOLMKAOB, Hanpumep 1,2,4-Tpuasona, TpuasononupuMmamHa, 6eHsnmmpaasona wu
ApYyrMx cucTtem Becbma BocTpeboBaHbl B  MeguKo-6uonormyeckux wuccneposaHuax. OAHaKo Takue
reTepoapomaTMyeckme aMuHbl ABAAIOTCA NPOobaeMHbIMKU cybcTpaTamum aAna peakuuun byxsanbga-XapTeura B
CBA3M C MOHMMEHHOW HYKNEOPUAbHOCTbIO aMMHOTPYNNbl U MYNbTUAEHTATHLIM XapakTepom. OHU NPOYHO
KOOPANHUPYIOTCA K aTOMam Nannaama c ydactmem atomos N reTepoLmKaa U, TaKMM 06pasom, MHIMBUpyLoT
KaTasmsartop.

Hamu paspaboTtaH apdeKTnBHbIN Noaxos, s CENEKTUBHOMO apunmpoBanna C-amnHo-1,2,4-Tpnasonos
M APYrMX MOJMA3oTUCTbIX aMMHOTETEPOUMKIOB (reTepo)apunranoreHmgamu. ITOT NOAXoA OCHOBaH Ha
MNCNO/MIb30BAaHMM HOBOW KaTa/IMTUYECKOM CUCTEMbI - KOMMJIEKca nannagma ¢ obvemHbim NHC-anraHaom B
NPUCYTCTBUM NerkogocTtynHoro 1,1,2,2-tetpadeHunnaran-1,2-guona (TPEDO) (PucyHok 1). TPEDO urpaeTt ponb
aKkTmeaTopa, BocctaHaBnmeas Komriekcbl Pd(I1)/NHC go Katanutnyecku akTmsHbIX Kommiekcos Pd(0)/NHC.
MpumeHeHne TPEDO no3BonseT 3Ha4MTENbHO MOBLICUTb BbIXOZ NPOAYKTOB apuUAMPOBaHMA NO CPAaBHEHWUIO C
aKcnepumeHTammn 6e3 3Toro BocCcTaHOBUTENsA. PaspaboTaHHbIM nogxon obecneynmBaeT  OTAUYHYIO
CeNeKTUBHOCTb apuanpoBaHna NHy-rpynnbl garke B cybcTpaTax € He3aWMLWLEHHBIMW 3HOOLMKANYECKMMMU
rpynnamu NH. MexaHM3m peakuuu M B3aMMOCBA3b MeXAY CTPYKTYPOM M aKTUBHOCTbIO aMMHOTPMA30/10B
n3y4yeHbl ¢ nomouw,bto DFT-pacyeTos.

R' (Het)ArCI(Br) RvN (HebAr
NN Pd/NHC (0.3-1 mol%) N /
G >—NH, t JCp—NH
N TPEDO, Bu'OK N
R R
R'=H, alkyl, aryl more than 50 examples,

up to 96% isolated yield

e Challenging substrates e Efficient activation of PA/NHC catalysis with TPEDO

Catalytic system:
Dipp*OMe Ph Ph
N/ X HO  Ph
| —
N—Pd-N + Ph%—ePh
[,\j>_ * /\\:/> Ph  OH Ph o~
\ TPEDO Ph
Dipp*OMe
PAINHC Dipp"OMe

PucyHoK 1. Katanutuyeckan cuctema - Komnaekc nannaans c o6bvemHbim NHC-amraHaom B npucyTcTBUM
nerkogoctynHoro 1,1,2,2-tetpadpeHmnatan-1,2-guona (TPEDO).

Bbicokas 3¢peKTMBHOCTb MPeasioKEeHHOro Nogxo4a NOATBEPXKAEHA ycrewHbiM cuHTesom 6onee 50
BELLECTB NyTem (reTepo)apuanpoBaHnA PasanYHbIX MO CTPYKTYpPE aMUHOTPMA3010B. HoBbI meTog, TaKkkKe
oKasancA 3¢PeKTUBHbBIM A1 APUANPOBAHUA aMUHOBEH3MMMAA30/10B, aMUHOTPUA30NONUPUMUANHOB U
aMUWHOMMPUAMHOB. 3arpy3Ka naanaama B 3TUX CMHTe3ax cocTasnana scero 0.3-1 mon.%, B 3aBUCMMOCTU OT
CTPYKTYPbl UICXOAHOTO aMUHOreTEPOLMKAA.

CcbinkKa:

Astakhov A.V., Chernenko A.Yu., Kutyrev V.V., Ranny G.S., Minyaev M.E.,
Chernyshev V.M., Ananikov V.P. "Selective Buchwald—Hartwig arylation of C-
amino-1,2,4-triazoles and other coordinating aminoheterocycles enabled by
bulky NHC ligands and TPEDO activator", Inorg. Chem. Front., 2023, 1, 10, 218-
239, DOI: 10.1039/D2QI018328B
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HA NMYTU K BbICOKOKAYECTBEHHOW 3D-NEYATU

AOANTUBHbIE TEXHONOTMW CTaIM MOLUHBIM MHCTPYMEHTOM W3rOTOBAEHUA U3AENUMA B PA3INYHbBIX
obnactax HaykMm U TeXHWKKU. Tak, B XMMWUK OHW MO3BOASIOT pa3pabaTtbiBaTb M M3roTaBAMBaTb PeaKTopbl
Pa3/IMYHOIO CTPOEHMA U KaTaIMTUYECKNE CTPYKTYpPbl. OaHMM M3 Hanbosiee nonyaspHbIX meToaos 3D-neyaTn
ABNAETCA TEXHONOIMA NOCAOMHOro HannaeneHusa. 3To 0OYC/NIOBNAEHO HU3KOM CTOMMOCTbIO Takux 3D-
NPUHTEPOB M LUMPOKUM ACCOPTUMEHTOM NPUMEHAEMbIX MaTepunanos.

[aHHbIN MeToa, 3aK/oYaeTcs B CAedyloWem: MNPYTOK TepMonIacTMYHOro matepuana noaaetcs B
HarpeToe ConJ/o, rae NepexoauT B BA3KOTEKyYee COCTOAHUE, NOC/1e Yero HAHOCUTCA Ha MOBEPXHOCTb CTONMKA
B 3a4aHHbIX TouyKax W 3atBepaeBaeT (PucyHok 1A). TeopeTMYecKM [OMKHbI NOAy4yaTbCA WAEasbHO
BblBEPEHHbIE reomeTpuyeckne ¢opmbl (PucyHok 1B). OgHaKo TepMmuyecKkoe paclumpeHune 1 nocaeayollee
cKaTue maTtepumana, a B page C/y4yaes, U USMEHEHUEe KPUCTa/ZIMYHOCTU, MOTYT NPUBECTU K 06pa3soBaHMIo
nedektos (PucyHok 1C). Mpu pas3paboTke XMMMUYECKUX PEaKTOPOB HN3Koe KavyecTBo 3D-neyat MOKeT cTaTb
NPUYNHON HEBO3MOMKHOCTM MX MCMOAb30BAHMA WUAM HEKOHTPOAMPYEMbIM NOBOYHBIM MpoLieccam B Xxoge
aKcnayaTaumu.

(B) (A) (C)
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quality
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First layer heated by bed

PucyHoK 1. CxemaTtuyeckoe nsobpaskeHune, nokasbisarowee: (A) mexaHU3m 3KCTPY3noHHOW 3D-nevaty;
(B) BbicokoKauecTBeHHOe m3genme; (C) HU3KoKauyecTBEHHOE ugenmne ¢ gedekTamu.

B paHHOM paboTe paccmoTpeH psag aedektos, Hanbonee YacTo BcTpeyarowmxca B 3D-neyatn metogom
NOCAOMHOro HannaBfAeHWA, a UMEHHO: ycaaKa, KopobaeHue, cMmelleHne cnoes, paccioeHne/cnaboe ceasbl-
BaHMe, CKpyyMBaHMe/HEepOBHble YrAbl, NYCTOTbl, HUTM MaTepuana, MEepPesKCTPy3us, HeLOIKCTPy3us,
pebpurCTOCTb, TPELWMHbI, Ny3blpK, NMOPblI U MONEKYAAPHbIE AedEKTbl, MPUBOAALLNE K PA3PYLUEHUIO OLHUX
cBA3el 1 obpasoBaHuio apyrux. JedekTbl NpoaHaM3NPOBaHbl MO PAAY NPU3HaKoB: pasmepy (PUCYHOK 2),
NMPOCTPAHCTBEHHOM TOMOJIOrMM, PACMONOMKEHMIO W Npupode o06pasoBaHuA. [na Kaxporo aedekrta
NpuYBELEHO OMUCaHWEe M PACCMOTPEHA CTeNeHb B/AMAHWA Ha KOHeyHoe wu3genve. AHAaAU3 MPUYMH KX
06pa3oBaHUA NO3BOAUA MPEANOXUTb CNOCODOLI MX NpeaoTepalleHmsa. Kpome Toro, B 0630pe npuseaeHbl
npumepbl UCMO/Ib30BaHMA NOAXOA0B HAa OCHOBE HEMPOHHbBIX CETEeN ANs AETEKTMPOBaHMUA AedeKTOoB, a TaKkKe
NPOrHO3MpPOBaHMA UX 06pas3oBaHuA.
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PuUcyHoK 2. CBoaHan cxema AedeKToB B COOTBETCTBUM C UX pasMepamm.

CcblnKa:

Erokhin K.S., Naumov S.A., Ananikov V.P., "Analysis, classification and
remediation of defects in material extrusion 3D printing", Russ. Chem. Reuv.,
2023, 92, 11, RCR5103, DOI: 10.59761/RCR5103
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WUCKYCCTBEHHbIA UHTENJIEKT ANA AHAIM3A MOP®O/10MMU BUONJIEHOK U
ONPEAENEHUA BUOLMAHOIO 3®PEKTA COEAUHEHWUI

BUOMNNEHKM — KOHIr/IoMepaTbl MUKPOOPraHM3MOB, O06begMHEHHbIe MEMKK/JETOYHbIM BELLeCTBOM —
MaTpuKcom. OHU OTBETCTBEHHbI 3a 6onee yem ABe TpeT MHOEKLMOHHbIX 3aboneBaHuii. M3yuyeHune pocTta
6MONOTMYECKUX MNEHOK M OLLEHKA BAMAHMA Ha UX KU3HELEATeNbHOCTb aHTUMMUKPOOHbIX COeAUMHEHWUN C
MCMNO/Ib30BaHWEM CKaHMPYIOLWEN 3NEKTPOHHON MUKpockonuu (COM) AMMUTMPOBAHO HEOBXOAMMOCTbIO MX
PYYHON MHTEpNpPeTaLUU.

B cTatbe O6bin nNpep/ioXKeH NoOAXo4, NO3BOAAOWMIA NPOBOAUTD ABTOMATUYECKYD 00paboTKy
nsobpaxkeHuii (COM) ¢ pacnosHaBaHMEM OTAENbHbIX KNETOK M MaTpuKca (PucyHok 1). B ocHoBe pelueHusn
NexaT anropuTMbl KOMMbIOTEPHOIO 3PEHUA N HEMPOHHbIE ceTU, 0byYeHHble Ha padmedeHHbix COM CHUMKaXx
buonneHok Staphylococcus aureus.
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PucyHok 1. OnuncaHue umMdpoBoro nogxoaa K aHaansy 6MonNeHoK ¢ ucnonb3osaHnem UN.

B paHHOM paboTe TaK)Ke MOKa3aHO, KaK MeToh MOXKeT ObiTb peasn3oBaH B WUCCAeAOBaHMAX, Tae
Tpebyetca aHanu3 60/bliMX 0OBEMOB [AAHHbIX 3NEKTPOHHON MMUKpockonuu. B xoae paboTtbl 6biio
onpefeneHo KOJIMYECTBO KNETOK B OuonieHKe Ha naowagu, COOTBETCTBYOWEN 30He BUMAMMOCTU
YeNoBeYeCKoro rnasa. Takke bblia NPoBeAeHa OLLEHKA BANAHUA aHTMOMOTUKOB Ha BUONAEHKM C MOMOLLLbIO
NPOrpamMMHOMA CUCTEMbI U KUHETUYECKOE MOJennpoBaHume ux pocta. Lndposoin noaxon nossonsaet
aBTOMATUYECKM PEFUCTPUPOBaATb M306paxkeHna COM, UTO UCKAOYAET BAUAHWE ONEepaTopa Ha perncTpaumio.

B xoge nccnepgoBaHua 6bino obpaboTaHo:

1. 1330 C3M-usobparkeHuii (800 wu30bparkeHM AN KUHETMYECKOro MOAE/IMPOBaHUA pocCTa
b6uonneHkn, 500 n3obpakeHU [N MUCCNefOoBaHUA BAMAHMA aHTUOMOTMKOB M 30 mM300parkeHuin ans
KapTUPOBAHMA MAKPOCKONUYeCcKoin 061acTn 6MonaeHKu)

2. 1,15 cm® obwer aHaAM3MpyeMoi nowaamn, 3aperucTpMpoBaHHOM C  OTpULATE/IbHbIMU
nepekpbiBaHnAMM, 1 0,1472 mm? ob6wwei naowaam COIM-u3obparkeHuin.

3. 74 736 oTaenbHbix 6aKTepManbHbIX KAETOK C YCTAaHOBAEHMEM pPa3sMepa Aas A0AM PaCno3HaHHbLIX
KNETOK.

Ccblnka:

Kozlov K.S., Boiko D.A., Detusheva E.V., Detushev K.\., Pentsak E.O.,
Vereshchagin A.N., Ananikov V.P. "Digital biology approach for macroscale
studies of biofilm growth and biocide effects with electron microscopy", Dig.
Discov., 2023, 2, 1522-1539, DOI: 10.1039/D3DD00048F
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HOBbIE FOPU30OHTbI B AHANIU3E AUHAMMUKN MOHHbBIX
XUOKOCTEM NP NOMOLLN HEMPOCETEN

B coBpeMeHHbIX Hay4HbIX UCCNEA0BAaHUAX MOHHbIE UAKOCTU 3aHMMAalOT ocoboe mecTto bnarogapsn
CBOMM YHMKa/lbHbIM CBOWCTBaM, TaKMM KaK BbICOKas TemnepaTypHaa cTabunbHOCTb, HU3KasA NleTydyecTb U
WMPOKUIA AMana3oH PacTBOPUMOCTU. M3yveHWe KX CTPYKTYpbl U AMHAMMKM HA MOJIEKYIAPHOM YPOBHE
OTKPbIBaeT NepPCneKkTMBbI A4/1A CO34aHMA HOBbIX MaTepmnanos 1 TexHonornin. OgHako TpaguMuMOoHHbIe MeTobl
3NEeKTPOHHON MWMKPOCKOMUKN, OFPaHUYEHHbIE CTAaTUYHBLIMKU M300paXKEHUAMMU, HE MO3BONAIOT MNOAHOCTLIO
PacKpbITb AHaMUYECKME NPOLLECCHI B MOHHbBIX }KUAKOCTAX. Hawa paboTa npeanaraet HOBbIM MeTO/ aHaAn3a,
CoYyeTalolmii 3NEKTPOHHYIO MUKPOCKOMUIO B peasibHOM BPeMEHU C anropuTMmamm rnyboKkoro obydyeHus ans
CHUMXEHMA LWyMa M yAydlleHUA KadecTBa u306parkeHWit. ITOT noaxod MNo3BOIMA Ham MCCiedoBaTb
dHU30TpPONHOE ABUXKEeHUNE B CUCTEéMaX Ha OCHOBE MOHHbIX )-KVI,EI,KOCTeﬁ n BOAbl C BbICOKOM TOYHOCTbIO.

[na pa3paboTkmM meToaa 6bin peanm3oBaH MHHOBALMOHHbIN NPOrPaMMHbIN aNrOPUTM, BKAOYAIOLWLMIA B
ceba npeasapuTeNbHYy0 06pabOoTKY AaHHbIX, BUHAPU3aLMIO, CErMEHTaLMIO U OTCAEXUBaAHNE AMHAMUYECKUX
06bektoB (PucyHok 1). Ocoboe BHMMaHMe 6bino yaeneHo o06paboTKe LWyma, KOTOpPbIM ABAAETCA
CYLLLECTBEHHbIM MPEnATCTBMEM NPW aHann3e BUAEO C 3/EKTPOHHOMO MMKpockona. C NOMOLbIO TEXHUK
rnybokoro obyyeHuns yoanocb A06MTbCA 3HAYMTENbHOTO YAYYLLEHMUA KavyecTBa M300OpaXKeHun, 4YTo, B CBOKO
ouyepedpb, 06ecneynno BbICOKYID TOUYHOCTb BbISIBAIEHUA UM aHaNU3a MUKPOCTPYKTYPHbIX obpasoBaHuii B
MOHHDbIX XXUAKOCTAX.

MpuMeHeHWe NPeaNoXKeHHOro MeToAa K M3YYeHUIO SKCMepMMeHTaNbHbIX 06pa3uoB MoOKasano ero
WCK/IIOYUTE/IbHYIO  CNOCOBHOCTb BbISBAATL AMHAMUYECKME MPOLLECCbl B MOHHbIX XUAKOCTAX. bBbino
06Hapy»KeHo, YTO NaTTepHbl CKaHWMPOBAHUA 3/MEKTPOHHOrO Jlyd4a OKa3biBalOT CylLECTBEHHOEe BAWAHUE Ha
OVNHAMUKY 0OBbEKTOB B UCC/ieQyeMbIX CMCTeMax. ITOT pe3ybTaT He TOIbKO AEeMOHCTPUPYET BO3MOXHOCTb
ynpasaeHUAa MUKPOMACLLTabHbIMU NPOLLECCaMM C MOMOLLIO M3MEHEHWNI B CKAHUPOBAHUM, HO N OTKPbIBaeT
HOBble NYTK 418 FNYBOKOro NOHMMaHUA B3aMMOAENCTBUA MyUKa 3/1EKTPOHOB C BELLLEeCTBOM.

Denolsing module

Neural network Non-local Bilateral Median Gaussian
Original noisy image denoising means filter filter filter
Segmentation module Binarization module
Binary masks are used
— as an input for contour
. Parent extraction algorithm.
contour -« -
Resulting hierarchy is
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o contours thresholding transforms

Tracking module

Objects are tracked
between frames,
using similarity metric, , Final predictions

which considers ;
coordinates of centers and data analysis

PUCYHOK 1. VIHHOBaLMOHHbIM NPOrpaMmmHbIii aArOPUTM ANA aHaAN3a AUHAMUKU MOHHDBIX XKUAKOCTEN.
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Ba)KHO OTMETWUTb, YTO Hall NOAXOL He OrpaHMYMBAETCA WCCAELOBAHUSMM MOHHbLIX KUOKOCTEW.
MopaynbHasa apxuTeKkTypa pa3paboTaHHOM cUCTeMbl NMO3BOMAET ee adanTauuio A1s aHa/n3a LWMPOKOro
CNeKTpa maTepuanos u aaeHui. Mybamkaumna McxogHoro Koga n noApobHON MeToa0N0rMn UccneaoBaHUA
npegnaraet HayYHoOMy COOBLLECTBY MOLLHbIA MHCTPYMEHT ANA aHanM3a M NMOHUMAHMA CAOXKHbIX CUCTEM,
OTKPbIBAA A0POry K pa3paboTKe HOBbIX MaTepManoB C NpeaCcKasyemMbiMM U HACTPauBaeMbIMM CBOMCTBAMM.
3T pe3ynbTaTbl TaKXKe NOAYEPKMBAIOT BaXKHOCTb MEXAMCLUNINHAPHOIO NOAX0Aa B COBPEMEHHbIX HayYHbIX
MUCCNefoBaHMAX, AEMOHCTPUMPYA, KaK co4vyeTaHWe nepeaoBblX TEeXHOJIOTM B 001acTUM  3/IEKTPOHHOM
MUWKPOCKOMUU N UCKYCCTBEHHOTO MHTE/IIEKTA MOXKET CTaTb K/IHOYOM K pa3ragKe MOJIeKYIAPHbIX NPOLLECCOB.

B 3aknloueHue, npeactaBneHHaa paboTa ABASETCS 3HAUYMTE/IbHbIM LIAroM B Hamnpas/iEHUN U3YYEeHUs
CNOKHbIX AMHAMMYECKMX NMPOLLECCOB B MOHHbIX YXUAKOCTAX U APYTUX MOJIEKYAAPHbBIX cMcTeMaXx. Mbl yBepeHbl,
4YTo pa3paboTaHHbIM Noaxon NOAHMMET Ha HOBbIA YPOBEHb BO3MOXHOCTM UCC/AeA0BaHWUM, CBA3AHHbIX C
pa3paboTKoN HOBbIX MATEPUANIOB N TeXHOOrMI ByayLuero.

Ccbinka:

Boiko D.A., Kashin A.S., Sorokin V.R., Agaev Yu.V,, Zaitsev R.G., Ananikov V.P.,,
"Analyzing ionic liquid systems using real-time electron microscopy and a
computational framework combining deep learning and classic computer
vision  techniques" J. Mol. Lig., 2023, 376, art. 121407,
DOI: 10.1016/j.molliq.2023.121407
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NPUMEHEHUE KOMIM/EKCA Pt.dbas B KAYECTBE KATA/IU3ATOPA “KOKTEM/IbHOIO TUMA”
ANnAa PEAKUUU TMOPOCUNTUNTUPOBAHUA AZIKEHOB U AZIKUHOB

CoBpeMeHHbI  noaxod K AM3aMHY KaTalMTUYECKMX CUCTEM, OCHOBAHHbIM Ha MpPUHUMNAX
AMHAaMUYECKOro KaTannsa, No3Bo/IAOT AOCTUIaTb 3a4aHHbIX MapPamMeTPoB XMMUYECKMX NpoLLeccoB (Bbixoa U
CEe/IeKTUBHOCTb), UCMO/b3YA AOCTYMHblE METa/INIOKOMM/EKCHI 683 CNOXKHbIX U AO0POTOCTOALLMX OPraHUYECKMX
nvraHpoB. B Hactoswen pabote pgaHHbIM nogxod 6bl1 MCNONb30BaH AnA co3gaHusa 3ddeKTUBHOro
KaTaamnsaTopa rMMAPOCUNINANPOBAHKSA aNKeHoB " a/IKNHOB Ha oCHOBe KoMMieKca
Tpuc(gnubeHsmnmaeHauetoH)amnnatuHbl (Ptodbas). AnHamunyeckne npeBpalleHus, KoTopble npetepnesaeT
Komnnekc Ptdbas HenocpeAcTBEHHO B peakLMOHHOMW cmecu, NpuUBOAAT K obpas3oBaHUO “KokTennsa”
KaTaZIMTUYECKN aKTUBHbIX coeguMHeHu. CTpoeHue AaHHbIX coeaMHEHUN BblN0 UCCNef0BaHO KOMMIEKCOM
OUBUKO-XMMNYECKMX METOZO0B, BK/OYAA MACC-CMEKTPOMETPUIO, crnekTpockonuio AMP, 31eKTPOHHYIO
MUKPOCKOMWIO M aHanu3 TOHKOW CTPYKTypbl CMEKTPOB MOI/OWEHMUA PEHTIEHOBCKUX Nyden. Bbino
0bHapyKeHo, 4YTo 06pa3oBaHHbLIN “KOKTENNb” COCTOUT M3 MONEKYNSPHbIX KOMMIEKCOB M HaHOYacTuL,
nnaTuHbl pasmepom ot 1.6 o 2.6 HM. MoaeKkynapHOe MoAeNMpOoOBaHME peakuun rmapocuananpoBaHmA
deHunaueTMneHa (cTaTmyeckme KBaAHTOBO-XMMMUYECKUE PacyeTbl U MOJIEKYIAPHAA ANHAMMKaA) NOKa3ano, YTo
CENIEKTUBHOCTb NPOLecca MOKeT ObITb 3HAUNTE/IbHO YyYLleHa, eC/iv OH ByaeT NpoTeKaTb Yepes BHegpeHue
a/lkKnMHa no cBaA3un Pt-Si, a He no cBsa3um Pt-H.

CpaBHUTeNbHOE uccnenoBaHne 3¢PEKTUBHOCTM KaTasimsaTopa Ha ocHoBe Ptrdbas n Katanusatopa
KapcTteaa (Pt,dvtmss), LUMPOKO NPUMEHAEMOTrO B NPOMbILLIIEHHOCTW, MOKa3ao, YTO B MOAE/IbHbIX peakumax
beHnnaueTMneHa ¢ TPUITUACMNAHOM UM GEHUNSTUNAEHA C TPUITOKCUCMNAHOM 06a coeauHeHusa aatoT
COMNOCTaBMMble BbIXOAbl M cenekTMBHOCTb. OAHAKO NpeMmyLecTBOM Komnsekca Ptodbas sBnsetca ero
CTabuNbHOCTb MPU XpPaHEHMU U yAoHOCTBO MCMOJIb30BaHWMA, MOCKObKY OH NMpeacTasnseT coboi TBepaoe
BELLECTBO, B OT/AMYME OT coeauHeHua Pt,dvtmss, KOTOpoe XpaHWUTCA B BUAE CWUJIOKCAHOBOrO pPacTBopa
(PucyHok 1). Kpome Toro Ptodbas saBnsetca npAmMbIM MCTOYHMKOM YacTul, Pt(0), akKTUBHbIX B peakuuu
rMMAPOCUANANPOBAHUSA, U He TpebyeT NpeaBapUTEIbHOrO BOCCTAHOB/IEHMA.

"ligand-free" [Pt] catalyst

RsSiH + =——R' - //i/ + = +
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Karstedt's catalyst Speier's catalyst tris(dibenzylideneacetone)diplatinum
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PucyHok 1. [lpeummyuwiectBa KaTasnM3atopa Ha OCHOBe Komnnekca Pt,dbas; no cpaBHeHuo c
KaTanusatopamu Cnaitepa n Kapcreaa.
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PucyHoK 2. (A) PacTBopbl KaTanusatopa Kapctega (1) v Ptodbas (Il) B xnopodopme. (B) Obpasusbi | u I
nocne HarpesaHua npu 70 °C B TeyeHun 2 4. (C) Ocagku, obpasoBaHHbIe B pe3ynbTaTe HarpeBaHus obpasuos
lwnll

Komnnekc Pt,dbas Takke ob6nagaetr 6onblieit arperaTUBHOM YCTOMYMBOCTbIO MO CPABHEHMUIO C
KaTanusatopom Kapcrepga, 4To HarnagHO NOATBEPKAAIOT IKCMNEPUMEHTbI MO TEPMUYECKOMY PA3/IONKEHMIO
(PvcyHok 2). PacTBopbl Komnekcos Pt,dbas 1 Pt,dvimss paBHOM KOHLEHTpaumm B xnopodopme Harpesanm
npu 70 °C B Te4eHnn 2 4. AHanmn3 obomx pactsopos metogom H{*%°Pt} AMP nokasan npMmepHO 0AUHAKOBYIO
CTerneHb PA3/IOKEHUA MUCXOAHbIX cCoeaMHeHui (npumepHo 75%). OpgHako oba obpasua cywecTBeHHO
pas3/INyannCb MO KOAMYECTBY BbiNaBLIEro 0CaAKa, KOToporo 66110 HamHoro 6onblue B ciydae Ptodvtmss.
[aHHbIN 3KCNepMMEeHT NO3BOJIAET 3aK/NOYUTb, YTO pasnoxeHue Pt.dbas npmBoamT K obpasosaHuio
[O0CTAaTOYHO CTABUbHBIX NMPOMENKYTOYHbIX KOMMNEKCOB MAW KNACTEepPOB MAATUHbI, TOFAA KaK KaTanusaTop
KapTegna 6bicTpo arpernpyeT ¢ 0b6pa3oBaHMeEM NIaTUHOBOW YEPHM.

Ccbinka:

Ondar E.O., Kostyukovich AYu., Burykina J.V., Galushko A.S., Ananikov V. P,,
"Examination of Pt,dbas as a “cocktail”’-type catalytic system for alkene and
alkyne hydrosilylation reactions", Catal. Sci. Technol., 2023, 13, 6022-6040,
DOI: 10.1039/D3CY00865G

32


https://doi.org/10.1039/D3CY00865G

KOMMNO3UTHbLIE NOTMMEPHbBIE MATEPUAJIbI ANA NPOU3BOACTBA MPOTOYHbIX
FFF PEAKTOPOB U UX NPAKTUYECKOE NPUMEHEHUE B
PEAKUMU TPAHCOEPHOIO riaPUPOBAHUA

CoBpeMeHHble aaaUTUBHbIE TEXHOIOTMN, UCNO/Ib3YyeMbIe AA NONYYEHUA PA3ANYHBIX GYHKLMOHANbHbIX
M3LeNvi, B HacToAWEe BPeMA MNOJYYaloT pacnpocTpaHeHMe B PasHOOOpasHbix cdepax AeATeNbHOCTU
YesioBEKA W 3aTparnBatoT Takne 061acTu, Kak TEXHMYECKOe NPOU3BOACTBO, NPUBOPOCTPOEHNE, MEANLMHY,
Hay4YHO-UCCNen0BaTENbCKYIO MPAKTUKY M MHOrMe gpyrue. B HayydHo-uccnenoBaTeNbCKOW npakTuke 3D-
neyatb NPUMEHAETCA B OPraHMYECKOM CMHTe3e, dapmaueBTUKe, BUOXMMUM, AHANUTUYECKOU XMMUKU WU
b6uoTtexHonormn. Hanbonee pacnpoctpaHeHHbIM MeTogom 3D-neyaTn B gaHHOU cdhepe ABAAETCA METOZ,
9KCTPY3MOHHOIO HamniaBiAeHUA TEePMOMIACTUYHbIX MNOAMMEPHbIX maTepuanoB (FFF — Fused Filament
Fabrication). PacnpoctpaHeHHocTb FFF meToaa obycnoBneHa HEBbLICOKOM cToMMoOCTbio 3D-neyaTHOro
obopynoBaHMA M 4Ype3Bbl4AaMHO 6OAbLWIMM  CMEKTPOM  Pa3/IMYHbIX MOJMMEpPHbIX MATepUanoB ¢
pPa3HOObpPa3HbIMM IKCMYAaTALMOHHBIMW XapaKTEPUCTUKAMM, BKAOYAA MaTepuasibl C BbICOKOM XMMUYECKOM
YCTOMYMBOCTbIO. TaKMe matepuaibl, B HaCTHOCTU, MPUMEHAIOTCA B OPraHUYecKoM XMM1UK g1 NpomM3BOACTBA
NabopaTopHbIX XMMMUYECKUX PEaKTOPOB PA3/IMYHON KOHCTPYKUMM, B TOM YUCAE MOAY/IbHbIX CUCTEM
NpPoTOYHOro TWMA. PeakTopbl, NonyvyeHHble MeTogom FFF, moryt BKAO4YaTb B ceba MHOMKECTBO
GYHKLMOHaNbHbIX Y3/10B: PEaKUMOHHbIX eMKOCTEN M KaHanoB, TepMocTaTMpytowmx 610KoB, cuctem ans
MOHTaXa [AOMNONAHUTENbHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB M Ap., YTO AenaeT AaHHbIM MeToh, MOLLHbIM
WHCTPYMEHTOM A/1A CO34aHMA HOBbIX CI0OXHOOPraHN30BaHHbIX GOPM PeakTopoB.

B aaHHOI paboTe 6bln peann3oBaH MOMCK TEPMONAACTUYHBIX MATEPMANOB, KOTOpble MOryT 6biTb
NPUMeEHeHblI AAA CO34aHUA NabopaTopHbIX XMMUYECKUX peakTopoB. [na uccneposaHuA Obla B3AT
cnefyowmnin pag matepuanos: nonmnaktng, (PLA+), TepmonnactnyHbli noanypetaH (TPU), nonnkapboHat
(PC), nmonuamug (PA), HanonHeHHbI yrneBosokHom nonnamua-6 (PA6-CF), nonunponuneH (PP),
HaMoJIHEHHbIN CTEKNI0BOJIOKHOM nonaunponuaeH (PP-GF). Bbina n3yyeHa XMMUYECKas yCTOMYMBOCTb Mpu
BO34ENCTBMM Hambosee pPacnpoOCTPAHEHHbIX OPraHWYECKUX pPacTBOPUTENEl, a TaKXe TenJoCTOMKOCTb
maTtepuanos. YcTaHoBeHO, 4To PA6-CF, PA, PP-GF, PP nposBAAtOT XMMUYECKYO CTabMNbHOCTb B BbIOPAHHbIX
pacTBopuUTENAX B TeyeHMe 24 yacos, a HaMbonblLuel TenJoCTOMKOCTbIO 061a4at0T 06pasLbl U3 NoANaMUL0B
(PA6-CF, PA) n nonukapboHata. [ns Haumbonee XMMUYECKM CTOMKMX mMaTepuanoB 6bin npoBenéH psag
aKcnepumeHtoB B cpege AM®A u OMCO npu HarpeBaHum go 100 °C. Takxe 6biia onpepgeneHa
MexaHMyecKasa NpoYHocTb FFF-u3genunii n nonyyeHol repmetuyHble FFF-peakTopbl, cnocobHble yaepKMBaTb
BHYTPeHHee U3bbITOYHOE AaB/ieHMe rasa.

Kpome aToro, B faHHoOM paboTe Hblia NOKa3aHa BbicOKaa 3G PEKTUBHOCTb NPOBEAEHMA KaTaUTUYECKOM
peakuum TpaHchepHOro rmapupoBaHusa agudeHunnauetuneHa (Cxema 1) B peakTopax nepuoamyeckoro
OeWCTBMA M B peaKkTopax, paboTatowmx B NPOTOYHOM pexume. B npoToyHOm perkmme npouecc 6bin
OCYLLECTB/IEH C MOMOLLBbIO KOMNAKTHOFO peakTopa, M3rotoBaeHHoro metogom FFF. MoaynbHas ycTaHOBKa
(PrcyHok 1) coctonna 13 cucTeMbl NOJAYN PEAKLMOHHOM CMecu (LUNPULLEBOro HAcoca), CoeaUHUTENbHbIX
CUIMKOHOBbBIX TPYOOK, CUCTEMbI PEAKTOPOB C TOHKUM AYyroobpasHbIM BHYTPEHHUM KaHA/IOM, CTEKAAHHbIX
KanuWANspoB, KOTOPbIE BbINOJHAIN POJib KECTKMX COEANHUTENbHbIX 3/IEMEHTOB, U KONbbI-NpuemMHMKa. OauH
M3 KanuAAApoOB BbINOJIHAM POJib KATaMTUYECKOTO KapTpuAXKa, 3aMO0/IHEHHOTO KaTa/lIMTUYECKOW CMeCbHo.
Harpes peakuMOHHOM Maccbl OCYLLECTBAANACA C MOMOLLBIO CTaHAAPTHOIO HarpeBaTeslbHOro Tepmob/oKa,
YCTaHOB/IEHHOrO Ha 1abOPaATOPHYHO NANTKY.

Ph
L [Pd], HCO,H, K,CO4 —/
Ph————Ph — /T N\ +
dioxane-14,t°C Ph Ph  Ph

Cxema 1. KaTtanntnueckoe rugpupoBaHune audeHunnaueTmieHa.
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PucyHoK 1. MpoToYHas cucTema us AByx peakTopoB ANs NpoLecca rmapupoBaHus andeHnnaueTmieHa:
(a) 3D-mopenb peaktopa C OCHOBHbIMM pasmepamu (mm); (b) paspes peaktopa; (c) paspe3 moayibHOM

NPOTOYHOM cucTeMbl B cbope; (d) peakTop, M3rotoBneHHbIM meTogom FFF; (e) rotoas ana paboTbl NpoToYyHas
yCTaHOBKa.

B pabote 6blna npoBegeHa ONTMMM3AUMA YC/IOBWIA NpoLecca KaTa/JIMTUYECKOro TMAPUPOBAHUSA
AnbeHnNaueTnNeHa: CKOpPoCTM NOTOKA, BPEMEHM KOHTAKTA PeaKLMOHHON MACcChl C KaTaIMTUYECKON CMeChH,
TEMNEPATYPbl peaKkLmn, KONNYECTBA MCTOYHMKA BOAOPOAA — MYPaBbUHOWM KMCIOTbI. Ha Kaxaom sTane 6bina
onpeaeneHa KOHBepcUAa ucxogHoro audeHunauetuneHa ¢ nomouibio AMP H. TMokasaHa BbicOKas

3G PEKTUBHOCTb NPOTOYHOIO PEXMMA, KOTOPbIM MOXKET ObiTb /JIerko peasn3oBaH M MaclTabuposaH B
NabopaTopHbIX YCOBUSAX C NomolLbto 3D-nevatu.

CcblnKa:

Korabelnikova V.A., Gordeev E.G., Ananikov V.P. "Systematic study of FFF
materials for digitalizing chemical reactors with 3D printing: superior

performance of carbon-filled polyamide", React. Chem. Eng., 2023, 8, 1613,
DOI: 10.1039/D2RE00395C

34


https://doi.org/10.1039/D2RE00395C

PALUUOHA/IbHOE UCMOJIb3OBAHUE OCTATKOB KAPBUAA KA/bLUUA B KAYECTBE
HAMNONHUTENA ANA MATEPUAJIOB 3D-MNMEYATH

Bbin pa3paboTaH HOBbIM METOA WMCMO/b30BaHWUA OCTAaTKOB Kapbuaa Kanbuusa (KapbuaHbiii wnam),
noboYyHOro NpoAyKTa NPon3BOACTBA aueTuneHa. MeTog, 3aKnto4aeTcs B NPeBpPaLLEHNN Kapbuaa Kanbumsa B
LeHHbIN Hano/IHUTeNb AN MmaTepuanos 3D-nevyat. ITO He TOJIbKO pellaeT npobiemy yTUaM3aLUmMmn ocTaTkos
Kapbuaa KanbLms, HO U OTKPbIBAET NyTb K 6osiee yCTOMYMBbIM METOAAM CTPOUTENLCTBA.

MccnepoBaHWe MOKas3asno, YTO OCTATKM Kapbuaa KanbuMA MOryT yayylaTb CBOMCTBA pPas/INYHbIX
naacTMKoB, ucnonbdyemblx B 3D-neyatw, genas matepuanol 6onee NPOYHbIMU U AONTOBEYHbLIMM.
Mpeanonaraercsa, YTO 3TO MOMOMKET He TO/IbKO pewuTb npobnemy yTMAM3auuuM, HO M €O34aTb HOBblE
3KOJI0rMYECKN YNCTble BO3MOXKHOCTM B CEKTOPE CTPOUTENLCTBA.

Bblno BbIABAEHO, YTO AobOaBAeHMe OCTaTKOB Kapbuaa Kanbumsa B NAACTUKKU, TaKMe KaK HelsoH, PLA m
ABS, noBbIWAET MX NPOYHOCTb M XKECTKOCTb, Aenan ux bosnee NoAXoAAWMMU ONSA CTPOUTENbHbIX LENen.
OcobeHHO obHagemnsatowme pesyabtatbl OblIN MOAYYEHbI C HENOHOM, rae gobasneHne 20% OCTaTKOB
Kapbuaa KanbLms 3HAYUTENbHO YYULLMIO XapaKTEPUCTUKM MaTepurana.

Calcium Carbide
Residue

CaC, + Hy0 —[Ca(OH),] +[C,H,| —>

|

Waste —-— ;o‘ , — Value-added-material
e i€ 2 D
38.2 Mt per year! U
Challenges This work
% Soil pollution 3D printing
® Increasing pH of soils with CCR-based
# No space for storage composites

Chemical transfromations

# Lack of direct procedures

® No effective consumption
procedures

® Inactive "dead" chemical

+ Simple procedure
+ Shrinkagey

« Strength /

+ Material Costy

PucyHOK 1. M3yyeHHble B JaHHOM paboTe Npoun3BOACTBO aLleTUNeHa M3 Kapbuaa Kanbuma, HakonneHne
ocTaTKoB Kapbupaa kanbuma (CCR — calcium carbide residue), HeraTuBHOe BAMAHME Ha npupoay U
MCNONb30BaHME B aAUTUBHbIX TEXHONOTUSAX.

MoTeHumManbHOEe MpPaKTUYECKoe MNPUMEHEHME JAAHHOrO MeTo4a PaLMOHANBLHOIO WCMOJb30BAHUSA
Kapbuga NporHosnpyetca B CTPOMTENbHON MHAYCTPWUU, FAE CNPOC Ha TEXHONOTUWU YCTOMYMBOrO Pa3BUTUA
(sustainable development) noctoaHHO pacTeT. MccnegoBaHue npepsaraeT OPUFMHANbLHYIO MAe K
COKPALLEHMIO MPOMbILLIEHHBIX OTXOZLO0B U NPOLABUMKEHMIO 3KOIOTMYECKN YUCTbIX CTPOUTE/bHBIX MPAKTUK.

Ccblnka:
Samoylenko D.E., Rodygin K.S., Ananikov V.P., "Sustainable application of
calcium carbide residue as a filler for 3D printing materials", Sci. Rep., 2023,
13, 4465, DOI: 10.1038/s41598-023-31075-z

35


https://doi.org/10.1038/s41598-023-31075-z

KOMMNAKTU3ALUA NABOPATOPHOIO ObOPYAAOBAHUA MOCPEACTBOM 3D-NEYATU

ALeTUNeH ABNAETCA Ba)KHEMLIMM CTPOUTE/IbHbIM 6/I0KOM B OpraHMYecKoM cuHTese bnarogaps ero
poctynHocty. OaHako paboTa € razoobpasHbIM aLETUIEHOM CONPsXKEeHa C PAAOM TpyaHocTel: 1) npu
KOMHaTHOW TemnepaTtype u aTMochepHOM AaBAEHUN OH ABAAETCA B3PbIBOONACHbIM rasom; 2) Tpebyertca
[ononHuUTeNbHoe obopyaoBaHue ans paboTbl C rasom nog AaBieHuMem (rasoBas AWMHUA, 6annoHbl); 3)
HeobxoAnMO YeTKoe coboaeHme NpaBua TEXHUKM 6e30MacHOCTMY.

YAo6HbIM MCTOYHMKOM aueTuneHa B nabopatopum ABasaeTca Kapbug KanbuuAa. B page pabot
pa3paboTaHbl MeToAbl CMHTE3a Ha OCHOBE aLLeTU/IEHA, 3aK/ovatowmecs B fobaBaeHUM Kapbuaa Kanbuma n
BOZbl HEMOCPEACTBEHHO B PEAKUMOHHYIO cuctemy. OfHAKO B page ClydaeB TaKOW MNOAXOZL HEMPUMEHMUM,
MOCKOJIbKY NPUCYTCTBME KOMMOHEHTOB M MOBOYHbIX MPOAYKTOB peaKLumn rmaposmsa Kapbuaga kanoums (Boaa,
rMOPOKCUA, KanbLMA) MOXKET NPUBECTU K OCTAHOBKE LENEBOM Peakuun WAU KPUTUYECKOMY CHUMKEHMUIO
BbIXO4A LeNeBoro npoaykra. o 3ToM NpuuMHe ueneBas peakuus W reHepupoBaHWE aueTueHa
nocpeacTsom ruaponamsa CaC, AoMXKHbI 6bITb pasaeneHbl B npocTpaHcTBe. Kpome Toro, ras, nony4yaemblii no
ONUCaHHOMY NPOLECCY, HACbILEH B/Aron, NosToMy nepeg, BBeAeHUEM €ro B peakuMto, aueTUAeH A0/KEH
6bITb OcylweH. Taknm obpasom, TpebyeTca 3HaYNTENbHOE NPOCTPAHCTBO B 1abopaTopmn gNa YCTAaHOBKM MO
MOMIYYEHMUIO U OCYLLEHMIO aLeTUNEH], A TaKXKe BPeMA HA ee NOATOTOBKY.

B paHHOIM paboTe ocywecTtBNeHa MWUHMMM3AUMA OMUCAHHOM YCTAaHOBKW MOCPeACcTBOM pa3paboTku
KapTpuaKa reHepMpoBaHUA aLLeTUIEHA C UCMOJIb30BaHWMEM CUCTEM aBTOMATU3MPOBAHHOIO NPOEKTUPOBAHMUSA
W n3rotosneHua ero ¢ nomouwpto 3D-neyatn. AAUTUBHbIE TEXHONOMMM, aKTUBHO NMPUMEHAEMble B Hallel
nabopatopum, Aat0T BO3MOXKHOCTb BbICTPOrO NPOTOTUNMPOBAHMA U U3TOTOB/IEHUA PEAKTOPOB CO CI0MKHbBIM
BHYTPEHHUM CTPOEHMEM, CO3aHME KOTOPbIX KAacCMYeCKMmu metofamum bbino 6ol Tpyao3aTpaTHbIM MAK
HEBO3MOXKHbIM.
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PucyHok 1. [lM3aiiH KapTpua)ka reHepupoBaHuaA auetuaeHa: (A) cxema cTtpoeHua peaKktopa (sug B
npodunb), (B) 3D-moagensb, (C) cxema cTpoeHnn peaktopa (Bua ceepxy), and (D) KapTpuax, HaneyaTaHHbIN
M3TT (Ha puc. (A, C), pasamepbl yKasaHbl B MM).
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Pa3paboTaHHbI KapTPULK ANA reHepUPOBaHMA aueTUAeHa U3 Kapbuaa KanbLma OTINYAETCA BbICOKOM
cTeneHbto QyHKUMOHaNbHOTO 3anonHeHusa (PucyHok 1A, C). 3TO NO3BONSET YMEHbLWWTb Pasmep Bbllle
YyNOMAHYTOM ycTaHOBKM A0 10 cm3, uTO 3HAUMTE/IbHO 3KOHOMMUT NPOCTpaHCTBO nabopaTtopumn! KapTpmax
COCTOMUT W3 AYENKM FeHepupoBaHMA aLETUNEHa, KaHana AAWHOW ~15 cm ¢ oTcekamu AnA NepBUYHOrO
OCyLWEeHUA aLeTUaeHa — yIaBAMBAHMNA KPYMHbIX Kaneab PacTBOPUTENA B C/y4ae MHTEHCMBHOMO rMApPO/N3a
CaC; — v ocywatouero otceka (PucyHok 1B). PeareHTbl Ana reHepupoBaHua U ocyeHua rasa (CaC; u CaCl;
COOTBETCTBEHHO) 3arpy»KatoTca B KapTpUAXK B MPOLLECCE MeyaTu, MNocsie Yero PeakTop 3anedyaTbiBaeTcs.
PeakTop repmeTuyeH, YTO 3alMLLaeT Kapbua Kanbuua OT BO3LENCTBMA BNAArM Bosayxa. Takum ob6pasom,
KapTPUOKN MOTYT XPAaHUTbCA HA MOJIKE AJNTENIbHOE BPEMA U UCMOb30BATbCA MO Mepe HeobXoaMMOCTW.
PeakTop 6bl1 M3roToBAEH U3 NoaMaTUneH-TepedTanat-ranmkons (MI3TT) (PucyHok 1D). KapTpuax nossonset
nonyyatb npumepHo 200 mna rasa. O6bem auetuseHa MoOXeT ObiTb YyBe/MYeH nocpeacTBOM
MacLTabupoBaHMA peakTopa M Macchl 3arpy*kaemoro Kapbuaa.

MpUMEHUMOCTb peakTopa MNPOAEMOHCTPUPOBAHA KaK B KAWK-peakumn, TakK M B peakumax
6ucTMONMpOBaHMA aleTuneHa: uenesble 6eH3oTpuason, 1,4-6uc(deHuntmno)bytagmnen-1,3 wn 1,2-
6uc(apunTno)aTeHbl 6bIM MONYYEHbI C XOpOoWWMKU Bbixogamu (Cxema 1). Ons pasBuUTUA METOA0N0TUM
npUcoeaMHEHNA OpraHNYecKnx aMcynbGuUaoB K aueTueHy B JaHHOW paboTe noaobpaHa KaTaiuTUyYecKas
cucTema gnsa npucoegvHeHua auankungmcynbdumaos. C Ucnosb3oBaHMEM NpPenioXKeHHOro peaktopa U
pa3paboTaHHOW MeTOAMKM 6bln cUHTe3nposaH paa, 1,2-6uc(ankuntno)ateHos c Bbixogamu 70-75 % u
BbICOKOM Z-CEIEKTUBHOCTbIO.

CaC, + H,O/DMF

Ph282 Ar282
= CaH, g Ar—S S—Ar

— s
g \—/

65 % Q)@'z,}? 70-76 %
>,
P
¢ N Ph =\
NN Ak—S  S—Alk
90 % 70-75 %

Cxema 2. CuHTe3 pALa NPOAYKTOB Ha OCHOBE auleTu/1ieHa C NpUuMeHeHNneEM NpeasoXeHHOro KapTpuaxKa.

CcbinkKa:
Erokhin K.S., Ananikov V.P., "Densely Packed Chemical Synthesis Equipment by
3D Spatial Design and Additive Manufacturing: Acetylene Generation
Cartridge", Org. Proc. Res.&Dev., 2023, 27, 6, 1144-1153,
DOI: 10.1021/acs.oprd.3c00112
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HAYYHAA KOH®EPEHLUA-LLKO/A
«JTYMWHNE KATAZIU3ATOPbI AN1A OPTAHUYECKOIO CUHTE3A»
(BEST IN CATALYSIS: REPRESENTATIVE ORGSYN ACHIEVEMENTS)

12-14 anpensa 2023 roga, UOX um. H.[. 3ennHckoro PAH, r. MockBa

12-14 anpens 2023 roga 8 UOX num. H.[. 3ennHckoro PAH (MockBa) coctosnack KoHbepeHuus HayuHol

KONl akageMuKa B.IM. AHaHMKoBA «/lydline KaTaamn3aTopbl /18 OPraHMYeckoro cuHTesa» (Best in Catalysis:
Representative OrgSyn Achievements). KoHdepeHuma-wKona b6blna nocsAlleHa ANCKYCCUMOHHOMY BOMpoOCY
OLEHKM KaTaMTUYECKMUX CUCTEM, MOHUMAHUIO TEKYLIMX AOCTUMHEHUI B AaHHOM 061aCTU NPUMEHUTENBHO K
OpraHMYeCcKoOMy CUHTE3Y M HanpaBAEHUIN Aa/ibHENLIEro Pa3BUTUA.

HekoTopble Tembl LOKAA0B, NPeACcTaBAEHHbIX B Tporpamme KoHpepeHLnu:

e [10roHsA 3a «NyylWMM B MUPe KaTaan3aTopom»

e CaMblil aKTMBHbIM B MMpPE reTeporeHHbIN KaTaamM3aTop 418 TOHKOro OPraHNYecKoro CMHTe3a
o J/lyqwme B mupe GoTopenoKc-KaTanmsaTopsl

® BbiTb MK KazaTbea? K sBonpocy npumeHeHma TOF n TON aaa oueHKM KaTaim3aTopos

e [lepenosble goctukeHna B Pd/NHC katanuse peakuumn Cysykn-Musaypbl

o Moyemy meTtann-NHC KaTanusaTopbl Na0xo paboTatoT?

e MeTann-kataamsmpyemblil CUHTE3 aLeTuaeHa

e BrorMbpuaHble KaTtaamsaTtopsl

e /Icnonb3oBaHWe MUKPOOPraHM3MOB KaK HOCUTENIei HAHOYACTUL, MeTan/10B

e [lepeoBble AOCTUXKEHMA B BUOKATANIM3E U TEXHONOTUAX MUKPOBHBIX TONIMBHbIX 31EMEHTOB
B xoae KoHbepeHUumM 6b110 caenaHo 6 naeHapHbIX, 18 YCTHbIX M 82 CTEeHAOBbIX AOKNasa. B HayyHom

MepOonNpPUATUM NPUHAAN yYacTne 6onee 100 yyeHbix 13 9 ropoaos.
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HAYYHAA KOH®EPEHLUA-LLKO/A
«MCKYCCTBEHHbIW UHTENJIEKT B XUMUUN U MATEPUANNOBEAEHUWN »
(ARTIFICIAL INTELLIGENCE IN CHEMISTRY AND MATERIALS SCIENCE)

18-20 pekabpsa 2023 roga, MOX um. H.[. 3ennHckoro PAH, r. Mockea

= S - g — =

18-20 pekabps 2023 roaa B UOX um. H.A. 3ennHckoro PAH (MockBa) cocTosinach KoHdpepeHuus HayyHoi
LWIKONbI akagemuKa B.M. AHaHMKOBa «MCKYCCTBEHHbIM MHTENNEKT B XMMUU U MaTepuanoBeaeHmm» (Artificial
Intelligence in Chemistry and Materials Science). KoHdepeHuua-lWIKoNa npeaocTaBuaa NAOWAAKY ANS
obmeHa onbITomM MexKay cneumannctamm B obnactm MU n xummkamu 1 ctana yHUKaAbHbIM MepPONpUATUEM,
KOTOpoe OblI0 NOMHOCTbIO MOCBALWEHO Teme MWHTerpaumm anroputmos MW B dyHAaMeHTasbHble WM
NpUKAagHble UccneaoBaHusa B 061acT XMMUKU U MaTepuanoBedeHus.

B pamKkax KOHpepeHUMMN paccMmaTpmBann caeaytolwme HanpasaeHma, 4eMOHCTPUpYoWmMe noteHuman Al
B YCKOPEHUU U YyULIEHUM UCCNea0BaHUI B 061aCTU XMMUU U MaTepuanoBegeHUn:

o [IPOrHO3NpPOBaHME CBOMNCTB MONEKYN

e ONTMMM3aLMA CBOICTB

® ABTOMATU3UPOBaHHbI MOUCK peareHToB

o [113aMH maTepunanos

e Pacno3HaBaHWe U aHanM3 CNeKTpoB

e ONTMMM3aLLMA NPOoLECcCcoB

o [IporHo3npoBaHMe cTabuUbHOCTU COeaUHEHNI

o KBaHTOBbIE Bbl4MC/IEHUA

o Co3paHune 6MOaKTUBHBIX MOJIEKYI

® YCTOMYNBOCTb M SKONOTUYHOCTb

B nporpamme KoHdpepeHUMn bbinn npeacTaBieHbl 13 naeHapHbIX NeKUMiA, 42 YCTHbIX Npe3eHTauum n 68
CTeHA0BbIX AOKNaaos. Meponpusatne cobpano 171 yyacTHMKa m3 21 ropoga, B TOM 4YMCAe U3 KPYMHbIX
Hay4YHbIX M MHHOBALUMOHHbIX LLeHTpoB Poccuu, Takmx Kak Ckontex, AIRI, U TMO, MUU NM HODY.
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YYACTUE HAYYHOM rPYNMbl B PABOTE OTEYECTBEHHbIX U
MEXOYHAPOAHbIX KOHOEPEHL MU

e KAUST Research Conference: Advances in Sustainable Catalysis, Caynosckana Apasus, KAUST Campus,
February 13-16, 2023;

e Congress on ionic liquids (COII9), France, Lyon, May 24-28, 2023;

o New Emerging Trends in Chemistry (NewTrendsChem-2023), Armenia, Yerevan, September 24-28, 2023;

e The XXIII International Conference on Organic Synthesis (23-1C0OS), China, Shanghai, October 15-20, 2023;
e 4th International symposium “Modern trends in organometallic chemistry and catalysis” dedicated to the
100th anniversary of the academician M. E. Vol’pin and workshop “Organometallic chemistry frontiers”,
Moscow, INEOS RAS, May 23-26, 2023;

e X International Conference "High-Spin Molecules and Molecular Magnets", Novosibirsk, July 9-14, 2023;

e 38th International Conference on Solution Chemistry (38/CSC), Serbia, Belgrade, July 9-14, 2023;

e The 16th Sino-Russia Symposium on Advanced Materials and Technologies, Haikou, China, November 6-9, 2023;
e XXVI Bcepocculickas KoHgepeHUUa Moa00bIxX YYEHbIX-XUMUKOB (C MexOyHAPOOHbIM yyacmuem). HUKHUIA
Hosropog, HHIY um. H.U. NobayeBcKoro, 12-14 anpensa 2023 r.;

o XXVI Bcepocculickas KoHgepeHUUs MOM00bIX yYeHbIX-XUMUKO8 (C MexOyHApOoOHbIM yyacmuem), HUxKHUA
Hosropog, 18-20 anpena 2023 r.;

o VIll  MexoucyunauHapHas KoHpepeHyus «MosnekynapHele u 6buonoa2uvyeckue dacriekmsi Xumuu,
apmauesmuku u gpapmarosoauu», CaHKkT-MNetepbypr, 24-27 anpens 2023 r.;

o XXIV MexOyHapoOHas HAy4YHO-NMPAKMUYecKass KOHghepeHUus cmyOeHmos8 U MOos00bIX YYeHbIX UMEHU
sbidarouuxca xumurkos /1.1. Kynesa u H.M. KuxcHepa, nocesauieHHol 85-nemuto co OHA poxcOeHus rnpogeccopa
A.B. Kpasyosa «Xumus u xumuveckas mexHonoaus e XXI eeke» (XXT-2022), TomcK, 15-19 mana 2023 r.;

e MonodexwHas KoHgepeHyua WOX PAH k 300-nemuto Pocculickoli akademuu Hayk u 90-nemuto
UHCcmumyma opeaHuyeckol xumuu um. H./[. 3enuHckozo PAH, Mocksa, NOX PAH, 29-31 mana 2023 r,;

® Bcepocculickaa HayyHas KoHgepeHuus «MAapKOBHUKOBCKUE YMeHUSA: Op2aHUYECcKaa Xumus om
MapkosHukosa 0o Hawux OHeli», Jlombai, HoBocmbupck, 1-6 utoHa, 2023 r.;

® Bcepocculickaa Hay4yHasa KoHpepeHyusa «CospemeHHble npobaemsl op2aHUYecKoli xumuu», noceaweHHas
65-nemuto co OHA ocHosaHus HNOX CO PAH, Hosocnbupck, 26-30 nioHa 2023 r.;

e Bcepocculickas KoHgepeHUus ¢ MexOyHApOoOHbIM yyacmuem «Mdeu u Hacnedue A.E. ®asopckozo 8
opeaHuyeckoli xumuu», CaHKT-MeTepbypr, 3-6 niona 2023 r,;

o XIl Hay4yHo-npakmu4eckas KOHgepeHUUs ¢ MexOyHapoOHbIM yyacmuem «CeepxKpumudecKue aoudsbl:
hyHOamMeHMas1bHble OCHOBbI, MeXHOA02UU, UHHOoB8ayuu», Teepb, 3-8 nons 2023 r.;

o MexOyHapoOHaA KoHgepeHuyua no xumuu «balikanbckue ymeHua — 2023», noceaueHHaa 65-nemuro
Upkymckozo uHcmumyma xumuu um. A.E. ®asopckozo CO PAH u 85-nemuro akademuka bopuca
AnekcaHOposu4a Tpoghumosa, NpKyTcK, 4-8 ceHTabpa 2023 r.;

o VIl MexOyHapoOHaa KoHgepeHyua «CospemMeHHble CUHmemu4yecKkue memooosoauu 078 CO030aHUSA
7leKapcmeeHHbIX npenapamos u hyHKUUOHAAbHbIX mamepuanos» (MOSM 2023), EkatepuHbypr-Mepmb, 10-
16 ceHTabpAa 2023 r,;

o | MexoucyunauHapHas 6cepocculickas MOMoOexHas HAy4YHAA WKOMA-KOHPEPEeHUUs C MeHOyHaPOOHbIM
yyacmuem «MosekynapHelli Ou3aliH 6uUos02UYECKU AKMUBHbLIX 8euyecms: buoxumudeckue U MeOUUYUHCKUe
acnekmol» noceauleHHasa 120-nemuro co OHA poxrcdeHus akademuka b.A. Apby3oea, KazaHb, 18-22 ceHTabpa 2023 r.,;
o \/ Bcepocculickas Hay4YHas KoHgepeHyuUs ¢ mexOyHapoOHbim yyacmuem "lMepepabomka y2n1e8000p00H020
cbipbA. KomnnekcHole peweHus. (/lesauHmepckue ymeHus)", Camapa, 5-6 okTabps, 2023 r.;

o XXV MexOyHapoOHaa KOHpepeHUUs o xumu4yeckum peakmopam (XumPeakmop-25), TiomeHb, 3anaaHo-
CUBUPCKUIA MeKperMoHanbHbli Hay4yHO-06pa3oBaTe/ibHbIN LEHTP MUpoBOro yposHsA (3anCub6HOL), 8-13
OKTA6pna 2023 r;

e Fundamental Principles of Catalysis workshop 2023, Moscow, Skolkovo, November 27-28, 2023.
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General cross-coupling reactions with - h
General €ross-coupl ing reactions wit|
adaptive dynamic homogeneous catalysis

adaptivedy

amlysls

Ghosh I, Shlapakov N., Karl T.A., Diiker J., Nikitin M.,
Burykina J.V., Ananikov V.P., Konig B.

Nature, 2023, 619, 87-93
doi: 10.1038/s41586-023-06087-4

Cross-coupling reactions are among the most important
transformations in modern organic synthesis. Although the range of
reported (het)aryl halides and nucleophile coupling partners is very
large considering various protocols, the reaction conditions vary
considerably between compound classes, necessitating renewed
case-by-case optimization of the reaction conditions. Here we
introduce adaptive dynamic homogeneous catalysis (AD-HoC) with
nickel under visible-light-driven redox reaction conditions for general
C(sp?)—(hetero)atom coupling reactions. The self-adjustive nature of
the catalytic system allowed the simple classification of dozens of
various classes of nucleophiles in cross-coupling reactions. This is
synthetically demonstrated in nine different bond-forming reactions
(in this case, C(sp?)-S, Se, N, P, B, O, C(sp>, sp? sp), Si, Cl) with
hundreds of synthetic examples under predictable reaction
conditions. The catalytic reaction centre(s) and conditions differ
from one another by the added nucleophile, or if required, a
commercially available inexpensive amine base.

Keywords

Homogeneous catalysis, synthetic chemistry methodology,

photocatalysis
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green furan ring-containing polymeric
materials based on renewable plant
biomass

. Recent advances in the development of green
furan ring-containing polymeric materials based
n renewable plant biomasst

Karlinskii B.Ya., Ananikov V.P.

)
Chem. Soc. Rev., 2023, 52, 836-862 ﬁ ==
doi: 10.1039/d2¢cs00773h

Fossil resources are rapidly depleting, forcing researchers in various @ @ °
fields of chemistry and materials science to switch to the use of

renewable sources and the development of corresponding
technologies. In this regard, the field of sustainable materials science
is experiencing an extraordinary surge of interest in recent times due
to the significant advances made in the development of new
polymers with desired and controllable properties. This review
summarizes important scientific reports in recent times dedicated to
the synthesis, construction and computational studies of novel
sustainable polymeric materials containing unchanged
(pseudo)aromatic furan cores in their structure. Linear polymers for
thermoplastics, branched polymers for thermosets and other
crosslinked materials are emerging materials to highlight. Various
polymer blends and composites based on sustainable polyfurans are
also considered as pathways to achieve high-value-added products.

Keywords

5-(hydroxymethyl)furfural, 2,5-furandicarboxylic acid, renewable

polymers, furan-based platform compounds
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Time-resolved formation and operation

single atom centers in cross-coupling

Galushko A.S., Boiko D.A., Pentsak E.O., Eremin D.B.,
Ananikov V.P.

J. Am. Chem. Soc., 2023, 145, 9092-9103
doi: 10.1021/jacs.3c00645
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JACS
maps of Pd catalysts suggest a key role of St e

An approach to the spatially localized characterization of supported

catalysts over a reaction course is proposed. It consists of a @ @ °

combination of scanning, transmission, and high-resolution scanning
transmission electron microscopy to determine metal particles from
arrays of surface nanoparticles to individual nanoparticles and
individual atoms. The study of the evolution of specific metal catalyst
particles at different scale levels over time, particularly before and
after the cross-coupling catalytic reaction, made it possible to
approach the concept of 4D catalysis—tracking the positions of
catalytic centers in space (3D) over time (+1D). The dynamic behavior
of individual palladium atoms and nanoparticles in cross-coupling
reactions was recorded with nanometer accuracy via the precise
localization of catalytic centers. Single atoms of palladium leach out
into solution from the support under the action of the catalytic
system, where they exhibit extremely high catalytic activity compared
to surface metal nanoparticles. Monoatomic centers, which make up
only approximately 1% of palladium in the Pd/C system, provide more
than 99% of the catalytic activity. The remaining palladium
nanoparticles changed their shape and could move over the surface
of the support, which was recorded by processing images of the array
of nanoparticles with a neural network and aligning them using
automatically detected keypoints. The study reveals a novel
opportunity for single-atom catalysis easier detachment (capture)
from (on) the carbon support surface is the origin of superior
catalytic activity, rather than the operation of single atomic catalytic
centers on the surface of the support, as is typically assumed.

Keywords
Catalysts, catalytic activity, metal nanoparticles, nanoparticles,
palladium
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An unusual microdomain factor controls — gl

An unusual Microdomain Factor Controls Interaction of

interaction of organic halides with the ey
palladium phase and influences catalytic
activity in the Mizoroki-Heck reaction

Kashin A.S., Prima D.O., Arkhipova D.M., Ananikov V.P. -

Small, 2023, 2302999
doi: 10.1002/sml1.202302999

In this work, using a combination of scanning and transmission @ @ °
electron microscopy (SEM and TEM), the transformations of
palladium-containing species in imidazolium ionic liquids in reaction
mixtures of the Mizoroki-Heck reaction and in related organic media
are studied to understand a challenging question of the relative
reactivity of organic halides as key substrates in modern catalytic
technologies. The microscopy technique detects the formation of a
stable nanosized palladium phase under the action of an aryl

(Ar) halide capable of forming microcompartments in an ionic liquid.
For the first time, the correlation between the reactivity of the aryl
halide and the microdomain structure is observed: Ar-l (well-
developed microdomains) > Ar-Br (microphase present) > Ar-Cl
(minor amount of microphase). Previously, it is assumed that
molecular level factors, namely, carbon-halogen bond strength and
the ease of bond breakage, are the sole factors determining

the reactivity of aryl halides in catalytic transformations. The present
work reports a new factor connected with the nature of the organic
substrates used and their ability to form a microdomain structure and
concentrate metallic species, highlighting the importance of
considering both the molecular and microscale properties of the
reaction mixtures.

Keywords

Confined spaces, ionic liquids, liquid-phase electron microscopy,

magnetron sputtering, Mizoroki-Heck reaction palladium

nanoparticles transition metal catalysis
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Expanding the role of dimeric species: on-
cycle involvement, improved stability, and
control of stereo-specificity. A case study
of atom-economic catalytic
hydrothiolation

Sahharova L.T., Burykina J.V., Kostyukovich AYu., Eremin D.B.,
Boiko D.A., Fakhrutdinov A.N., Ananikov V.P.

ACS Catal., 2023, 13, 3591-3604
doi: 10.1021/acscatal.2c06406

A common assumption that dimeric metal complexes in many catalytic
systems represent a resting state and are not directly involved in
catalytic processes was revised in a combined experimental and
theoretical study. On-cycle participation of dimeric metal complexes,
rather than typically assumed off-cycle involvement, was revealed, and
advantageous performance in terms of improved selectivity was
observed. The conceptual rationalization for the participation of
dimeric species in the catalytic cycle was developed. The Pd-catalyzed
hydrothiolation process (where strong Pd-S binding is well established
and a persistent opinion for the inactive/poisoning role of dimeric
species is presumed) was evaluated as a challenging system to test the
concept. Activation of an (NHC)Pd(Cl)(acac) precatalyst (NHC-N-
heterocyclic carbene and acac-acetylacetonate) under the reaction
conditions produced monomeric (NHC)Pd(SPh); or dimeric
(NHC),Pd,(SPh)4 species depending on the steric bulkiness of the NHC
ligand. Dimeric complexes possessed higher selectivity and tolerated
disulfide impurities in contrast to monomeric complexes. Quantum
chemical modeling suggested that dimeric catalysis proceeds through
the opening of only one (u-SPh)-Pd bridging bond with retention of
the dimeric structure. The second bridging bond is maintained, which
prevents the monomerization of the complex. Catalytically active
species were detected in a hydrothiolation reaction by high-resolution
mass spectrometry and NMR spectroscopy. Proving the opportunity for
productive homogeneous catalysis via strongly coordinated dimeric
metal species opens new opportunities for catalyst design in the
increased nuclearity dimension.

Keywords

Homogeneous catalysis, reaction mechanism, dimeric complexes,
monomeric complexes, increased nuclearity catalysis, improved
selectivity
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Rapid access to molecular complexity
from bioderived 5-HMF derivatives via
cascade cycloadditions

Averochkin G.M., Gordeev E.G., Kucherov F.A., Ananikov V.P.

Green Chem., 2023, 25, 1045-1055
doi: 10.1039/d2gc04197a

For the first time, the transformation of biobased 5-HMF derivatives
succeeded in a 2 x [4 + 2] cascade cycloaddition reaction, leading to a
drastic (3—5-fold) increase in molecular complexity as a result of one
synthetic step. A new approach to the use of plant biomass in organic
synthesis using a cascade Diels—Alder reaction of 5-HMF dimer
derivatives with alkynes has been developed. This reaction proceeds
under thermodynamic control, diastereoselectively and
regioselectively, providing rapid access to compounds of high
molecular complexity with the same synthetic availability as
previously obtained regular cycloadducts. As a concept illustration,
under conditions of kinetic control, cycloadditions of two molecules
of dienophiles are realized, and the resulting products, when heated,
rearrange into thermodynamically more favorable cascade products.
Reaction pathways were studied in detail using quantum chemical
calculations to reveal major factors influencing the selectivity of the
process. Discovery of a new sustainability pathway should be noted —
to date, oligomeric derivatives are considered a waste of 5-HMF
degradation, while the present study highlights them as a valuable
material for the synthesis of nonplanar scaffolds.

Keywords
5-HMF, biomass, Diels-Alder reaction, molecular complexity
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“3-in-1” Hybrid Biocatalysts: Association
of Yeast Cells Immobilized in a Sol-Gel
Matrix for Determining Sewage Pollution e

ciation of Yeast Cells Immobilized
tion

Kamanina O.A,, Lantsova E.A., Rybochkin PV., Arlyapov V.A,,
Saverina E.A., Kulikovskaya N.S., Perepukhov A.M,,
Vereshchagin A.N., Ananikov V.P.

ACS Appl. Mater. Interfaces, 2023, 15, 47779-47789 : i ‘
doi: 10.1021/acsami.3c09897 T : &

This study presents a novel “3-in-1" hybrid biocatalyst design that @ @ °
combines the individual efficiency of microorganisms while avoiding

negative interactions between them. Yeast cells of Ogataea
polymorpha VKM Y-2559, Blastobotrys adeninivorans VKM Y-2677,
and Debaryomyces hansenii VKM Y-2482 were immobilized in an
organosilicon material by using the sol-gel method, resulting in a
hybrid biocatalyst. The catalytic activity of the immobilized
microorganism mixture was evaluated by employing it as the
bioreceptor element of a biosensor. Optical and scanning electron
microscopies were used to examine the morphology of the biohybrid
material. Elemental distribution analysis confirmed the encapsulation
of yeast cells in a matrix composed of methyltriethoxysilane (MTES)
and tetraethoxysilane (TEOS) (85 and 15 vol %, respectively). The
resulting heterogeneous biocatalyst exhibited excellent performance
in determining the biochemical oxygen demand (BOD) index in real
surface water samples, with a sensitivity coefficient of 50 £ 3 x
10-3-min-1, a concentration range of 0.3-31 mg/L, long-term
stability for 25 days, and a relative standard deviation of 3.8%. These
findings demonstrate the potential of the developed hybrid
biocatalyst for effective pollution monitoring and wastewater
treatment applications.

Keywords

Sol-gel encapsulation, hybrid biocatalysis, ORMOSIL, organosilicon
materials, heterogeneous catalysis, bacterial cells,

pollution sensors
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Fast evaluation of the safety of chemical
reactions using cytotoxicity potentials and
bio-Strips

Egorova K.S., Posvyatenko A.V., Galushko A.S., Ananikov V.P.

Chemosphere, 2023, 313, 137378
doi: 10.1016/j.chemosphere.2022.137378

We introduce new quantitative environmental metrics - “cytotoxicity
potentials” — which can be used for the preliminary evaluation of the
safety of chemical reactions from the viewpoint of the cytotoxicity of
their components. We also elaborate the concept of bio-Profiles to be
employed for fast estimation of the potential environmental dangers
of chemical processes by (1) including the common cytotoxicity scale
for all routes of synthesis of a particular product and (2) proposing a
novel, more compact representation of the bio-Profiles themselves in
the form of bio-Strips. These improvements allow direct comparisons
of various synthetic routes for a particular target product, thus
providing faster assessment of the reactions in question from the
viewpoint of their “overall cytotoxicity”. The advantages of these
developments are illustrated by 36 routes of synthesizing 1,1' -
biphenyl and 72 routes of synthesizing 4-methoxy-1,1’ -biphenyl. The
effect of incomplete conversion on bio-Strips and their metrics is also
discussed. In addition, we address the impact of the selection of a
particular cell line on the evaluation of the reaction safety by
comparing the results obtained in three cell lines of various origins.

Keywords
Cytotoxicity, catalysis, environmental metric, environmental safety,
Bio-Profile
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The phenomenon of “dead” metal in
heterogeneous catalysis: opportunities for
increasing the efficiency of carbon-
supported metal catalysts

Chemical
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ws  The phenomenon of “dead” metal in
... heterogeneous catalysis: opportunities for

increasing the efficiency of carbon-supported

metal catalysts

Mironenko R.M., Eremin D.B., Ananikov V.P.

Chem. Sci., 2023, 14, 14062-14073
doi: 10.1039/d3sc04691e

This review addresses the largely overlooked yet critical issue of @ @ °
“dead” metal in heterogeneous metal catalysts. “Dead” metal refers

to the fraction of metal in a catalyst that remains inaccessible to
reactants, significantly reducing the overall catalyst performance. As a
representative example considered in detail here, this challenge is
particularly relevant for carbon-supported metal catalysts, extensively
employed in research and industrial settings. We explore key factors
contributing to the formation of “dead” metal, including the
morphology of the support, metal atom intercalation within the
support layers, encapsulation of metal nanoparticles, interference by
organic molecules during catalyst preparation, and dynamic behavior
under microwave irradiation. Notably, the review outlines a series of
strategic approaches to mitigate the occurrence of “dead” metal
during catalyst preparation, thus boosting the catalyst efficiency. The
knowledge gathered is important for enhancing the preparation of
catalysts, especially those containing precious metals. Beyond the
practical implications for catalyst design, this study introduces a novel
perspective for understanding and optimizing the catalyst
performance. The insights are expected to broadly impact different
scientific disciplines, empowered with heterogeneous catalysis and
driving innovation in energy, environmental science, and materials
chemistry, among others. Exploring the “dead” metal phenomenon
and potential mitigation strategies brings the field closer to the
ultimate goal of high-efficiency, low-cost catalysis.

Keywords
Nanoparticles, heterogeneous catalysis, dead-metal, carbon
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“Liguid-to-solid” conversion of biomass e i
wastes enhanced by uniform nitrogen
doping for the preparation of high- value-
added carbon materials for energy storage
with superior characteristics

Chernysheva D.V,, Sidash E.A., Konstantinov M.S., Klushin V.A,,
Tokarev D.V., Andreeva V.E., Kolesnikov E.A., Kaichev V.V.,
Smirnova N.V., Ananikov V.P.

ChemSusChem, 2023, 16, e202202065
doi: 10.1002/cssc.202202065 @ @ °

Sustainable human development urgently calls for decreasing

the cost of energy storage. Continuous massive consumption of
dedicated carbon electrode materials with complex internal molecular
architectures requires rethinking both the source of

materials and the process of their production. Finding an efficient
sustainable solution is focused on the reuse and development of waste
processing into corresponding highvalue- added carbon materials. The
processing of solid wastes into solid value-added carbon materials
(“solid-to-solid”) is relatively well developed but can be a two-stage
process involving carbon architecture rearrangement and heteroatom
doping. Processing liquid wastes into high-value-added solid material
(“liquid-to-solid”) is typically much more challenging with the need for
different production equipment. In the present study, a new approach
is developed to bypass the difficulty in the “liquid-to-solid” conversion
and simultaneously built in the ability for heteroatom doping within
one production stage. Polycondensation of liquid humins waste with
melamine (as a nitrogen-containing cross-linking component) results in
solidification with preferential C and N atomic arrangements. For
subsequent thermochemical conversion of the obtained solidified
wastes, complicated equipment is no longer required, and under
simple process conditions, carbon materials for energy storage with
superior characteristics were obtained. A complete sequence is
reported in the present study, including liquid waste processing,
nitrogen incorporation, carbon material production, structural study of
the obtained materials, detailed electrochemical evaluation and real
supercapacitor device manufacture and testing.

Keywords

Biorefinery, humins, platform chemicals, supercapacitors, waste

valorization
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Recent trends in supercapacitor research:
ustainability in energy and materials
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Chernysheva D.V., Smirnova N.V., Ananikov V.P. 4€

ChemSusChem, 2024, e202301367 23\

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, selfhealing, 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, electrodes, electrolytes, smart supercapacitors,

micro supercapacitors
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Analysis, classification and remediation of
defects in material extrusion 3D printing

Erokhin K.S., Naumov S.A., Ananikov V.P.

Russ. Chem. Rev., 2023, 92, 11, RCR5103
doi: 10.59761/RCR5103

Additive manufacturing technologies (or 3D printing) have
emerged as powerful tools for creating a diverse array of objects,
promising a paradigm shift in production methodologies across
industries. In chemistry, it allows the manufacturing of reactors with
complex topology. However, the benefits of these technologies can @ @
be diminished by the use of suboptimal parameters or inferior

materials, leading to defects that significantly degrade the quality and
functionality of the resulting products. The formulation of effective

preventive strategies remains hampered by an incomplete

understanding of defect formation. Given this, our review provides a
comprehensive exploration of defects that arise during the Fused

Filament Fabrication (FFF) — one of the most prevalent 3D printing

methods. The defects are systematically classified according to

several key characteristics, including size, type, mode of occurrence,

and location. Each common defect is discussed in detail, describing its

external manifestation, root causes, the impact on the properties of

printed parts, and potential preventive measures. Our findings unveil

the complex interplay between material properties, printing

parameters, and cooling dynamics in the defect formation process.

This classification has significant practical relevance, providing a solid

basis for the development of strategies to minimize defects and

improve the quality of 3D printed products. It provides valuable

insights for a wide audience, including researchers investigating

chemical processes and additive manufacturing technologies, 3D

printing engineers, 3D printer operators, and quality assurance

engineers involved in production quality control. In addition, our

review points the way forward for future research in this area. There

is a crucial need for the development of advanced machine learning

and artificial intelligence models that can predict defect formation

based on given printing parameters and material properties. Future
investigations should also focus on the discovery of novel materials

and refining of printing parameters to achieve superior quality of FFF

3D printed products. This is the first review on defect analysis,

classification, and prevention methods in 3D printing. This review

serves as a cornerstone for these future advances, promoting a

deeper understanding of defect formation and prevention in additive
manufacturing. The bibliography includes 180 references.

Keywords
additive manufacturing, fused filament fabrication, FFF, defects,
classification, quality, 3D printing, digital design.
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Calcium carbide residue - a key inorganic
component of the sustainable carbon
cycle

Rodygin K.S., Gyrdymova Yu.V., Ananikov V.P.

Russ. Chem. Rev., 2022, 91, 7, RCR5048
doi: 10.1070/RCR5048

The transfer of waste materials from the chemical industry to the
building sector is an emerging area of sustainable development.
Leftovers, by-products, tails and sludge from chemical processes may @ @
be valuable components of building mixtures. Feeding the

construction industry by chemical wastes is a profitable chain for

both sectors. In fact, calcium carbide residue (CCR) can be considered

a link between the chemical industry and construction materials.

Carbide sludge is the main waste product of acetylene gas production

from calcium carbide. The released acetylene is actively used in the

modern chemical industry. An alternative method of acetylene

production - the cracking of oil and gas - is beyond sustainability;

thus, the carbide route is more promising in the hydrocarbon-free

future. However, the carbide route is accompanied by a significant

amount of the side-product carbide sludge, which is currently used as

a CO2 capture agent, binder, building material, in inorganic synthesis,

etc. In this review, the potential of carbide sludge in the construction

industry and other areas is highlighted. The bibliography includes 310

references.

Keywords
Acetylene, calcium carbide, sustainable chemistry
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Selective Buchwald—Hartwig arylation of
C-amino-1,2,4-triazoles and other
coordinating aminoheterocycles enabled
by bulky NHC ligands and TPEDO activator

Astakhov A.V., Chernenko AYu., Kutyrev V.V.,, Ranny G.S.,
Minyaev M.E., Chernyshev V.M., Ananikov V.P.

Inorg. Chem. Front., 2023, 10, 218
doi: 10.1039/d2qi01832b

C-Amino-1,2,4-triazoles are challenging polynitrogen substrates for
metal-catalyzed arylation due to their multidentate character,
enhanced coordinating ability and decreased nucleophilicity of the
amino group. In the present study, the Buchwald—Hartwig cross-
coupling of diverse 3(5)-amino-1,2,4-triazoles with aryl chlorides and
bromides delivering (hetero)arylamino-1,2,4-triazoles in good-to-
excellent yields under Pd/NHC catalysis was developed. The use of Pd
complexes with bulky NHC ligands such as IPr*OMe and TPEDO
(1,1,2,2-tetraphenylethane-1,2-diol) as an in situ Pd(ll) to Pd(0)
reductant enabled the selective arylation of the NH2 group even in
acidic NH unprotected substrates and deactivated 1-substituted
5-amino- and 4-substituted 3-amino-1,2,4-triazoles. The reaction
mechanism and structure—activity relationships were studied with
DFT calculations. A significant effect of the position of the N-
substituent in the 1,2,4-triazole ring on the favorable reaction
pathways was revealed.

Keywords
Aminoheterocycles arylation, Buchwald—Hartwig, amino-1,2,4-
triazole, N-heterocyclic carbenes
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Analyzing ionic liquid systems using real-
time electron microscopy and a
computational framework combining
deep learning and classic computer vision
techniques

Boiko D.A., Kashin A.S., Sorokin V.R., Agaev Yu.V., Roman G.
Zaytsev R.G., Ananikov V.P.

J. Mol. Lig., 2023, 376, 121407
doi: 10.1016/j.molliq.2023.121407 @ @

Electron microscopy (EM) is one of the most important methods for
characterizing various systems, and it is traditionally applied to static
solid structures. Remarkable recent developments have opened
multiple possibilities for in situ observation of different phenomena,
including liquid phase processes. In contrast to routine solid-state EM
measurements with static images, electron microscopy in liquids
often deals with ubiquitous dynamics, which can be recorded as
video streams. Providing much information about the sample, real-
time EM increases the complexity of data analysis, challenging
researchers to develop new, highly efficient systems for data
processing. The present work proposes a framework for data analysis
in real-time electron microscopy. Multiple algorithm choices are
compared, and efficient solutions are described. Using the best
algorithm, combining classical computer vision methods and deep
learning-based denoising, the unique anisotropic effect of the
electron beam in microstructured ionic liquid-based systems was
discovered. The developed method provides an efficient approach for
studying the structure and transformation of soft micro-scale
domains in molecular liquids. The corresponding software was made
publicly available, and detailed instructions to reapply it to other
problems were provided.

Keywords

Molecular liquids, ionic liquid system, microstructure, machine

learning, electron microscopy
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The influence of superbasic conditions
and solvent effects on NMR spectra and
structural parameters of acetylene in
solution

Shahkhatuni A.G., Harutyunyan A.S., Shahkhatuni A.A,,
Kostyukovich AYu., Ananikov V.P.

J. Mol. Lig., 2023, 385, 122381
doi: 10.1016/j.molliq.2023.122381

Acetylene is a key industrial building block with a reach @ @
functionalization chemistry under strong basic (i.e., so called,
superbasic) conditions in solution. In spite of significance of such
acetylene transformations, mechanistic understanding of liquid-
phase processes at molecular level under superbasic conditions
remains a challenge. In the present study, a detailed comparative
analysis of several factors influencing acetylene in solution was
performed using NMR spectroscopy. Solvent effects, deuterium
isotope effects, and temperature effects were estimated

on experimental JCH spin—spin coupling constants and the chemical
shift difference of A8C, and their possible outcome on acetylene
bond length were assessed. Acetylene was studied under superbasic
conditions in DMSO/KOH mixtures, and chemical exchange processes
were observed, manifesting themselves as a coalescence of JCH.
Possible exchange reactions are validated by quantum chemical
calculations. The studied phenomenon may shed light on the
mechanism of acetylene activation under superbasic conditions and
contribute to understanding functionalization chemistry in the liquid
phase.

Keywords

Acetylene, superbasic conditions, solvent effects, dynamic behavior,

molecular mechanisms in liquids, deuterium isotope effects
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Bio-derived furanic compounds with
natural metabolism: new sustainable
possibilities for selective organic synthesis

Romashov L.V, Kucherov F.A., Kozlov K.S., Ananikov V.P.

Int. J. Mol. Sci., 2023, 24, 3997
doi: 10.3390/ijms24043997

Biomass-derived C6-furanic compounds have become the
cornerstone of sustainable technologies. The key feature of this field
of chemistry is the involvement of the natural process only in the first @ @
step, i.e., the production of biomass by photosynthesis. Biomass-to-

HMF (5-hydroxymethylfurfural) conversion and further

transformations are carried out externally with the involvement of

processes with poor environmental factors (E-factors) and the

generation of chemical wastes. Due to widespread interest, the

chemical conversion of biomass to furanic platform chemicals

and related transformations are thoroughly studied and well-

reviewed in the current literature. In contrast, a novel opportunity is

based on an alternative approach to consider the synthesis of C6-

furanics inside living cells using natural metabolism, as well as further
transformations to a variety of functionalized products. In the present

article, we review naturally occurring substances containing

C6-furanic cores and focus on the diversity of C6-furanic derivatives,

occurrence, properties and synthesis. From the practical point of

view, organic synthesis involving natural metabolism is advantageous

in terms of sustainability (sunlight-driven as the only energy source)

and green nature (no eco-persisted chemical wastes).

Keywords
Biomass, bioderived chemicals, organic synthesis, furan, HMF, natural
products, sustainable chemistry
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CO,-free calcium carbide manufacturing: G e

demanded strategy in the carbon-neutral el
chemical industry

Samoylenko D.E., Rodygin K.S., Ananikov V.P.

Chin. J. Chem. 2023, 41, 3611-3617
doi: 10.1002/cjoc.202300358

Calcium carbide is considered a possible key component in the
sustainable carbon cycle, including convenient recycling of carbon
wastes to industrial uptake. However, currently employed CaC, @
manufacturing process produces significant amounts of CO,. One of
the main factors of its appearance is the formation of carbon oxide
during the reaction. The reaction of lime ore with coal inevitably
results in the formation of CO and the loss of one carbon atom. CO is
usually burnt, forming CO; to maintain the required high temperature
during synthesis 2200 °C. In the present study, we discuss that the
use of calcium metal instead of lime represents a good opportunity to
prevent CO; emission since the reaction of Ca with carbon occurs in
an atom efficient manner and results in only CaC, at a much lower
temperature of 1100 °C. Here, the reaction of Ca with carbon was
successfully tested to synthesize CaC,. The desired product was
isolated in gram scale amounts in 97.2% yield and 99% purity. The
environmental friendliness of the proposed method originates from
the calculations of the E factor. Rationalization is provided concerning
the cost factor of Ca within the considered process.

Keywords
CO; emission, CaC,, carbon cycle, sustainable chemistry, green
chemistry
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Atom-economical synthesis of 1,2-
bis(phosphineoxide)ethanes from calcium
carbide with straightforward access to
deuterium- and 3C-labeled bidentate
phosphorus ligands and metal complexes

Lotsman K.A., Rodygin K.S., Skvortsova ., Kutskaya A.M.,
Minyaev M.E., Ananikov V.P.

Org. Chem. Front., 2023, 10, 1022

doi: 10.1039/d2qo01652d @ @

Stable and easily detectable isotopic labels provide advanced
opportunities in a wide range of chemical applications. Highly specific
information can be retrieved upon analysis of isotopic label
movement from one position to another. The incorporation of
isotopic labels into organic molecules is in high demand; however, it
may often be rather challenging. The introduction of D and 3C labels
is of particular interest due to authentic signals in NMR spectra and
the reliable identification of isotopic label positions in target
molecules. In this work, a convenient methodology for the
introduction of D and 3C labels was developed using calcium carbide
as a source of D- and *3C-labeled acetylene and phosphine oxides as
substrates. As a result, ds- and 3C,-1,2-bis(phosphine oxide)ethanes
were isolated in yields and isotopic purities up to 99%. The resulting
phosphine oxides were reduced to the corresponding phosphines,
which were used as ligands for the preparation of D-labeled Ni and Pd
complexes in 80—96% yields with further characterization by NMR
spectroscopy, X-ray and HRMS. The incorporation of D and 3C labels
using calcium carbide and acetylene is of key importance since atom-
economical addition reactions can be involved with intrinsic
opportunity for saving valuable isotopic labels.

Keywords
CaG,, isotopic labels, acetylene
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From antibacterial to antibiofilm targeting:
an emerging paradigm

shift in the development of quaternary
ammonium compounds (QACs)

ecee

Saverina E.A,, Frolov N.A., Kamanina O.A., Arlyapov V.A,,
Vereshchagin A.N., Ananikov V.P.

ACS Infect. Dis. 2023, 9, 3, 394-422
doi: 10.1021/acsinfecdis.2c00469

In a previous development stage, mostly individual antibacterial @ @
activity was a target in the optimization of biologically active
compounds and antiseptic agents. Although this targeting is

still valuable, a new trend has appeared since the discovery of
superhigh resistance of bacterial cells upon their aggregation into
groups. Indeed, it is now well established that the great majority of
pathogenic germs are found in the environment as surfaceassociated
microbial communities called biofilms. The protective properties of
biofilms and microbial resistance, even to high concentrations of
biocides, cause many chronic infections in medical settings and lead to
serious economic losses in various areas. A paradigm shift from
individual bacterial targeting to also affecting more complex cellular
frameworks is taking place and involves multiple strategies for
combating biofilms with compounds that are effective at different
stages of microbiome formation. Quaternary ammonium compounds
(QACs) play a key role in many of these treatments and prophylactic
techniques on the basis of both the use of individual antibacterial
agents and combination technologies. In this review, we summarize the
literature data on the effectiveness of using commercially available and
newly synthesized QACs, as well as synergistic treatment techniques
based on them. As an important focus, techniques for developing and
applying antimicrobial coatings that prevent the formation of biofilms
on various surfaces over time are discussed. The information analyzed
in this review will be useful to researchers and engineers working in
many fields, including the development of a new generation of applied
materials; understanding biofilm surface growth; and conducting
research in medical, pharmaceutical, and materials sciences. Although
regular studies of antibacterial activity are still widely conducted, a
promising new trend is also to evaluate antibiofilm activity in a
comprehensive study in order to meet the current requirements for
the development of highly needed practical applications.

Keywords

Antibacterial surfaces, antibacterial coatings, quaternary ammonium

salts, antibiofilm protection, antibacterial protection, biocides
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Multicationic quaternary ammonium
compounds: a framework for combating e
bacterial resistance iy S

ACS| Diseases

Seferyan M.A., Saverina E.A., Frolov N.A., Detusheva E.V., oaeERs o . w‘
Kamanina O.A,, Arlyapov V.A., Ostashevskaya I.1., e e
Ananikov V.P., Vereshchagin A.N.

ACS Infect. Dis. 2023, 9, 6, 1206—1220
doi: 10.1021/acsinfecdis.2c00546

During previous stages of research, high biocidal activity toward @ @
microorganism archival strains has been used as the main indicator in
the development of new antiseptic formulations. Although this factor
remains one of the most important characteristics of biocide
efficiency, the scale of antimicrobial resistance spread causes serious
concern. Therefore, focus shifts toward the development of
formulations with a stable effect even in the case of prolonged
contact with pathogens. Here, we introduce an original isocyanuric
acid alkylation method with the use of available alkyl dichlorides,
which opened access to a wide panel of multi-QACs with alkyl chains
of various lengths between the nitrogen atoms of triazine and
pyridine cycles. We used a complex approach for the resulting series
of 17 compounds, including their antibiofilm properties, bacterial
tolerance development, and antimicrobial activity toward
multiresistant pathogenic strains. As a result of these efforts,
available compounds have shown higher levels of antibacterial
activity against ESKAPE pathogens than widely used commercial
QACs. Hit compounds possessed high activity toward clinical bacterial
strains and have also demonstrated a longterm biocidal effect
without significant development of microorganism tolerance. The
overall results indicated a high level of antibacterial activity and the
broad application prospects of multi-QACs based on isocyanuric acid
against multiresistant bacterial strains.

Keywords

Bacterial resistance, biofilm, ESKAPE pathogens, quaternary

ammonium compounds
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Examination of Pt,dbas as a “cocktai
type catalytic system for alkene and
alkyne hydrosilylation reactions

Catalysis
Science & ot
Technology -

Examination of Pt;dba, as a “cocktail"-type
catalytic system for alkene and alkyne
hydrosilylation reactions:

Ondar E.E., Kostyukovich AYu., Burykina J.V., Galushko A.S.,
Ananikov V.P.

Catal. Sci. Technol., 2023, 13, 6022
doi: 10.1039/d3cy00865¢g

vvvvvvvvv

Recent developments have underpinned that the creation of a potent
catalytic system does not always necessitate the assembly of complex
and costly organic ligands with transition metal compounds. Aligned
with the principles of dynamic catalysis, a simpler methodology
involving the use of regular complexes as catalyst precursors under
carefully selected reaction conditions is feasible. The dynamic
transformations that these metal compounds undergo can generate a
catalyst system with acceptable selectivity and

impressive performance characteristics. In our study, we utilized this
approach for the hydrosilylation reaction, where we employed a
readily available and stable tris(dibenzylideneacetone)diplatinum(0)
complex (Pt2dba3) as a catalyst. Dynamic transformations of Pt2dba3
create a mixture of platinum-bearing compounds within the reaction
system, forming a “cocktail”’-type catalyst system with performance
levels comparable to Karstedt's catalyst (Pt2dvtms3), a popular choice
for hydrosilylation reactions. This “cocktail”’-type catalyst was
examined using a suite of methods, such as decomposition tests,
monitoring of platinum nanoparticle formation via electron
microscopy, and X-ray absorption fine structure analysis.

The gathered data suggest that the reaction system contains both
platinum molecular complexes and nanoparticles ranging between
1.6 and 2.6 nm in size. Furthermore, a mechanistic study scrutinizing
the selectivity of the alkyne hydrosilylation reaction was conducted
using DFT calculations. Molecular dynamics modeling of the key
intermediate demonstrated the reversibility of the oxidative addition
stage in the catalytic cycle and revealed possible mechanistic
pathways for the external-ligand-free catalytic system.

Keywords
Dynamic catalysis, hydrosilylation, platinum
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Sustainable application of calcium carbide
residue as a filler for 3D printing materials

scientific reports

OPEN Systainable application of calcium
carbide residue as a filler for 3D
printing materials

Samoylenko D.E., Rodygin K.S., Ananikov V.P.

Sci Rep., 2023, 13, 4465
doi: 10.1038/s41598-023-31075-z

Industrial activity results in ton-scale production of calcium carbide
and generation of a significant amount of calcium carbide residue
(CCR), which is often disposed of in the environment as waste. CCR

is an active chemical, and rain washes away alkali from sludge,
changing the pH of soils and water and damaging the environment. In @
this work, we explored new opportunities for the utilization of CCR in
view of the coming industrial uptake of digital design and additive
technologies. Amazingly, CCR can be successfully used as a filler for
the modification of 3D printed materials towards the introduction

of hybrid organic/inorganic frameworks. A series of commercially
available plastics (PLA, ABS, Nylon, PETG, SBS) were successfully used
as matrices for CCR-based composite production with high CCR
contents up to 28%. Tensile analyses showed increases in tensile
strength and Young’s modulus of 9% and 60%, respectively.
Moreover, in comparison with the pure plastics, the CCR-based
materials better maintained the digitally designed shape (lower
shrinkage). Importantly, CCR-filled materials are 3D printable, making
them very promising components in the building sector. Considering
the amount of already available CCR stored in the environment, this
material is available in large quantities in the near future for hybrid
materials, and anticipated opportunities exist in the additive
manufacturing sector. The involvement of CCR in practical composite
materials is equally important for environmental protection and
reuse of already available multiple-ton wastes.

Keywords
Chemical engineering, composites, pollution remediation
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A simple protocol for the C-N cross-
coupling of aryl chlorides with amines
applying Ni/NHC catalysis

Khazipov O.V., Pyatachenko A.S., Chernyshev V.M.,
Ananikov V.P.

ChemCatChem 2023, 15, e202300466
doi: 10.1002/cctc.202300466

An efficient protocol for the C-N cross-coupling of aryl chlorides with
(hetero)aryl- and alkyl amines under nickel catalysis has been
developed. The main advantage of the protocol is the use of a self-
activated Ni/NHC catalytic system generated in situ from readily
available bench-stable air-tolerant precursors: NiCl,Py,, IPr-HCI, and
sodium tert-butoxide. A mass spectrometry mechanistic study of the
reaction system revealed the dynamics of competitive processes of
Ni/NHC active species formation and degradation involving NHC
reductive elimination reactions and tert-butoxide base. Optimization
of the NiCl,Py,/IPr-HCI/tBuONa ratio and the reaction temperature
allowed efficient catalysis to be achieved. The developed simple
protocol represents an alternative for methods relying on the use of
air-sensitive and unstable Ni(cod), or expensive well-defined Ni/NHC
precatalysts.

Keywords
C-N cross-coupling, imidazolium salts, N-heterocyclic carbene, NHC
precursors, nickel catalysis
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Synthesis and a combined experimental/

Synthesis and a combined experimental/ __—
theoretical structural study of a —
comprehensive set of Pd/NHC complexes T e
with o-, m-, and p-halogensubstituted aryl

groups (X = F, Cl, Br, CFs)

Pankov R.O., Prima D.O., Kostyukovich AYu., Minyaev M.E.,
Ananikov V.P.

Dalton Trans., 2023, 52, 4122

doi: 10.1039/d2dt03665g @ @

Pd/NHC complexes (NHCs — N-heterocyclic carbenes) with electron-
withdrawing halogen groups were prepared by developing an
optimized synthetic procedure to access imidazolium salts and the
corresponding metal complexes. Structural X-ray analysis and
computational studies have been carried out to evaluate the effect of
halogen and CF3 substituents on the Pd—NHC bond and have provided
insight into the possible electronic effects on the molecular structure.
The introduction of electron-withdrawing substituents

changes the ratio of o-/m-contributions to the Pd—NHC bond but does
not affect the Pd—NHC bond energy. Here, we report the first
optimized synthetic approach to access a comprehensive range of

0-, m-, and p-XCsH4-substituted NHC ligands, including incorporation
into Pd complexes (X = F, Cl, Br, CFs3). The catalytic activity of the
obtained Pd/NHC complexes was compared in the Mizoroki—Heck
reaction. For substitution with halogen atoms, the following relative
trend was observed: X = Br > F > Cl, and for all halogen atoms, the
catalytic activity changed in the following order: m-X, p-X > o-X.
Evaluation of the relative catalytic activity showed a significant
increase in the catalyst performance in the case of Br and CF;
substituents compared to the unsubstituted Pd/NHC complex.

Keywords

M/NHC complexes, acceptor substitution, catalytic reaction,

electronic properties
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New class of RSO,-NHC ligands and
Pd/RSO,-NHC complexes with tailored
electronic properties and high
performance in catalytic C—C and C—N
bonds formation

Dalton

....
Transactions 07 CHEMISTRY

lew class of RSO,-NHC ligands and Pd/RSO;~
cor es wi

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

Dalton Trans., 2023, 52, 12067

doi: 10.1039/d3dt02296;j @ @

Imidazolium salts have found ubiquitous applications as N-
heterocyclic carbene precursors and metal nanoparticle stabilizers in
catalysis and metallodrug research. Substituents directly attached to
the imidazole ring can have a significant influence on the electronic,
steric, and other properties of NHC-proligands as well as their metal
complexes. In the present study, for the first time, a new type of
Pd/NHC complex with the RSO, group directly attached to the
imidazol-2-ylidene ligand core was designed and synthesized. The
electronic properties as well as structural features of the new ligands
were evaluated by means of experimental and computational
methods. Interestingly, the introduction of a 4-aryl(alkyl)sulfonyl
group only slightly decreased the electron donation, but it
significantly increased the m-acceptance and slightly enhanced the
buried volume (%Vs.r) of new imidazol-2-ylidenes. New Pd/NHC
complexes were obtained through selective C(2)H-palladation of
some of the synthesized 4-RSO,-functionalized imidazolium salts
under mild conditions. Several complexes demonstrated good activity
in the catalysis of model cross-coupling reactions, outperforming the
activity of similar complexes with non-substituted

NHC ligands.

Keywords

Imidazolium salts, N-heterocyclic carbenes, 4-sulfonylimidazolium,

palladium complexes, catalysis
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Systematic study of FFF materials for
digitalizing chemical reactors with 3D
printing: superior performance of carbon-
filled polyamide

Korabelnikova V.A., Gordeev E.G., Ananikov V.P.

React. Chem. Eng., 2023, 8, 1613
doi: 10.1039/d2re00395c¢

The discovery of high-performance thermoplastics for additive
technologies has opened new areas of science and industry with the

paramount application of fused filament fabrication 3D printing (FFF).

Indeed, it is the emergence of new materials that the further
development of FFF technology is associated with. Such materials
must combine several high performance characteristics. For use in
chemical laboratory practice, FFF materials must possess a
challenging combination of properties — chemical resistance, heat
stability and mechanical strength. In this work, a systematic study of
these characteristics was carried out for general purpose plastics
(PLA+, TPU and PC+), plastics with high chemical resistance (PP, PP-
GF) and plastics with increased chemical and heat resistance based
on polyamides (PA, PA6-CF). It is shown that, in terms of the
combination of advantageous practical properties, carbon-filled
polyamide-6 (PA6-CF) is a superior material for digital design of
chemical reactors in laboratory practice. In this work, a new
methodology for complex testing of FFF parts has been developed,
which provides the possibility to examine simultaneous effects on
several external factors. Tests of chemical reactors made of PA6-CF in
the catalytic hydrogenation of alkynes showed the high efficiency of
this material for the manufacturing of chemical equipment. The test
reactions were performed with high conversion both in batch mode

and in continuous flow mode at elevated temperature in a short time

using a small amount of palladium catalyst.

Keywords

Additive manufacturing, fused filament fabrication, chemical
reactors, chemical resistance, heat resistant materials, high strength
materials, polyamides
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Tuning sugar biomass waste conversion —

Tuning Sugar Biomass Waste Conversion for the

for the preparation of carbon materials for &gz

supercapacitors and catalysts for oxygen
reduction

Chernysheva D.V., Konstantinov M.S., Sidash E.A., Klushin V.A,,
Tokarev D.V., Andreeva V.E., Butova V.V,, Kaichev V.V., Smirnova

N.V., Ananikov V.P.

Energy Technol., 2023, 11, 2201145

doi: 10.1002/ente.202201145

Agriculture is the most massive material circulation activity of
humans, with significant annual volumes of production as well as
substantial amounts of waste. Transforming agricultural wastes into
high-value-added products is the key to sustainable development
with efficient usage of renewable resources. The present study
demonstrates the fine-tuning of the sugar beet pulp processing to
access two types of materials for cutting edge applications—
supercapacitors and fuel cells. Alkaline fine-tuning results in N,O-
doped carbon material (CM) with an advantageous combination of
surface area andmorphology that allows to achieve high specific
capacitance (308 F g1), and excellent stability (>10 000 charge/
discharge cycles). Not limited to the CM preparation and
characterization, a real device is created in the present study to
demonstrate the efficient usage of the carbon electrode in the form
of the assembled coin cell. Acidic fine-tuning, in contrast, yields a
methodology for P,N,O-doped material and optimizes to form active
sites with electrocatalytic activity in the oxygen reduction reaction
that is used for electricity production in proton-exchange membrane
fuel cells. The developed approach demonstrates the tuning of
functional properties and morphology of CMs under experimentally
simple conditions using conventional reagents (KOH and H3PO,) and
opens up new directions in the circular biomass usage projects.

Keywords
Circular economy, energy applications, heteroatom doped carbon,
oxygen reduction reaction, plant biomass, supercapacitors, wastes
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Densely packed chemical synthesis
equipment by 3D spatial design and
additive manufacturing: acetylene
generation cartridge

Erokhin K.S., Ananikov V.P.

Org. Process Res. Dev., 2023, 27,6, 1144-1153
doi: 10.1021/acs.oprd.3c00112

Preparation of and carrying out chemical reactions often require
considerable laboratory space. Miniaturization of chemical
equipment and reducing laboratory space requirements are an
essential task to improve cost-efficiency, as well as increase

safety and decrease potential risks. In this work, we discuss the
miniaturization of laboratory equipment through the spatial
optimization of functional parts. To demonstrate this, we have
optimized the size of one of the most cumbersome processes in the
lab, the generation of gases from solid sources. We have developed a
ready-to-use acetylene generation cartridge with a high degree of
functional filling of the internal space, which significantly compacts
its dimensions. The cartridge was sealed upon threedimensional

(3D) printing, prepacked with the reagent, and found suitable for
long-term storage. In addition to acetylene generation, built-in water
trap channels and a drying compartment made it possible to obtain
dried gas on the output of the cartridge. The cartridge showed high
efficiency in the reactions for the synthesis of bis(arylthio)-
substituted ethenes and butadienes. To expand the range of products
based on acetylene, a procedure for the synthesis of 1,2-
bis(alkylthio)ethenes was developed. The use of the cartridge
allowed us to obtain target Z-ethenes with good yields and
stereoselectivity.

Keywords
Additive manufacturing, miniaturization, fused filament fabrication,
calcium carbide, acetylene, bisthiolation
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Dynamic behavior of metal nanoparticles —_——
in MOF materials: analysis with electron
microscopy and deep learning

. Dynamic behavior of metal nanopartictes in MOF
materials: analysis with electron microscopy and
deep learning

Erokhin K.S., Pentsak E.O., Sorokin V.R., Agaev Yu.V., Zaytsev
R.G., Isaeva V.., Ananikov V.P.

Phys. Chem. Chem. Phys., 2023, 25, 21640
doi: 10.1039/d3cp02595k

Electron microscopy is a key characterization technique for nanoscale
systems, and electron microscopy images are typically recorded and @ @
analyzed in terms of the morphology of the objects under study in
static mode. The emerging current trend is to analyze the dynamic
behavior at the nanoscale observed during electron microscopy
measurements. In this work, the study of the stability of MOF
structures with different compositions and topologies under
conditions of an electron microscope experiment revealed an unusual
dynamic behavior of M NPs formed due to the electron-beam-
induced transformation of specific frameworks. The transition to the
liquid phase led to spatial movement, rapid sintering, and an increase
in the M NPs size within seconds. In the case of copper nanoparticles,
instantaneous sublimation was observed. The dynamic behavior of Co
NPs was analyzed with a computational framework combining deep
learning and classic computer vision techniques. The present study
for the first time revealed unique information about the stability of a
variety of MOFs under an electron beam and the dynamic behavior of
the formed M NPs. The formation of Fe, Ni, Cu, and Co NPs was
observed from a molecular framework with a specific subsequent
behavior — a stable form for Fe, excessive dynamics for Co, and
sublimation/condensation for Cu. Two important outcomes of the
present study should be mentioned: (i) electron microscopy
investigations of MOF samples should be made with care, as
decomposition under an electron beam may lead to incorrect results
and the appearance of “phantom’’ nanoparticles; and (ii) MOFs
represent an excellent model for fundamental studies of molecular-
to-nano transitions in situ in video mode, including a number of
dynamic transformations.

Keywords

Metal-organic frameworks, metal nanoparticles, electron microscopy,

dynamic behavior
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Predicting *>Pt NMR chemical shifts in e

R Chemical Shifts in Water-Soluble
netallic Complexes with a Fast and
mbining Semiempirical Modeling and

water-soluble inorganic/organometallic
complexes with a fast and simple protocol ‘
combining semiempirical modeling and
machine learning

Ondar E.E., Polynski M.V., Ananikov V.P.

ChemPhysChem, 2023, 24, e202200940
doi: 10.1002/cphc.202200940

Water-soluble Pt complexes are the key components in medicinal
chemistry and catalysis. The well-known cisplatin family of anticancer
drugs and industrial hydrosylilation catalysts are two leading
examples. On the molecular level, the activity mechanisms of such
complexes mostly involve changes in the Pt coordination sphere.
Using *>Pt NMR spectroscopy for operando monitoring would be a
valuable tool for uncovering the activity mechanisms; however,
reliable approaches for the rapid correlation of Pt complex structure
with 1%°Pt chemical shifts are very challenging and not available for
everyday research practice. While NMR shielding is a response
property, molecular 3D structure determines NMR spectra, as widely
known, which allows us to build up 3D structure to %°Pt chemical
shift correlations. Accordingly, we present a new workflow for the
determination of lowest-energy configurational/conformational
isomers based on the GFN2-xTB semiempirical method and
prediction of corresponding chemical shifts with a Machine Learning
(ML) model tuned for Pt complexes. The workflow was designed for
the prediction of 1Pt chemical shifts of water-soluble Pt(Il) and
Pt(IV) anionic, neutral, and cationic complexes with halide, NOy,
(di)amino, and (di)carboxylate ligands with chemical shift values
ranging from -6293 to 7090 ppm. The model offered an accuracy
(normalized root-mean-square deviation/RMSD) of 1.08%/145.02
ppm on the held-out test set.

Keywords
Machine learning models, Pt complexes, semiempirical calculations,
chemical shift, QTAIM
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The fast formation of a highly active
homogeneous catalytic system upon the
soft leaching of Pd species from a
heterogeneous Pd/C precursor

Galushko A.S., llyushenkova V.V., Burykina J.V., Shaydullin R.R.,
Pentsak E.O., Ananikov V.P.

Inorganics, 2023, 11, 260
doi: 10.3390/inorganics11060260

Understanding the interface between soluble metal complexes and
supported metal particles is important in order to reveal reaction
mechanisms in a new generation of highly active homogeneous
transition metal catalysts. In this study, we show that, in the case of
palladium forming on a carbon (Pd/C) catalyst from a soluble Pd(0)
complex Pd,dbas, the nature of deposited particles on a carbon
surface turns out to be much richer than previously assumed, even if
a very simple experimental procedure is utilized without the use of
additional reagents and procedures. In the process of obtaining a
heterogeneous Pd/C catalyst, highly active “hidden” metal centers
are formed on the carbon surface, which are leached out by the
solvent and demonstrate diverse reactivity in the solution phase. The
results indicate that heterogeneous catalysts may naturally contain
trace amounts of molecular monometallic centers of a different
nature by easily transforming them to the homogeneous catalytic
system. In line with a modern concept, a heterogenized
homogeneous catalyst precursor was found to leach first, leaving
metal nanoparticles mostly intact on the surface. In this study, we
point out that the previously neglected soft leaching process
contributes to high catalyst activity. The results we obtained demand
for leaching to be reconsidered as a flexible tool for catalyst
construction and for the rational design of highly active and selective
homogeneous catalytic systems, starting from easily available
heterogeneous catalyst precursors.

Keywords
Leaching, catalysis, solvent, dynamic transformations, cocktail of
catalysts, carbonmaterials, electron microscopy, mass spectrometry
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Metadynamics simulations of R—NHC
reductive elimination in intermediate
palladium complexes of cross-coupling
and Mizoroki—Heck reactions

Kostyukovich AYu., Gordeev E.G., Ananikov V.P.

Mendeleev Commun., 2023, 33, 153-156
doi: 10.1016/j.mencom.2023.02.002

Exploring the free energy surface of the R—-NHC coupling

reaction in the key intermediates of the Mizoroki—Heck and
cross-coupling catalytic cycles has been conducted by the

methods of biased and unbiased molecular dynamics. Molecular
dynamics simulations were carried out both in vacuum and in a polar
solvent, with the following main observations on the influence of the
media: (1) the solvent prevents the dissociation of the solvate ligand,
so the R—NHC coupling proceeds in a four-coordination complex
(rather than in a three-coordination one, as in the case of a gas-phase
reaction); (2) in the condensed phase, the potential barrier of

the reaction is significantly higher compared to the same process in
vacuum (17.7 vs. 21.8 kcal mol™); (3) polar solvent stabilizes the R—
NHC coupling product. The reaction in a polar medium is exergonic
(AG = -3.9 kcal mol™), in contrast to the in vacuum modeling, where
the process is endergonic (AG = 0.4 kcal mol™).

Keywords
R—NHC coupling, molecular dynamics, reaction mechanism,
palladium catalysis, catalyst evolution, metadynamics
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Transformations of Pd/(N-Heterocyclic
Carbene) molecular complexes into a
nanosized catalyst system in the Mizoroki—
Heck reaction

Kostyukovich AYu., Patil E.D., Burykina J.V., Ananikov V.P.

Kinetics and Catalysis, 2023, 64, 1, 44-54
doi: 10.1134/50023158423010032

The mechanism of formation of catalytic sites in the important
Mizoroki—Heck reaction used in modern fine organic synthesis has
been studied. It was found that the catalysts based on palladium
complexes with N-heterocyclic carbene ligands transform into a
“ligand-free” form under the conditions of the Mizoroki—Heck
reaction. Molecular modeling performed using quantum-chemical
methods showed that these processes compete with the target
reaction at three of the six stages of the catalytic cycle. The presence
of catalyst transformation products in the reaction system was
confirmed by nuclear magnetic resonance and mass spectrometry.
Important mechanistic data were obtained for rational design of
catalyst systems for cross-coupling reactions.

Keywords
Mizoroki—Heck reaction, Pd catalysis, quantum chemical calculations,
reaction mechanism

https://doi.org/10.1134/50023158423010032

MNybnukauum 2023 roga

Transformations of Pd/(N-Heterocyclic Carbene) Molecular
Comy

2/- cTaTbA NO NOAMUCKE,
[0CTYMNHa No 3anpocy aBTopam

PenTUHr KypHana: @— Web of Science @- Scimago MmnakT-paktop = 1.1

77


https://doi.org/10.1134/S0023158423010032

Mybnukauum 2023 roga

Digital

Digital biology approach for macroscale "
studies of biofilm growth and biocide [
effects with electron microscopy
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Kozlov K.S., Boiko D.A., Detusheva E.V., Detushev K.V., Pentsak
E.O., Vereshchagin A.N., Ananikov V.P.

Digital Discovery, 2023, 2, 1522
doi: 10.1039/d3dd00048f

Microbial interactions are one of the major topics of current research
due to their great societal relevance. It is now established that
biofilms—associations of microorganisms, exchanging various
chemical compounds, including proteins and nucleic acids—are
capable of promoting horizontal transfer of resistance genes.
However, our understanding of the processes occurring in biofilms is
rather limited. A possible method to partly overcome this problem is
the implementation of highly efficient imaging and mapping of these
structures. This work proposes a combination of automated scanning
electron microscopy (SEM) and a comprehensive software system
that uses deep neural networks to perform an in-depth analysis of
biofilms. Time-dependent, high-throughput mapping of biofilm
electron microscopy images was achieved using deep learning and
allowed microscale data analysis of visible to the eye biofilm-covered
area (i.e., at the macroscale). For this study, to the best of our
knowledge, the first matrix and cell-annotated biofilm segmentation
dataset was prepared. We show that the presented approach can be
used to process statistical data investigation of biofilm samples in a
volume, where automation is essential (>70 000 separate bacterial
cells studied; >1000 times faster than regular manual analysis). To
evaluate the approach, multiple time steps of biofilm development
were analyzed by first-to-date kinetic modeling of biofilms with SEM,
revealing the complex dynamics of biofilm formation. Moreover, it
was shown that the described procedure is capable of capturing
differences between antibiotics and antimicrobial compounds applied
to studied biofilms.

Keywords
Deep learning, biofilms, computer vision, neural networks, image
processing
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