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BBenenue

AKTYaJIbHOCTHL PpadoTbl. BTOpuuHBIE aMHHBI  SBISIIOTCS  OJHUM U3
BOKHEHIIMX KJIACCOB COeAMHEHHH. OHU LIMPOKO HUCHOJB3YKOTCS MPH CO3JaHUU
MatepuanoB M (papmaneBTHueckux cyOcraHumi. Ha ceroaHsmHuil J1eHb
CYyIIECTBYET MHOT'O MOJIXO/I0B K CUHTE3y COeMHEHUN JaHHOTO Kiacca. Cpenu HUX
HanOoJiee YHUBEpPCANbHBIMU SIBIIAIOTCS PEaklMd 3auMCTBOBAHHS BOJOpOAa M
BOCCTAHOBHUTEJILHOIO  amuHupoBanus. (O0a mnpounecca  BocTpeOOBaHbl B
MPOMBIIIICHHOCTH U JJAOOPATOPHOM MPAKTHKE, MX Pa3BUTHE BHI3BAHO CTPEMIICHUEM
IOBBICUTh TMPOCTOTY OCYLIECTBJICHHUS, ATOM-DKOHOMHUYHOCTb M 3KOJIOTMYHOCTH
MeTo/10B. Tak, pa3BUTHE peaklMM 3aMMCTBOBAHHS BOJIOpoAa C(POKYCHpPOBAHO Ha
pa3pabOTKe HOBBIX aKTHBHBIX KAaTAIM3aTOPOB HA OCHOBE NEPEXOJHBIX METAIIIOB.
Jns peakuuy BOCCTAHOBUTEIBHOIO aMUHHUPOBAHUS OCTAETCA aKTyaJbHBIM MOHMCK
HOBBIX 3(()EKTUBHBIX BOCCTAHOBUTEIEH BMECTO TPAJAMIHOHHO HCIOJIB3YEMBIX
MOJICKYJISIPHOTO BOJIOpOa U OOPTHAPUIOB.

He meHee BaKHBIH KJIacC COSAMHEHMH MPEACTaBIAIOT co00i# amuibl. OHAKO
KJIaCCUUECKHEe CIIOCOOBI UX TOIYYEHHUs, OCHOBAaHHBIE HA B3aMMO/IEHCTBHU aMHHA C
KapOOHOBBIMU KHMCIIOTAMHM HJIA WX IPOU3BOJHBIMH, OOJIANAa0T 3HAYUTEIILHBIMHU
HegocTaTkaMu. K OCHOBHBIM HEIOCTaTKaM OTHOCHTCSI MCIOIB30BaHUE JI00aBOK,
MOBBIMIAIOIIUX AKTHBHOCTb KHCJIOTHI B JTaHHOW peakIlid, B CTEXMOMETPHUYECKHUX
KOJMYECTBAaX; HEOOXOIUMOCTh MPOBEIACHUS CHHTE3a B HECKOJIBKO CTaAMii, ¢
IPOMEKYTOUHBIM BBIIEJICHHEM BBICOKO PEAKIIMOHHOCIIOCOOHOTO ITPOU3BOIHOTO
KHCIIOTBI; HEYCTOWYMBOCTH AMHMHOB K TIPOTCKAHUIO PA3IMYHBIX MOOOYHBIX
nporieccoB. [1o 3Tol npuyrHe ocTaércs BOCTPEOOBAHHBIM MOUCK AJIbTEPHATHBHBIX
MOAXOJ0B K CHHTE3Y JaHHBIX COEIMHEHUH.

Crenenb pa3pa0oTaHHOCTH TeMbl HccjenoBanus. HecMmotps Ha
MHOKECTBO KaTaJIU3aTOPOB HA OCHOBE NEPEXOAHBIX METAJJIOB, KOTOPbIE OBLIN
IPENNOKEeHbl 7 OCYIIECTBICHHMS] peaKkIMd 3aMMCTBOBAHHUA  BOJOpOJ]A,
HEKaTAIMTUYECKUH BapHUaHT JaHHOM peakUuu OCTAETCA MaJOU3yYCHHBIM.

OtnenbHble pabOTHl YCTAaHABIMBAIOT BO3MOKHOCTH MPOTEKAHUsI peakiuu 0e3
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Karanusatopa. OfHaKo B JUTEpaType OTCYTCTBYIOT MCCIEA0BAHUSA, TO3BOJIAIOIINE
ONPEAECIUTh IPAHULIBI TPUMEHUMOCTH HEKATAIIUTHYECKOHN PEeaKIUu.

HenaBHo Obl1o nmokazano, uro CO sIBIAsSE€TCS UCKIIOUUTENBHO CEIEKTHBHBIM
BOCCTAHOBHUTEJIEM B  BOCCTAHOBHMTEIBHOM  aMHMHMpoBaHuM. Peakuuio ¢
ucnosib3oBaneM CO IpOBOAAT B MPHUCYTCTBUH Pa3IMYHBIX METAIOB, HanOoIee
OOCTYNIHBIM M3 KOTOpBIX sBiseTca pyTeHHH. K coxaneHurioo, axTUBHOCTH
PYTEHHEBBIX KaTalu3aTOPOB OCTAETCA HEBBICOKOM, BBHMJY 4YE€ro IpEACTABISET
WHTEPEC TMOUCK CIOCOOOB MOBBIIICHUSA AKTMBHOCTH CHCTEM Ha OCHOBE JIaHHOI'O
Metaiia. Panee B kauecTBe HD(PQEKTUBHOrO Moaxona ObUIO MPELI0KEHO
UCITO0IL30BaTh J100aBKY (OoC(UHOB, KOTOPhIE B YCIOBHUSAX PEAKIIMH CBSI3BIBAIUCH C
PYTEHHEBBIM LIEHTPOM M YBEJIHYHUBAIM €r0 aKTUBHOCTb. Pe3ynbTaTel JaHHOTO
UCCIICZIOBAHUS TO3BOJHMIM  MPEANOJNIOKNUTh, UYTO aKTUBALMOHHBIN  A(deKT
a30TCcoIep KallluX COEIMHEHUN MOKET OBITh €I CHIIBHEE.

C 1enbio pemuTh MpodIeMbl KJIaCCHYECKOTO MOAX0/1a K CHHTE3Y aMUJIOB, B
auTeparype OblUl NPEJUIOKEH Psiji COCO00B, OCHOBAaHHBIX HAa MCMOJIb30BAHUU
apOMaTHYECKUX HHUTPOCOEAMHEHUH BMECTO aMHMHOB. JlaHHblE coeauHEHus
OTIMYAKTCs OOJIbLICH CTaOMIIBHOCTBH), OJHOBPEMEHHO HE yCTynass aMUHaMm B
JNOCTYNHOCTH. JlJIsi OCYIIECTBJIEHMSI PEAKLIMU C HUTPOCOEAUMHEHUSIMU Tpedyercs
BOCCTAHOBHTEINb, B KaueCTBE KOTOPOTO OBLIM MPENIOKEHbI CUIaHbI, (POCHHHBL,
KOHBEPTEPHBIA TIa3 W HEKOTOpbIe Apyrue coeauHeHus. OgHako MeETonel ¢
UCIIOJIb30BAHUEM BCEX ITHX BOCCTAHOBUTENICH OTIMYAIOTCA JIMOO HU3KOH aTOM-
SKOHOMHYHOCTBIO W  CIOXKHOCTBIO  BBIJCJIEHUS MPOJYKTa, JHUOO HHU3KOH
CEJIEKTUBHOCTBIO.

Leab n 3agaun padoTsl. BBUY BbIIENEPEUUCICHHBIX MTPOOIEM, LEISIMH
HACTOSIILEr0 UCCIEA0BAHMS CTAIIN:

e lccnenoBaHue HEKATAIUTHUYECKOM pEakUMH 3aMMCTBOBAHMSI BOAOPOJA:

O0COOECHHOCTEH €€ MPOTEKAHUS U I'PAHUI] MIPUMEHUMOCTH.

e li3yyeHue BIMSAHMSA Pa3IMYHBIX COCAMHEHUM a30Ta HAa PYTEHUM-
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KaTaJlM3UpPyeMO€ BOCCTAHOBUTEILHOE AaMUHUPOBAHUE € UCTIOJIB30BAHUEM
CO.
e PaspaboTka 3pPEeKTHBHOrO METO/Ia CHHTE3a aMUOB U3 ApOMATHYECKHX
HUTPOCOCIMHECHUI U KAPOOHOBBIX KHCIIOT.
JIist TOCTHIKEHUMST TIOCTABJICHHBIX IieJIed ObUIM C(hOpMYyTHpOBaHBI CIIEAYIONINE
3aJ1auu:
Peakrus 3aMMCTBOBAaHHSI BOJIOPO/IA:
% OnTHMH3HMPOBATh YCIOBHS ITPOBEICHUS HEKATATMTHYECKON peakiuu
3aMMCTBOBAHUS BOJIOPOA.

o HccnenoBath MpUMEHUMOCTH METOA IJIS1 Pa3IMYHBIX CyOCTPaTOB.

X HccenenoBaTh MEXaHU3M PEAKIIMH.

BoccranoBuTenbHOE aMUHUPOBAHHE:!

% CpaBHHTb CKOPOCTh POTEKAHUS BOCCTaHOBHUTEJILHOTO
aMUHHUPOBAHUSI MOJIENIBHBIX CYOCTpPaTOB B MPUCYTCTBHHM Pa3HBIX
a30TCOIepKAIINX JOOABOK.

% M3yuuTh 3aBUCUMOCTb BEIMYMHBI d((eKra aKTHBAUUU WJIH
JI€aKTHBAIIMH PEAKIIMK OT KOJMUECTBa T00aBKH.

s Tlokasarb 00HIHOCTH OOHAPYKEHHBIX YPPEKTOB B pEaKIMHU C IPYTUMHU
cyOcTpaTaMu.

BoccraHoBuTeNbHOE aMUAUPOBAHHUE:

% IlomoOparth W ONTUMHU3UPOBATH YCJIOBHS ISl CHHTE3a AMHIOB W3
apOMaTHYECKUX HUTPOCOCAMHEHMH W KapOOHOBBIX KHCIOT C
ucnons3oBanueMm CO.

% H3y4uTh CUHTETHYECKHE BO3ZMOKHOCTH METO/IA.

Hayunasi HoBM3HAa paGoTbl. BrepBble OCYUIECTBIEHO CHUCTEMATHYECKOE

U3y4YeHHE IMOOOYHBIX IMPOLIECCOB B HEKATATUTHYECKOHW PEaKIUH 3aUMCTBOBAHUS

BO/IOpo/a. BriepBble mpeiokeHa MoOAENb JUIS NPEJICKa3aHUs PeaKIMOHHON

CMOCcOOHOCTH CY6CTpaTOB B JaHHOM IIpoHecce. Pa3pa60TaHBI HauboJliee MATKHE

YCIIOBHA IMMPOBCIACHHA CHHTC3A. BHepBble H3y4CHO BIIMAHHUC a30TCOACPXKAIIHUX
11



N00aBOK Ha BOCCTAHOBHUTEIIBHOEC aMHUHHUPOBAaHWE O€3 BHEIIHET0 HCTOYHHUKA
BoJOpoaa ¢ wucrnoib3oBaHueM CO B KadecTBE BOCCTaAaHOBUTENs. Brepsbie
OCYILIECTBJIIEH  OJHOCTA/[IMMHBIA  CUHTE3  aMUJOB M3  apOMATHUYECKHX
HUTPOCOEAMHEHUH M KapOOHOBBIX KHUCIOT ¢ Ucnoab3oBanueM CO u poamueBoro
KaTaJIn3aTopa.

Teoperuyeckass 3HA4YMMOCTb OOycioOBIeHA OOHapyKEHHEM  psaa
3aKOHOMEPHOCTEM MPOTEKaHU PEAKLMHU 3aUMCTBOBaHUSA BOJOpPOJA OT Pa3iMyHBIX
MapaMeTpoB CHUCTEMBI. B 4YacTHOCTH, BBICOKYK) 3HAYMMOCTb TMPEJICTABIIACT
YCTaHOBJICHUE 3aBUCUMOCTEH BBIX0/Ia 5KEJIAEMOT0 MPOIYKTa OT BBIOOPAa OCHOBAHMS,
TEeMIEepPaTyphbl CHHTE3a, 00BEMA 3aKPBITOTO B PEAKTOPE BO3/yXa, TUAIEKTPUUECKON
IIPOHUIIAEMOCTH  pacTBOpPUTENA.  YCTAHOBJIEHHE TPaHHLl  IIPUMEHHMOCTH
HEKATATUTUYECKON  peakiuu  MPEJOCTaBISECT  OTHPABHYIO  TOUKY  JJiA
KaTAIUTHYECKUX HCCIIEIOBAHMII.

3HaYUMBIM [T (QYHIAMEHTAIBHBIX HUCCIICIOBAHUN SBIISCTCS HW3YYCHHE
KAaTAIMTHYECKOW  AKTUBHOCTU  pPsAJlda  KOMIUIEKCHBIX  COE€IMHEHUH  pOJMS,
OTJIMYAIOUIMXCS CTEMEHSIMH OKHUCIICHMSI METAJlJla M JIMFAHAHBIM OKPYKEHHUEM, B
CUHTE3€ aMHUJOB W3 apOMATHUYECKUX HUTPOCOCIUHCHUN M KAPOOHOBBIX KHCIOT C
ucrnonb3zoBaneM  CO. HM3ydeHue BO3MOMKHOCTEM IPEANIOKEHHOIO METOJA
CIOCOOCTBYET AaJIbHEHUIIIEMY Pa3BUTHIO TOAX0I0B K CHHTE3Y aMH/IOB.

Hakonen, uccienoBanue BauAHHUS N-coiepiKalux T00aBOK Ha PYTCHHIA-
-KaTAIN3UPYEMYIO PEAaKLUHI0 BOCCTAHOBHUTEIBHOIO AMHHUPOBAHHUS Pa3BUBACT
npejactaBieHus 00 onocpenoBaHHbIX CO BOCCTAHOBHUTEIBHBIX TMpoIEccax ¢
MCIOJIB30BAHMEM JIAHHOTO METaJLIA.

IIpakTHyeckasi 3HAYMMOCTH COCTOMT B pa3paboOTKe MNpPOCTOro WU
3((PEeKTUBHOTO MeToAa AJIKWUIMPOBAaHWUS aMHHOB CHUPTAMU 0€3 HCIOIb30BaHHUS
KaTaJIM3aTOPOB; B CO3JaHUU MOJEJIH, [O3BOJISIOLIEH IMPEACKa3aTh ONTUMAJIbHbIE
YCIIOBHS JJ1sl CHHTE3a HOBBIX IIPOYKTOB.

[TpakTnyeckn 3HauMMa pa3pabOTKa OAHOCTAAMIHOrO MeEToJla CHUHTE3a

aMHJIOB M3 apPOMATHYECKUX HUTPOCOEIMHEHUH M KHCIIOT, B KOTOPOM HCIOJIB3YETCs
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Tosnbko Katanuzarop, CO u pactBoputens. Ha ocHoBe meTona MOryT ObITh
pa3zpaboTaHbl CrocoObl TMOJY4YEHHUs] COEIMHEHWH C TEHHBIMHM TPUKIAIHBIMUA
cBoicTBaMu. Tak, B HacTosueld paboTe MonyyeHbl JEHCTBYIOIIME KOMIIOHEHTBI
JIEKapPCTBEHHBIX MPEIapaTosB.

MeTon010TH 1 METObI IMCCEPTALNMOHHOTO HMCCJIeI0BAHUS BKIHOYAIH
aHaliu3 JIUTEpPaTypHbIX JaHHBIX MO HUCCIAEAYEeMBbIM TIporeccaM. bbuin
c(hOpMyIMPOBAHBI HENOCTATKA HM3BECTHBIX METOJOB W BBISBICHBI HamOosee
TIEPCIIEKTUBHBIC TIOIXO/bI K HX PEHICHUIO.

B 4actHOcTH, OBLIM HM3Yy4EHBI OINUCAaHHBIE B JIATEPAType CHOCOOBI
AJIKWJIIMPOBaHHUA dMHMHOB CIIMPTaMH B YCJIIOBHAX PCAKIIMHK 3aMMCTBOBAaHK A BOJOPOA.
OOHapyxeHbl HEJOCTATKH, XapaKTepHbIE KaK I KAaTaJIUTUYECKOro, TaKk W A
HEKATATUTUIECKOTO BapHaHTOB peakiuu. Ha cremyromem srtame ObUTIO M3Y4EHO
BIIMSIHUE PA3NIMYHBIX IAPAMETPOB Ha PEAKIIMOHHYIO CUCTEMY U pa3paboTaHa MOJIEINb
IUIsL TIpENICKa3aHusl PEaKIMOHHOM CHOCOOHOCTH CyOCTpaTOB B 3aBUCHMOCTH OT
YCIIOBMHM NPOBEJeHUs peakiu. Hakonew, ucciaenosansl rpaHuiibl IPUMEHUMOCTH
METO/IOB C Yy4acTHeM OCHOBaHMH. CTpyKTypa M YHMCTOTa MPOJIYKTOB OBLIN
MOATBEPXKACHBI KOMIUIEKCOM (PU3UKO-XUMUYECKUX METOJOB aHAIIU3A.

[TogoOHast Merojoyiorusi ObLla MPUMEHEHA TMPU HM3YYSHHU peakiui
BOCCTAHOBHUTEJIIPHOTO aMHWHHUPOBAHHUS UM BOCCTAHOBHUTEIBHOTO aMUIHUPOBAHUS
KapOOHOBBIX KHUCJIIOT HUTPOCOCTUHCHHUSIMH.

[lon0:xeHusi, BLIHOCHMbIE HA 3AIIUTY:

e lccienoBaHue HEKATAIMTHYECKOM peaklMd aMHUHOB CO CIUPTaMH B
YCIIOBUAX 3aMMCTBOBaHUA Boaopoaa. [louck orpannyennit Metoaa, Co31aHue
MOJICTU JIs IPpe/IcKa3aHus PeakliMOHHOM crToCOOHOCTH CYyOCTPaTOoB.

e l3yyeHue BAMSAHUSA [00ABKM a30TCOACPIKAIIMX COCIMHCHUH HA BBIXOJ
onocpenoBanHoro CO BOCCTaHOBUTEIBHOIO aMUHHUPOBAHMS.

e Pa3paboTka 0THOCTaIMIHOTO METO/1a TIOJyUYEHHs aMUJIOB U3 ApOMaTHUYECKUX

HUTPOCOETMHEHHUH 1 KapOOHOBBIX KHCIIOT.

13



JInuHblii BKJIAJA aBTOPa COCTOMT B aHAJM3€ JMUTEPATYPHBIX JaHHBIX,
IOCTAHOBKE  3a3J]a4, B IUIAHUPOBAHUW W  MPOBEJCHUH  IKCIEPUMEHTOB,
UHTEPIpPETAllMd  MOJTYYEHHBIX  pe3yJbTaTOB, TOJATOTOBKE MYyOJNMKAlUi U
MPEICTABIEHUH JOKJIAIOB TI0 TEME AUCCEPTAIIMM HA KOH(PEPEHITHX.

JlocTOBEpHOCTH MOJY4YeHHBIX pe3yJIbTaTOB UCCJIe/I0BaHUs
obecreynBagach BOCIPOU3BEICHUEM PE3YIbTATOB OOJIBIIMHCTBA YKCIIEPUMEHTOB B
HECKOJIBKUX TMOBTOpHOCTAX. CoOcCTaB M CTPYKTypa THOJYYCHHBIX COCIUHCHUMN
noaTBepxkaeHsl Metogamu 'H, *C, PF JAMP cnekTpockonmu, XpomaTro-Macc-
cnekrpoMmetpuu (I'X-MC), macc-criekTpoMeTpuu Beicokoro paspemenus (HRMS),
a TAK¥kKe CPABHEHUEM 3KCIIEPHUMEHTAIILHO OINPEAEIIEHHBIX TEMIIEPATYP IUIABIICHHUS C
OTHCAHHBIMU B JTUTEPATYypE.

AnpoGauusi padoTbl. OCHOBHBIC PE3yIbTAThHl PA0OTHI OBLIH MPEICTABIICHEI
Ha lllecroii MexayHapogHON HayuyHOH KoH(pepeHInH «Advances in Synthesis and
Complexing» (MockBa, 2022), MexayHaponHoit Hay4HOW KoHpepeHIuu
CTYJICHTOB, aCIIUPAHTOB M MOJIOABLIX Y4yeHbIX «JlomonocoB» (Mocksa, 2023), X
Monoaexnoit konpepenimu MOX PAH k 300-neturo Poccuiickoii akajeMun HayK
u 90-neturo MHcTUTyTa Oprannueckoit xumuu um. H.J1. 3enunckoro PAH (Mockaa,
2023).

IIyoaukauuu. Conepxxanue pabOTbl OTpakeHO B 6 paboTax, B TOM YHCIIE
TpEX MyONMKaIusx B peKoMeHA0BaHHBIX BAK HaydHBIX XypHamax U TpEX — B
COOpHHUKAX TE3UCOB K KOH(EPEHUUSM.

O0bém u cTpykrypa padorsl. [luccepraiua nsioxkeHa Ha 244 cTpaHuuax
MaIMHOIIMCHOIO TEKCTa; BKJIIOYAET BBEICHUE, JIMTEPATYPHBIH 0030p, 00CyKIaeH e
PEe3YyIAbTATOB, SKCIEPUMEHTAJILHYIO YacTh, 3aKIFOUYEHHE, CIIMCOK HMCIOJIb3yeMOM
nutepatrypsl (209 HauMEHOBaHHWI) M CIHCOK HAYYHBIX IMyOnuKanuid aBTopa (6

HalMEHOBaHUI), coepKuUT 16 pucyHkon, 60 cxeM u 56 TaOIuII.
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JlureparypHsblii 0030p

Kak Obulo oTmMeueHO Bbllle, HaunboJIee YHHUBEPCAILHBIMU CIIOcOOaMHu
MOJIYYEHHSI BTOPUUYHBIX aMUHOB SIBJISIFOTCSI aJKHJIMPOBaHHE NEPBHYHBIX AMHUHOB
CIUPTaMH 0 PeaKUMu 3auMCTBOBaHUs Bojaopoja (borrowing hydrogen reaction)
WM  KapOOHUIBHBIMH  COEJAMHEHHSIMU B  TPUCYTCTBUM  BOCCTaHOBHTEIS
(BocCcTaHOBUTEIBPHOE aMUHUPOBaHHE, reductive amination reaction).[1]

BoccraHOBUTENIBHOE aMHUHUPOBAHME BKIIOYACT JBE IOCICAOBATE/IbHBIC
CTaJAWM: KOHJCHCAIIMIO aMWHA C KapOOHWJIBLHBIM COCAMHEHUEM, B PE3yJIbTaTe
KOTOpOH o00pa3yeTcsi MMUH WIM MMHUHHEBBIM KaTHOH, M €ro IMOCIeAYIoLee
BOCCTaHOBJICHHE JI0 JkejmaeMoro amuHa (Cxema 1). OaauMm U3 HauOosee
YHUBEPCAJIbHBIX BOCCTAaHOBHUTENEH B JaHHOM IIPOLIECCEe SIBISIETCS MOJIEKYIISIPHBINA
BoZopon. B mpucyTcTBHM KaTaiu3aTOopa Ha OCHOBE MEPEXOJIHOTO METajula OH
MIPUCOEUHSETCS TI0 JIBOWHOM CBSI3M MMHHA, TIPEIOCTABIISs KellaeMbIl MPOIYKT.
Tem He MeHee, TaHHBII POLECC HE BCEraa OTIIMYAeTCs BBICOKON CEIEKTUBHOCTBIO
U TpeOyeT OTBETCTBEHHOIO BbIOOPA JIMTAH/IHOTO OKPYKEHHU MeTasuia.[2]

[TonynsipHBIMM  BOCCTAHOBHUTEINSIMU  SIBJISIFOTCSL  pa3lIMuHbie  OOPTUIPHIBI
Hatpusi (NaBHs, NaCNBH3;, NaBH(OAc); u ap.) OnHako npu HMCHOIb30BAHUU
OOpPruJIpUIOB B XOJE PEAKLMU 00pa3yeTcsi SIKBUBAICHTHOE KOJIMUECTBO TBEP/IBIX
OTXOIOB — TPOIYKTOB THIPOJH3a BOCCTAHOBUTENIS — KOTOpPblE HEOOXOIHMO
yTunuzupoBatb. Kpome Toro, Ooprufpuiibl 3HAYUTEIBHO PA3IUYAIOTCS MEKITY
c000# M0 aKTHBHOCTH M CEJIEKTHBHOCTH, MO3TOMY JIJISl KQXKI0TO TUIA CyOCTpaToB

H606X0,D,1/IMO OKCIICPUMCHTAJILHO n0;106parb ONTUMAJIBLHBIH BOCCTAHOBHUTECIIb.

0 R! [H] R’
L, * RN~ N = e
R" "R? -H,0 R2 R3 R2 R?
[Hl: H/[M]

NaBH,, NaBH3(CN), NaBH(OAc),

CO/[M]

Cxema 1. O01as cxema 1moJy4eHHs BTOPUYHBIX AaMHHOB € TTOMOIIBIO BOCCTAHOBUTEIBHOTO
aM[/IHI/lpOBaHI/lf{.
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HenaBHO B KayecTBE HCKIIOYUTENBHO CEJICKTUBHOIO BOCCTAHOBMTEINA B
pPEaKIMM BOCCTAHOBUTEIILHOTO aMWHHUPOBAHUS OBLIT MPEUIOKEH MOHOOKCH]L
yraepoaa.[3] Jlns mpoTekaHuss peaknuu ¢ ucnosnb3oBaHueM CO HeoOXoaum
karanuzarop Ha ocHoBe Rh, Ru, Ir mmm Os.[4-6] Haubonee sddexTuBHBIC
Karanau3aTopsl Ha OCHOBe Rh TO3BOJSIOT TIPOBOAMTH pEAKLIHI0 YXKE TpHU
atmoceproM napieHuu CO,[7] omHAaKO BBICOKAs CTOMMOCTh JAHHOTO MeETaylia
NIeTaeT aKTyaJbHBIM MOUCK CHOCOOOB MOBBIIICHUS AKTUBHOCTH KaTaJIUTHYECCKUX
CHCTEM Ha OCHOBE 0oJiee JOCTYIHBIX METAIOB, B TICPBYIO OUEPE/Ih, PYTCHHUS.

B otyinumne oT BOCCTaHOBUTEIBHOTO aMUHUPOBAHUS, ATKUIMPOBAHUE AMUHOB
CHUPTAMH TI0 PEaKIMM 3aUMCTBOBAaHHS BOJIOPOJA HE HYIKIAETCS BO BHELIHEM
BocctanoButene (Cxema  2).[8] [Ilpouecc MOXKHO  MOpPEACTAaBUTh  Kak
BOCCTAHOBHUTEJIIBHOC aMHUHUPOBAHHE, B KOTOPOM CIUPT CIYXKHT, OJHOBPEMEHHO,

HCTOYHHKOM Kap6OHI/IJ'[BH01"0 COCIUHCHHS H BOCCTAaHOBHTCIICM.

RINH, + EI)\H bl R;—N’ES
R" "R? -H20 R2
M]
[(MH;]
0 RNH, R' R®
R1lLR2 RZ:N

Cxema 2. 06]_[1351 CXEMa QAIKHIUPOBAHHA aMHHOB CIIHPTaAMHM B YCIOBHAX PCAKIHH
3aHMCTBOBaHMUA BOOOpPOIA.

JlaHHYI0 peaKIMio MPOBOIAT B MPUCYTCTBHH KaTalHU3aTOpa — Kak IPaBHIIO,
COCIMHEHHUS IEPEeXOAHOro MeTa/uia. OYHKIMIO KAaTaIu3aTOpa MOXKET BBIIOIHATH
P OPTAHMYECKHX COCIMHECHHN MM OCHOBaHUE-MeaHaTop.[9]

BBICOKHII HHTEPEC MPEICTABIAET PEAKLUS C UCIIOIB30BAHUEM OJHOIO JIHIIIb
OCHOBAHHSI, MOCKOJIbKY B OOJILIIMHCTBE METO/I0B, OCHOBAHHBIX Ha NMPUMEHCHHH
MePEeXOHBIX METAVIOB HIIH OPraHHYECKHX KaTalH3aTOpPOB, OCHOBHBIC YCIOBHS
TaK)Ke HEO0OXOAuMBL. B 3TOM CMBICIIE OIOCPEIOBAaHHBLIH OCHOBAHHUSIMH IIPOLIECC

MOZKHO Ha3BaTh HCKATAITUTHYCCKHM. O,E[HaKO, HECMOTPSA Ha JTHHAMHWYHOE pAa3BUTHE
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KaTaJIMTHYCCKOTO BapuaHTa  pCaKIMH, HEKATATUTHYCCKUI octaéres
MaJIOU3Y4YEHHBIM.

Hapsimy ¢ aMHHaM#, BBICOKYIO IIEHHOCTH TIPEICTaBISIOT MPOAYKTHI HX
B3aMMOJICHCTBUS ¢ KapOOHOBBLIMHM KHCJIOTaMH — aMMJIbl. AMHJIHBIE (PparMeHThI
BXOJIAT B COCTaB MHOTHX JICKAPCTBEHHBIX MPENapaToB, MENTHIOB, OSITKOB H JPYTHX
nonumepoB.[10,11] OgHako KIacCHYSCKHE METOIBI MOTYYECHHUS TAKUX COCTUHCHUM
HE ONTHUMAaJIbHBL. BBUIY HM3KOH peaKIIMOHHOM CIOCOOHOCTH caMHMX KapOOHOBBIX
KHCTIOT B PEAaKIMM C aMHUHAMM, BO3HHKACT HEOOXOJMMOCTH MpPEIBapUTEIBHON
MOJAM(HUKALMKA KHCIIOT, KOTOPasi MOXKET ObITh OCYIICCTBJICHA JUOO B HECKOJBKO
CTaJMii, C BbIIEIECHHEM O0J€€ AaKTHBHBIX NPOU3BOJHBIX — AHTHAPHIOB HIIH
CIIOKHBIX 3(DHUPOB, MO0 C MCIOIB30BAHUEM AKTHBUPYIOIINX H00AaBOK, TAKHX KaK
JUK, CDI (Cxema 3).[12] B oboux ciy4asx TPUMEHSIOT CTEXHOMETPHUYCCKHE
KOJIMYECTBA OTMACHBIX BCIIOMOTATEIBHBIX PEareHTOB, U3 KOTOPBIX B XOJI€ PEaKIIHN

obpasyrorcsa otxosL.[13]

O additive (CDI, etc.)
P + R'NH, R
R™ “OH -Hz0 R

N

H
0] 1

ACZO, 802C|2, etc. )J\ R NH2 T

R™ X
X = OC(O)R, Hal, OR

Cxewma 3. Knaccuueckue Mmoaxoabl K CHHTC3Y aMHUI0B.

BTopoii KOMIOHEHT B CHHTE3€ aMHUIOB — aMHMH — HampoOTHB, OOJIagaeT
BBICOKOH PCAKIIMOHHOM CIIOCOOHOCTBIO, B CBSI3M C 4YEM MOMKET BCTYNaTh B
pasinuHbple MMOOOYHBIE mpouecchl. IlepedncieHHbIe HEIOCTAaTKH KIACCHYECKHX
METOJOB  TMOJYYCHHS aMHJIOB  OOYCIaBIMBAIOT  BBICOKYH)  IOTPEOHOCTH
IIPOMBIIIJIEHHOCTH B HOBBIX A()D(PEKTHUBHBIX IMOAX0JAX K CHHTE3Y COCIUHECHMM
JaHHoro knacca.[14—18]

Texkyuiee cocTrosiHUE HCCIENOBaHW B 00J1aCTU BOCCTAHOBHUTEIBLHOTO
AMUHHPOBaHUS ¢ Hcnoyib30BaHueM CO M W3BECTHBIX METO/JOB CHHTE3a aMHJIOB
HCUEPIIBIBAIONIE OMHUCAHO B OO30pHBIX MyONHKAIUAX. AJKHIMUPOBAHUE AMHHOB

CIIMpTaMH B YCIIOBHAX PCAKIHH 3aHMCTBOBAHHWA BOOAOPOAa TAKKE OCBCILICHO B PAIC
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0030poB,[8,19-22] oaHako, BBHAY AMHAMMYHOIO Pa3BUTHSA JaHHOW 00JacTH, C
MOMEHTa IMyOJIMKAIMK  TocieaHero o063opa [9] NOSBMIOCH 3HAYUTEIHHOE
KOJHUYECTBO HOBBIX padoT.

HauGonee mnonHblid 0030p MO peakiMu 3avMMCTBOBAHHMS BOJOpOjaa ObLI
onyOJIMKOBaH paHee Hamed rpynmnoil.[9] B HEM U3BecCTHBIE  YCIOBHS
B3aMMOJICHCTBUS aMUHOB CO CIIUPTaMH MPEACTABICHBI B BHUAC HA0Opa OTIEIBHBIX
MapaMeTpoB, TaKUX KakK: TMPUCYTCTBUE MEPEXOJHON0 MeETajuia, JA00aBOK,
TeMIepaTrypa peakiud, arMocdepa B PEAKIMOHHOM COCYyJie, COOTHOIICHHE
peareHtoB, Bpemsa, TON karanuszaropa, — M IMOJABEPTHYTbl AJITOPUTMHUYECKOM
oOpadotke. ITogo0HBIH (opMaT HpEACTaBACHUS HM3BECTHBIX METOOB IO3BOJIHII
CpPaBHUTh HX W BBIIENUTH Haubonee sddexTuBHBIe. KpoMe TOro, yaamoch
OOHAPYKUTh BIHMSHHUE OTIEIBHBIX IMapaMeTpoB Ha A(PGHEKTHBHOCTh PEAKIUH H
HalTH NepCIeKTUBHBIE HAMIPABIECHUS Pa3BUTHUsI 00TIACTH.

BBuay CTpeMHUTEIBHOTO Pa3BUTHS 00JIACTH, CTATO0 AKTYadbHBIM OOHOBJICHHE
o0cyxaemoro Bellie 0030pa. Iloaromy nurepatyphslii 0030p Oyaer MocBAIEH
Pa3BUTHIO METOJIOB CHHTE3a BTOPHYHBIX AMHUHOB, OCHOBAHHBIX HA KaTAJTUTHUYECKOM
(C UCIIOJIB30BAHUEM IEPEXOHBIX METAIIOB MJIM OPraHMUYECKUX KaTaau3aTopoB)
«HEKATaIMTHYeCKOM»  (HCMOJb30BaHUE MHUIMATOPOB) BapHaHTE PEaKLHH
3aHMCTBOBAHHS BOJOPO/A, B TOCIICIHIE TOIBL.

Jlns ynoOcTBa cpaBHEHUS, HOBBIC NaHHBIC OyAyT TMPEACTABICHBI MOJIOOHO
TOMy, Kak 93TO ObuIO ocyuiecTBiIeHO B 0030pe 2022 roma. OtaenbHo OyayT
paccMOTpEHbl peakliy, MPOTEKAIOIIUE B OTCYTCTBHE COCIUHCHUN MEPEXO0JIHBIX
METAJIOB, W KaTaluTHueckue nporecchl. [lociennue, B cBOWO odepenb, OyayT
pas3/iesieHbl Ha TOMOTE€HHBIE M T€TEPOreHHbIE CHCTEMBI, 2 TAKKE KJIACCU(DHIIMPOBAHBI
1o akTUBHOCTU Katanmm3atopoB: TON>500, 100<TON<500. Cucremsr ¢ TON<100
OyIyT MpUBEACHBI B OTIENbHBIX Tabmuuax. [IpeauiecTBoBarh 0030py MOCIETHUX
My OIMKAIHI 110 HccieyeMoi Teme OyneT o0CyKIeHIe OOMNX MTOIX0A0B K CHHTE3Y

BTOPHYHBIX aMHHOB C HCITIOJIb30BAHHUCM CITHPTOB.
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O01mue noaxoabl K AJTKHWIHPOBAHHIO AMHHOB CIIMPTAMH

B o0meM ciayyae ankwiMpoBaHME aMHUHOB CHUPTaMH B YCJIOBHSX
3aMMCTBOBAaHHS BOJOPO/Ia MPOTEKAET M0 cieayrolemMy mexanuzmy (Cxema 4): mon
JCHCTBMEM Karajau3aropa Ha OCHOBE MEPEXOJHOro MeTala MPOUCXOIAUT
JETHIpUPOBAHHE CITUPTA J0 aJibJIeTHAa U oOpa3oBaHue ruapuia Metana.[8] danee
abACTU] B3aUMOJICHCTBYET ¢ UCXOAHBIM aMUHOM, opmupys ocHoBaHue Lludda
(MMHH), KOTOPOE 3aTE€M BOCCTAHABJIMBACTCA T'MJIPUAOM JI0 JKEIAEMOro MPOJYKTA.
Taxum 06pa3zom, poIiecc MOXHO MPEICTABUTH KaK TOCIEIOBATEIEHOCTh pPeaKIlnit
OKHCJICHHS U BOCCTAHOBHUTEJIBLHOIO AMMHHMPOBAHUS, B KOTOPOH CIHUPT CIYXKUT

OJIHOBPEMEHHO CYOCTPaTOM M BOCCTAHOBUTEJIEM.

OH R1 R3

RZNH, + 1. ~  )—NH

R" "R?
//\ R2
(M] [MH;]

w

0 R3NH, HO R3 R' R?®

B S o

2 R H
R R2 20 R2
Cxema 4. OOwnlas cxema aJIKHIMPOBAHMS AMHHOB CIUPTAMH B YCIOBHAX PEAKIIMH
3aHMCTBOBaHHS BOJIOPO/IA.

CormacHo o001eMy MEXaHU3My, pPEaKuus OTIUYACTCS BBICOKOH aToM-
OKOHOMHYHOCTBIO: CIIHPT M aMHH B3aUMOJICHCTBYIOT B  OKBHBAJICHTHBIX
KOJIMYecTBax, o0pa3ys BOJy B KauyeCTBE €AMHCTBEHHOIO MOOOYHOrO MPOJYKTa.
OpHako B MOIABISONIEM OOJBITHHCTBE METOJOB HCIONB3YIOT JOTIOTHHUTETHHBIC
No0aBKH  OCHOBHBIX  MEIMAaTOPOB B CYOCTEXMOMETPHUECKHX WU
CTEXHOMETPHYECKUX KOIWYECTBAX, a MPOIYKT HEPEIKO o0pa3yeTcss B CMECH C
HernpopearupoBaBmuM ocHoBanueM lludda. [loatomy uccnenoBanus B obnactu
¢opmupoBanust C—N CBsI3M B YCIIOBUSAX 3aUMCTBOBAHHUS BOAOPO/IA COCPEIOTOUYCHBI
Ha MOMCKE HOBBIX AKTHBHBIX KATAJTM3aTOPOB, CMOCOOHBIX NMPOBOJMTH PEaAKIIMIO B
OTCYTCTBHE JIOTIOJIHUTENIBHBIX JOOABOK, B MATKHX YCIIOBHSX.

VY coBepIeHCTBOBAaHHE KaTaTH3aTOPOB HA OCHOBE MEPEXOIHBIX METAIIIIOB KaK

IIPABHIIO COIPOBOK1AETCS yBEJIUUEHUEM CTPYKTYpPHOMH CIIOKHOCTH
19



METa/NIOOPraHUYEeCKMX W KOMIUIEKCHBIX  coenuHeHuid.  [lpumenstorcs
TPYIHOJOCTYIHBIE JIMTAH/Ibl, & CAMH KaTaJIU3aTOPbl CTAHOBATCS HEYCTOMUYMBBIMH K
JEHUCTBHUIO BJIATH U IPYTHX KOMIIOHEHTOB BO31yXa.

M3BecTHO, 4TO paccMarpuBaeMasi peakiiis MOKET MPOTEKaTh U B OTCYTCTBHE
MEePEXOAHBIX MeTaoB. DYHKIMIO MepeHOCYHKa BOJOpPOJa CO CIHUpPTa HA UMHUH
MOTYT BBITIOJIHATH OpraHuYecKkue coeauHeHus. [23—25] [Ipunmmn AecTBUSA TaKuX
KaTaJau3aTOpOB OCHOBaH Ha JErkocth okuciaeHus cBazed C-O, C-N wu
BoccTanoByieHHd cBa3eit C=0, C=N. IIpeanonaraercs, 4To peakuus IpOTEKAET 110
MexaHu3My BoccTaHoBlieHud 1o Meepgseiiny-Ilonnaopdy-Bepneto wiu okucnenus

no Onmnenayapy (MPV-O process, MIIB-O mpornecc) (Cxema 5).

,?\ R1 ,,R3
RZNHZ + R1 R2 >7NH
R? X
Base OH ) VE:X
M = alkali metal rR1R2| - oM
M R1 R?
OM RB
j\ MPV reduction
R R? }i\ ¥R1
%}{é"‘ X
L%SH_XM
M
0 R3NH, HO  R® R" R®
14\/" lL 7 R1>ﬁNH H,0 N
R CH xmR R R? s R?

Oppenauer omdahon

Cxema 5. OOmmii npHHUMO JEHCTBUS OPTraHUYECKHUX KaTaJM3aTOPOB B PEAKIMH
3aMMCTBOBAaHHA BOJOPOJA.

Ha TGKYH_IHﬁ MOMCHT H3BCCTHO HCCKOJIBKO HOCCATKOB OpPraHUYCCKHUX
KaTtaJiu3aTopoOB pC€aKlMH 3aMMCTBOBaHUA BOJ0OPOAA. OJIHaKO BCC OHH 3HAYHTCIIBHO
YCTYIIAKOT II0 AKTHBHOCTH CHCTECMdM Ha OCHOBE IICPCXOJHBIX MCTAILIIOB: B
HN3BCCTHBIX MCTOOAax HCIIOJB3YIOT CyﬁCTGXHOMGTpHLICCKHC KOIIN4YCCTBA

OPraHM4CCKUX KaTaJIn3aTOpPOB. B HYaCTHOCTH, KATAJIU3HPOBATE IICPCHOC BOAOPOaa
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co cnupTa Ha ocHoBanue [ludda Moryr mupuauH u ero npousBoaHsie.[26] [pu
3aMMCTBOBAHUM rujpuaa U3 cnupra csizb C=N NUPUIMHOBOIO KOJIbIIa BPEMEHHO
BoccraHaBiuBaercss 10 CH-NH, cucrema Ttepsier apomartuuHocts. /[lanee
MPOUCXOIUT  BOoccTaHoBieHue  ocHoBanusi Iludda, conpookaromeecs
BOCCTaHOBJICHHEM apOMAaTHUYHOCTH MUPUIHUHA.

HakoHer, ankuiupoBaHHE aMHHA CHHPTOM MOYKHO OCYIIECTBUTH B
MPUCYTCTBUM OMHOTO JIMIIL OCHOBaHMsS. B 3TOM ciyyae st Hayana peakuuu
HEOOXOMMO HCII0JIb30BaTh MHUITHATOP, KOTOPBIH OKUCIHUT CITHPT JI0 aJbJeTHaa U
TakuM oOpa3oM 3anycTuT kataautudeckuit MIIB-O 1mukin[9] B kauectBe
WHUIMATOPA UCIOJIB3YIOT KHCIIOPOJ, HANPUMED, MPOBOJAT PEAKIMI0O HA BO3JyXe

(Cxema 6).

OH

R'" R®
RzNHz + 1/I\R2 E_N'H
R

R

Base
M = alkali metal

oM 0, 0 MR
'y JJ\ O N
R"SRZ  -MOH  R1"™R2 4\/—\¥ 3
R/ H R

R? R2
R3NH,
0, | -MOH OH
2 MPV reduction )\
R" "R2
0 RINH, HO R R! R®

1JJ\ 2 —bRﬁ_NH “Ho —N
R R R2 -Hgo R2

Cxema 6. O6H1Hﬁ MCXaHH3M PpCAKIHH 3aHMCTBOBAHHA BOAOPOAda B OTCYTCTBHC
KaTaJiu3aTopoB.

[IOCKONBKY  YCNIOBUS HMHULMHUPYEMOTO  KHCIOPOJOM  B3aMMOJECHCTBUSA
ABIAIOTCA Haubojee OOIMMM [ BCEX METOMOB 3aUMCTBOBAaHHUS BOJAOPOJA,
OCHOBHO-KAaTAJIM3UpyeMbli (OOBIYHO OIOCPE/I0BaHHBIH OCHOBAaHUSIMH) IPOLIECC

MOXXHO pacCMaTpHUBaTh KaK HEKaTaTUTHYECKHH BaApHAHT pCaKIHH.
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B nurepatype onMcaHo HECKOJBKO MPUMEPOB OCHOBHO-KATAJTU3UPYEMbBIX
Croco00B OCYIIECTBICHHUS PACCMATPUBAEMOI0 MIPOLECCA, OJIHAKO METO/ OCTAETCS
MPAKTHYECKH HEPA3BUTHIM.[27—32]

KpoMe TOro, cnupTbl MOTYT aJIKWIMPOBATh aMHHBI 110 MEXaHH3MY
HYKJI€O(DHUIIBHOTO 3aMelIeHUs] U €AMHCTBEHHBIM TMOOOYHBIM MPOAYKTOM TaKKe
aBisgeTcs Boaa.[33—35] OnHako ycnoBus MPOBEACHHS HYKICO(OUIEHOTO 3aMEIICHUS
M 3aMMCTBOBAHHUS BOAOpOJa 3HauYUTEeNbHO oThauyarorces (Cxema 7). Tak, peakuuu
3aMMCTBOBAHHS BOJIOPOJIa YacTO TMPOTEKAIOT JHUIIb B MPHCYTCTBHH OCHOBAaHUM
bpencrena, KOTOpble aKTUBUPYIOT COUPT JI KOOPAMHALMU MO METAUTMYECKOMY
HEeHTpy. B MeTonax, OCHOBaHHBIX Ha DPEAKIUH HYKICO(UIBHOIO 3aMElICHHUS,
MOMYJISIPHBIMU JOOABKaMU SIBISIIOTCA KUCIOTHI JIbtonca (nnu bpencrena), kotopsie
CBSI3BIBAIOTCSA CO CIUPTaMH, 00pa3ysl XOpOIIyr yxonasiryr rpymmy. KiarodueBsim
pazIMuMeM peakUuuid  sBASeTCs KPYr aKTHUBHbIX  cyOctpatoB.[36] Tak,
HYKJICOQHIbHOE 3aMEUICHHE TMPUTOJHO JHUIIb [ aMHUHOB C CHJIbHBIMH
JIEKTPOHOAKIIENITOPHBIMU  3aMECTHTEIIAIMU, HAmpuMmep, Ui CyJb()OHAMHJIOB H
kap6amaToB.[37] B npotuBHOM citydae kuciaoThl JIbrouca OyayT CBSI3bIBATHCS C

aMHHOFPYHHOﬁ, d HC CO CITMPTOM. Peakuus ¢ IErKOCTBIO IMPOTCKACT CO BTOPUYHBIMH

the most active

substrates:
EFNHz Ar” “OH

[M], Brensted Base

Borrowing Hydrogen \

RZNH, + Y >—NH

Lewis Acid

Nucleophilic Substitution

active substrates:
OH
EWGNH, /L

R" "R?

Cxema 7. AnkuiavpoBaHME aMHHOB CIHPTaMH B YCIOBHSIX pEaKUUH 3aMMCTBOBAHHUSA
BOJIOPO/A U 110 MEXaHU3MY HYKJICO(PHIIBHOTO 3aMELLECHUSI.
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cnuptamM, B ToM uucie ¢ coaepxammmu CH-cBa3b B anudaruyeckoMm o—
I10JIOKEHUU. B OCHOBHBIX yCIOBHSIX, HEOOXOMMBIX JIJISI IPOLIECCA 3aUMCTBOBAHUS
BOJIOPO/1a, CHHTOHBI €HOJIU3YEMBIX KETOHOB M KapOamaThl SIBJISIIOTCS IIPOOJIEMHBIMH
cybcTparamu.

CrnenyeT OTMETHUTh, YTO TOYTH BO BCEX pabOTax ONTHMH3ALHIO YCIOBUH
peakuuu 3aMMCTBOBAaHMUS BOJAOPOJA MPOBOAAT HA MOJEIBHOM  peakiuu
B3aUMOJICHCTBUS aHUIMHA C OCH3WIOBBIM crnupToM. OOHapyKEHHbIE YCIOBHUS
WHOT/IA TIO3BOJIIIOT  BOBJEKATh B pEaKUMIO CyOCTpaTbl JpPYrMX THUIIOB:
anu(aTHUYeCKue CIHUPTHI, aMubl, U npod. OaHako, Kak MpPaBHIIO, PACUIMPEHUE
Kpyra akTHUBHBIX CyOCTpaToB Ha Jpyrue KJacChl COEJAMHEHUN (Hampumep,

anudaTuuecKue aMUHBI, aMUJIBl) TPEOYET OoJiee JKECTKUX YCIOBHIA.
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AJIKMJIMPpOBaHHE AMHHOB B YCJOBHSX PpeaKIHd 3aHMCTBOBaHHSA
BOJOPO/Ja B OTCYTCTBHE COeIHHEHHI NMepexXoaHbIX MeTAJLI0B.

HemapHo ObUT MOJTyUeH psiji FeTEPOreHHBIX OPTAHMUECKUX KaTallu3aTOPOB Ha
OCHOBE nUpHUIMHONOA00HBIX coenuHenuit (Tabmuua 1).[38] HauGonbiiei
AKTHBHOCTBIO  OTJMYAJCAd  YHOPSAOUYEHHBIH Ha  KPEMHHEBOH  MOJJIOXKKE
ME30TOPUCTHIH yriiepoa, aonupoBaHHbIM a30ToM C-1. BBICOKYH0 aKTHBHOCTB
JTAaHHOTO MaTepuajja aBTOPbl CBA3BIBAIOT C IOBBIIICHHBIM COACPKAHUEM AaTOMOB
a30Ta MUPUIMHOBOTO THIIA.

Jloka3aTenbCTBOM B IOJIB3Y AKTUBHOH POJM TNHUPUAMHOBBIX CTPYKTYpP B
JIAHHBIX YCIJIOBMSIX, 10 MHEHHUIO aBTOPOB, SIBUJIMCh BBICOKHE BBIXO/bI MPOJAYKTA B
MIPUCYTCTBUU YK€ HM3BECTHBIX TOMOTEHHBIX MEIMATOPOB IEpPEeHOCa BOAOpPOIAA —
akpunuHa W ¢deHanTpunuHa. CTOUT OTMETHTh, HE3HAYUTEIbHAS KOHBEPCHUS
HCXOJIHBIX COEIMHEHUH B MIPOAYKT HAOII0AAlIach JaKe B OTCYTCTBHE 100aBOK.

Peaknus npotekaet B npucyrctBuu KOH. Xots B 6onee panneii padote [39]
TE K€ aBTOpbl Mcnoib3oBav ‘BuOK B kauecTBe OCHOBaHMA, /UISI NPOTEKAHHS
peaklMd B CXOJHBIX YCIOBHUsIX TpeOOBajloCh B pas3bl OoJblliee KOJUYECTBO
OPraHMYECKUX KaTajlu3aTOpOB — akpuauHa Wik ¢geHaHTpuauHa (40 MoabH.%).
Hpyrue ocnoBanusi: Cs;CO;, CsOH, NaOH noka3plBalOT MEHBIIYIO

3(pPEeKTUBHOCTE.

Tabmuua 1. AKTHBHOCTH MHMPHAMHOINOJOOHBIX KaTaJW3aTOPOB B PEAKIMM aHWIIMHA C
OEH3UIIOBBIM CIIUPTOM

c-1
NH, CH,OH KOH (30 mol%) H\/Q
. .
©/ ©/ 130°C, PhMe, 18h, Ar ©/

1.5 eq. 1eq.

Karanuzatop Conep:xkanue atoMmoB N NHPHAMHOBOIO THIIA, Beixoa, %

MOJIbH.% OTHOCHTENbHO OEH3M10BOI0 CIMPTA

C-1 12 99
AKpHINH 10 96
(penanTpuanH 10 90
0e3 karanuzaropa 0 13
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B npucyrcrBun nupuauna peakius B JIMCO npoxoauT ¢ npenapaTUBHBIM
BbIX0JIOM (69%), XOTs1 B OOJILIIMHCTBE U3BECTHBIX METO/I0OB JIAHHBIM PaCTBOPUTEIb
HE MO3BOJISIET OCYIIECTBUTh CUHTE3 aMuHa. [Ipu mpoBeieHnn peakiuu Ha BO3IyXe
BBIXOJ] TPOJyKTa CHWXaeTcsi BaBoe. B armocdepe uucroro kucinopomga N-
OEH3UITaHWIMH He 00pa3yeTcst BOBCE.

Coobmaercs o cuHTe3e N-OCH3WIAHWIMHA W3 AHWIMHA M CIOHPTa B
npucyTcTBuH  xjopuaa umuaazonus.[40] ITox geiictBuem ‘BuOK u3 conn
UMHUIa30THs  00pa3yeTcsi TETEpOIMKINYCCKU KapOeH, KOTOpBIH B YCIOBHAX
peakuuu crnocodeH OKUCIuTh cnupt. [Ipennonaraercs, 4ro npouecc NPOUCXOAUT
0 PaJIMKaJIbHOMY MEXaHU3MY, B KOTOPOM TI'€TePOLIMKINYECKHIi KapOeH BBIMOJIHSET
(YHKIIMIO TEepeHOCUYHKa BOAOPOJA. ApPryMEHTOM B TIOJb3Y pagHKaIbHOTO
MeXaHU3Ma sBJsieTca obpazoBanue aaaykra cnupra ¢ TMO/IA B 1aHHBIX YCIOBUSIX.

B npucyrcteun 5 monsH.% C-2 peakuus B Tonyoune npu 110°C npotekaer ¢
BbIxogoM 63% 3a 16 yacoB (Cxema 8). Ilpu »ToM ucnonb3yercs ABYKpPaTHBIN
M30BITOK aHWIMHA M HKBUBAJECHTHOE KOJHUYECTBO OCHOBaHMA. ATMocdepa
MpOBEACHUsT CUHTe3a He ykazaHa. Cpeau Jpyrux OCHOBaHUH, OJu3Kas
3 dpekTHBHOCTL ObLIa JOCTUrHYTA NpH ucnonb3oBaHud KOH u NaOH, K;POs.
Heoxu1aHHO, OCHOBaHUS LE3UsI, a TAKKE mpem-0yTOKCHIbI IIEJTIOYHBIX METAJIIOB,

KpOMe KaJlHsl, He TIO3BOIHIH MTOYYUTh XKeIaeMblil MPOAYKT ¢ BeIxonoM doiee 10%.
5% C-2
NH, CH,0OH tBUOK (100 mol%) H
o gos
110°C, PhMe, 16h O/

2 eq. 1 eq. 63%
C-2
O
Ny N
cl

TON =13
Cxema 8. Peakuus B MPUCYTCTBHH T€TEPOLIMKIMYECKOTO KapOeHa.

[IpennoxeH reTreporeHHbI opranudeckuii karanuzarop C-3, mNo3BOIAIOMINNA
IIPOBOJUTh pPEAKUMI0 B (POTOKATATUTUYECKOM BapHaHTe O€3 HCII0NIb30BaHUS

nepexogHblx MetauioB. Crpyktypa coenuHeHHs: (C-3 cOCTOMT H3 JBYX
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noppUpUHOBLIX  (PParMEHTOB, COCAMHEHHBIX  MOCPEACTBOM  (DEHOJIBHBIX,
OCH3MMHJIA30JIBHBIX M IMBUHHIIOEH30IbHBIX 0510K0B (Pucynok 1). [Tog nelictBuem
CBETOBOTO M3JTYUYEHHS JHOJA MOLTHOCThIO 5 BT maHHBIN KaTamu3aTtop mokas3biBaeT
BbICOKYIO0 akTMBHOCTE (TON = 810 mpu pacuére Ha OaMH TOPPUPHUHOBBIH
¢parment) [41] (Cxema 9). CuHTE3 OCYWIECTBIAIOT € OOJBIIUMH IS
¢dotomporieccoB 3arpy3kamu peareHToB (1 oxBuBameHt — 10 mMmons) 0e3
MCITI0JIb30BAHUSI OCHOBAHUSA U PACTBOPUTEIIA.

B xoj1e peakiuy ycTaHaBJIMBAETCS paBHOBECHE MEKIY (OTOKATATH3aTOPOM
U ero IMpOTOHUPOBAaHHOU (Gopmoi. [loaToOMy, MOMKHO NPEANONOKUTh, KUCIBIC
cyOcTpaThl, TaKHE KaK CyJIb(aMu/Ibl, CIIOCOOHBI JICAKTUBUPOBATH KaTaIM3aTOpP.

Hccnenopanue cTaOMIBHOCTH KaTalM3aTopa B PEAKIUU 7-XJIOPAHUIHHA C
ATAHOJIOM TIOKA3aJ0 MAJCHHE AKTUBHOCTU TPHU TOBTOPHBIX HCIOIB30BAHUIX
(mocnenoBaTeIbHOE CHHKEHHE BBIX01a Ha 9% 3a 6 mukios). B cTtaTee He ykasaHo,
B Kakoil aTtmocdepe NMpOBOAWIM peaklMi0, OJHAKO pEreHepalus KaTajau3aTopa

nepea ouCpeaAHbIM UCIIOJIB30BAHMEM BKJIIOYAJId BLICYIIHBAHUE B MI€YH HA BO3AYXC.

COOH HOOC

Pucynok 1. Ctpykrypnas dpopmyna C-3.

NH, CH,OH C-3 (0.05 mol%) H\/@
+ o+ - N
rt, neat, 18h ©/
1 eq. 21 eq. yellow LED (5W) 81%

TON = 1620

Cxema 9. DoTokaTaTuTHUYCCKAS pC€aKkius aHHuJIKMHA C OCH3HIIOBBIM CIIHPTOM B OTCYTCTBHC
COCTMHECHMH Nnepexo/HbIX METAJIIIOB.
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KaTtaau3aTopbl Ha OCHOBe NePeX0AHbIX METALJIOB
I'omoreHHble KATAIU3ATOPbI
TON>500
Kamanauzamopuvl na ocnose nannaous
Kommnekcwl nannaaus ¢ P*P-, PAN- ounentantabiMu nurangamu (Pd-A-1,
Pd-A-3), a takke ¢ nuHuepHbiM Jgurangom PNP-tuna Pd-A-2 [42] noxaszanu
BBICOKYIO KATAJIMTHYECKYIO aKTHBHOCTH B paccMaTpuBaemoM mpoiiecce (Cxema 10).
N3 Hux Haubonee s¢¢ekTuBHbIM B JaHHOU peakuuu sipisercs Pd-A-1, npu
ucnosibzoBanuu 0,05 mosbH.% KOTOpOro ynaércs NOJy4YduTh JKenaemblii N-
OeH3mIaHWIMH ¢ BeixogoM 98% (2000 TON). B npucyrcteuun 20 monbH.% LiOH
peakuus mpoxoaut 3a 12 gacos 6e3 pactBopuTtess mpu 110°C B atmocdepe aprona.
[TpoBenenne cuHTE3a B TOJIyOJIe WM Hcroiib3oBanue BMecto LIOH ocHoBanuii Ha
ocHoBe Na, K, Cs nmpuBOAMIIO K CHMKCHHWIO BBIXOAA NMpoaykra. M3 KanueBbIX
OCHOBAHHMM HCIOJIB30BAIA THIPOKCH, B TO BpeMs Kak HaubOosee 3(pQPeKTUBHBIM
OCHOBAaHHEM BO MHOTHUX Iporieccax spisieTcs: mpem-0ytokcu. [lockonbky fBuONa
obecrnieunBan OONBIIMKA BBIXOH Mpoaykra, yeM NaOH, M0XHO NpennoaoXuTh,

BuOK 10nojHUTENbHO HOBBICUT aKTUBHOCTH CUCTEMBL.

NH, CH,OH catalyst (0.05 mol%) H\/Q
+
©/ ©/ 110°C, neat, 12h, Ar ©/

1eq. 1.1 eq. LiOH (20 mol%)
catalyst: P
o) o
O %' Pd-ppn,
N
N
p
ot/ Pd—PPh; / ?‘
AN Ph,P—Pd—PPh;
Pd-A-1 Pd-A-2 Pd-A-3
98% 62% 55%
2000 TON 1200 TON 1100 TON

Cxema 10. AktuBHOCTE KoMmILTekcoB Pd-A-1 — Pd-A-3 B paccMaTprBaeMoM Iporiecce.
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Kamanuzamopul Ha ocHoge pymeHus

AHUITUH B3aMMOJICHCTBYET € OEH3WJIOBBIM CIHMPTOM C OOpa30BaHHEM
nenieBoro amuna B npucytcTBuM 10 monbH.% KOH u 0,05 monsH.% Ru-A-1 (1800
TON) 3a 2 yaca npu 80°C B Tontyose, B armocdepe aprona [43] (Cxema 11). 3amena
KOH Hna rBuOK wimm NaOH npuBena Kk CHHKEHHIO BbIXOJia BTOPUYHOIO aMHHA.
Hu3kuii BBIXO/ MOTYYeH MPHU UCIIONIb30BaHUH 1 ,4-THOKCaHa UIH mpem-0yTHIOBOTO

CcrUpTa BMECTO ToJiyousa wiK kcuiosa. B IM®A peakuus ne uaér.
Ru-A-1 (0.05 mol%)
NH, CH,0H KOH (10 mol%) “\/Q
+
©/ ©/ 80°C, PhMe, 2h, Ar ©/

1eq. 1 eq. 90%
g + A
[BPhy]
X

EN n--R;MeCN
N N—
\—N\)

Ru-A-1
1800 TON

Cxema 11. Peakmus B mpucyrctBun Ru-A-1.

BricOKOl KaTaaTUTHYECKON aKTUBHOCTBIO B MOJIEIBHOW peakiuu o0iagaet
Ru-A-2 (TON = 1500) [44]. KenaeMblil poAYKT MOIYy4YEH C BbIxoaoM 73% mpu
B3aUMOJICHCTBMM HKBMBAJIEHTHBIX KOJIMYECTB PEAreHTOB B NpHUCYTCTBUMU S0
MouibH.% tBuOK u 0,05 monbH.% pyTreHueBoro komiuiekca rnpu 120°C B TeueHue
14 yacos, B armocdepe aprona (Cxema 12). HMcnonws3oBanue BBOE OOJIBIIErO
KOJIMUECTBa KaTalu3aropa MPUBOJAMT K JABYKPATHOMY YBEIMUYEHHIO BbIXOAA, 10
89%. Peaknusa mpoTekaeT OJUHAKOBO ¢ OYTOKCHIOM KaK Kajws, Tak ¥ HaTpus. Ha
BO3/IyX€ BBIXOJ peakuuu najaaer BaBoe. CHHTE3 MOXKET ObITh OCYIIECTBIEH 0e3
pactBoputens WM B |,4-nnokcane. Ilpu peakiun B mpem-0yTaHone obpazyercs
49% nponykrta, B IM®A neneBoil amuH He oOpasyeTcs BoBce. IlpumeuaTesbHo,
YTO B OTCYTCTBHE METaJLJIa JIMTaH 1 HE MPOBOJIUT PEAKIIHIO, XOTS B JIPYTUX YCIOBHSIX

OH MOXET JIEMCTBOBATh KaK CAaMOCTOSITENIBHBIN KaTtaim3atop [45].
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Ru-A-2 (0.05 mol%)
NH, CH,OH {BUOK (50 mol%) H\/@
+ o+ N
©/ ©/ 120°C, PhMe, 14h, Ar
1eq. 1 eq. 73%

N A
Cl Cl

U—PPh,

(NNN1)RuCI,
1500 TON

\

Cxema 12. AktuBHOCTh Ru-A-2 B MOJIE/IbHON peakiivu.

Kamanuzamopwul na ocnoee nuxensn

Beicokoe 3nauenne TON nmOCTUTHYTO TNpH HCHOJNB30BAHMM KOMILIEKCA
HHUKEJISI, CBA3aHHOIO C JBYMs OWJeHTAHTHbIMU auranaamu [46] (Cxema 13). 0,1
MosbH.% Ni-A-1 103BOJIWI C BBICOKMM BBIXOJOM (96%) MONYYHTH MPOJYKT
B3aMMOJICHCTBUS aHUIIMHA C W30BITKOM CIUPTa B MPHUCYTCTBHH SKBHBAJICHTHOTO
KonuuectBa ocHoBanus [46] (Cxema 13). Peakums nporexana B WHEPTHOH
atmocdepe npu 130°C. JlrobombITHO, B XOJ€ mepedopa JIMTraHJI0B YMEPEHHYIO
AKTUBHOCTh TOKA3aJld KOMILIEKCH C (eHAaHTPOIMHOM U OunupuauHom. Cpenu
pa3auMYHbIX OCHOBaHM, 3(pexTuBHO npoBoaHIM peakiuuio Takke tBuONa u peaxo
HCHonb3yeMble B 3auMcTBOBaHMM Bojopoga NaNH, wu KH, NaH. Ilpu
MCII0JIb30BAaHUM OCHOBAaHUN HAa OCHOBE LE3Msl W JIUTUA, B TOM YMCIE mpem-

OyToKcH10B, N-OeH3UIaHUIIHH He 00pa3oBbIBajcs. [IoNMbITKa OCYIIECTBUTH CHHTE3

Ni-A-1 (0.05 mol%) +
NH, CH,0H tBuOK (100 mol%) “\/@ Ph Ph -
+ Br
130°C, neat, 15h, N, ©/ \| F’Y~( N
1eq. 2 eq. 86% /
””“‘NO
H,O OH,

Ni-A-1
1700 TON

Cxema 13. AktuBHOCTb Ni-A-1 B MOJ€NbHON peaklkH.
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C DKBUBAJCHTHBIM KOJMYECTBOM CIUpPTa NpPHUBENAa K CHW)KCHHIO BBIXOJAa aMUHA
B/IBOE. B OTCYTCTBHE HUKEsI peakiiusi He HWJIET.
100<TON<500
Kamanuzamopul na ocnoee nannaousn

[IpennoxeH HOBBIM Kinacc OWACHTAHTHBIX JHrangoB P/N-tuma Ha OCHOBE
Hadro[2,1-d]okcazona misa Pd-karanusupyemoro OeH3uauMpoBaHus aHuIMHA [47]
(Cxema 14). UccnenoBanue kataquTHYECKOH akTHBHOCTH cucteM Pd-M-1/L.1 u Pd-
M-1/L2 (na | MonbH.% namiagus ¥ JUraHja) MPOBOJWIOCH B MPUCYTCTBUH
KpaTHoro u3osiTka anwirHa u 20 mosibH.% L1OH, B armocdepe azora npu 100°C B
TeyeHue 16 yacoB. B npucyrcTBun mo00r0 U3 IBYX JIMTaH/I0B PeaKivs MIPOXOIUT C
BBIXOJIOM, OJIM3KUM K KOJIHYECTBEHHOMY, modTtoMy TON = 100 He sBisercs
HaJEKHOM XApAKTEPUCTUKON aKTMBHOCTH: BIIOJIHE BEPOSTHO, CHHIKCHUE 3arpy3Ku
najanagns v JUraHaa He MPUBEAYT K MPONOPIHOHAIIBHOMY YMEHBIIICHHIO BBIXO/1A.
Tem He MeHee, UCIONb30BAaHHBIC ABTOPAMU YCIOBHUS MO3BOJIMIM CPABHUTH HOBBIC
P,N-nuranjpl ¢ HIMPOKO MCIOJb3YEMbIMU B KaTalinuze Jimranjgamu N-, P-; N*N-,
P~N- u P"P-tunoB. CucTtembl Ha OCHOBE NEPEYUCICHHBIX JIUTaHIOB O0JaJau
TON<100 u O6yayr nepeuuciensl Huwxe (Tabmuua 5). be3 namnaaus peakuus He

IMPOTCKACT.

Pd-M-1 (1 mol%)

ligand (1 mol%)
O/NHZ O/CH2OH LiOH (20 mol%) H\/Q
* 9

100°C, neat, 16h, N,
3eq. 1 eq. >99%

ligand:

Ph 'Pr
o~ o~
N N

oo L (L (1
! PPh, PPh,

Pd-M-1
OMe OMe
L1 L2
>99% >99%
100 TON 100 TON

Cxema 14. Axtunocts Pd-M-1 B mpucyrctBun nurangos L1 u L2.
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Kamanuzamopul na ocnose pymenus

Peakuust MmonensHbix cydctparos npu 120°C B Tomyouie, B atMochepe aprona
MPOTEKAeT ¢ O0pa30BaHUEM >KETAEMOr0 BTOPHUUHOTO aMHHA B MpUCyTCcTBUH S50
MoJ1bH.% tBuOK 1 Bcero 0,1 MosbH.% Takux NpocThIX KaTanu3aTopos Kak Ru-M-
1 (TON = 190) u Ru-M-2 (TON = 280) [44] (Cxema 15).

catalyst (0.1 mol%)
NH, CH,0H fBUOK (50 mol%) H@
©/ ' ©/ 120°C, PhMe, 14h, Ar ©

1eq. 1eq.

catalyst: RuCly Ru(PPh3);Cly
Ru-M-1 Ru-M-2
19% 28%
190 TON 280 TON

Cxema 15. AktuHocTs koMinekcoB Ru-M-1 1 Ru-M-2 B MoaenbHOi peakiuu.

KoMruiekebl pyTeHHs ¢ reTepoLMKIMYEeCKMMH KapOeHOBBIMU Turangamu Ru-
M-3 (TON = 190) u Ru-M-4 (TON = 190) noka3zanu MeHb11y10 3QPEKTUBHOCTH IO
cpaBHeHHI0 ¢ Ru-A-1 (TON = 1800) [43] (Cxema 16). 3a nBa yaca peakuuu B
tonyouie pu 100°C B npucyrctBuu 10 MosbH.% KOH BbIXObI IPU UCII0JIB30BAHUU
0,05 monpH.% Ru-M-3 mim Ru-M-4 coctaBuian, cOoTBETCTBEHHO, 93 u 96%. B
ommune OT KoMiuiekca Ru-A-1, coxmepxkamiero MoJeKyly aLETOHHTpUIA B
JIMT'aHIHOM OKPYKEHHM METajlla, KOMIUIEKC ¢ MOJIEKYISPHBIM BoA0po oM Ru-M-3
obJyiaziayl OJMHAKOBOM akTHBHOCTHIO B mpucyTcTBUM kak KOH, tak u NaOH.

Onnako tBuOK cHMKall akTUBHOCTBL BCeX TPEX KOMILIEKCOB. bes kaTanuzaropa
catalyst (0.5 mol%)
NH, CH,OH  KOH (10 mol%) H\/@
+
©/ ©/ 100°C, PhMe, 2h, Ar ©/

1eq. 1eq.
catalyst:
[BPh,]
—\ ’ '@ (\N‘\Qaepm]
\.Ru H R N=N—R
@ S BV

LN\) LN\) )@’

Ru-M-3 Ru-M-4
93% 96%
190 TON 190 TON

Cxema 16. AktuBHOCTB KOMILIEKCOB Ru-M-3 1 Ru-M-4 B MOJI€/IbHOM peaKIIHH.
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peaKiis HE IPOTEKAET.

CHHTE3UpOBAaHbl PYTEHHMEBBIE KOMIUIEKCHI C JIMTAHJAMH, COACPKAIIMMH
(¢parMeHThl 0—TMUMHHA U TUApa3oHa [48]. AKTUBHOCTh KOMIUIEKCOB UCCIIEI0BaHa
B peakuuu OeH3mIaMuHa ¢ 0eH3uI0BbIM criupToM. Hanbosiee akTHBHBIN KOMILIEKC
Ru-M-5 Takixe 1mo3BOJIHII C YCIIEXOM MPOBECTH peakiuio ¢ aHuuHOM (Cxema 17).
B mpucyrcreuu 0,5 monbH.% kommiekca u 5% KOH 3a 12 yacoB B Tonyone N-

Oen3unanwiMH 0L nostydeH ¢ 93% soixogom (TON = 190).
Ru-M-5 (0.5 mol%)
NH, CH,OH KOH (5 mol%) HQ
+ o
©/ ©/ 110°C, PhMe, 12h ©

1 eq. 1eq. 93%
O PPh,
M=
(Lo
\ H™| CO
N
HN o PPhg
ey

Ru-M-5
190 TON

Cxema 17. AktuBaocts Ru-M-5 B MOIeIbHOM peakuu.

Karanutuueckas AKTHBHOCTBH CEpHUH PYTCHHEBBIX KOMIIJICKCOB C
reTepouukKIndeckumMu aurangaMu NNO-Ttuna u3ydeHa B peakiuu OCH3HIaMHHA C
OCH3WJIOBEIM criUpTOM. [IpM B3aMMOJEHCTBMM C aHMJIMHOM B TpUCYTCTBUH 0,5
MObH.% HanOosee akTHBHOTO KoMiuiekca Ru-M-6 1 DKBHBaJIEHTHOI'O KOJIMYECTBA

KOH npu 100°C B Tostyosie, B atMocepe aprona npoaykT NOJIYYEH € BBIXOIOM

91% (TON = 180) [49] (Cxema 18).
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Ru-M-6 (0.5 mol%)
NH, CH,0H KOH (100 mol%) H\/@
+ o+
©/ ©/ 100°C, PhMe, 12h, Ar ©

1eq. 1eq. 91%

Ru-M-6
180 TON

Cxema 18. AktuBHOCT RU-M-6 B MO/1€/1bHOI peakiuH.

Paccmarpusaemslii nponecc karanuzupyer Ru-M-7 [50] (Cxema 19). Veumnus
aBTOPOB JIaHHOI pabOThI OBUTH COCPENOTOUYEHBI Ha ONTUMHU3ALIMH JAPYTOil peakIuu
— B3aUMOJICHCTBHSA OCH3UIOBOIO CIIUPTA ¢ HUTPOOEH30J0M — MO3TOMY B JIAHHOM
METOJZIE TIPUMEHEHBI JTOBOJIBHO JKECTKHME YCIOBHS, HANpPHUMEp, NECATHKPATHBIN
n30bpITOK coupra. OIHAKO AKTHBHOCTh KaTalgu3aTopa OOCTUTAaeT IpeneiabHOro
3HauyeHust Bcero 3a yac (TON = 100 npu 3arpyske karanuszatopa 1 moiibH.%),
MOATOMY JallbHEHIIas ONTUMH3aLHs YCIOBUH MOJI PEAKIUIO C aHUIMHOM MOXET
CMATYUTH YCI0BUs U TOBbICUTH TON kaTanuszaTtopa.

Ru-M-7 (1 mol%)
NH; . CH,OH tAmylOK (60 mol%) H\/Q

©/ ©/ 120°C, PhMe, 1h, N, O/

1eq. 10 eq. N 100%

+
-

|
Ru Ph

I
’

oL g

N’N\
Ru-M-7
100 TON

—

Cxema 19. AktuBHocts Ru-M-7 B MOI€/IBHOM peakiuu.

Ru-M-8 Ilo3Bonser npoBOAUTH peakiMio ¢ UcHob3oBaHueM 20 MoJbH.%
tBuOK [51] (Cxema 20). B onTUManbHbIX YCIOBUSIX: aHUIIMH, HEOOJIBIION H30BITOK
cripra, Toiyos, ocHoBanwe, 100°C, 0,5 MombpH.% pYTEHHEBOIO KOMIUIEKCA

obecnieunBaroT 93% Beixoa amuHa 3a 10 yacos (TON 186).
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Ru-M-8 (0.5 mol%)
©/NH2 ©/CH20H tBuOK (20 mol%) \/@
+

100°C, PhMe, 10h, N,

o4

1eq. 1.2 eq. 93%

Ru-M-8
186 TON

Cxema 20. AktuBHOoCcTh RU-M-8 B MOJ1€/1bHOM peaKiiuu.

Kamanuzamopest na ocHose upuous

H3yyeHa akTUBHOCTb CEPUU MOTYCIHABUYCBBIX UPUAMECBBIX KOMILUICKCOB Ir-
M-1 — Ir-M-4 ¢ nuranaamu, cojiepalimMH ruapa3oHoBbeii pparment [52] (Cxema
21). CTpyKTypbl JIUTaHAOB OTIMYAIOTCSA YJAJIEHHBIM OT METAJUTHYECKOTO LIEHTpa
3aMECTUTEJIEM B A-TIOJOKEHUH OCH30JBHOTO KOJbIla. Peakmus mnpoTekaeT B
uHEpPTHOU atMocdepe B Tosryosie npu 50°C, B KauecTBE OCHOBAaHUSA HMCIIOJIb30BaH
BuOK. 0,2 MonbH.% HpHUIHEBBIX KATaJIU3aTOPOB B YKa3aHHBIX YCIOBHUAX
IIPUBOJMIIM K 00pa30BaHUIO 1Ie]1eBOro aMmuHa ¢ Beixogamu 77 — 86% (TON = 390 —
430). KoMIIeKehl ¢ rajloreHcoAepKaliuMu JIMTaH aMH He3HAUYUTEIBHO YCTYNaT
M0 AaKTUBHOCTM KaTajau3aTropaM, COJAEpXalluM METHII-3aMeIIEHHbIN WU
HemoauduimpoBanubiit auransl (78, 77% nns Ir-M-3 u Ir-M-4 npotus 84, 86%
a7t Ir-M-1 u Ir-M-2). JIpyrue ocHOBaHHs HA OCHOBE Kallusl, a TAK)KE OCHOBAHHS C
OPYTUMU IICJIOYHBIMU METAJNIAMHU, HE MO3BOJISAIOT MOJIYYaTh MPOAYKT C BHICOKUM
BbIXOJIOM. 3amena Toiayona Ha TI'd, JMCO, JIM®A, 1,4-nuokcan
COTIPOBOK/IA€TCA CHM)KEHMEM KaK KOHBEPCHM, TaK M CEJEKTHBHOCTH TPOIlecca,
LeneBoil aMMH obpasyercs ¢ Beixoaamu 45 — 57%. B nuxnoparane obpasyercs
TOJIbKO 28% ellaeMoro nMpoayKTa, B TO BpeMsl KaK B TeKCaHe KOHBEPCHUU HCXOJIHBIX
COE/IMHEeHUI He MPOUCXOIUT. B OTCYTCTBHE HCTOUHMKOB HPHAMSI PEAKIUS HE

MPOTEKAET.
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catalyst (0.2 mol%)
NH, CH,OH tBUOK (100 mol%) H\/Q
+
©/ ©/ 50°C, PhMe, 8h, inert ©

1 eq. 1 eq.

-

catalyst:

Ir-M-1 : R = H (84%, TON=420)

Ir-M-2 : R = Me (86%, TON=430)
Ir-M-3 : R = CI (78%, TON=390)
Ir-M-4 : R = Br (77%, TON=390)

\

Cxema 21. AktuBHocTb KoMIuiekcoB Ir-M-1 — Ir-M-4 B mosienbHO# peakiuu.

N3yuena aktuBHOCTh KomruiekcoB Ir(I1T) u Ru(Il), B cocTaB KOTOPBIX BXOAUT
N-reTepolUKINYecKui KapOeH ¢ HUTPUJIbHBIM 3aMectuTeneM [53]. HaubOonbiiei
aKTUBHOCTBHIO oOnangai koMiuiekc Ir-M-5. 0.5 MoibH.% JaHHOIO KOMILIEKca B
npucyrctBuu 1,5 skBuBanieHToB ‘BuOK mpu 120°C Ha BO3ayxe 3a 20 dJacoB
obecnieunnu BbIxoJ mpoaykra B 48% (TON = 100, Cxema 22). Jlng ocTaabHBIX
komruiekcoB napametp TON nHe npeBbiman 100, moATOMY CHCTEMbI Ha OCHOBE ITHX
Karanu3aTopoB OyayT TpHUBEJAEHBI B cOOTBeTcTBYIOLIEM pazaene (Tadmuma 4
Tabnnua 3). Beixoa peakuuu npu ucnolib3oBaHuK kapOonara 1esust BMecto ‘BuOK

Ob11 Ha 15% Menbiie. C IpyruMU OCHOBaHUSIMH PEAKIUs MPOTEKaeT elllé XyxKe.

Ir-M-5 (0.5 mol%)
NH; CH,0OH tBUOK (150 mol%) H
+ -
©/ ©/ 120°C, neat, 20h, air © 48%
1eq. 1.5eq. t °
: | (

/lr\
NG Cl Cl
N™ N™

v

Ir-M-5
TON=100

J

Cxema 22. AKTHBHOCTE KOMIUTIEKCOB Ir-M-5 B MOIelIbHO# peaKIfiu.
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Kamanuzamopul Ha ocHoge ycenesa

bnaropgaps in situ 00pa30BaHHIO AKTMBHOTO KaTaJIM3aTOPa M3 XJIOPH/IA Kelle3a
u umMua3oaueBoil conu L3 —uctounuka 6uc-NHC nuranna — yaanocs papadorats
CUCTEMY JIJIS MOJTYUYEHHUS] aMUHOB B MSITKUX JIJISI JKE€JI€3HBIX KaTAITM3aTOPOB YCIOBUSIX
[54] (Cxema 23). Tak, nns Fe-M-1 mapametrp TON npocturan 130. CornacHo
pe3yabTaTaM JOTOJHUTEIBHBIX OJKCIEPUMEHTOB, AKTHBHOM KaTalUTUYECKOM
YaCTULEH SIBIIETCS KOMIUIEKC, B KOTOPOM aToM Xene3a cBa3aH ¢ yeTbipbMs NHC
¢parmentamu (c nByms OumeHTaHTHbIMH JuraHgamu). Fe-M-2 (FeCl;) moxer
CIY)XUTb albTEPHATUBHBIM MCTOUYHHMKOM JKE€JI€3a, B TAKOM CIIy4ae B YCIOBUAIX
pEaKIMU MPOUCXOAUT BoccraHoBieHne Fe™ o Fe™, u cBaspiBaHMe Merajuia ¢
JIBYMsl MOJIEKyJlaMH retepouukindeckoro kapoena. CormacHo DFT pacuéram,
TaKoe JIMTaHIHOE OKPYKEHHE 00JerdaeT Boccranosnenue Fe'

Peakuuss waér paxe nOpud KOMHATHOM TeMmriieparype: 3a 7 JHEHW IIpU
ucronb3oBanun 3% katanusatopa oOpasyercs 41% N-Oensunamuna. OmHako
npuMenenue cosiei apyrux 3d-meramion (Cr, Mn, Co) B 3TUX YCIOBHMSX NPUBOAUT
K I1aJICHUIO BBIX0J1a, 0€3 MeTasia peakius He UAET. OnTUManbHBIM PACTBOPHUTEIIEM
Jutst ipoBeAeHus peakuuu sipisiercs TI'D. B Tonyone amuH o0pa3yercst ¢ MEHBIIMM

BBIXOI0M. B Jipyrux pactBopuTtensx, Takux kak Bojia, JJIMCO, alieTOHUTpHII, BBIXO/]

Fe-M-1 (0.5 mol%)
L3 (1.2 mol%)
NH4 CH,OH tBUOK (120 mol%) H\_/Q
+
©/ ©/ 80°C, THF, 18h, N, ©/

1 eq. 1.2 eq. 63%
(S
QBr = +

L3
FeCI2 FEC|3
Fe-M-1 Fe-M-2
TON =130

Cxema 23. AxtuBHocth Fe-M-1 B mpucyrctBuu L3 (aktuBHOCTE Fe-M-2 mpuBeneHa

Hike, Tabmuma 14).
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OEJacBOoro IpoaykKTra HC IIPCBBIIIACT 5%. CTpeMI/ITeJ'IBHOG nmagcHucC BbIXOda

npoucxoauT npu 3amene ‘BuOK Ha Jipyrve OCHOBaHMS Kajlvs, HATPUS WK LE3USL.
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L3 L5 L8 X=P, Y=CI L7 L10 L1 L12
L9 X=P, Y=BF,
MeQO O
Pr
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Kamaﬂus’amopm Ha OCHOGe mapzanua u peHus

oc, ,co (\N/
Et BT M COEy N, T.co
L e M
N, . A co
5\] n h\l A N\
Mn-L-1 n=1 Mn-L-3 Mn-L-4 Mn-L-5
Mn-L-2 n=0
oc, co (/.\N/
£t X—Re-COEy =, §.co
N N i "Re Re(CO)sBr
NN N | ~co
N. . A co
|;\| n l\{ N N
Re-L-1 n=1, X=Br Re-L-4 Re-L-5

Re-L-2 n=1, X=CI
Re-L-3 n=0, X=Br

Pucynox 2. CtpykrypHble GopMyIibl TOMOI€HHBIX KaTaIN3aTOPOB U IpeKaTain3aropor Ha ocHoee Mn u Re ¢ TON < 100.



Tabnuna 2. CpaBHeHHC Pa3sHbBIX KATAJIUTHYCCKHX CHCTCM Ha OCHOBC Mapraiua v peHuA A1 pCakiiiy nepeHoca BOA0poaa NpH alKUIHPOBAHHUH

aHMIMHA OeH3uIoBeIM criupToM ¢ TON < 100

Coornowmenne | Karamusarop, sarpyska | (T, °C / P-nb / Bpems, u / OcHosanue / Jlobaska | Beixon, N-6ensun- | TON | Cebuika
amuH/cupt/ | MO MeTamy, | (MonbH. %) / atmocdepa Ha cepom done mpencrapienst | anuwauaa (mo I'X mmn 1H
OCHOBaHHE (mMombH.%) YCIIOBHS, KOTOpBIE ABIAIOTCSA oOumimmu, mensionmmecs | AMP), %
napamMeTphbl yKa3aHbl B CTPOKAX HHIKE
Karanuszatopsl Ha OCHOBE MapraHua
1/15/1 Mn-L-1,1.5 50°C / 6e3 p-nsn / 24 u / BuOK / N, 42 28 [55]
100°C 99 66
Mn-L-2, 1.5 15 10
100°C 45 30
Mn-L-3, 1.5 99 66
100°C 99 66
Mn-L4, 1.5 100°C 12 8
Oe3 katanmsatopa, 100°C 5 0
1/1,5/0,5 Mn-L-1, 1.5 130°C / 6e3 p-na / 2 u / {BuOK / N2 99 66
Mn-L-2, 1,5 22 15
244 25 17
Mn-L-3, 1,5 26 17
24y 38 25
1/1,5/0,003 Mn-L-1,1,5 100°C / Ge3 p-nisi / 2 u / (BuOK / Na 91 61
1/1,5/0,001 164 73 49
1/2,5/0,001 2% Mn kar./ 164 92 46
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1/1,570,0005 2% Mn xat. / 24 4 45 23

1/1,2/1,2 Mn, 1,5;: Mn-L-5, 1.5 80°C/PhMe / 18 u/ L3 (7,2) / BuOK / Nz 42 14 [54]
Karannzatopsl Ha OCHOBE peHHs

1/1,5/1 Re-L-1, 1.5 50°C / Ge3 p-nsi / 24 u / tBuOK / N> 14 9 [55]

100°C 99 66

Re-L-2, 1.5 3 2

100°C 81 54

Re-L-3, 1.5 0 0

100°C 63 42

Re-1-4, 1.5 0 0

100°C 79 53

Re-L-5, 1.5 100°C 39 26

Oe3 katasnmsaropa, 100°C 5 0

1/1,5705 Re-L-1, 1,5 130°C / 6es p-nsi / 2 u / (BuOK / N2 5 3

24y 15 10

Re-L-3, 1.5 5 3

244 15 10

Re-L-4, 1.5 5 3

244 11 7
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Kammummopbt Ha OCHoege ycere3d U pymenus

Ka[Fe(CN)e]

Fe-L-1

>

Ph Ph

Cp,Fe

Fe-L-2

e O o
) N
r - Ay
{ i
\‘\ ,II
v d

Ru-L-2 X=5 / G4H, / CN
Ru-L-3 X=N / C4H, / CN
Ru-L-4 X=N/-/CN
Ru-L-5 X=N /- / -

Ru-L-6 Ar=3,4,5-((0OMe);CsH,
Ru-L-7 Ar=Ph

Ru-L-8 Ar=3,5-(CF3),CeHs
Ru-L-9 Ar=4-(OCF3)CgH,

o 5

cl
Ru
CI// SN @N\> «0.333 H,0
(0] [ = N
o) \\g\o
Ru-L-10 Ru-L-11

Pucynok 3. CTpykTypHEIC (hOpMYJIbI FOMOTEHHBIX KaTaian3zaTtopos Ha ocHoBe Fe u Ru ¢ TON < 100.
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Tabmnuna 3. CpaBI{GHHC pa3HbIX KATAJHTHYCCKHX CHCTCM Ha OCHOBC PYTCHHA U1 PCAKIHH IIEPCHOCA BOAOPOAA TIPH AJIKHIHPOBAHHH aHUJTHHA

OenzunoseiM cnuprom ¢ TON < 100

Coornowenue | Karanusarop, 3arpyska | (T, °C / P-ns / Bpems, u / Ocnosanune / Jlobaska | Beixon, N-bensun- | TON | Cebinka
amu/cnupt/ | Mo Metamny, (MoneH.%) | (MombH.%) / atmocdepa Ha cepom  cdone | annnuna (mo I'X wim 1H
OCHOBaHHE ImpeAcTaBleHBl  YCNOBHA, KoTopole — aBmsiorcsa | AMP), %

OOIMMH, MEHSIIOIIHECS [1apaMeTphl  YKa3aHbl B

CTPOKax HHKE

KaTanmaTopm Ha OCHOBC JKCJIC3a

1/2/0,5 Fe-L-1, 0,5 140°C / kennon / 24 v/ KOH / Ar 31 62 [56]

1/2/03 Fe-M-2,4 135°C / Be3 p-nsi / 24 u / KOH / Ar 29 7 [57]

1/1,2/1,2 Fe-L-2.3 80°C /PhMe / 18 u /L3 (3,6) / tBuOK / N2 20 7 [54]
Fe, 3 L3(1,2) 5 2

Karanusaropsl Ha 0CHOBE pyTeHHs

1/2/4 Ru-M-1, 0,45 150°C / TI'd / 48 u / tBuOK / Bo3ayx 39 87 [58]
1/1,1/0 Ru-L-1, 1 70°C/ TI'd> / 8 u / Ge3 ocHoBaHus / aTMocdiepa He yKazaHa 83 83 [59]
1/1,5/1.5 Ru-L-2, | 120°C / 6e3 p-nsi / 20 u / tBuOK / Bo3ayx 40 40 [53]
Ru-L-3, 1 67 67
Ru-L-4, | 67 67
Ru-L-5, 1 58 58
1/1/1 Ru-L-6, 2 110°C / 6e3 p-nsi / 6 u / KOH / armocdepa ne ykazana 25 13 [60]
Ru-L-7, 2 68 34
Ru-L-8, 0.5 0 0
Ru-L-8, 1 42 42
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Ru-L-8, 1,5 71 47
Ru-L-8. 2 99 50
PhMe 40 20
140°C / JIM®DA 48 24
100°C / H2O 0 0
70°C / MeCN 0 0
40°C / JIXM 0 0
70°C/ TIr® 0 0
NaOH 66 33
NaCOs 68 34
K:COs 54 27
Cs2C0s 56 28
Oe3 karanuzaTopa 0 0
Ru-L-9, 0.5 0 0 [61]
Ru-L-9. | 38 38
Ru-L-9, 1,5 65 43
Ru-L-9, 2 96 48
PhMe 42 21
140°C / IM®A 46 23
100°C / H,0 0 0
70°C / MeCN 0 0
40°C / XM 0 0
70°C/ TI'® 0 0
NaOH 62 31
Na;COs 64 32
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K:COs 51 26
Cs2COs 55 28
6e3 ocHOBaHMS 0 0
Ru-L-10, 2 25 13
1/1/0,01 Ru-L-11, 2.5 120°C / TI'® / 24 u / BuOK / uneprhas 54 22 [62]
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Kamanuzamoput na ocnoge kodanvma u upuous

CoF; CoF;  Co(OAc)#4H,0  Co(acac)y2H,O0  Co(BF4)#6H,0  Co(NH3)5Cla

Co-L-3 Co-L-4 Co-L-5 Co-L-6 Co-L-7 Co-L-8

A/

_UE
A\ 7
_ N
=

Ir
Mok | P ¢l el
Mes_H_ T H Mes “Mes H_IrT_H Mes NG . [CP*IrClzl,
~p ¢ p l\P N™ "X
! | y V—{
N N =\
z - D
. N w-
Ir-L-1 Ir-L-2 Ir-L-3 X=S / C4H, / CN Ir-L-7
Ir-L-4 X=N/-/CN
Ir-L-5 X=N /- / -

Ir-L-6 X=N / C4H, / -

Pucynok 4. CTpyKTypHBIC OPMYJIBI TOMOTEHHBIX KaTann3atopos Ha ocHoe Co u Ir ¢ TON < 100.



Tabnuna 4. CpaBI{GHHC Pa3HbIX KATAJIHTHYCCKHX CUCTCM Ha OCHOBC PYTCHHA 1IA PCAKIIMH IICPCHOCA BOAOPOAA IIPH AJIKHIHPOBAHHH aHHIHHA

OenzunoseiM cnuprom ¢ TON < 100

Coornomenue | Karanusarop, (T, °C / P-nn / Bpems, u / Ocuopanue / Jlobaska (MonsH.%) / | Beixox, N-| TON | Ccpuika
amu/cniupt/ | 3arpyska  mo | atmocepa Ha cepom Qome mnpenctaBmensl  yenoBus, | OcHsmwaammnuHa (mo X
OCHOBaHHE METasny, KOTOpbIE SBIAIOTCSA OOMIMMH, MeHsIomHecs mapameTpol | uau 1H SIMP), %
(MonbH. %) YKa3aHbl B CTPOKAX HHKE
Karanuszatopsl Ha ocHOBe KoOalbTa
1/2/1 Co-L-1, 0.86 140°C / PhMe / 24 u / L4 (300) / (BuOK / Ar 40 47 [63]
1/1,2/0,5 Co-L-2,2 120°C / PhMe / 12 u / {BuOK / Ar 83 42 [64]
1/1/0 Co-L-3, 10 120°C / kenmon / 12 u / (BuOK / LS (5), L9 (30) / N2 1 0 [65]
Co-L-4, 10 1 0
Co-L-5, 10 1 0
Co-L-6, 10 1 0
Co-L-7, 10 70 7
L5 (3) 30 3
L5 (3). L6 (30) 43 4
L5 (5), L7 (30) 36 4
L5 (3), L8 (30) 1 0
L5 (5), L9 (30) 1 0
L9 (30) 1 0
L10 (5), L9 (30) 7 1

dppe (5), LY (30)

L11(5), L9 (30)
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PhCl 95 10
©e3 p-nst 17 2
rentan 33 3
PhMe 59 6
1.4-nmokcan 53 5
TTd 9 1
XM 5 1
MeCN 19 2
JMCO 1 0
6e3 KaTanuzaTopa 0 0
1/1,2/1,2 Co-1-8,3 80°C /PhMe / 18 u / L3 (7.2) / tBuOK / N 9 3 [54]
KaTanmaTopr Ha OCHOBC HpHIHA
1/1/03 Ir-L-1, 1 100°C / TT'd / 24 u / BuOK / armocdepa He ykazana 90 90 [66]
Ir-L-2, 1 53 53
| b7 G Ir-L-3. 1 120°C / 6e3 p-na / 20 u / fBuOK / Bo3ayx 55 oh [53]
Ir-L-4, 1 72 72
Ir-L-5, 1 62 62
Ir-L-6, 1 64 64
Ir-L-7, 1% 22 22
Ir-L-7, 1% L12 (1%) 42 42
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Kamaﬂummopw HQ OCHO8e HUKeAA U NALTAOUA

NiBr,(DME) NiBr, NICl,(DME) NiCl, Nl [NiCl(allyl)],
Ni-L-1 Ni-L-2 Ni-L-3 Ni-L-4 Ni-L-5 Ni-L-6
LioNiBry Ni(cod), Ni(PPhs), Ni(PPhs),Cl, Ni(DPPM)CI,

Ni-L-7 Ni-L-8 Ni-L-9 Ni-L-10 Ni-L-11
Ni(DPPB)CI, Ni(DPPP)CI, Ni(DPPH)CI, Ni(PCy3)zCl Ni(acac),
Ni-L-12 Ni-L-13 Ni-L-14 Ni-L-15 Ni-L-16
Pd(OAC),
Pd-L-1

Pucynok 5. CTpyKTypHBIC ()OPMYJIGI TOMOTEHHBIX KATAIN3aTOPOB M HpeKaTaan3aTopos Ha ocHoBe Ni u Pd ¢ TON < 100.



Tabmuma 5. CpaBHeHPIG pa3HbBIX KaTaIMTHUYCCKHX CHCTCM Ha OCHOBC HHKCIA H Namagds Ija pCaklHH IEpeHoCa BOAOpOAa MpH

IKWIHPOBAHHH aHHIHHA OeH3MI0BEIM criuprom ¢ TON < 100.

Coornowmenne | Karamusarop, sarpyska | (T, °C / P-ns / Bpems, 4 / OcnoBanne / Jlobaska | Beixon, N-| TON | Ccblnka
amuH/cupt/ | MO metanty, | (Monbh.%) / arMocdepa Ha cepom done nmpeacrasnensl | fersunanminna (mo I'X
OCHOBaHHE (mombH.%) YCIIOBHS, KOTOpPLIC ABIAIOTCA OOMIMMH, MeHstomuecs | uan 1H JAMP), %
napaMeTphl yKa3aHbl B CTPOKaX HUXKE
KaranusaTophl Ha OCHOBE HUKeJIs
1/2/70,25 Ni-L-1, 1 130°C / 6e3 p-nai / 15 u/ BuOK / L13 (2,2) / N2 23 23 [46]
1/2/0 Oe3 ocHOBaHMA 0 0
1/2/0,5 51 51
1/2/1,5 90 90
1/1/1 72 72
1/1,5/1 89 89
1.5/1/1 71 71
20171 73 73
1/2/1 95 95
L14(2.2) 83 83
L15(2.2) 78 78
De3 nuranaa 0 0
L16(2.2) 82 82
L17(2,2) 74 74
L18(2,2) 5 5
L19(2,2) 5 5
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L20(2,2) 5 5
L21(2,2) 5 5
1.22(2.2) 5 5
L23(2,2) 26 26
L4(2,2) 34 34
34 22 22
6u 49 49
124 80 80
244 95 95
BO3IYX 48 48
armocdepa KHeaopoaa 0 0
Ni-L-2, 1 12 12
Ni-L-3, 1 31 31
Ni-L-4, 1 10 10
Ni-L-5, 1 8 8
Ni-L-6, 1 31 31
Ni-L-7, 1 20 20
Ni-L-8, 1 21 21
Ni-L-9, 1 22 22
Ni-L-10, 1 23 23
Ni-L-11, 1 32 32
Ni-L-12, 1 10 10
Ni-L-13, | 24 24
Ni-L-14, 1 21 21
Ni-L-15, 1 12 12
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Ni-L-16, 1 28
Ka’ramna‘ropm Ha OCHOBC nauaads
3/1/02 Pd-M-1, 1 100°C / Ges p-nai / 16 u/ LiOH / 6e3 nobaskn / Ny 44 44 [47]
L24 (1) 5 5
dppe (1) 66 66
dppp (1) 0 0
dtbpf (1) 2 2
L25(1) 15 15
L26 (1) 19 19
L27(1) 1 1
L28 (1) 90 90
L29 (1) 1 1
L30 (1) 1 1
L11(D) 45 45
L31(1) 0 0
L32(1) 75 75
L33 (1) 18 18
L34 (1) 63 63
L4(1) 3 3
L23 (1) 36 36
L35(D) 60 60
L36 (1) 41 41
L37(D) 40 40
L38 (1) 56 56
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L39 (1) 90 90
ITa 33 33
11u/L24 5 5
1Tua/L28(1) 66 66
11ua/L41(1) 81 81

1/2/0,05 Pd-L-1, 1,5 130°C / PhMe / 20 4 / (BuOK / MS 3A / N; 88 59 [67]

53



Kammummopw Ha oCHose xXpoma, meou u WUHKaA

Cr(CO)g
Cr-L-1

Cu(OAc),+H,0
Cu-L-1

ZnCl,
Zn-L-1

NS cl

cl NN

Zn(Cl04)s

Zn-L-2 Zn-L-3 X=H
Zn-L-4 X=ClI

Pucynok 6. Karanuzaropsl Ha ocHoge Cr, Cu u Zn.

Zn(NO3),e6H,0
Zn-L-5
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Tabmuna 6. CpaBHeHHe PasHbIX KaTaJIHTHYCCKHX CHCTCM Ha OCHOBC XpOoMa, MCIOH H IHHKA I PCaKIHKA IECPCHOCA BOAOpPOAA IpPH

IKWIHPOBAHMH aHWIHHA OeH3MnoBEIM criuproM ¢ TON < 100

Coornowmenne | Karamusarop, sarpyska | (T, °C / P-ns / Bpems, 4 / Ocnoanue / Jlobaska | Beixon, N- | TON | Ccpuika
amuH/cupt/ | MO Mmetany, | (MoneH.%) / arMoctepa Ha cepom done nmpeacrasnens! | fersunanminna (mo I'X
OCHOBaHHE (mombH.%) YCTIOBHSA, KOTOpBIE ABIAIOTCA odummmu, mensiommecs | wiu 1H IMP), %

napaMeTpbl yKa3aHbl B CTPOKAX HUIKe

KaTa_HPHB.TOphI Ha OCHOBE XpoMa

1/12/12 ] Cr-L-1.3 80°C / PhMe / 18 u/ L3 (7.2)/ iBuOK / N, 5 | 2 | [54]

Kara.mdsampm Ha OCHOBC MEIH

1/1/0 Cu-L-1, 0,5 25°C/ AXM / 3 u / 6e3 ocnopanus / TEMPO (2) / Bosayx / 12 Br 0 0 [68]
Oenblit CBeTOM3TYHAlOUIMI IHO
MeCN 0 0
Cu-L-2, 1 70 70

KaTEUIPB&TOpbl Ha OCHOBC IITMHKa

1/1,2/1 Zn-L-1, 15 140°C / PhMe / 36 u / 1BuOK / Ar 6 0 [45]
1/1,2/0,5 Zn-L-1,3 120°C / PhMe / 16 4 / tBuOK / Ar 0 0
L40 (3) 42 14
Zn-1L-2,3 0 0
Zn,3 0 0
Zn-1L-3,3 67 22
Zn-L-4,3 78 26
e 62 21
KCHIIOT 77 26
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MeCN 20 7

MeOH 18 6

tBuONa 76 25

KOH 8 3

NaOH 9 3

K3PO4 0 0

armocpepa O 47 16

110°C 58 19

140°C 76 25

244 75 25

124 71 24

Oe3 kaTanuzaTopa 0 0

L41,3 0e3 unHKa 32 -

L40,3 33 -

Zn-1-4,2 68 34

1712703 Zn-1.-4,3 69 23

1/1,270,7 78 26
1/2/03 Zn-1.-5,5 120°C /PhMe /12 4/ KOH / Ar 12 2 [69]
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3a mpomeamiee ¢ MOMEHTa nyOaukanuu o030pa BpeMs B ne4aTh BblIUIM 24
HOBBIX PaOOTHI, B KOTOPBIX TPEJIOKEHBI HOBBIE TOMOIE€HHBIE KAaTAJIMTHUYECKUE
CUCTEMBI JUIsl pEaKIIMK AaHUITUHA C OCH3WJIOBBIM CITUPTOM.

[Toutn nonosuna padot (11) nocesieHa KOMILIEKCAM PYTEHUS, & COSIMHEHUSIM
Bcex Onmaropoansix MetamioB — 70% myOnukanuii. OgHaKo, HECMOTPS Ha BBICOKYIO
AKTUBHOCTBH OT/AEJIbHBIX KOMILICKCOB PYTEHUS, UPUANS U MalaJusi, 3HAUUTEIbHOTO
nporpecca B NOBBILICHUHU 3((PEKTUBHOCTH TAKUX KATATIMTUYCCKUX CUCTEM JOCTUTHYTh
HE yJanoch. BBICOKOAKTMBHBIE KOMIUIEKCHl — MO-TIPEKHEMY  TPEICTaBICHBI
coeaquHeHusaMH, coaepkaiiumu NHC u nunuepnsie nuranasl. TON katanu3aTtopoB Ha
ocHoBe Ru, Ir, Pd, msrkocts ycnoBuil TIpoTeKaHUsl peakiuu (TemIieparypa,
HCIIOIB30BAHUE OCHOBAHMS, aTMoc(epa) HE MPEBOCXOAAT TAKOBBIE IS ONMHUCAHHBIX
panee.

B To e BpeMsi, MHOT000OeIar0IINE Pe3yIbTaThl OTYyUYEHBI IPH UCIIOIb30BAHIUHT
KaTaJau3aTopoB Ha OCHOBE 3d-MeTaioB. B yacTHOCTH, yaalI0Ch MOBBICUTh AaKTUBHOCTh
KaTaJIu3aTopa WM CHU3UThL TeMmneparypy nposeaeHus peakuuu Ha Fe, Cu, Re, Zn-
cojieprKalux Kartajausatopax, dQQekTHBHbIC cUCTeMBbI npe/yiokenbl 1is Mn u Co.
OTO cTajgo BO3MOXKHBIM OJlarogapsi Kak TMOMCKY OINTHUMAJbHOTIO JIMTAHJAHOIO
okpyxeHust (Fe, Re, Zn, Mn), Tak ¥ pa3BUTHIO HOBBIX MOJXOJ0OB K NMPOBEIEHUIO
peakiuu 3auMcTBoBaHusa Bogopoza (Cu, Co).

OcoOblii HMHTEpEC MPEACTABIAIOT peakuuu ¢ ucnoiab3oBanueM Cu u Co
Karanu3aropos. Ha npumepe MeHOro KOMILIEKca NoKazaHa BO3MOKHOCTb CUHTe3a N-
OCH3WIAaHWIIMHA B YyCHoBUSAX (oTokaTanusza. Peakuus uaért yxe npu KOMHATHOH
TEMIIEpAType Ha BO3/AyX€, MPH OOJIyYEeHUHU O€IbIMH CBETOM3IYHAIONIUMHU JIHO/IAMH, B
OpUCYTCTBUU  Katamutudyeckux koiunyects TEMPO. Xora 3nauenne TON
KaTaJIM3aTopa HEBEJNHMKO, 3TO MEPBBIM NMpPHUMEp FOMOT€HHOTO (POTOKATATIUTHYECKOTO
mpolecca g peakuud aHWIMHA ¢ OCH3WIOBBIM coupTroM. Kiaccuueckuit

METAJUIOKOMILICKCHBIM KaTaJau3 Ha MEOU HE TO3BOJIAI IIPOBOAHUTE PCAKIIMK) HHKC

80°C.
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JIpyriM HOBBIM MOJIXOJOM K MPOBEACHHUIO OOCYKIaeMOH peaKIMH, CTajlo
OPUMEHEHHE MWOHHBIX KUIAKOCTEH BMeCTO oOcHOBaHusA. Tak, Ha mnpumepe Co-
KAaTaJIM3UPOBAHHOM peakiMKM MOKa3aHa BO3MOXKHOCTh AKTHUBALIMM CYOCTpaToB st
nepeHoca BOJOPOAA € IOMOIILIO HOHHOW KMJIKOCTH. MakcuMmanbHblil dddexT
COCTaBUI JAByKpaTHoe yBenumdyeHue Bbixoga (70% mnpotuB 30% 0Oe3 wWoOHHOU

KUIKOCTH).
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FeTeporeHHme KaTa/JIn3aTopbl

TON>500

Kamanuzamopwel na ocnoee naamunnl

O} PeKTUBHBIM  KaTaJU3aTOPOM  OCH3WIMPOBAHUS  AaHWJIMHA  SBIIIOTCS
WHKAINCYJTUPOBAHHBIE B ILEONUT HaHo4acTUlbl IatuHel [70]. BaxkueimMu
napaMeTpamMu, OINpEICIAIIIMMH AKTUBHOCTh [JAaHHOIO KaTalMu3aTopa, OKa3aluCh
COOTHOIIIEHHE ATIOMUHMSI U KPEMHHS B COCTaBE 1I€0IMTa U cojiepskanue Hatpus. 0,01
MoubH.% KaTanuzaTtopa ONTUMAIBHOIO COCTaBa I03BOJIUJ MPOBECTH PEAKLUIO C
BeIxogoM 63% 3a 5 wacoB mpu 180°C (TON = 6180; Cxema 24). AKTHBHOCTb
KaTaJlu3aToOpa COXpaHsIach Mo KpaliHeld mepe Ha npoTskeHHH 10 muKiIoB. ABTOPBI
TakKe coobmarT o Bhicokom mapamerpe TOF = 3390 u'! nmammoro marepuana,
KOTOPBIA ObUI OnpesenéH B X0/4¢ 25 MUHYTHOIO dKCIEPUMEHTA B TEX K€ YCJIOBHUSX.
Marepuan, TOMyYEHHBI  BJIaKHBIM  HAHECEHHWEM TUIATMHBI HA  3apaHee
c(OPMHUPOBAHHBIM LEOJUT ONTHUMAJIBHOIO COCTaBa TAKXKE MO3BOISAN IPHEKTUBHO
OEH3UIUPOBATh AHUIIMH. Y MEPEHHOM aKTHBHOCTHIO 00J1a/laiy TIaTHHA, HAaHECEHHAs
Ha Al,O; m make cam 1eosuT O0e3 TaTHHBL. [[1aTHHA HA yIIepOTHOM MOTOXKKE HE

KaranusupoBaa peakiuio (Tabnuna 7).

©/NH2 @CHZOH Pt@Beta(8.4) (0.01 mol%) H\/@
+ > ©/

180°C, neat, 5h, N, 63%
0

1eq. 3 eq. TON = 6180
Cxema 24. Peakuus mozenbHbix cyOcTparoB B npucyrcteun Pt@Beta(8.4).

Tabmuma 7. Cpasuenue axktuBHocTH Pt@Beta(8.4) ¢ apyrumMu reTeporeHHBIMU
KaTaJau3aTOPaMH.

NH, CH,OH catalyst (0.05 mol%) H\/@
+ -
©/ ©/ 160°C, neat, 2,5h, N, ©/

1eq. 3 eq.
Karamuzartop Beixoa, % TON
Pt@Beta(8.4) 93 2010
Pt/Beta(8.4) 57 930
Beta(8.4) 39 -
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Pt/Al203

13

260

Pt/C

<0,5
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100<TON<500

Kamanuzamopul Ha ocHoee upuous

[Tonumep ¢ 2-(2-mupuani)OeH30THA30IBHBIMU  (PparMEeHTaMu  OKa3aycs
adexTrBHON NoUI0KKOH it Hanecenus: Cp*Ir. Tlonmydennslii MaTepuan obsaaan
BBICOKOW KaTaIUTUYECKON aKTUBHOCTBIO B pPEaKUMH aJTKUIUPOBAHUS aHUIWHA [71]
(Cxewma 25). Peaknus npotekaeT B Boze, B mpucytcTBuud KOH u TBAB. Bribop KOH
3/1ech O0YCJIOBJICH, B TOM YHMCJIE, UCIOJIb30BAaHUEM BOJIbI Kak pacTBopuTes. OqHako
JApyTHe CHJIBHBIE OCHOBAHHS, TAaKME KaK aJKOTOJATHI WIM KapOOHAT IE3Ws, TaKkKe
NPOBOMIIIM peakliuio. KinroueBbIM HEIOCTaTKOM JAHHOTO KaTalu3aTopa SBISETCS ero
HU3Kas CTaOWJIBHOCTH: YCTOWYMBOE CHMIKEHHE AKTHBHOCTH IPOUCXOIUT YKe Ha

BTOPOM LIHKJIE TIOBTOPHOI'O UCTIOJIBb30BAHUS.
POP-MBTS-Ir (0.21 mol% [Ir])
KOH (75 mol%)
©/NH2 ©/CH20H TBAB (20 mol%) H
+
100°C, H,0, 12h ©
1eq. 1.2 eq. 92%
TON =438

Cxema 25. AktuBHOCTE POP-MBTS-Ir B MoeIbHOI peaKiii.

Kamanuszamopul na ocnoee jcenesa

OnHOATOMHBIN JKEJIE3HBIA KAaTaau3aTop Ha MOJJIO0KKE W3 JONMHPOBAHHOTO
a30TOM M CEpod yriepojia TOJIYy4YeH TMHPOJIM30M TIOKPBITOTO TMOJHAHWIHHOM
cepocoaepxkaiiero ZIF Ha ocHoBe Zn, Fe u 2-metrunumunazona (Tadmuua 8).[57]
AKTUBHOCTb TaKOro Karaju3aropa 3HAYMTEILHO NPEeBOCXOAUT jApyrue Fe-
coaepxkamme Marepuansl (Fe2OQ3 u monydeHHBIH TUPONIM30M MaTepuand Ha OCHOBE
JWTHUHA, conell ruaka u xene3a Fe@C). He comepkamas xene3a momioxka NC,
noyiydeHHas npu nuponuse ZIF-8, takke cnocoOHa MpoBoAUTh peakiuto. OqHako B
OTCYTCTBHE Kakoro-nubo Kartaiuzatopa peakius He uAET. Ilpm moBTOpHBIX
MCIIOJIb30BAHUAX KaTaau3arop HEoOpaTUMO, XOTh M HE3HAYUTENbHO, TEpseT

AKTHBHOCTE.
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Tabnuua 8. CpaBHeHHE aKTUBHOCTH

KaTaJln3aTopaMH.

NH» CH,0H
SN
1eq. 2 eq.

catalyst

KOH (30 mol%)

Fe2-SA@NSC ¢ npyrumu

135°C, neat, 24h, Ar @l

1

ICTCPOrcHHBIMH

Karaaum3zarop Koumnuecrso [Fe|, MmoabH.% Brixon, % TON
Fe20-SA@NSC 0,3 94 313
Fe@C 0,3 40 133
Fe:03 (HaHOYACTHIIBI) 4 22 6
NC 0 32 -
0e3 karanuzartopa 0 0 0

Kamanuszamopuel na ocnoee pymenus

['eTeporeHHbIl KaTalnu3aTop IIOJy4eH B pe3yiapTaTe oO0pabOTKH CyXHX
cocHoBBIX UTII pacTBopoM RuCls-xH,O B aTtanone [58]. Urimel ObUTH BEICYIICHBI U
noaBepruyTel nupoiausy. Marepuan Ru/PNC-700 no3Boyu1 NpoBeCTH CUHTE3 aMUHA
3HAYUTENBHO ((PEKTUBHEE, YEM IPH HCMOJIH30BAHUH KOMMEPUYECKH JIOCTYIHBIX
Ru/C, RuCl;-xH,0 (Tabnuma 9). [IpumedaTenbHO, peakius MPOXOAHIa Ha BO3AYXE,
O/IHAKO B OTCYTCTBME PYTEHHUsl >KeJlaeMbli IPOAYKT He Obll OOHapyKeH B

peaKL[HOHHOﬁ CMCCH.

Tabmuna 9. CpaBuenne axtuBHoctH Ru/PNC-700 ¢ apyrumu  reTeporeHHbIMH
KaTaJu3aToOpPaMHu.
catalyst (0.45 mol% [Ru])
©/NH2 ©/CH20H tBUOK (400 mol%) H\/@
+
150°C, THF, 48h, air ©
1 eq. 2 eq.
Karaau3artop Boixon, % TON
Ru/PNC-700 98 218
RuCl3-xH20 39 87
Ru/C 29 64
Oe3 karanusaropa 0 0
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Kamanuzamopwst na ocnoge medu

Hanecéunass Ha okcuj uepust Mellb NMO3BOJISIET MPOBOJIUTH AJNKHUIMPOBAHUE
aHWIMHA 0e3 MCTOoNb30BaHUs ocHOBaHUs [72] (Cxema 26). Peaknusi nmpotekaeT npu
160°C B armocdepe aprona. BbIxoa npojaykra 3aBUCHUT OT CTPOEHHUS! HAHOYACTHIL
okcuja uepusa. Hanbonpnryro akTHBHOCTB MOKa3all KaTajlu3aTop, B KOTOPOM YacTHIIbI
OKCHJA IepUs UMEJU MOTUIPUIECKYI0 (hOpMY, B TO BpeMs KaK MaTepuai Ha OCHOBE
kyouueckux HaHoyactul, CeO, ObUT HHEPTEH B OTHOIICHHMM KOMIIOHEHTOB
pPEaKkIMOHHON CMeCH. B OTCyTCTBME MeIM, KOHBEPCHH UCXOIHBIX COCTMHCHHUH TaK ke
HE IPOUCXOIUIIO.

NH2+ CH,OH  cu/Ce0,-P (0.5 mol%) H\/@
©/ ©/ 160°C, PhMe, 12h, Ar ©/
1eq. 1.2 eq. 88%
TON =176

Cxema 26. AktuBHOCTE Cu/Ce(2-P B MOICITEHON pEaKITUN.

Kamanuzamopwut na ocnoee kovanoma

[Tpu mpokanuBaHUK HAHECEHHBIX HA CHJIMKArellb COJU KOOaabTa U pa3IMYHbIX
JIMTaH/IO0B TIOJy4YeHa TpyIna TeTepOoreHHbIX KaramuzatopoB [63] (Cxema 27).
HaubGonee aktuBHbld 13 HUX oOmaaanm TON = 115 w nume HE3HAYUTETBHO TEPSIT
AKTUBHOCTb T0CJI€ 8 MOBTOPHBIX Mcnosb3zoanuil. He conepxkamme Co marepualibl
CIIOCOOHBI ¢ MEJIEHHOW CKOPOCTBIO MPOBOAUTH peakiuto. OIHAKO B TAKOM cllydae
CHWJKACTCS CEJICKTMBHOCTh Tporecca. KoHBepcHsi MW CENEKTHBHOCTh TaKKe
YXYAIAOTCs ISl MaTepUasoB, MPU MOJYYEHHUH KOTOPBIX HE HCIOJIb30BAIM JIUTAH]]
WM CHIIMKarenb. Peakmus 4yBCTBUTENbHA K BEIOOPY M KOJIWYECTBY HCIOIB3YEeMOTO
ocHoBaHus. Tak, ymeHblenue 3arpysku ‘BuOK BnBoe mpuBeno k IByKpaTHOMY
NaJICHAI0 BBIXOJA. Jlpyrve OCHOBaHMSI KaJiMsl, TaK €, KaKk W OCHOBaHHUS LIE3Ms,
cHIkau 3p¢deKTHBHOCTh MeTo/1a. 3aMeHa Toiryona Ha TI'®, kcunonsl, 1,4-11okcan
NPAKTHYECKM HE CKa3bIBACTCS HA KOHBEPCHM AHWIMHA, OJIHAKO CEJIEKTUBHOCTH
oOpazoBaHusi TIpoaykTa mangaer. HeoxwungaHHo, kemaeMblii N-OeH3WIaHWINH
o0pa3yeTcs Jayke MpU NMPOBEICHUN PEAKI[UU B allETOHUTPHUIIE, XOTA BBIXOJ CHUXKAETCS

BJIBOE.
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Co@NC-800-L1 (0.86 mol%)
NH, CH,0H tBUOK (100 mol%) H
+
140°C, PhMe, 24h, Ar ©/
1eq. 2 eq. 99%
TON = 115

Cxema 27. AktuBHocts Co@NC-800-L.1 B MoenbHOIM peakuuu.

Kamanuzamopwul na ocnoee yunka

B3aumojeiicTBie B YCIOBMSIX TepeMalbIBaHHS Ha MEXaHWYECKONW MEeNbHUIIe
(ball milling) pacTBopa HUTpaTa HHHKA, 2-METHJIMMMJIAa30Jla, BOJHOTO aMMHaKa M
THOMOYEBHHBI B 3TAHOJIE TIPUBEIIO K 00pa30BaHUIO I[EOIUT-UMHAA30JIbHON KapKacCHOM
cTpyktyphl (ZIF) [69]. lanee nonyuennas ZIF Obuta monBeprayTa mupoan3y. AHaau3
CTPYKTYPbI IOJIYYEHHOI'0 MaTepHalla oKas3all pacnpeesicHUe LIMHKA 110 MaTepyaity B
BUJIE M30JMPOBAHHBIX aTOMOB. JlaHHBIA OJIHOATOMHBIH LIMHKOBBIM KaTaau3aTop
MOKa3ajd AaKTUBHOCTh B ajkujaupoBaHuu aHwiuHa (Cxema 28). Ilpu 120°C, B
npucyrctBud 30 mosbH.% KOH TON karanuzatopa jgocturan 100. JloGasienue
OCHOBAHHUS SIBJIICTCS KPUTUYHBIM TSI KOHBEPCHHM WCXOIHBIX COCTUHEHHUH, TTPHIEM
OyTOKCH Kanus He sABiseTcs 23P(GEeKTUBHBIM B JAHHOM IPOIIECCE.

Matepuai, nojiyueHHbIH U3 He coaepskauiero cepy ZIF, a Takke KoMmMmepyecku
noctynHele Zn (HaHowacTuiel), ZnO, Zn(NOs),-6H,O npaktuuecku He o0Omanamu

KaTaJIMTUYECKOH aKTUBHOCTBIO.

CNS@Zn,-AA (0.9 mol%)
NH; CHZOH KOH (30 mol%) H
120°C, PhMe, 12h, Ar ©
1eq. 2 eq. 90%

TON =100
Cxema 28. AktuBHOCTE CNS@Zn1-AA B MOIETBbHON peaKIuu.
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Tabmuma 10. CpaBHeHHe Pa3sHbBIX TCTCPOTCHHBIX KATAJIHTHYCCKHX CHCTCM JUIA PCAKIMH IICPCHOCA BOOOPOAA IPH AJKHIHPOBAHHHA aHHIHHA

OenzunoBeiM cnuprom ¢ TON < 100.

Coornowmenue | Karanusarop, 3arpyska no | (T, °C/ P-ns / Bpems, u / OcnoBanne / JlobaBka | Beixon, N- | TON Ccplnka
amu/cnupt/ | MeTanny, (MonbH. %) (MonbH.%) / atmoctepa Ha cepom done | Gersunanwauna (Mo
OCHOBaHHE MpeacTaBaeHbl yCIoBHs, KoTopble spidiorcs | I'X uwmn 1H AMP), %

06LL[HMP[, MEHSKOIIHMECH NapaMeTpbl YKasaHbl B

CTPOKAX HHKE

KaTanHaaTole Ha 0CHOBE Omar OpOOHBIX MCTAILIIOB

1/2/0 GIrNG, | 110°C / 6e3 pacrsoputens / 24 u / Ge3 ocuosanns { ne | 99 99 [73]
yKa3aHa
1/2/4 Pt/C, 1,02 130°C / TI'® / 48 u / BuOK / He yka3aHa 94 92 [74]
1/1/0 Au/TiOz, 0.9 180°C / rAmylOH / 0,5 1 / 6e3 ocnoBanms / 15 atm N TT 86 [75]
Au/y-AL0s, 0.9 80 89
Au/a-Al20s, 0,9 1 1
Au/C, 0,9 0 0
Au/HFeOz, 0.9 32 36
Au/Ce02,09 40 44
1/1/0 (Cp*Ir(NHC)Clz)/moammep, 80°C / CFsCH>OH / 100 u / 6e3 ocHosanusa / ne ykazana | 41 29 [76]
1.4
1/15/2 Ru(OH)y/ALO:@PVP-Si02, 4 | 135°C / mesurunen / 18 u / BuOK / Ar 82 21 [77]

KB.TBJIPBETOPBI Ha OCHOBE MEPEXO0JHBIX METAIIIIOB
1/2/0,5 NizFe:@CN, 1.5 140°C / o-xeunon / 24 u / KOH / Ar 99 66 [56]
K:CO; 3 2
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Cs:CO3 9 6
KiPOy4 15 10
MeOK 87 58
Oe3 ocHOBaHUS 0 0
JIMCO 0 0
JAMDA 0 0
MeCN 69 46
1.4-nnoxcan 14 9
H0 0 0
PhMe 31 21
T 0 0
Gea pacTBOpHTENS 87 58
130°C 88 58
Oe3 karanu3aTopa 0 0
Fe@CN, 1,2 51 43
1/1/0 Ni@SBA, 3 120°C / PhMe / 24 u / 6e3 ocnosanus / Na 49 16 [78]
Ni/Ru@SBA, 3 93 31
KCHJI0J1 73 24
renTaH 75 25
AcOH 62 21
1/2/0 WOs/Zr0:, 4.3 140°C / oxran / 4 1 / Ge3 ocHOBaHUA / BO3LYX 62 14 [79]
1/4/1 Bpy-UiO-Ni, 8 140°C / PhMe / 48 u / tBuOK / N» 69 9 [80]
tBuONa 0 0
CsOH 10 1
KOH 30 4
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1/4/0 0e3 ocHOBaHHs 0 0
1/4/13 100 13
Oes KatanmsaTopa 30 -
BOBJIYX 0 0
1/4/1,5 59 7
1/2/1,06 Cui/NPC-550, 6,5 140°C /CyH /12 u/ KOH / Ar 82 13 [81]
Cuz/NPC-550, 13 95 7
Cus/NPC-550, 20 88 4
Cu(NOz)2 0 0
NPC-550 (6e3 Cu) 29 -
0e3 KaTanmsaTopa 17 -
1/2/0 6e2 OCHOBAHUS 5 -
1,2/1/71 CoFez04, 10 130°C /PhMe /24 u /KOH / Ar 94 9 [82]
tBuOK. 44 4
K:CO; 0 0
NaxCO; 2 0
NaOH 23 2
EtN 0 0
NaHCO; 0 0
Cs2CO5 0 0
Gez ocHOBaHMA 0 0
1,2/1/0,5 1., 4-nnokcan 12 1
IM®DA 0 0
CHCls 0 0
M-KCHIION 18 2
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TIre 0 0
AMCO 0 0
Oe3 pacTBOpHTES 67 7
1/1/0 Hf-MOF-808_H:0, 12 130°C / kennon / 2 4 / Ge3 ocnoBauus / BO31yx 85 7 [83]
(ruapoTepManbHbIH cunres | JIXB/ 34 40 3
MOK) JIMCO /34 0 0
JIMDA /3 4 0 0
BuOAc/3u 0 0
MeOCH>CH.OH /3 4 0 0
Hf-MOF-808_DMF, 12 17 1
(conbBOTEPMANLHBIH CHHTE3
MOK)
Hf-UiO-66-NH:_H:0, 12 1 0
(ruaporepmanbHbiii CHHTE3
MOK)
Zr-MOF-808_H:0, 12 83 7
(ruapoTepManbHbli CHHTE3
MOK)
HfO:y, 12 0 0
HfCl4, 12 0 0
HfOCL*8H:0, 12 0 0
Zr0: (HanogacTuup) , 12 0 0
1/1/0 Cu-BTC, 15 180°C / Ge3 pactBoputens / 15 u / 6e3 ocHoBauns / He | 18 1 [84]
yKa3aHa
1/1/04 12 u/ Na:COs 6 0
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1/1/04 TBD 7 0

1/1/04 NaHCO;4 25 2

1/1/1 NaHCO; 9 |

1/1/1 Oe3 katanmsatopa / NaHCO; 0 0
1,2/1/04 TiO: (cmecn nanouactun, | 130°C / PhMe /26 u/ KOH / Ar 98 2 [85]

pyThia u anarasa), 41 120°C 80 2

100°C 3 0

tBuOK 45 1

K,COs 0 0

NaOH 34 1

Cs2COs 0 0

Et:N 0 0

DIPEA 0 0

KCHJI0]1 90 2

EtOH 22 1

MeCN 0 0

TIre 1 0

JIMDA 0 0

1.4-1uoxcan 0 0

1,2/1/0 Oe3 ocHOBaHMS 0 0

1,.2/1/04 Ge3 KaTanuzaTopa 0 0

TiO: (naHouacTHLBE! aHaTaza), 52 1

41
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I'eTeporennnie poToKaTAIH3ATOPBI

TON>500

Kamanuzamopel na ocnose sucmyma

Bricokas 3¢ddekTHBHOCT, (POTOKATAIMTHYECKOIO Mpolecca Yyxke Oblia
OTMEUEHA BHINIE, B pasjeie, TMOCBIAMIEHHOM TOMOTEHHBIM —KaTalll3aTopam.
Muoroo0emaronme pe3ysbTaTbl MNOJYYEeHbl IPU  HCIOJIB30BAHUM T'€TEPOTrCHHBIX
¢oTokatasmzaropoB.  Tak, TpeIOKEH  OJHOATOMHBIH  (pOTOKATAIM3ATOD,
NPEACTABISIOIIMA cOO0I HAHOIIACTUHBI HA OCHOBE ZnlnsS4 ¢ HAaHECEHHBIMHM Ha HUX
n3osipoBanueiMu atomamu Bi [86] (Tabmuua 11). Ilpu ucnonb3oBaHuM JTaHHOTO
MaTepuana, KeJlaeMbld BTOPHUHBIM aMuH ToiydeH ¢ BeixogoM 93% 3a 12 yacos.
Peakmuio mpoBomsaT 0e3  pacTBOpPHUTENsS, YTO JOBOJBHO HEOOBIYHO IS
¢oTtokatasiuTnyeckoil peakuuu. Ilpu sTom 3arpyska anHwiauHa (1 SKBUBaJIECHT)
coctaBnaeT 0,55 mMMonb. OHAKO, XOTh M HE3HAUYHUTEIHHO, aKTUBHOCTh Ma/laeT MpH
Ka)XJIOM IMOBTOPHOM MCIOJIb30BaHUU. AKTHUBHOCTH MaTepHajla ¢ HAHOYACTHLIAMH
BUCMYTa ObLIa BTpoe HUXE. B oTcyTcTBHE BUCMyTa MaTepHaibl ¢ Znln,Ss mpoBoumu

pCaKuro C HHU3KOM CKOPOCTBIO.

Tabmuua 11. CpaBuenne axktuBHocTH  Bi-S3/S-Vs ¢ apyrumu  reteporeHHbIMH
KaTaJu3aTopaMH.

catalyst (0.08 mol% [Bi])
NH, CH,OH tBUOK (80 mol%) H\/@
+
[ j [ j Blue LED (455 nm, 100W) ©

1 eq. 8.75 eq. rt, neat, 12h, Ar
Karaimsarop Boixon, % TON
Bi-S3/8-V; 93 1160
Bi NPs/S-V, 36 138
S-Vs 8 -
Z1S + -
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100<TON<500

Kamanuzamopwl na ocnoge nannaousn

AKTHBHBIE B paccMaTpUBaeMOM Tipolecce (OTOKATATU3ATOPBI MOITYYEHbBI
NPOKAJIMBAHUEM KEJIE30CO/IePKAIIMX METALIOOPraHUYECKUX KaPKAaCHbIX CTPYKTYD, B
MOJIOCTAX KOTOPBIX HaXOIWINUCh HaHodacTHlbl namnagusa [87] (Cxema 29). Ycnosus
peakiuyd ObUIM ONTUMU3HPOBAHBI JIA BOCCTAHOBUTEIBHOTO  AJKHUIUPOBAHUS
HUTPOAPOMATUYECKUX COCITMHCHUN U OCH30HUTPUIIOB, B CBSI3U C YEM HCIOJIb3YyeTCA
3HAYUTENBHBIA M30BITOK criupTa. TeM He MeHee, KaTaln3aTophl MPOSIBIISIOT BBICOKYTO

aKTUBHOCTh. B OTCYTCTBHC OCHOBAHHA BBIXOJ MMPOAYKTA IIaaall B 3,5 pas.

Pd/MIL-101(Fe)-2MI (0.1 mol%)
NH; CH,OH K4PO,4 (200 mol%) H\/@
+
©/ ©/ blue LED (0.75Wcm2) ©
1 eq. 30 eq. rt, MeCN, 12h, N, 49%

TON =490
Cxema 29. AxruHocts Pd/MIL-101(Fe)-2MI B MmoaensHOI hoTOpeaxiim.

Onnoatomusrii Pd  Qorokaramuzarop Ha momioxkke w3 CdS cmocoben
NPOBOAUTH PEAKLUUI0 AHWIMHA ¢ OCH3WJIOBBIM CIMPTOM IOJ JICHCTBHEM CBeETa
ByuMMoro jauanaszona crekrpa [88] (Cxema 30). Kak u B ciiydae paccMOTpEHHOTO
paHee KaTaju3aTopa ¢ BUCMYTOM, Na/UIaui yAEp:KUBAeTCA Ha MOAJI0KKE Onaroaaps
B3aMMOJICHCTBHIO C TpeMs aToMaMu cepbl. [lonbiTKa nepenTH Ha JApyrue moioxKI-
nonynpoBoJHUKH: T10,, C3N4, WO;, B1iVOy, — 6p11a Heygaunoi. [Ipu ucrnosib3o0BaHuU
MEPEYNCIICHHBIX KaTaTU3aTOpPOB OBUIM TOJMYYCHBI JIUIIL CJICTOBBIC KOJIMYECTBA
IIPOYKTa. B OTCYTCTBHE IMOJYIPOBOAHUKA WJIM BHAMMOTO CBETA PEAKIUA TAKKE HE
uaer. Katanmuszatop, B KOTOpoM najiaguil IpUCYTCTBYET B BUJI€ HAHOYACTHII, MEHSIET
CECJICKTUBHOCTbh PEAKLMU: BMECTO BTOPUYHOTO aMHUHA 00pa3yeTcs UCKIIOYUTEIbHO
umMuH (N-Oensmnunenanuiaud). ONTUMaIbHBIM PACTBOPUTENIEM JUISl TOJYYEHHUS
BTOPHYHOIO aMHHa SIBJISIETCS] AalIETOHUTPUII. B IUKIOrekcane ycKopsieTcsl OKHCIICHHE
cnupTa 10 anpaeruna (oopasyercst ocnoBanue ludda), oqHoBpeMeHHO 3aMesIeTCs
BOCCTAHOBIIEHHE HMMHHA JI0 aMHHa. B Tomyone WMHH TIpaKTHYECKH HeE

BOCCTaHaB/IUBaeTcA, a B [IM®PA OH sABISAETCSA €AMHCTBEHHBIM MPOTYKTOB.
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PdClI; (0.3 mol%)
Oy e ey (]
+
visible light (>420 nm, 300W) ©/
1 eq. 62.5 eq. 25°C, MeCN, 3.5h, Ny 32%
TON =119

Cxema 30. AktuBHoctbs Pd-M-1 B MosienibHOI (hoTOpEakLmu.

WccnenoBanbl MaTepualibl ¢ HaHeCEHHBIMU Ha T10; nepexoJIHbIMH MeTaliaMu
VIIIL, IX, X, XI rpynm (3a uckmouenueM Os, Ir), [89] (Tadbmuma 12). Cam Ti0, npu
OOJIy4eHMH CHHHM CBETOM3Iydarommum auogoM (365 um, 14 Br/ecm?) Obin
ManoakTuBeH. OJTHaKO KaTalu3aToOp Ha OCHOBE KobanbTa gocturan nmokasarens TON
= 170 3a 4 wyaca. 3aMETHOW AaKTHMBHOCTBIO 00Jadall JKEJE3HBIH KaTaau3aTop H
MaTepHayibl ¢ Mo3aHUMH MetaiamMd XI rpynmbel. AxtuBHocTh Fe/T10; ocraBanach
HEU3MEHHOH Ha npoTsikeHur 8 uukioB. s metamnos VIII, IX, X aktuBHOCTB na1ana
B psaay 3d — 4d — S5d-anementoB. Cieayer OTMETHUTh, UYTO PEAKLMU MPOBOAMUIH C
MHUKpOMOJISIpHBIMHA (1 3kB. — 20 UMOJIB) KOJMYECTBAMH MCXOJHBIX COEJIHMHEHHH,

MaCTlITa6I/Ip0BaHHe PCaKIHH MOXKET CYHICCTBCHHO IMOBJIMATH HAa BIXOO IMPOAYKTA.

Tabmuua 12. CpaBHEHHE aKTHBHOCTH TeTEPOTEHHBIX (JOTOKATANN3AaTOPOB Ha ocHOBE T10:.

NH, CH,0OH catalyst H\/@
e o
Blue LED, rt, hexane, 4h, N, ©/

1eq. 1.1 eq.
10mM
Karanuszatop 3arpyska MertaJuia, MoJibH.% Boixoa, % TON
TiO2 630 20 0

Fe/TiO2 1,7 85 50
Ru/TiO2 4.9 0 0
Co/TiO2 0,03 5 167
Rh/TiO2 4 0 0
Ni/TiOz 0,03 0 0
Pd/TiO2 4,3 46 11
Pt/TiO2 3 10 3
Cu/TiO2 1,3 12 9
Ag/TiO2 2,2 56 25
Au/TiO2 2,2 51 23
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[To rereporeHHbIM KaTaau3zaTopaM OCH3MJIMPOBAHMS aHUIMHA OIMYOJIMKOBAHO
25 pabot, He Bomeamux B 0030p 2022 roga. M3 Hux ToiabKO 40% MMOCBSIIEHBI
MaTepHajiaM Ha OCHOBE 071aropoiHBIX METAJIOB.

BONBIIMHCTBO HOBBIX KaTAJIM3ATOPOB MPEJACTABISIOT COOON HAHOYACTHIIHI
MeTaJlsla, HaHeCEHHbIE Ha TMOJUIONKKY W3 CHIIMKaress WIH JAOMUPOBAHHOTO rpaduTa.
BbicOKOAKTUBHBIN KaTalIn3aTOp MOJIYYEH MPU UCIIOIH30BAHUN HAHECEHHOM HA LIEOTUT
mnatuibl Pt@Beta(8.4) (TON = 6180). B HeckonbKkuX paboTax moKa3aHO yBEIMYCHUE
aKTHBHOCTH TIPU TIEPEXOAE OT MATEpHalOB C HAHOYACTHUIAMH K MaTepHalaM C
M30JIMPOBAHHBIMHM aTOMaMu MeTaia. Mimocrpanueil 3pPeKTHBHOCTH 0JHOATOMHBIX
Katanu3atopoB ciykuT Fe2-SA@NSC, aktuBHOoCTh KOoTOporo gocturaer TON =310
B CPaBHHUTEIIBHO MATKHX YCIIOBHSX JJIs TereporeHHoro katammsza (135°C, Ar, 30%
KOH) u mpeBocXoauT akTHBHOCTh aHAJOTHYHOTO MaTepHaia ¢ HAHOYACTUIIAMH.

WHuTepecHbIl pe3yabTaT IMONY4YeH NMPH HAHECEHWH HMpUIUs Ha OEH30THA30II-
colepKamui monmuMep. B oTimume oT OONBIIMHCTBA M3BECTHBIX KAaTaM3aTOPOB,
TAKOHW IOJMMEP IO3BOJIMII NPOBOJAUTL PEAKIMIO B Bozie. B TO e Bpewms, JaHHBIM
KaTaJIu3aTop HE OTJIMYAJICA BBICOKOH CTAOMIIBHOCTBIO: MO-BUAMMOMY, MPOHUCXOIHIIO
BbIMbIBaHUE HUpUAMs. J{1si OOJIBIIMHCTBA T€TEPOrE€HHBIX KATAIMTHUYECCKHX CHCTEM
XapaKkTepHbI BBICOKHE TeMIIEpaTypbl, HHEPTHAsI atMoc(epa B PEaKIIMOHHOM COCY/IE,
HCIIOJIb30BaHHE OOJIBIIIOTO M30BITKA OCHOBAHMS M KPATHBIN H30BITOK CIIUPTA.

YacTh 9TUX HEIOCTATKOB MOTYT OBITh PEIICHBI C TOMOIIBIO (POTOKATATIH3A.

XoTsa camoe paHHee cooOumeHue O (OTOKATAIUTHUYECKOM CuHTe3e N-
OCH3MJIAHUIIMHA, KOTOPOE HaM YJal0Ch HAWTH B IUTeparype, oTHocuTes K 2020 roay
[87], akTHBHBIE UCCIIEIOBAHMS B JJAHHOM HAMPAaBIEHUHU MTOX0KE TOJBKO HAYMHAIOTCS.
Ha ceronusinuii eHb U3BECTHBI 4 MyOJIMKAIIUKM C TeTEPOTeHHBIMH KaTaJu3aTOpaMH
Ha OCHOBE IEepeXOoHBIX MeTayloB. Bee (oTokaTanu3aTopsl MO3BOMISAIOT MPOBOAHTH
peakiuIo yKe Mpu KOMHATHOM TeMriepaType. B ABYX U3 4eThIpEX OnyOJMKOBAHHBIX

paboT He HCIOIB3YeTCsl OCHOBAHHUE.
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Haubonee  BbICOKAas  aKTUBHOCTh  JIOCTMIHYTa TpPH  MCIOJIb30BAHUU
oaHoaTomHOro Bi-conepskamero karanuzaropa (TON = 1160), HegocTaTKOM MeTOJ1a
ABJSIETCA  HEOOXOAMMOCTh J00aBIeHUS] B peakiHoHHYy0 cMech 80 MombH.%
ocHOBaHus. M30exarh HCIOIB30BAaHHMSI OCHOBAHUS MOXHO TIPH HCIOJIb30BAHUH
MeTautoB Ha noasoxke u3 TiO, (TON = 167 qus Co/TiO, nipu o6nyuennu 14 Br/cm?),
OMHAKO MpPH 3TOM BO3HHUKAIOT o0O0ImmMe aai (HOTOKATATUTHYECKHUX IIPOIECCOB
OTpaHUYCHHS: HH3Kasg KOHIICHTPAIMS PEarcHTOB, BO3MOXKHBIC MPOOJIEMBI C

MacITadMpPOBaHMEM CHHTE3a (MCIONIb30BaIM 3arpy3ku 20 pmMoIib — | SKBUBAJICHT).

B3aumoneiicteue OCH3WJIOBOr0 CcHHpTa ¢ JAPYrHMM  THmamum  N-
HYKJ1€0(H/I10B

[ToMHMO TIPOU3BOIHBIX U TETEPOLUKIMUYECCKUX AHAIIOTOB aHWJIMHA B YCIOBUAX
3aMMCTBOBAHMS BOJOPOJA CO CIOHUPTaMH TaKkKE MOTYT B3aMMOJCHCTBOBATh
cyibhaMuibl, Cynb(pUHAMHUIBI, OEH3aMHU/IbI U TETEPOIMKINIECKUE COSTMHEHUSI.

[Tunnepuspiii komruieke namiagus ¢ ONO-nmurangom (PucyHnok 7) mo3Bosser
POBECTH peakluio ¢ OeHzamugamu npu HarpeBanuu g0 110°C B Tomyone, B
NpUCYTCTBUU KapOoHata 1e3usi. KumsdeHue peaklMOHHOW CMeCH B JIPYyTHX
pacTBopuTeNsIX: Kcwinone, Oenzomne, 1,4-muoxcane, TI'®, ‘BuOH, EtOH, JIM®A
NPUBOJUT K 00Pa30BaHHUIO KEIAEMOr0 NPOAyKTa. Peakuus B KCUII0€ MPOXOIUT € TEM
e BBIXOJIOM, UTO U B TOJIyOJle, OJIHAKO NP PEAKIIMU B IPYTUX PACTBOPUTEINSX BBIXO]I
cumkaerca B 1,3 —4 pasa. Tak, peakuuss B TI'D (T.xun. 66°C) cornpoBoxkaaeTcs
NOJIyTOpa KpaTHBIM MaJICHUEM BbIX0/a. be3 OCHOBaHMS peaklMs He 3anyCcKaercs, HO
yke npu ucnonb3zoBaHuH Etz;N oOpasyercs 19% mnponykra. [dpyrue coennHeHHs
nauiagus, B ToM uuciae Pd(PPh;):Cl; u Pd-L-1 Toke akTUBHBI B peaklMH, BHIXOJ
aMHHa COCTaBHJI, COOTBETCTBEHHO, 34 1 33%.

O by
Pucynok 7. CrpykrypHast ¢popmyina komruiekca Pd-M-2.
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O Pd-M-2 (0.5 mol%

) ]
CH,0OH 9
» NH, , 2 Cs,C05 (50 mol%) R1©)Lm/©R3
110°C, PhMe, 15h, N,

R3
1eq. 1eq. 11 examples
65-92%
or 0O O\\/,p
\\S// S.
~ N
S SRR
6 examples
76-90%

Cxema 31. AnkunupoBanue OeH3aMHIIOB U cynbphamunos B npucyrctsun Pd-M-2.

B ontuManbHBIX YCIOBUSX KPYTI aKTHMBHBIX CyOCTpAaTOB BKJIIOYAET, ITOMHMO
6€H33MH,H,0B, TAKKC Cy.HB(I)aMI/I,I[bI. BGHSHHI/IPOBaHHBIe dMHIBI ITIOJIYHYCHBI C BBICOKUMH
BeixogamMu. Kak Oenzamujibl, Tak H Cyab(pamMHIbl C BBICOKMMH BBIXOJIaMH

BBaHMOHGﬁCTBYEOT C IreTapuJIMCTAHOJIaMH.
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I'omozennvte kamanuzamopsl peakyuii cnupmoe ¢ N-nykieogunamu, panee

Hé ynomMuHaswiuecsa 6 0630p€.

Ru ut oTf
Ru__ CI/FU‘N X
CI/ cl Bu—p. M __
Bu
Ru-L-13 Ru-M-10
a |
Ph > Ph X
\IJ\I NT Cl \t?l T cl
N ‘ __PPh, N PPh,
7 TSRy 7 TRy
|\N/ ‘ Cl v | Cl
P cl ) PPhg
Ru-M-11 Ru-M-12

Hlll OMe HN/ r\Nf\\sf/ HN\:© l;ij I*Ir OO
5 —

Ar Ar OMe PH ’Ph PH Ph
Ar = 3,4,5-(Me0)3-CgH>»
Ir-M-6 Ir-L-8 Ir-L-9 Ir-A-1 Ir-L-10

Pucynox 8. 'oMOreHHble Kataau3aTopsl peakluii ciiupToB ¢ N-HykieodunamMu Ha ocHOBe Ru

Jobasku oOnn peaxyuini cnupmoe ¢ N-nykneogpunamu, pamnee He

YHOMUHABUHIUECA 6 oﬁzope.

Fle B N=N
@/PArz / Br
Ar = 4-CF3CgH, Ar = 2,4,6-Me;CgH,
L-42 L-43

Pucynok 9. JloOGaBku Ui KaTaJIUTHUYECKHX CHCTEM B3aUMOJCHCTBHS CHUPTOB ¢ N-

HYKJICO(HUIIaMU.
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Tabnuua 13. Tunel peakuuii apoMaTHYeCKMX aAMHHOB CO CIHMPTaMH, MNPOTEKAIOIIUX C

3dUMCTBOBAHHUEM BOJ1OPOaaA

Tun peakuuu

1

2

10

11

Peakius
R"TOH + Ar—NH,
R TSoOH + Het—NH,
R"™SoH + Ak—-NH, ——

~ Alk

1 + ‘ —_—
R* OH Ar—NH

~ Alk

1 + ’ —_—
R "OH Alk—NH
Ar
17~ + / —_—
R* OH Ar—NH
o)
RNOH +  Y—NH
Ar
L2 X
“~ 6T
RTOH  + Ll\/’,J'\N/>_NH2
RSO+ 3¢ —
A NH;
H
n
Hot Yon  + R1VR?

R1/\N/(Het)Ar
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Tabauua 14. Cpasaenne katamutHaeckux cucteM ¢ TON < 100 mis peakini 3aMMCTBOBAHHS BOJIOPOA HAa HEMOAENBHBEIX Cy0OcTpaTax.

Tun FG B amune | Cnuptel Karamusarop, Pucynox, T°C/ p-nb / Bpems / Beixonsl, | Cpemauii TON, | Ceplnka
peaxiH U CIIHpTe MOJIBH.% MeTallla | cXeMa HIIH ocHoBaHHeE (3KB) / 100aBKa % MakcumanbsHblit
H (wam akTHBHOTO | Tabnumia, Ha (MonpHY%) / aTMoOchepa TON
¢parMenTa KOTOPBIX
OpraHoKaTaju3ar | MpHBeJIeHa
opa) CTPYKTYpa
KaTaM3aTo
pa
Peakuuu B OTCYTCTBHE COCAHHEHUIT NEPEXOHBIX METAIIOB
1 HetCH.OH C-3. 0.1 Pucynoxk 1 25°C / bes pacroputens / 18 u / Ges 79 1540 [41]
5 AlkCH.OH ocHoBanua / 5 Br wénteiit LED / ve 81 -89 834, 890
YKa3zaHa
1 OMe, OPh, BnOH NMC-316, 12 130°C / PhMe / 18 4 / KOH (0,3 84 - 97 8,8 [38]
OCH;O, F, CI, 3KB.) / Ar
SMe
AlkCH:OH 86 7
HetCH,OH 97 8
2 96 —-97 8,8
1 OMe, Cl, Br, |, BnOH C-2,20 Cxema 8 130°C / PhMe / 16 u / BuOK (0,5 0-90 3,5 [40]
CN, CFa 9KB.) / HE yKa3aHa
HetCH.OH 65—-67 3,3
2 Cl BnOH 5877 3.4
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KatanusaTopel Ha OCHOBE pyTEHHS

1 OMe BnOH Ru-M-5, 0,5 Cxema 17 110°C / PhMe / 12 u / KOH (0,05 79-93 169, 186 [48]
2 BnOH 9KB.) / He yKa3aHa 78, 83 244,332
3 75-95 166, 190
5 82,88 170, 176
1 Cl, OCH,0, BnOH Ru-A-1, 0,1 Cxema 6 80°C /PhMe /2 u/KOH (0,1 axs.) / 52-99 883. 990 [43]
OTBS, Br, Ar
CN, =Bn
AlkCH.OH 98, 99 985, 990
2 OMe, CI, BnOH 92-99 980, 990
AlkCH.OH 52,99 755,990
3 BnOH 5% waranusaropa / 100°C /16 4 35-82 14, 16
8 OMe, F, Cl, BnOH Ru-M-9, 1,5 Pucynox & 120°C / tAmylOH / 12 u / Cs2CO;5 (1 40-95 332,380 [90]
Br, CN, CF;, 9KB.) / HHepTHas aTMocdepa
OCF3, SCF;
AlkCH,OH 6e3 pacTBopHTENA 81 87 167. 174
AlkArCHO 86 172
H
8 Cl, Br, I, OMe, | AlkCH,OH Ru-L-12, 1 Pucynok 8 135°C / Bes pacrsopurens / 36 u / 52-95 89,95 [91]
CN, CF;, KOH (1 3ks.) / Ar
OCF3, SCF»
Cl, OMe MeOH K2COs (1 9x8.) 44— 54 50, 54
2 Cl AlkCH,OH 89-93 91,93
2 MeOH 48 48
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1 OMe, F, Cl, AlkCH,OH Ru-L-13,5 Pucynok 8 140°C / keunon / 21 u / K2CO5 (0,12 18 -97 12,19 [92]
Br, CF, aKB.) / L-42 (6%) / N2
C(0)Ph, OBn
2 AlkCH:OH 42 8
11 Bn, Alk AlkCH.OH Ru-M-10, 0.5 Pucynoxk 8 110°C / Ge3 pactoputens / 44 u / 68 — 84 152, 168 [93]
0e3 ocnoBanus / N
1% karanusatopa 60— 86 71, 86
2,5% karanuzatopa 44 - 83 25,33
1 OMe, F, Cl, MeOH Ru-A-2, 1 Cxema 7 120°C / Ge3 pacropurens / 14 4/ 63 -83 74,83 [44]
C(O)Me fBuOK (0.5 axB.) / Ar
OMe, F, Cl, AlkCH.OH, 0,1% xaranusaropa 67 -85 781, 850
C(O)Me Alk,CHOH
OCH-0, F, CI, BnOH 72 -89 805, 890
Br,
Ar,CHOH 60 600
2 OMe, F, Cl, BnOH 7697 839,970
Br, OCH,0O
MeOH 46, 57 52,57
AlkCH-OH, 0,1% xaranusatopa 4] - 62 506, 620
Alk:CHOH
HetCH,OH 86, 88 870, 880
Ar,CHOH 71 710
1 OMe, CI, Br, BnOH Ru-L-8. 2 Pucynok 3 110°C / 6e3 pactopuTens / 6 u / 0-88 20, 44 [60]
NO; KOH (1 3xB.) / He yka3aHa
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2 OMe, Cl, Br, BnOH 13-57 24,29
NO,
1 BnOH Ru-M-6, 0,5 Cxema 18 100°C / PhMe / 12 4/ KOH (1 3x8.) / 78-91 170, 182 [49]
AlkCH,OH HE yKa3aHa 65 -84 151, 168
2 BnOH 72 144
AlkCH.OH 71 142
3 AlkCH.OH 87 174
1 OMe, CI, Br BnOH Ru-M-8, 0,5 Cxema 20 100°C / PhMe / 10 4 / (BuOK (0.2 87-98 206, 372 [51]
3KB.) / N2
AlkCH-OH 134 82 - 87 170, 174
HetCH,OH 86 172
1 OMe, Het BnOH Ru-L-11. 2.5 PucyHok 3 120°C / Hea pacteoputens / 24 u / 5-96 14, 38 [62]
2 OMe, Het BnOH tBuOK (0,01 akB.) / uHepTHAS 0-91 17,36
armocdepa
| BnOH Ru-L-9, 2 Pucynok 3 110°C / Ge3 pactopurens / 6 4 / 0-90 28, 46 [61]
B KOH (1 3kB.) / BO3AYX 63 74 35,37
3 0 0
1 OMe BnOH Ru-M-11, 0,5 Pucynox 8 100°C / PhMe / 104 / fBuOK (0,2 86 172 [51]
3KB.) / N2
BnOH Ru-M-12, 0.5 Pucynok § 90 180
1 OMe, CI, F BnOH Ru/PNC-700, 4.9 150°C / TT'D / 48 u / 1BuOK (4 5kB.) 78 —95 18,19 [58]
AlkCH.OH / BO3IYX 0 0
2 8083 17, 17
Katanuzatopsl Ha OCHOBE MPHIHA
1 OMe, C1, Br, BnOH Ir-M-1,0,2 Cxema 21 75-95 434, 475 [52]

81




AlkCH,OH 50°C / PhMe / 8 u / (BuOK (1 sxs.) / 55 275
Cl1 Ar,CHOH uHepTHas atMocdepa 76 - 81 392. 405
2 BnOH 88-91 448, 455
1 OFEt, COOMe, MeOH 10Cu-5Co/ALOs, 12 170-190°C / 6e3 pacrropurens / 4 — 83-99 8,8 [94]
F,CL 1, Ph, 10 u / e3 ocHosanus / Na
C(O)Me MeOH 240°C/ 104 91 8
AlkCH.OH 170-230°C 3-97 6,8
2 MeOH 240°C/ 124 87 7
3 MeOH 140-190°C/ 4 -8 u 59 -85 6,8
4 MeOH 96 4
5 MeOH 94 4
6 MeOH 200°C/8u 91 4
7 MeOH 0 0
1 BnOH 6u 91 8
3 OMe, CF,, Cl, | AlkArCHO Ir-M-6, 0,25 Pucynoxk 8 130°C / DEC / 24 u / Ge3 ocHoBaHus 40-95 332,380 [95]
Br H / (PhO):POOH (20%), 4A MS / Na
Alk:CHOH 71-90 324,360
BnOH 75 300
AlkCH;OH 84 336
3 Cl, Br, OMe, AlkArCHO Ir-L-8, 10 Pucynoxk 8 95°C / tAmylOH / 24 — 48 u / be3 58 12 [96]
Het, H ocrosanus / (S)-TRIP (10%), 4A MS
/N2
Alk:CHOH Ir-L-9, 10 Pucynok 8 100°C/ 24 4 60 — 84, 19, 36
70— 92%

ee
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10 OMe. F, I, AlkCH.OH Ir-A-1,2.5 Pucynok 8 100°C / tAmylOH / 7 u / fBuOK 59-99 31,40
CF;, Br, (0,02 3x8.) / N2 38 -99%
NHBoc, OBn, ee
(Ar)NH;
3 Cl, CFs AlkCH:OH Ir-A-1, 0,05 Pucynok 8 130°C /CPME/ 24 u/ 6e3 100 2000 [97]
ocHosanns / TFOH (20%), MW / Ar
10 OMe, OCFs, F, | AlkArCHO Ir-L-10, 1,25 Pucynox 8 85°C / CyH / 20 u / Ge3 ocnosanus / 47-99 63,79 [98]
Cl, Br, CFs, H (R)-TRIP (1,25%), 4A MS / N, 38— 99%
SMe, NMe» ee
Alk.CHOH 43 -56 40, 42
86 - 97%
ee
1 OMe, Het BnOH Ir-M-5, 1 Pucynoxk 4 120°C / Ges pactsopurens / 24 4 / 6093 77,93 [53]
MeOH BuOK (1,5 3x8.) / BO31YX 59-91 75,91
3 BnOH 45 45
1 OMe, CI, BnOH GIrNC, 1 110°C / Ge3 pacrBopurens / 24 4 / 80-93 88,93 [46]
C(O)Me, F Ge3 ocHOBaHUA / HE YKa3aHa
AlkCH,OH 68 — 80 74, 80
AlkArCHO 79 79
H
Alk:CHOH 90, 92 91, 92
2 BnOH 56-95 79,95
Karaﬂma'ropu Ha OCHOBC NaJuiajikus
1 OMe, NHAc BnOH Pd-M-1, 1 Pucynox 5 100°C / Ges pacTopurens / 16 u/ 68 — 98 86, 99 [47]

LiOH (0,2 axs.) / L1 (1%) / N2
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AlkCH,OH 150°C 75,94 85,94
BnOH 150°C 37,46 42, 46
2% katanusatopa / PhMe / 12 94 47
CN, OPh, CI, BnOH, Pd-A-1, 0,05 Cxema 5 110°C / Ge3 pacrBopurens / 12 4/ 75-99 1729, 1980 [42]
F HetCH:OH LiOH (0,2 akB.) / Ar
AlkCH-OH 0,1% karanuzatopa 67 670
BnOH 76,91 1670, 1820
BnOH 65 1300
OMe, F, Cl, BnOH Pd-M-2, 0.5 Pucynok 7 110°C /PhMe / 15 4/ Cs2CO; (0,5 57-92 155, 184 [99]
Br. NO;, akB.) / N2
OCH,0
HetCH>OH i 146
OMe, F, C1 76 - 90 162, 180
HetCH,OH 79 158
OMe, F, I, AlkArCHO Pd-L-1, 1,5 Pucynok 5 130°C / PhMe / 20 4 / tBuOK (0,05 0-83 35,55 [67]
CFs, Br, H 9KkB.) / 3A MS / N
NHBoc, OBn,
(Ar)NH;
AlkArCHO 30 20
H
BnOH 82 55
Alk.CHOH 40-99 42, 68
Cl BnOH PACL/CdS, 0,1 25°C { MeCN / 6 u / Ges ocnosanus / 41-72 592,720 [88]
HetCH,OH 300 Bt Xe namna (A>420 um) / N2 39 390
AlkCH,OH 14 140
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BnOH 16 160
AlkCH.OH 9 90
Karanusatops! Ha OCHOBE TIATHHBI
OMe, Cl1, NO» BnOH Pt@RBeta(8.4), 0,1 160°C / Ges pacrsopurens /2,5 u / 74 - 96 883. 960 [70]
BnOH 0e3 ocnosanus / Na 60, 78 690, 780
OMe BnOH Pt/C, 1,02 130°C / TI'd / 48 u / tBuOK (4 3kB.) 92-95 92,93 [74]
/ He ykazaHa
OMe, Het Alk:CHOH | Pt/CeO2-DE-H-300, 140°C / kennon / 24 u / Ge3 75 682 [100]
0,11 ocHoBaHuA / 2 atM. N>
Karanusaropsl Ha ocHose raHus
C=CH, SMe, BnOH Hf-MOF-808_H:0, 120°C / kennon / 1,5 - 3 u/ Ges 71-97 7.8 [83]
Br, OMe, NO», 12 OCHOBaHMs / BO3YX
Cl
BnOH 234 75 6
AlkCH.OH 140°C / xeunon /23 u / 6e3 52,73 5,7
BnOH OCHOBaHHA / 5 aTM BO31yXa 8, 11 1,1
Katanusarops! Ha 0cHOBe Bolb(hpama
OMe, F, Cl, AllylOH WO3/Zr02, 4,3 140°C / PhMe / 24 u / Ge3 ocnoBanusi 0-57 6,13 [79]
Br, NO2, NHa, / BO3IYX
C(O)Me, F,
COOMe
KaranusaTopel Ha OCHOBE BHCMYTa
Cl BnOH Bi-Sa/S-V,, 1 57-100 84, 100 [86]
MeOH 58, 66 62, 66
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BnOH 25°C / ©es pacrBopurens / 12 u / 90 90
tBuOK (0,8 5k8.) / 100 BT cunmii
LED / Ar
KﬂTaJTHSaTOpb] Ha OCHOBE HUKEIA
OMe, CI, Br BnOH Ni-A-1, 0.1 Cxema 13 130°C / Hes pacTBoputensa / 15 4/ 62-99 820, 920 [46]
Ar,CHOH tBuOK (1 sx8.) / N2 42 420
AlkCH.OH 48,51 495,510
BnOH 73,74 735,740
Het, =Bn, BnOH 140°C / tAmylOH / 36 u / tBuOK 70 —81 764, 810
NHAIk, NHBn (1,5 2KB.)
OMe, C1 BnOH Ni-1-4, 1.5 PucyHok 5 140°C / PhMe / 24 u / BuOK (0.5 60—-176 47,54 [101]
oka.) / L-43 (1,5%) / unepruaas
aTmocdepa
OMe, F, CI, BnOH 2,5% xaramuzartopa / L-43 (2,5%) 57-97 30, 39
Br, OCH;0,
SO
SO AlkCH.OH 5% karanuzaropa / 60 4 / BuOK (01 22 4
kB.) / L-43 (5%)
SO, HetCH,OH 2,5% karanmsatopa / 24 —48 1 / 59, 81 28,32
{BuOK (0,5 — 1 akB.) / L-43 (2,5%)
OMe. F, Cl, BnOH 0-93 44,62
Br, OCH,O
MeOH 0 0
HetCH,OH 2,5% xaranuzaropa / 48 u / L-43 59 24

(2.5%)
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OMe, CI, Br, BnOH Bpy-UiO-Ni, 8 140°C / PhMe / 48 4 / BuOK (1,3 24-99 10, 12 [80]
CF;, OH 3KB.) / N2
HetCHOH 68,71 9.9
AlkCH,OH 79 10
OMe, OEt, F, BnOH Ni'Ru@SBA, 3 120°C / PhMe / 24 u / Ge3 ocHOBaHUSA 84-99 31,33 [78]
Cl, Br, OH /' Na
OMe, F, Cl AlkArCHO Ni2Fex@CN, 1.5 140°C / keunon / 24 u / KOH (0, 5 87-99 62, 66 [56]
H 9KkB.) / Ar
Karanusarops! Ha ocHOBe KoDalbTa
OMe, F, C1 BnOH Co-L-2,2 Pucynoxk 4 120°C / PhMe / 12 1 / BuOK (0,5 56— 86 38,43 [64]
HetCH.OH IKB.) / Ar 72 36
AlkCH.OH 7284 40,43
Ar,CHOH 73 37
OMe, F, Cl, BnOH 43-92 38,46
Br, CF3,
OCH:xO
HetCH,OH 51,81 33,41
AlkCH,OH 74 37
Ar,CHOH 73 38
OMe, O"Bu, BnOH Co-L-7, 10 PucyHok 4 120°C / PhCl / 48 u / Ge3 ocHoBanust 43-99 7,10 [65]
OPh, SMe, F, /5% L5, 30% L9/ N,
Cl, CF3, NO»,
COOMe,
COOE,
COO"Bu
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AlkCH.OH 28 -84 6,8
BnOH 42 4
BnOH 14,18 2,2
Br, Cl, OMe, BnOH CoFe204, 10 130°C / PhMe / 24 4 / KOH (0,5 0-92 8,9 [82]
OPh, SMe 3KB.) / Ar
AlkCH.OH 81, 84 8,8
83,92 9,9
OMe, OH, BnOH Co@NC-800-L1, 140°C / PhMe / 24 u / 1BuOK (1 51-99 95,115 [63]
SMe, NO», 0.86 9KB.) / Ar
SiMe,Ph, F,
Cl, Br, CF3,
COOMe
CF3, OBn, OH, 73— 86 48, 51
Alk(OH),
OCH-0 1,7% xaTanuzatopa
F.CN 2.8% karanmszaropa / 160°C 8087 30, 31
OMe, Cl, CF; MeOH 3,5% warannzatopa / 160°C 24 -67 15,19
RHC=CH, AlkCH,OH T4 86
RHC=CHR, 7787 47,51
R;C=CHR,
R>2C=CH> 1,7% xaTanu3atopa
RHC=CH- 2,8% karanuszaropa / 160°C 45175 23,27
HetCH,OH 82 95
1,7% xaTanmuzatopa 81 -89 50, 52
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OMe, F AlkArCHO 2,8% karanuszaropa / 160°C 78 — 85 29,30
H
Alk;CHOH 1,7% xaTanuzatopa 75 44
OH(Ar) 2,8% xaranusaropa / 160°C 60 21
BnOH 47 -86 83, 100
MeOH 3,5% karanuszaropa / 160°C 60 17
BnOH 47-82 80, 95
OMe 1,7% xaTanusaropa c 46, 48
KaTaJlHGaTOpBI Ha OCHOBC XKCJIC3a
BnOH Fe-M-2,3 Cxema 23 80°C / TI'®D / 18 u / tBuOK (1.2 7kB.) 22-99 26,33 [54]
MeOH /7,2% L3/ N> 21 7
AlkCH:OH 69 23
HetCH,OH 82,90 29,30
Ar,CHOH 51 17
BnOH 91 30
BnOH 21,22 1,7
Cl, OMe, BnOH Fex-SA@NSC, 0,3 135°C / Ges p-ns / 24 u / KOH (0,3 60—-99 283,330 [57]
9KB.) / Ar 92 307
OMe, CI, Br BnOH Fe/TiO2, 1,7 25°C / rexcan / 24 u / Ge3 ocHoBanus 47-98 48, 58 [89]
/ 14 Bt cunnii LED / Ny
KﬂTaJ'lH3aT0pBI H& OCHOBE MapraHua
OMe, Br, I, BnOH Mn-L-1, 1.5 Pucytok 2 100°C / 6e3 pacteoputens / 2 1/ 12-98 54. 65 [55]
CF;, CN tBuOK (0,72 3ks.) / N
MeOH 16 11
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AlkCH.OH 91-99 63, 66
Alk:CHOH 23 15
BnOH 0-21 5,14
Ka‘ranma‘ropbt Ha OCHOBC THTaHA
OMe, CI1, Br, 1 BnOH TiO2 NP, 41 130°C / PhMe / 26 u / KOH (0,36 78-91 22 [85]
AlkCH,OH aKB.) [ At 61,82 2,2
BnOH 6491 2,2
Ka’ranma'ropu Ha OCHOBE MCIH
Cl, Br, F, BnOH Cu-L-2, 1 Pucynox 6 25°C/ IXM / 3 4/ Be3 ocnoanus / 1-89 41, 89 [68]
OMe, NO2, TEMPO (2%) / 12 Br Genwiit LED /
COOH, BOFIYX
OMe BnOH Cu2/NPC-550, 13 140°C /CyH /12 u / fBuOK (1,06 7091 6,7 [81]
9KB.) / Ar
OMe, F, CI 20% xaranusaropa 58-179 4.4
BnOH 0 0
OMe, Cl, BnOH Cu/Ce0;-P, 0.5 160°C / PhMe / 24 u / 6e3 ocHOBaHuUS 73-95 171, 190 [72]
OCH:0, F / Ar
COOMe AlkCH,OH 75-98 165, 196
Alk,CHOH 70, 85 155,170
BnOH KOH (0,2 »ks.) 94 188
BnOH 12-24y 7174 145, 148
AlkCH,OH KOH (0,2 7ks.) 56 112
BnOH 124 15 150

KaTanm.aTopm Ha OCHOBC [IHHKa
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OMe, OCH;0. BnOH Zn-L-4, 3 Pucynok 6 120°C / PhMe / 16 4 / (BuOK (0.5 64 — 81 25,27 [45]
F, Cl, Br aKB.) / Ar
Ar;CHOH 77 26
HetCH,OH 75 25
BnOH 68—-92 28,31
Ar,CHOH 82 27
HetCH,OH 86, 88 29,29
BnOH Zn-L-1, 15 Pucynok 6 140°C /36 u / (BuOK (1 skB.) 2-6 0,0 [45]
OMe, Br BnOH CNS@Zm-AA, 0,9 120°C /PhMe / 12w/ KOH (0,3 45-91 78,101 [69]
ClL, Br HetCH,OH 9KB.) / Ar 85-95 101, 106
AlkCH.OH 36 40
AlkCH,OH 140°C 28,77 58, 86
Alk,CHOH 28 31
AlkArCHO 140°C 19-91 70, 101
H
BnOH 0-99 73,110
BnOH 0,19 11,21
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B OosblIMHCTBE OMyOJIMKOBAHHBIX 3a MOCIEIHUE TPU roja paboT, Kak U B TeX,
yTo BOILIM B 0030p 2022 roja, apoMaTHYeCKHE aMHUHBI B3aMMOJEHCTBYIOT CO
COUPTAMH B TPUCYTCTBUH OCHOBaHHUSI TIPH JIOBOJIBHO BBICOKMX TeMIlepaTypax.
PacTBopuTeneM ciykaT TOJXYOJ WIIM KCHJION, HEPEAKO PEaKIMH MpOBOIAT 0e3
pactBopuTens. OrpanuueHHoe npumeHenre Haxo T TT'® u tAmylOH. TTomynsipHbIM
BBEIOOpOM B KadecTBe ocHoBaHuUs fBsercss tBuOK, XoTs B OTHEIBHBIX YCIOBHSIX
apdextuBnee aciicteyer KOH. B cinywae namiaiMeBbIX KaTaJiu3aTOpPOB YacTo
npumenstoT LiIOH. I1pu 3ToM B 2/3 MeTOZI0B OCHOBaHHE UCTIONBL3YETCS B KOJTUYECTBE
>50 monbH.% (monoBuHa OT odwero yucaa padort). [logapnsiomee OOJBIIMHCTBO
YCIIOBHI BKJIIOYAET MPOBEJICHHE CHHTE3a B HMHEPTHOM armocdepe. OTaenbHbIE
KaTamn3aTtopsl Ha ocHoBe 4d- u 5d- amemenToB (Tabmuma 14), mo3BOISAIOT IPOBOIUTH
peakiMi0 Ha BO3AYyXE, OJTHAKO OCTANbHBIC YCJIOBUS MPH ITOM SBISIOTCS JTOBOJBHO
HKECTKUMHU: BBICOKas TeMIepaTypa U OOINbIIOE KOJIWYECTBO OCHOBAHUS (HampuMmep,
120°C, 150 monbuH.% (BuOK na upmameBom karamuzarope). Coenunenus 3d-
METAJIOB, MO3BOJISAIONINAE TTPOBOJIUTH PEAKIIMIO HA BO3/IyX€E, IPEJICTABIECHBI B 0030pe
2022 ropa eIMHCTBEHHBIM MPUMEPOM Ha Meau. C Tex mop MOsSBHJICS TOJIBKO OJWH
HOBBIM MeETOA Ui MPOBCACHUSI PEaKLUMU Ha BO3JyXe, B HEM HCIOJIb3YETCS
(doToKaTANIM3ATOP TAK K€ HA METHOM OCHORE.

['oMOreHHbIE CHUCTEMBI TO3BOJISIIOT TPOBOAWUTH CHHTE3 TPU MEHBIIEH
TEMIIEpaType M C MEHBIIUM H30OBITKOM OCHOBAaHHUA M CHHPTA. XOTSA H3BECTHBI
IETEPOrCHHBIC KATAlM3aTOPbl, KOTOPBIE CHOCOOHBI NPOBOAUTH peakuui 0e3
OCHOBAHUS WM C SKBUBAJCHTHBIMH KOJUYECTBAMH PEArcHTOB, UX KOJHWYECTBO MOKA
HeBesko.  Kpome TOro, romMoreHHble —KaTajau3aropsl  00sanaroT - OoJbLIeH
YCTOMYHMBOCTBIO K KOMIIOHEHTAM BO3/yXa.

Ycnoeust (POTOKATATMTHUECKHX IIPOLIECCOB 3HAYHUTENBHO OTIUYAIOTCS OT
OOJIBLIIMHCTBA KJIACCHYECKHX METO/IOB: MOKa3aHa BO3MOXKHOCTh IIPOBEICHUS PEaKLIUU
B alIETOHUTpPUIIE, T€KCAHE, B XJIOPUCTOM MeTHieHe u 0e3 pactBoputens. [Ipu sTom B

HCKOTOPLIX MCTOHAX PCAKIHA ITPOTCKACT B OTCYTCTBHC OCHOBAaHHA /MU Ha BO3OYyXc.
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XoT mnpuMeHEeHHEe (OTOKATATUTHYECKUX TMPOLIECCOB B CHHTE3¢ aMHHOB W3
NPOM3BOJIHBIX AHWJIMHA TOJIBKO HAYMHAET pPa3BUBATHCS, BBICOKAS AKTHBHOCTH
KAaTalM3aTOpOB TMPU  KOMHATHOM  TeMmmepaTtype W  YCTOWYMBOCTH  MHOTHX
(YHKIIMOHAIBHBIX IPYIII, TOKA3bIBAIOT BBICOKWH MOTEHIIMAJ JJAHHOTO TOX0/1a.

CpaBHeHue H((EKTUBHOCTH KATAIIUTHUYECKUX CHCTEM OCJIOKHEHO Y3KHUM
KPyrom cyOCTpaTOB, MCIOJB3YIONIUMCA B OOJBIIMHCTBE MyOnukamnuii. Bo MHOTHX
paboTax yCIOBUS MOJCIBHOW peaklUuu pacnpoCTPAHSAIOTCS HA aAHWIHHBL U
OCH3WIIOBBIC  CITUPTHI, COJACPHKAIIAE METHIBHBIC 3aMECTHTENH, XJOop WIH
METOKCHJIbHBIC TpPYIbI, @ TakKe Ha OKailliie reTepolMKINYECKUEe aHaJloTd
MOJIENTBHBIX CyOCTpaToB. YacTo MCHOIB3YIOTCS IPOU3BO/IHBIE aHWIIMHA U OEH3UIIOBOTO
ciupta, MomuduuupoBanueie ¢ropom, Opomom u CF3; rpynmoi, apui- u
QTKWIOKCIJIBHBIMU  3aMecTHTeNAMUA. OmHako 00 YCTOHYMBOCTH CYOCTPAaTOB C
YYBCTBUTEILHBIMH K BOCCTaHOBIIEHHIO (QYHKIHMOHAIBHBIMU TrpynnaMu: NO,, CN,
COICPIKAIIMMU  KapOOHWIIbHBIN, OJC(hUHOBBIN, alETUICHOBBIH (parMeHThl, —
coobmiaercs peako. C npyrod CTOPOHBI, PEAKIMs 9acTO MPOBOJIUTCS B OCHOBHBIX
YCIIOBHSIX, TI03TOMY TMPEJACTABISIET MHTEPEC COXPAaHEHHE CIIOKHOIPUPHOH W
HEKOTOPBIX 3alIMTHBIX Ipynn (Hanpumep, Boc), a Takke BO3MOXHOCTbH BBEJCHUS B
pPEeaKIMI0 COeIMHEHUI ¢ MOBBIIMIEHHOW KHMCIOTHOCThIO bpeHcTena (kapOOKCHIIbHBIE,
(deHONIbHBIE TPYMIBI) U CHOJU3YEMBIX CIMUPTOB. HakoHel, BBHIY TPHUCYTCTBUS B
KaTaJTUTHYECKOW CHCTEME MEePEXOHBIX METAIOB, BO3MOXKHO MPOTEKAHUE MTOOOYHBIX
IIPOLIECCOB MPHU HAIMYMHU B cyOCTpare OOp- WM KPEMHUHCOAEPKAILUX (PParMEHTOB,
HO/la WUIM KaTaJTUTHYCCKUX SJI0B (CYab(uabI).

Kpyr  axkTuBHBIX  CyOCTpaTOB  HEpEIKO  pacuupsior  Omarojaps
OucapuIMeTaHoJIaM U NIEPBUYHBIM alu(paTHIECKUM CIUPTAM, MPUUYEM peaKIIMOHHAsI
CIIOCOOHOCTh CaMOT'O METAaHOJIa 3HAUUTENBFHO OTIMYAETCS OT €ro roMoioroB. OIHaKoO
peakuuss €O BTOPUYHBIMH CIHPTaMH, COJCPXKAIIUMHU anudaTuyecKue Wi
anudaTHIecKuii W apWIbHBI 3aMECTUTEIH NPHUMEHSAIOTCA 3HAYUTENIFHO pexe.

EOJ'II:H.IyEO npoﬁneMy I[MpeACTaBJIACT BOBJICHCHHEC B PCAKIIUIO aJ'[I/I(i)aTH‘IeCKI/IX dMHHOB
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M aHWIMHOB C 3aMECTUTEJIEM MPU aTome a3oTa. Bo MHorux padorax He cooluaercs o
BO3MOKHOCTH TIPOBEJICHHUS CHMHTE3a C JaHHbIMM cyOcTparamu. OQHON M3 NPUYMH
HEMOMYJISIPHOCTH BHIOOPA TAKUX AMHUHOB, BEPOSTHO, CITY)KUT UX HU3KAs PEaKIHOHHAS
criocobHocTh. KoHBepceus 1aHHbIX cyOocTpaToB 00bIYHO TpeOyeT 3HaYUTENBHO Oosee
WKECTKUX YCIOBHM.

Peakiius 3aMMCTBOBaHUS BOIOPOa MEXKAY aHHJIMHOM M OCH3UIIOBBIM CITUPTOM
MOXKET OBITh C BBICOKMM BBIXOJIOM IpOBeAcHa 03 MCIOJIb30BaHUSA MEPEXOIHBIX
MeTayuoB. Jlyis MpoTekaHus mporecca TpeOdyeTcss MPHCYTCTBHE HHHMIIMATOpA WU
OpraHMYECKOr0 KaTajau3aTopa W, MOYTH BCEr/a, OCHOBAHHS HA OCHOBE ILIEJIOYHOIO
metajuia. M3BECTHBI HECKOJIBKO THIIOB OPraHMYecKHX J00aBOK, MO3BOJISIOIMX
poBecTHU peakuuio. [Ipexe Bcero, 3To coeAMHEHNS U MaTepralel, coaepxamue C=0
cBsi3b (Hampumep, Oenszampierun). Karanmzatopamu Tak ke MOTYT BBICTYNATh
MIPOM3BO/IHBIE MHUPUINHA (B TOM YHCIIE, ONTMCAHHBIN BBILIE F€TEPOTeHHBIN KaTaInu3aTop
C-1).

M3BecteH psj 100aBOK, MO3BOJSIOUIMX (7 Sit TEHEPUPOBATH TAJOTCHHIbI U3
cnupTa (Hanpumep, OeH3MIOPOMHU/T), OJTHAKO B JJAHHOM CIIy4ae aMHUH oOpa3yeTcs 1o
MEXaHU3MYy HYKICO(UILHOTO 3aMEUICHHMS, a HE 3auMCTBOBaHUS BOAOPOJA, C
XapaKkTepPHbBIMM  JUISl  HYKJIEO(MIBLHOIO 3aMELEHHs] OrpaHUYeHHsIMM  (HU3Kas
CEJIEKTUBHOCTH O0pa30BaHMs KEIAEMOT0 aMUHA).

[IpennokeHHbBIE HENAaBHO CHCTEMbI Ha OCHOBE COJIM HMHIA30IUAd  H
3aMEIIEHHOTO  NOp(HpPHUHA  3HAYMTENBHO  PACHIMPAIOT  00NACTh  BO3MOMKHBIX
WCCNEIOBAaHNH B CBOOOJHON OT MEPEXOJIHBIX METAJIOB PEAKIUH 3alUMCTBOBAHMS
BOJIOPOJIa  aHWJIMHA ¢  OEH3WIOBBIM  CcrUpTOM  Onarojapsi  MOSBIICHHIO
(OTOKATAIMUTUYECKOTO W PAJMKAILHOIO BAaPUMAHTOB OCYIIECTBIEHMS MpOIlECCca.
PazBuTHe 000MX HaNpaBIIEHHI MOXKET MPUBECTH K MOSBICHUIO HOBBIX 3()(hEKTUBHBIX
METO/IOB, OTBEUYAIOIIMUX KOHIICIMK 3eJIEHON XUMUU U 00JIaIalolIUX HeXapaKTepHOM
Ui  TEPMHYECKOTO  BapHaHTa pEeakUUH TOJIEPAHTHOCTBIO B  OTHOIICHHH

(GyHKUMOHANBHBIX rpynn. OCOOEHHO clelyeT OTMETHTh (POTOKATATUTHYECCKUI METO/,
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OCHOBAHHbBI Ha NPUMEHEHUU MNOPPUPUHOBOrO Karanuzaropa. [lpu kKomHaTHOMH
TEMIIEPATYPE U JOBOJIBHO MATKOM M3JIy4eHUH (GKENTHIN Mana3oH BUAMMOIO CIIEKTPA)
napametp TON kaTtanmu3atopa AOCTUraeT 3HAYEHMH, paHEE BO3MOXKHBIX JIHUIIb MPHU
HCIOJIb30BAHUM COCIMHEHHUH ITEPEXOAHBIX METAUI0B. HeaocTatkoM JaHHOM CUCTEMBI
SBIISIETCS] MHOTOCTAAUITHBIN CHHTE3 KaTanu3aropa: 00mmuiil Beixo/1 He ripeBbimaeT 30%.
Kpome ToOro, peaknui OCYIICCTBHIM TOJBKO IS MOJEIBHBIX CYOCTPAaTOB H
reTePOLMKINYECKOr0 aHalora OEH3UI0BOrO CIIUPTA.

Kommuexe Pd-M-2 TIO3BOJISACT AIKWUIIUPOBATh IPOU3BOIHBIC
oensosicynbpamuga 1 OeH3aMuaa B JOBOJBHO MATKUX YCIOBUAX, NPOAYKThI peakliu
00pasyroTcs ¢ BBICOKMM BbIxoj1oM yxke ripu 110°C B npucyrtersuu 0,5 3kB. Cs;CO;. B
MIPEUIOKEHHBIX YCIOBHAX COXPAHSIOTCS MHOTHE YYBCTBHUTENBHBIE K JCHCTBHIO
OCHOBaHHI U BOCCTAHOBHUTEINEH (PyHKITHOHAIBHBIC TPYIIIEL

Hakonen, pa3paboTaHbl CHCTEMBI HA OCHOBE HPHUAUA, C MOMOIIBIO KOTOPBIX
yAa€TCs OCYLIECTBUTh CUHTE3 XUPAJIbHBIX BTOPUYHBIX AMHUHOB U a3aI[UKJIOB.

Takum oOpa3om, 3a mocienHWe TpU Troja ObUIM ONMyOJIMKOBaHBI PabOTHI,
NOCBAIIEHHBIE AIKUIMPOBAHUIO aPOMATHYECKUX AMUHOB CIIUPTAMH, TPOTEKAIOIIMMH
[0 MEXaHU3MY PEaKLUM 3auMCTBOBAHMS BOJOPOJA, KakK C HCIOJIb30BaHUEM
COEIMHEHUN TMEepPEeXOo/IHbIX MEeTalsIoB, Tak M 0e3 Hux. [losBumuck npumepsl Goto- u
paauKadbHBIX TIPOLIECCOB 03 HCIOJIb30BaHMUS TepexOoaHbIX MeTauioB. Co3aaHbl
2 (PEeKTUBHBIC KATATUTHYECKHE CHCTEMbl Ha OCHOBE 3d-MeTaioB, a TakKke
BBICOKOAKTHBHBIC (POTOKATAIN3ATOPBI HAa OCHOBE 3d-, 4d-, 1 Sd-anemenToB. [Tomy4uiu
pPa3BUTHUE METO/IbI CHHTE3a ONTHYECKH 000TAIIEHHBIX COCAMHEHHI ¢ UCTIONb30BAaHUEM
COCIMHEHUH UPHUJIUS.

OpHako 10 cUX MOp B JIMTEpAType HE IMPEJCTaBIICHbl MCCIIECI0BAHMS,
OTpEeNEeNAoIe BO3MOKHOCTH peakIWH 0e3 HCIONb30BAHUSA KAaTaJlM3aTOPOB Ha
OCHOBE IMEPEXOJHBIX META/UIOB (HeKaTtanuThueckue). B To ke BpeMmsd, yCIOBUs
NpOBEACHUS OONBIIMHCTBA KATATUTUYECKUX M HEKATATUTHYECKUX METOI0B

(pacTBOpHTENb, TEMIICPATYpPHBIM peKKUM, arMmocdepa, COOTHOILICHHE pPEarcHTOB,
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KOJIMYECTBO OCHOBAHUS ), a TAK)KE UCIOJIb3yeMble B paboTax cyoctpathl 0nu3ku. Tak,
BO MHOTMX KaTaJUTHYECKUX padoTax BbHIOOp CyOCTpaTOB OrpaHHMYE€H METHIILHBIMH,
METOKHCILHBIMU MTPOU3BOAHBIMU aHHJIMHA U OEH3UIIOBOTO CIIMPTA, UX TAJIOTEHH1aMU
— COCJIMHEHHUSIMH, C TPENapaTHBHBIMH BBIXOJAMH BCTYMAIOIIMMH B PEAKIHIO U B
OTCYTCTBHE COEAMHEHUH MepeXoHbIX MeTaioB. [loaToMy B 1aHHOM padoTe ycuius
OBUTH COCPENOTOYCHBI Ha TMOMCKE OTPAaHMYEHUH HEKAaTAIUTUYECKOTO BapuUaHTa

PCaKLUH.
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Oobcy:xaeHue pe3yibTaToB

Peakuus 3auMcTBOBaHMSA BOAOPOIA

AHanu3z nmuTeparypsl OKa3al, YTO AaMUHUPOBAHHUE B YCIOBUSX 3aMMCTBOBAHUS
Bojiopoja (BH) sBisiercs oOmmm M 3KOJIOrMYHBIM MeToaoM (opmupoBanus C-N
CBSI3M M3 aMHHOB M criupToB (cxema 1). [19-22,102] OObr4HO peakiuio MpOBOIST B
NPUCYTCTBUU KaTalM3aTopa Ha OCHOBE IMEPEXOJHOTO MeETalla M OCHOBAHUAL
IIpennoxkeHo MHOXKECTBO KaTaiuzatropoB Ha ocHoe Ru,[103—-105] Ir,[106,107]
Mn,[108-110] Fe,[111-114] Cr,[115] Co,[63,116] Cu,[117] u Pd.[118] IIpu sTOoM
YCJIOBUS PEaKIMKM BKJIIOYAIOT BBICOKYIO TEMIIEPATYpPy M MHEPTHYIO aTMocdepy. XoTs
OT/IENIbHBIE METO/IbI MO3BOJISIFOT MPOBOJIUTH CHHTE3 B MSTKUX YCIOBHSX,[119—122]
HEpEeIKOo s TpoTeKaHus peakuuu TpeOyercs HarpeBanue no 200°C, a 3arpyska
kaTtanuzaTopa pocturact 10 moibH.%.

Hcrnonb30BaHUE COEIWHEHHUN TMEePEeXOJHBIX METAJUIOB MOMKET OCJIOMKHSTH
NPUMCHEHHE  pEakIMK  3auMCTBOBAaHHA  BOJOpoJa B (hapMaleBTHYECCKOM
MPOMBIIINIEHHOCTH BBHUIY CTPOTHMX TPEOOBAaHMH K COACPIKAHWUIO MOHOB METAJUIOB B
KOHeYHBIX  mpoayktax.[123] Iloaromy ObuiM  pa3paboTaHbl  MOJAXOABI K
OCYIIECTBJIICHUIO PEAKIIMHM B OTCYTCTBUE MeTauioB. [logasmstoiiee OONBIIMHCTBO U3
HUX, OJIHAKO, TPEOYeT CIHEeIMaTbHBIX KaTalu3aTOPOB WJIH MPOMOTOPOB, TaKHX Kak
Marepuaibsl Ha ocHOBe yriepona,[25] TAPC,[34] BnBr,[33] 9H-kcanten-9-oH,[24]
oceHzanpaerun,[23]  azonupuaun,[124]  marepuanel HAa  OCHOBE  OKCHAA
tuTana,[125,126] (deHunaieHuIbHbIC maradbL[127] oenzonuTpu,|128]
nupuanH,[39] AlCls,[35] unn amomocunukatsl.[ 129] Takue peakiipu Takxke TpeOyrOT
JOBOJIBHO KeCTKUX YCI0BUH U 10 — 20 MobH.% KaTanu3aropa Wik IpoMoTopa.

B psne paGoT onucaHa peakiys 3aWMCTBOBAHMSI BOJOPOJIa, OMOCPEIOBAHHAS
OCHOBaHUAMH. [Ipy 3TOM BO MHOTHX M3 HHUX HCIIOJIb30BaH JOBOJHHO OTPAaHUYCHHBIH

Kpyr cybcTpaToB.[27-32]
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Cxema 32. OCHOBHBIE THIIBI KaTajln3aToOpOB PEaKIuK 3aMMCTBOBAHHA BOJOpPO1a

Ananu3 5TUX padoT, a TAKKE aKTyaJIbHOT'O COCTOSIHMSI OOJIACTH TIPUBEN K
CJIETYIOIIUM BBIBOJIAM:

1. YcrnoBusi MHOTHX METOJIOB, OCHOBAaHHBIX Ha TPUMEHEHHH IE€PEXOTHBIX
METAJUIOB, SABJAIOTCS 0o0Jiee KECTKUMHU, YEM YCIOBHUS HEKATAIUTUYECKHUX PEaKIIHi.
[Ipu sTOM B mmTEpaType OTCYTCTBYIOT PaOOThI, OTPEACIISAIONINE TPAHUILY MEKIY
KaTaJIUTHYECKUM M HEKAaTATMTHYECKUM BapUaHTaMU PEaKLUU.

2. B Hacrosiee BpeMs He CYHIECTBYET 00I1IeH MO/IeIH, KOTopasi O3BOJIMIIA Obl
Mpe/cKa3aTh PEaKMOHHYK CIOCOOHOCTh OTAENBHOTO cydcTpaTa B YCIOBHSIX
HEKaTaTUTHYECKOH PEaKLUU.

[TooToMy omHOM W3 1ened JAUCCePTAlMOHHOTO UCCIEIOBaHUS  CTajo
CUCTEMAaTHYECKOE H3YYCHHE pEaKIMU 3auMCTBOBAHUS BOIOpOJa B OTCYTCTBHE
COCJIMHCHUH MEePEeXO/IHbIX METaJIOB. B yacTHOCTH, NPEACTOSIO HAUTH OrPAHUYCHUS
HEKaTAIMTHYIECKOTO BapHaHTa Peakilfi, KOTOPbIE HE MOTYT OBITh MPEOJOICHBI 0e3
MCIIOJIB30BAHMS KaTaIM3aTOPOB HA OCHOBE MEPEXOAHBIX METAJIJIOB.

Kak yxe ObLIO OTMEUEHO BBIIIE, JMTEPATYpPHBIE CBEJIEHUS HE TMO3BOJISIIOT
OTBETHTH Ha BOIPOC: KaKOW KaTanu3aTop TpeOyeTcst AJis MPOBEJACHHS peaklMM Ha
ompeAeNEHHOM THIIE CyOCTpaToB, W TpeOyeTcs Ju KaTalau3aTop BooOIIe. A eciu

KaTaJHiBaTOF)He'qoe6)KTFCH-—1T)B](aKPD()KUTOEH4HXlHRJCG1‘CNHJCJIHIX)BOIUJTB}QeaK[HJH)?
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[TosToMy MBI TpEANPUHAINA TONBITKY OCYLIECTBUTh PEAKLMIO0 KIACCHYECKUX
MOJIENTLHBIX CYOCTPAaTOB — aHMJIMHA U OE€H3WJIOBOTO CIHUPTA — B HEKATATUTHYECKOM
BapuaHTe peakuuv. HeoupaHHo Jias Hac, kelaeMblid  N-OGH3WJIAHWIUMH B
OPUCYTCTBMHU OCHOBaHUs 00pasyercs [a)e B MACKMX YCJIOBHUSIX IIPM HarpeBaHUU

HMCXOJIHBIX COEIMHEHUI Ha BO3OYXCE.

OnTuMu3anus yCJI0BHH HEKATAIUTHYECKON peaKkuuu

M3BecTHO, 4YTO B peakuMd 3aMMCTBOBaHMA BOJOpOAa 4YacTto oOpasyercs
1oO0ouHBIH poyKT — ocHoBaHue [1Iudda. s npoTekanus peakiiiu ¢ CEIeKTHBHBIM
00pa30BaHMEM BTOPUIHOTO aMHHA HEOOXOAUMO HCIIOJIB30BaTh CHIILHOE OCHOBAHHE Ha
OCHOBE  IIEJIOYHOro  Mertauia. JIpyrue  Tumbl  OCHOBaHWH,  HampuMmep,
HeHyKIeohuIpHbIE oOpraHudeckue ocHoBaHus aszora (JAUIIDA, JIBY wu np.),
OKa3bIBAIOTCS COBEPIICHHO Hed(PheKTHUBHBIMHU. VCX0Id M3 M3II0KEHHBIX CBEACHMIA,

Mbl HAa4yaJIM ONTUMH3ALMIO YeioBui peakiuu (Cxema 33).

© Sj iii‘?féh E E?

I-1a I-2a

I-3aa I-4aa

Cxema 33. AHKI/IHHPOBHHHG aHHIIMHA OCH3HIIOBEIM CIIHPTOM B YCIOBHAX pPCAKIHH
3aUMMCTBOBaHUsA BOJOPOaA.

N3 npyrux palboT 1O HEKaTAIUTUYECKOMY B3aHMOJCHCTBHIO aHWIIMHA C
OCH3WIOBBIM CITUPTOM CIICJIOBAJIO, YTO JJIA B3aUMOICHCTBUS aHWIHMHA C OCH3UIOBBIM
CHOUPTOM HEOOXOJMMO NPHUCYTCTBHE KHMCIOPOJA B PEaKIIMOHHOM cocyxae. B To ke
BpeMsi, CBOOOIHBIM JOCTYI BO3AYLIHON aTMochepbl K peakIMOHHOM CMEeCH B
OONBIIMHCTBE M3BECTHBIX METOAOB MPHUBOANT K OOpa30BaHHI0 MMHHA B Ka4ueCTBE
€MHCTBEHHOro NpoaykTa. M3 onyOnukoBaHHBIX pabOT OCTABaJIOCh HEU3BECTHBIM,
KaKO€ MMEHHO KOJMYECTBO KHCIIOPOJAa HEOOXOIWMO IUIsl YCIEIIHOrO CUHTe3a N-
OenswianuirHa. [loaTomy B KauecTBe OTIPABHOM TOUKH MbI BbIOpain 15 MobH.% O

OTHOCHTEJIbHO O€H3MII0BOro cnupTta. MCTOYHMKOM KHCIOpOJA CIYKHII BO3IYyX,
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KoaudecTBO O> OLICHUBAIM MCXOAA M3 €ro o0bEMHOH aoiau B Bosayxe — 21%.
DKCINEPUMEHTBI ITPOBOMIIN B FEPMETUYHO 3aKPBITHIX COCY/aX, a KOJIMYECTBO BO3/1yXa
pPEryJIupoBaiv CBOOOJHBIM OT KOHJISHCHPOBAHHOHM ()a3bl 00BEMOM  TOCY/IBI
(mMoipoOHOCTH NMPUBEICHBI B AKCIIEPUMEHTAIBLHON YacTH).

[Tpexxnie Bcero OBLIO MPOBEAEHO CpaBHEHHE HaMOOJIee YaCTO MUCIOJIb3YEMBIX B
3aMMCTBOBaHHH Bogopoaa ocHoBauuii: ‘BuOK, KOH, NaOH, CsOH, LiOH (Ta6auma
15), a Takxke HekoTopeie apyrue (Tabauna 16). MccnenoBanue 1aHHBIX OCHOBAaHUM B
cuHTe3e N-OCH3WITaHWIMHA TIPH PA3JIMYHBIX TEMIIEpaTypax MoKasano, 4To Haubomee
apdextuBupiMu apisitores tBuOK, CsOH u KOH, npuuem tBuOK obecneuunBaer
BBICOKHMH BBIXOJI JKEJIaeMOIo NPOJIyKTa B Hanbosiee MArkux ycioBusix (Pucynoxk 10).
ITpu wmcronp3zoBanun NaOH u LiOH o0Opa3yercs mperMyIeCTBEHHO OCHOBaHHE
udda. Breicokas sdpdexktuBHOCTs BUOK B 3HAYMTETHLHOW CTENICHH CBS3aHA C
NETKOCTBIO €r0 OYHUCTKU. B OTIMYME OT APYrHMX THTPOCKONHUYHBIX OCHOBAaHHM, B
4aCTHOCTH, TUAPOKCHI0B, tBUuOK MOXKeT ObITh OYHUIICH OT IPUMECEH, B TOM YHCIIC OT
NPOAYKTOB THAPOJIM3A, TPU TOMOIIM BO3rOHKM. HeoOXoaumo OTMETHTb, BBIXOJ
OPOJIyKTa MpU ucnosb3oBaHuu (BuOK, xpaHuBIIErocsi BO BCKPbITOH KOMMEPUYECKOH
ynakoBke, U tBuOK, cyOnuMUpOBaHHOrO HEMNOCPEJACTBEHHO MEPE] MOCTAHOBKOM
JKCIIEPUMEHTA, MOXET OTIWYaThCsl BJBOE. IJTO CBSI3aHO C HEJOCTATOYHOMU
OCHOBHOCTBIO OOpa3yHOIIMXCA MPH TUTEIIBHOM KOHTAaKT€ C BO3AYXOM TMPOAYKTOB
B3aumoeiicteua tBuOK ¢ Bomoii u yraekucinbm razom (Tadmuma 16). B manHoi
pabore  HeBozorHaHHbld  fBuOK  ucnosb3oBajics TOJNBKO B OTACJBHBIX
ONTUMM3AIUOHHBIX  JKCIICPUMEHTAX,  OIKCIECPUMEHTBI,  HAMpaBICHHbIC  Ha
MCCJICZIOBAHUE MEXAaHHM3Ma WJIM OCOOCHHOCTEH peakuuu (Hampumep, cyOcTparHas
cneu(pUYHOCTb), OBLIM BBIIIOJIHEHBI C [PEABAPUTENBHO CyOJMMHUPOBAHHBIM
OCHOBaHHEM.

[Tpu noBellieHUH TeMmIiiepaTypsl B peakuuu ¢ BuOK koHBepcusi MCXOIHBIX
COCIUHEHUH CHI)KACTCS, YTO TPHUBOIUT K YMEHBIICHHIO BBIXOJOB Kak N-

6GH3HH3HHHHH3, TaKk U UMUHA. CHHOKEHHUE KOHBCPCHH ITPOUCXOIHUT H3-3a YCKOPCHHA
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NO0OOYHBIX MPOLECCOB, CBA3AHHBIX C OKHCICHHEM HHTEPMEIUATOB, OJJHOBPEMEHHO
SIBJISIIOIIMXCSL KaTalu3aTopaMu peakiuu. B pesynbrare M30BITOYHOTO OKHCICHHS
JAHHBIX MHTEPMENMATOB, pEaKlus OCTaHAaBIMAaeTcs. MexaHu3M peakluH, B
YaCTHOCTH, TTyOOKOE OKMCIIEHHE KOMIIOHEHTOB peaKiiM, OyieT o0CyK/1aTbes ajee.

Kak 6ynet nokazano nanee (Tabmuna 27), BOCIPOU3BOAUMOCTh SKCIIEPUMEHTOB
3HAYUTEIBHO BO3PAcTaeT MPH KOPOTKOW (MUHYTa) YJIBTPa3BYKOBOH o00paboTke

peaKHHOHHOﬁ CMCCH IICpC HA4YaJIOM HarpCBaHHA.

Tabmuna 15. Bnuanne BI)I60pEl OCHOBaHHMA Ha OCHOBEC HICIIOYHBIX MCTALJIOB Ha BBIXOJ
BTOPHUYHOT'O aMHHa

1 equiv. base

air (15 mol% of O
NH, oH ( o of Oy) H N
+ - + N
neat, 80 — 160°C ©/ ©/

18 h
I-1a, 1 equiv. I-2a, 1 equiv. I-3aa 1-4aa
Onewit * OcHoBanune Temmepatypa, °C Beixon I-3aa ®, % Boixon I-4aa °, %
1 CsOH 80 5+1 542
2 100 17+8 cliesipl
3 120 25+9 0
4 140 28+4 clieipl
5 160 4842 cleanl
6°¢ ‘BuOK 80 7245 8+3
7€ 100 65+3 Clieibl
8¢ 120 60+1 0
9¢ 140 43x10 0
10°¢ 160 339 clIe bl
11 KOH 80 2+1 10
12 100 7£1 11+l
13 120 13+£2 4+4
14 140 39+7 cIebl
15 160 42+3 0
16 NaOH 80 0 24
17 100 ) (9113 23

101



18 120 7 1
19 140 16 2
20 160 0 26
21 LiOH 80 0 Cl1eIbl
22 100 0 16
23 120 0 19
24 140 3 26
25 160 crensl 22
26 K>COs 80 0 0
27 100 0 2
28 120 0 3
29 140 0 5
30 160 17 13

¢ AuunaH (263 i, 2,89 MMous), OeH3miIoBeii crEpT (299 i, 2,89 Mmoms) B ocHoBanue (2,89 MMous) ObUTH
noMmeleHsl B npodupky (ans peakumii ¢ t > 120°C ucnons3opanu cocya llnenka) Ha Bozayxe (15 monsH.% O3).
[Ipobupky 3aKpbUIM K MOABEPIIIH YIABTPa3BYKOBOMY Bo3ieiicTButo (1 MuHyTa), mocie yero Ha 18 yacoB ocraBHIH B
Mac/siHOH OaHe NpH IepeMellMBAHIM U YKa3aHHOH TeMIieparype.

b Brixoasl onpemenensl MerogoM I'X. DKCHEPHMEHTHl OCYLIECTBIEHBI B JIBYX [OBTOPHOCTAX. BBIXOMbI
TIpUBEJCHBI KaK cpefHee apu(MeTHUecKoe U pasHUIa MEKTY CPeTHUM M TPAaHWYHBIMH 3HAUCHHUAMH. JKCIEPHMEHTHI C
NaOH, LiOH u K>CO3 ocyuiecTBIeHEI B OJHOH NOBTOPHOCTH.

¢ 'BuOK 0511 peiBapuTenEHO BO3OTHAH.

Ta6muua 16. Ucnonpzosanne KOH/'BuOH wmn K2CO3/'BuOH B kauecTBEe OCHOBAHUS

1 equiv. Base

NH air (15 mol% of O;) H

I-1a, 1 equiv. 1-2a, 1 equiv. I-3aa I-4aa
OmneplT * OcHoBanue 3arpyzka 'BuOH, sks. Beixox I-3aa %, %  Bexon I-4aa ®, %
1 KOH 0,1 cleJbl 17
2 1,0 ClIEIBI 23
3 K>COs 0,1 0 0
4 1,0 0 0

@ AamnuH (263 pu, 2,90 mmoons), 6enzunossiii coupt (300 pot, 2,90 mmoins), KOH (215 mr, 2,90 MMouis) uiu
K>CO;3 (400 mr, 2,90 mmons) n '‘BuOH 6buH moMeIeHsl B poOHpKY B aTMocdepe Bozayxa. [IpoOGHpKyY 3akpeUTH K
MOABEPIIH YIBTPA3BYKOBOMY BO3ICHCTBHIO (1 MHHYTA), mocie 4ero OCTABMIH B MAacisHoii Oane Ha 24 yaca npH
nepememupanui 1 90 °C.

b Brixone! onpenenens MetonoM I'X. DKCIEPUMEHTHI OCYIIECTBIEHE! B OIHOI IOBTOPHOCTH.
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Pucynok 10. CpaBuenue > dexTHBHOCTH OCHOBAaHUIN MPH pasHBIX Temreparypax, | Jks. I-
1a, 1 skB. I-2a, 80 — 160°C, 6e3 pactBOopuTens, 15 MonsH.% O2.

B u3BecTHBIX METO/aX OCHOBHO-KATAIHW3MPYEMOT0 3aUMCTBOBAaHHS BOJOPOJA,
AJIKMJIMPOBAHUE aMHHOB OCYILIECTBIAIOT JIMOO Ha BO3AyXe, 100 B aTMOc(epe aprona
C BHECCHHEM OTPAHHYCHHOTO 00BEMA YHCTOTO MOJCKYSPHOTO KHCIOpoda. DTH
METO/Ibl YKa3bIBalOT Ha HEOOXOIMMOCTh MPUCYTCTBUS B c(hepe peakiMH KUCIOpoaa
JUId  YCIIEIIHOIO MpOTeKaHus cuHTe3a. OJHAKO MOAPOOHOrO  HCCIEI0BaHMS
3aBHCHMOCTH BBIX0/Ia PEAKIIH OT KOJIHMUECTBA KUCIIOPO1a HE TPOBOAUIOCH. Tak, O1HH
aBTOPBI OCYLLECTBIISIFOT CUHTE3 B IPUCYTCTBUU 2 MOJIbH. % unctoro O,, 100aBII€HHOTO
B PEaKTOp C MOMOIIIbIO MHKPOLINPHUIIA,[28] B TO BpeMsl Kak APyTUe MPOBOIAT PEAKIIHIO
B aTMocdepe BO3Oyxa, HE YTOUHSISI colepikaHHe Kuciaopoaa B cucteme. C 1enbio
UCCIIEZIOBATh BJMSHHME KHUCJIOPOAA HAa BBIXOJA pPEaKLHMH, ObUla TOCTaBICHA CEpHUs
HKCIIEPUMEHTOB C PA3JIMYHBIM COOTHOIICHHEM KOJIMYECTBA BO3JlyXa M PEarcHTOB
(METOIMKM OLICHKH KOJMYECTBA KUCIOPOAA B CUCTEME M MOCTAHOBKH J3KCIIEPUMEHTA

IIPUBE/CHBI B IKCIIEPUMEHTAIIbHOM YacTH).
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Oo6napyxeno (Tadnuua 17), yto addexkTuBHOE NPOTEKAHUE PEAKIIUHU BO3ZMOKHO
UL MPU OrPAaHUYEHHOM KOJIMYECTBE KHCIOPOJa B PEaKIMOHHOM cucteme. B

OTKprTOﬁ Ha BO34YX CUCTEMC IIPOUCXOJHUT CCICKTHBHOC 06p&30BaHI/Ie umuHa [-4aa.

Tabnuna 17. BausiHue Bozjtyxa (peakuust 6e3 pacTBOpuTeEIs)

1 equiv. 'BuOK

o e 3 D )
neat, 80°C, 24 h @r ©/
I-1a, 1 equiv.  I-2a, 1 equiv. I-3aa I-4aa
Omnprt * Moubn.% O2 Boixox I-3aa %, % Boixox I- 4aa ®, %
1e 2 2244 7
2° 3 316 64
3° 7 5243 >
4 10 57+5 -
5 12 694 >+3
6 15 7245 03
7 17 65+3 62
8 21 51+4 10£2
9 33 142 1243
10 Cucrema OTKpBITa Ha BO3IYX 2+1 4243

“ AamnuH (121 — 547 po, 1,33 — 6 MMods, | 3kB.), 6ensunossii cnupt (137 — 621 i, 1,33 — 6 MMons, 1 9kB.)
‘BuOK (149 — 673 mr, 1,33 — 6 MMoJ1b, 1 3kB.) ObLIH HOMELIEHB! B IPOOUPKY B aTMOchepe Bozayxa. [Ipodupky 3akpsuiu
U TIOJIBEPITIH YNBTPAa3BYKOBOMY Bo3aeicTeHIO (1 MMHYTa), TIOC/E Yero OCTABMIIM B MAc/IAHOH OaHe Ha 18 wacom mpu

1 6 18
HEePEMEIIHBAHHH U .
80 °C

b Brixome! onpenenensl Metogom I'X v noprsepixaeHsl MetogoM 'H SIMP ¢ Hcmonb30BaHHEM BHYTPEHHETO
CTaHAapTa. JKCHEPHMEHTHI OCYIIECTBIEHH B HECKOJABKHX IOBTOPHOCTAX. BBIXOABI TNpPHBENEHBI KaKk CpeaHee
APHU(PMETHUYCCKOC H pasHHLA MCKAY CPCAHUM H I'PAHHYHBIMH 3HAUCHHUAMH.

Y
¢ IIpobupku 00bEMOM 12 MIJI HCIIONB30BaHBI BMECTO 52 MIL

JIpyruM BakKHBIM TIapaMEeTPOM, OIPEIESISAIOIMIUM BBIXOJ PEaKIHH, SBISETCS
Temrieparypa. B omyOaukoBaHHBIX pab0OTaX HEKATAIMTHYECKOEC B3aWMOJICHCTBHE
aHMUIMHA ¢ OCH3UIIOBBIM CITUPTOM MTPOBOAT B iuanazone ot 120 mo 220°C. [TockonbKy
HACTOJIbKO 3HAYHUTEIbHOE M3MEHEHUE TEMIIEPATYPHOT'O PEKMMa MOKET OTPA3UTLCS Ha
KMHETUKE CJIOKHOTO Npoliecca, Mbl PEHIMIIM MCCIIEIOBATh KOMIUIEKCHOE BIIMSIHUE

TEMIICPATYPbI CHHTEC3a COOTHOIICHH: BO31yXa C pC€arcHTaMH.
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Pe3ynbTaThl cepun SKCIIEPUMEHTOB IIPH TeMIlepaTypax B Auanazone ot 25°C 1o
160°C u kosmuectBa O, BO3/yXa OTHOCUTEIBHO OEH3UIIOBOIO CIUPTA OT 2 MOJIbH. %
10 33 monbH.% (Tabnuua 18) mpeacrasiensl Ha TpéxmepHoi nuarpamme (PucyHok
11). Ha mnoBepxHOCTM JuarpaMMbl IIPUCYTCTBYET MAKCHMYM: OITHMAalbHbIMH
YCIIOBUSIMU TIPOTEKaHUsT peakiuu sBisitorcss temneparypa 90°C u 15 monsH.% O;
BO31yXa (OTHOCHUTENBHO OEH3mIOBOro cnupta). OQHAKO, peakius TakkKe MpOoTeKaeT
npu 70 — 80°C. HalineHHblE YCIOBUA SABISIOTCA 00Jiee MATKHMMH, Y€M T, 4YTO
NPUMEHSIOTCS B OOJBITMHCTBE pabOT ¢ MCMOJIb30BaHMEM KaTall3aTOPOB HAa OCHOBE
nepexoAHbIX MeTauioB. [loBbllieHHEe TeMIiepaTyphl U CHIDKEHHE 00bEMa BO3ayXa B
CUCTEME C BBICOKOW CENEeKTHBHOCTHIO NMPUBOAUT K N-OeHswianwiuHy I-3aa mipu
HU3KOM KOHBEPCUH MCXOJHBIX COEIMHEHUH. YBenuueHue coaepxkanusa O, B cucteme

MIPUBOINT K BBICOKOM KOHBEPCHUHU C MPEHMYIICCTBEHHBIM 00pa30BaHNEM OCHOBAHHS

33

70

60

150
P
2 g
1 o Lar}
E 40 %
[=] H
’*i a
o' 430 A

[
o

60 70 80 920 100 110 120

Temmnepartypa, °C
Pucynoxk 11. Baustnue remneparypsl v kosidectsa Oz BO3AyXa OTHOCHTEIBHO OEH3HIIOBOIO

crnupra Ha BeIxoj N-Oensunanuiauna. 1 oks. I-1a, 1 sxs. I-2a, 1 axs. ‘BuOK, 60 — 120°C, PhMe, 2 —
33 monbH.% O2 Bo3myXa.
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Tabnuua 18. BiusHue Bo3ayxa 1pu pa3HbIx Temneparypax (6e3 pacrBopuTess)

1 equiv. 'BuOK

NH air (X mol% of O,) H
2 ! gOH N + N
neat, t°C, 24 h ©/ ©
I-1a, 1 equiv. I-2a, 1 equiv. I-3aa I-4aa
OmnbiT ¢ MonbH.% Os Boixon I-3aa *, %

60°C  70°C 80 °C 90 °C 100 °C 110 °C 120 °C

l¢ 2

2° 3

3¢ 9 40

4 12 45 57 57 63 58 56 43
15 45 60 69 68 67 69 49

7 25 39 51 65 67 69 63 46

8 29 46 51 49 46 51 54

9 33 35 43

¢ AnmmuH (121 — 547 pn, 1,33 — 6 mmons, 1 2kB.), 6ensunorstit cnupr (137 — 621 pi, 1,33 — 6 mMons, 1 9kB.) 1
'BuOK (149 — 673 mr, 1,33 — 6 Mmmons, | 3kB.) 6buTH NOMeLeHb! B NPoOHPKY B atMocepe Bo3ayxa. [Ipodupky 3akpblin
W TOABEPIJIH YILTPa3BYKOBOMY BO3jeHcTBHIO (1 MUHYTA), MOC/E Yero ocTaBUIM B MacnsHoi OaHe Ha 18 wacos npu
YKa3aHHOH TeMrepaType H NepeMeIINBaHHH.

b Brixoast onpenenensl MeTomoM ['X. DKCmepUMEHTHl OCYIIECTBIEHBI B JIBYX TOBTOPHOCTAX. BBIXOIBI
NPUBEJCHBl KaK cpejHee apu(MeTHUECKOE.

¢ TIpobupku 00BEMOM 12 MJT HCTTOB30BAHBI BMECTO 52 MIT.

Hluddpa I-4aa. Ctour OTMETUTH, IPU HU3KOH TEMIlEpaType MPEeUMYILECTBEHHBIM
HampaBlIeHUEM PEAKITHH TaKKe ABIAETCS (POpMHpPOBAHHE HMHHA.

C uenbl0 MNOATBEPAUTH HEOOXOIWMOCTH HCIIONB30BAaHUSA ONPEACIEHHOIO
KOJIMYECTBA  KHCIOpoAa JUId  NOPOBEJICHUS  peakiuu  ObLIO  IPEANPUHATO
MacmTabupoBanue cuHTe3a Ha 70 Mi anwiuHa ¥ 70 Ma cniupra (moapoOHOCTH
IpUBEACHBI B OKCIIEPUMEHTANBHON dacTh). [locTaBneHbI SKCIIEpUMEHTHI B aBTOKIIABE
CO CXaTbIM MOJIEKYJISIPDHBIM  KHUCIOPOAOM WJIM BO3ayXoM. B peakuuu c
HCIonp30BaHueM unctoro O, nocturHyt 69% BbeIxon npoaykra (onpeaenés mo ['X).
IIpu npoBeIcHUH CUHTE3a B aBTOKJIABE CO CXKAThIM BO3AYXOM MPOAYKT MOIYy4eH ¢ 66%
BBIXOJIOM (BBIJEIEHHBIN BBIXOJ COOTBETCTBYIOLIErO THPOXJopuaa cocrasui S1%,

70r). Takum oOpa3om, o00a 3KCHEPUMEHTA MOJITBEPJMIN  HEOOXOJIUMOCTh
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IMPUCYTCTBHUA OHpe,ELeJIéHHOFO KOJIM4YECTBa KHCIOpOAa B cq)epe PCAKIHH, a TAaKKC

NPHUTOTHOCTH MPEJIJIOKEHHOTO METO/IA U1 MAaCIITaOHOIO CHHTE3A.

Ha CICAYOIIEM OTallc OBLIIO OIITHMH3HPOBAHO

COOTHOLICHHE MCXKIY

pearentamu. CornacHo rmnosydeHHbIM pesyibraram (Tabmuua 19), yBenmueHuio

BbIXOJa KCJIacMOI'0 IIPOIAYKTa CHOCO6CTByeT HE3HAYUTENIbHBIM M30BITOK aHWIHHA.

[ToMHMO BBIXO/1a TIOBBINIACTCS BOCIPOU3BOIUMOCTE peakiuu. B To ke Bpems, 1oboe

H3MCHCHHC KOJIHMYCCTBA OCHOBAHHA OTHOCHTCIIBHO CIIMPTa OKAa3bIBACT HEeTaTUBHbBIN

3 EeKT Ha BBIXOJ] BTOPUYHOTO aMHUHA.

Tabnuua 19. OnTuMu3aIMs KOJHMUeCTBa aHHIIHHA (peakius 0e3 pacTBOPHTEIIS)

+

1 equiv. '‘BUOK
air (15 mol% of O,
relative to alcohol)

neat, 80 or 90°C,

o

(L L

Y.

18 h
I-1a, X equiv. 1-2a, 1 equiv. I-3aa I-4aa
Onwir?  Temneparypa, °C KonuuecTBo anmnuHa, 5kB.  Boixox I-3aa® %  Boixon I-4aa ’, %

1 20°C 0.5 5111 0

2 1 684 2£2
3 1,5 75+3 31
4 2 44+14 306
5 3 44+3 26+1
6 80°C 1,5 6124 16+2

“ Annmas (131 — 805 pon, 1,47 — 8,83 mmons), 6ensunoeiid cupt (305 o, 2,94 mmons) 1 '‘BuOK (330 wr,
2,94 mmone) ObLTH TOMeNIeHBl B TpoOUpKY B aTMocepe Bozayxa. [IpoOHpKy 3aKpeIIH M OCTABHIIM B MacIsHOM OaHe
Ha 18 4acoB mpH yKa3aHHOH TeMIepaType U NepeMEIIHBAHHH.

b Brixonm! onpenenensl MetogoM I'X u moareep:kaeHsl MetogoM 'H SIMP ¢ Henons3oBaHHEM BHYTPEHHETO
CcraHaapra. SKCHCPHMBHTBI OCYLICCTBJICHBI B HCCKOJIBKHX ITOBTOPHOCTSX. BBIXO,[[I)I NpUBCACHbI KakK CpcIHCC
apuMeTHYECKOEe H PA3HULA MEXKAY CPEIHHM U MPAHUYHBIMH 3HAYCHHUAMH.

HpI/I WCIIOJIb30BAaHUHU H30BITKA dHHUJIMHAa, PpCaKlusa IMPOTEKacT C XOPOIIHM

BBIXOJIOM 3a 24 yaca, IOCJI€ YE€ro COCTaB PEAKIMOHHOM CMECH IPAKTUYECKH HE

m3Mmengercs (Tadnuna 21, Tadnuma 22, Tabauna 23). Paznuunbie 100aBKH, TAaKHE Kak

BOJA, Mpem-0yTUIOBBINA criupT, ocymuTenu, KI He npuBOaAT K yBEIMUCHUIO BBIXO/1a
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Tabmuua 20. OnTuMHU3aLKs KOJHYECTBA OCHOBaHMs (peakiys 0e3 pacTBOPUTEIIA)
X equiv. 'BuOK

NH air (15 mol% of O,) 3]
salon D D
neat, 90°C, 18 h ©/ ©/

I-1a, 1.5 equiv.  I-2a, 1 equiv. 1-3aa I-4aa
OmneIt ¢ KonuuecTBo oCHOBaHUS, JKB. Brixox I-3aa , % Brixon I-4aa ”, %
1 0,5 10£10 214
2 0.8 535+7 20+1
3 1 76+3 9+1
4 1.5 3542 21£5
5 2 312 18+1

@ Anmmua (402 pn, 4,42 mmone), Oensunossiit cnupt (305 wi, 2,94 mvons) w1 '‘BuOK (165 — 661 wr,
1,47 — 5,89 mMoub) ObUIM TIOMEIIEHBI B MpoOHpKY B armocdepe Bosayxa. [IpoOHpKY 3aKpbUlH M OCTABHIH B
MacisHoi 6ane Ha 18 gacor npu nepemeruanuu 1 90 °C.

b Brixospt onpeaeneHsl MetoaoM [X. DKcnepuMMEHTbl OCYHIECTBIEHBI B HECKOJLKMX TMOBTOPHOCTSX.
BbIxo1bl IpUBEIEHBI KAK CPEIHEE apU(PMETHHECKOE M PA3HHULIA MEKIY CPEJHHM H IPAaHHYHBIMH 3HAYESHUAMH.

Tabmuma 21. OnTuMH3anus BpeMeHH peakiiui (peakius 6e3 pacTBOPHTETs)
1 equiv. '‘BuOK

NH air (15 mol% of O,) H
oo - AT n LD
neat, 90°C, ©/ ©/
2-48 h
1a, 1.5 equiv. 2a, 1 equiv. 3aa 4aa
OnpiT * Bpems peakiyu, 4 Beixon I-3aa °, % Brixon I-4aa ’, %

1 2 38 27
2 4 51 10
3 8 64 5
4 12 68 5
5 24 73 5
6 48 74 2

4 Annnuz (402 pn, 4,42 Mmoos), Oensuinoeli ciupt (305 i, 2,94 mmous) 1 '‘BuOK (330 mr, 2,94 mmos)
OBLTH MOMETIIEHE! B TPOOHpKY B atMochepe Bo3ayxa. [[poOHpKy 3akphlUTH H 0CTaBHIIH B MaclsaHOH OaHe Ha ykazaHHOE
BpeMs npu nepememinBanuu 1 90 °C.

b Boixoasl onpenenctst Meroaom I'X v nojareepsxkiactsl MerogoM 'H SIMP ¢ HCIO/Ib30BAHHEM BHYTPEHHETO
CTaHAapTa. KCIEPHUMEHTBI BBINOJIHEHBI B OJIHOH IOBTOPHOCTH.

npojaykra. [IpumMedarensHo, BRIX0 N-O€H3UIIaHWIMHA B PEAKIIMU C HCTIOTh30BAHHEM
1 sxB. tBuOK u 0.43 »skB. H,O COOTHOCHTCS € BBIXOJOM JIaHHOIO TPOJYKTa B

npucyrctBun KOH (Tabmuna 15). Takum oOpazom, HaJuyue JIOTOJHUTEIBHBIX
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MCTOYHMKOB BOJIbI B cocTaBe peakunoHHoH cMecu (BoiOop KOH B kaudecTBe
OCHOBaHus, nobaBienue Boabl K (BuOK) nomHOCTBIO MHTHOMpYET NpOTEKaHue

KEIIACMOT O IIporecca.

Tabnuua 22. Uccnenoranue BIUAHMS Pa3IMYHBIX 100aBOK (peakiust Oe3 pacTBOPUTES)

1 equiv. 'BuOK
air (15 mol% of Oy)

NH additive H
R ©/\OH N\/© + Nv@
neat, 90°C, 18 h ©/ ©/

I-1a, 1.5 equiv.  1-2a, 1 equiv. I-3aa I-4aa
OnwiT ¢ JlobaBka Brerxonx I-3aa d, % Brixon I-4aa “', %
1 - 7643 9+1
2 0,2 »ks. H,O 63 0
3 0,43 >xB. HO 2 1
4 0,2 xB. 'BuOH 56 0
5 0,43 ske. '‘BuOH 64 21
6 0,5 sxB. '‘BuOH 61 8
7 1 sxB. '‘BuOH 63 21
8 2 ske. '‘BuOH 38 1
9b - 48 9
10° 0,2 3xB. 6e3B01HOTO NaSO4 43 12
11°¢ - 45 24
12¢ 100 mr MS (3A) 43 28

¢ Anunun (402 pn, 4,42 mvons), 6enszunoBsiii cnupt (305 pi, 2,94 mmons) u "‘BuOK (165 — 661 mr,
1,47 — 5,89 Mmmoins) GbUTH TIOMEIEHBI B MPoOHPKY B aTtMoctepe Bo3myxa. [IpoOHpKY 3aKkpblid M OCTaBUIH B
MacnsHoil 6ane Ha 18 yacoB npu nepementuBanuu u 90 °C.

b Avmnmn (252 o, 2,78 MMonb), 6eH3HI0BBIH cnupT (288 i, 2,78 MMois) B ‘BuOK (312 mr, 2,78 MMoIb),
2 ma cyxoro |,4-guokcana u mo0aBKy (ecnmH ykazaHa) OBITH TOMEINEHBI B MpoOMpPKY B atMocdepe BO3IyXa.
[Mpobupky 3akpblan ¥ ocTaBuIM B MaciisiHoil Gane Ha 18 yacos npu nepemeruanud u 70 °C.

¢ Aawue (263 i, 2,94 mmons), Gensmioestii criapt (300 pn, 2,94 mmons) u '‘BuOK (325 mr, 2,94 Mmoas)
1 100aBKy (eciu ykaszaHa) ObUIH MOMENIEHBI B POOUPKY B atMochepe Bozayxa. [IpodHUpKy 3aKpbUTH U OCTABHIIH B
MacnsHoil 6ane Ha 18 yacoB npu nepementuBanuu u 70 °C.

@ Boixofibl onpenenensl MeTogoM ['X. DKCIepUMEHTBI, 33 HCKJIHOUYEHHEM OIbITA 1, BBIIOJHEHBI B OIHOI
TTOBTOPHOCTH.
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Tabnuua 23. Uccnenoranue Biusuus nodasku Kl Ha BeIxoj peakuuu

1 equiv. 'BuOK,
air (15 mol% of O,),

NH, X equiv. KI, H\/@ \/@
oo AT oy
solvent, 90°C, ©/ ©/

24 h
I-1a, 1.5 equiv. I1-2a, 1 equiv. I-3aa I-4aa
Onpit ¢ PacTBoputens KonnuectBo KI, 3kB. Boixon I-3aa %, % Boixox I-4aa ®, %

1 PhMe oe3 K1 76+£1 4+£2
2 0,2 65 0
3 1,4-nrokcan 6e3 KI 8243 13+0
4 0.1 77+1 6=1
5 0,2 80+1 12+0
6 0,5 78+2 5+2
7 1,0 8142 11+1

¢ AunmuH (384 pn, 4,22 mmone), OenzmnoBeri cmupt (291 pn, 2,81 mmone), 'BuOK (79 — 315 mr,
0,70 - 2,81 mmoms), KI (0 —467 mr, 02,81 Mmmoms) u 1,41 M pacTBopuTena OBLIH MOMENIEHH! B MPOOHPKY B
armocepe Bozayxa. [IpoOupKy 3akpbuid M IMOABEPIIM YJIbTPa3ByKOBOMY BO3AeHcTBHIO (1 MMHYTA), HOCIE 4ero
OCTaBIJIH B MaciisiHOH OaHe Ha 24 yaca npu nepemewwnBanuu u 90 °C.

® Broixoael onpenenensl MetoaoMm ['X. DKCIEPHMEHTHl BBIMONHEHBI B JIBYX MOBTOPHOCTAX. BBIXOMBI
IPUBEIEHBl KaK cpeiHee apu(MeTHYecKoe M pasHUL@ MEXIY CPeJHHM M TI'PaHUYHbIMM 3HaueHusmu. Jlis
IKCIIEPHMEHTOB, OTJIHYAIOIIHXCS BEICOKOH BOCIIPOH3BOAMMOCTEIO, BBIXObI IPHBEICHBI €JHHCTBEHHBIM 3HAUEHHEM.

OnTHMHU3HPOBAB COOTHOIIEHUS MEKIY peareHTaMH, MBI IIepelUIN K PEaKliH B
pactBopuTene. Kak mnpaBuiao 3aMMCTBOBaHHE BOAOPOJAa MPOBOAAT ub0 0e3
pactBopurens, 1100 B TOJyoJIe, KCHIIONE, Me3uTHiIeHe. Pexe nucronb3ytoT 3(hupsi:
TI'® u 1,4-guokcan. Ha oTAENbHBIX MpUMEpax TMPOIECCOB € HMCMOJIb30BaHUEM
NEPEXOJIHBIX METALIOB MOKa3aHa BO3MOKHOCTb MCIHOJIB30BAHUS mMpem-aMUI0BOTO
cnupra. OgHAKO HaM HE YJaloCh HAWTH JIETAIbHOTO HCCIIEIOBAHUS BIUSHHUS
pacTBOPHUTEIIS HAa pacCMaTPHUBAEMBbIH IIPOLIECC.

B xone u3ydeHHs BIMSHHS PAaCTBOPHUTENICH B ONTUMAJBHBIX YCIOBUAX OBLIO
0OHapyKEHO, 4TO IeJIeBasA PEAKIINAA TPOTEKAET C XOPOIIIMM BBIXOIOM B pACTBOPHUTEIAX
C HM3KOM JMAICKTPUYECKOH MpoHULAeMOcThio (2 — 10), K KOTOpPBIM OTHOCSTCS
IIUPOKO MCHOJb3yeMble B sureparype toiayos, TI'D u 1,4-auokcan (Tabauua 24,
Pucynok 12). Mcnons30BaHuE paCTBOPUTENEH C AUAIEKTPUIECKON TPOHUIAEMOCTHIO

> 10 (mupuaus, stwieHadaMud 1 'PrOH) npuBOAMT K CHUIKEHHIO BBIXOJ1a BTOPHYHOIO
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amuHa. JlanHoe HaOMIOJGHHE IIO3BOJIMIO  CHEIAaTh  MPEANOJI0KCHHE, YTO
OIOCPENIOBAHHOE OCHOBAHMSMHM 3aWMCTBOBAaHHME BOJOPOJA JIOLKHO IIPOTEKATh,
HAIpUMep, B TUXJIOpOeH3011e, B TO Bpems Kak B JIMMDA unu meTaHone peakius Oyaer
HeadpexTuBHOM. [Ipenckazanue yaanock moaATBepAUTh dKCiepuMeHTabHO (Tabmuia

24, onbiTel 21 — 24).

Tabnuua 24. TTouck onTUMaNBHOTO PaCTBOPHUTEIS

1 equiv. 'BUuOK

©/NH2 . ©/\OH air (15 mol% of O,) “\/Q . Nv@
solvent or neat, 90°C, © ©/
18 h
I-1a, 1.5 equiv. 1-2a, 1 equiv. I-3aa I-4aa
Onpit “ PactropuTens &, 25°C [130] Beixox I-3aa *, % Beixo I-4aa ”, %
| bes pacteopuTens 7643 3+1
2°¢ INekcan 1,9 17 19
3 1,4-JInokcan 2.3 85 13
4 PhMe 2.4 T1£1 1749
549 Et:N 2,5 10 23
6° EtOAc 6,0 clle/Ibl 6
7 Mopdomnua 7,7 75 CJICIBI
8 Td 7,5 75 6
9 ‘BuOH 9,3 64 21
10 [Mupuaun 13,2 14 27
114 DTUIEHMAMHH 16 0 crieIbl
127 0 cleqnl
13 'PrOH 18,2 [131] 4 5
14°¢ N-mernin-2- 32,2 0 0
IHPPOIUIOH

15¢ PhNO, 36,1 0 93
16¢ MeCN 36,0 ClIe/Ibl cleIbl
17¢ AMCO 46,7 0 2
18¢ TIponunenkapboHaT 62,9 0 0
19 H.O 78,2 [132] cnemsl clensl
20/ cliebl ClIe/1bl
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21 1,2-1Xb 9,9 71 9

22¢ TIM®OA 36,7 0 20
23 MeOH 32,6 2 7
247 0 crepl

@ Aummud (385 r, 4,22 MMons), 6ensunosiii ciapt (291 pi, 2,81 MmMons), ‘BuOK (315 wmr, 2,81 MMoIb) |
1,41 mn pactBopuTens ObUIM TOMENIEHB B NPOOUPKY B atmocepe Bo3ayxa. [IpoOMpPKY 3aKphIIM M MOJBEPIIIH
yIbTpa3BykoBoMy Bo3jelictBuio (1 MuHyTa), nocie uero oOCTaBUIM B MacisiHoil Oane Ha 18 wacoB mnpu
nepemenBanui u 90 °C,

b Brixoawt onpesienennsl Metonom X, DKCMepUMEHTEI BLINOIHEHE! B O/THOI TOBTOPHOCTH.

“ Hu3kas pacTBOPHMOCTE KOMIIOHCHTOB PEaKIIHOHHOM CMECH.

¢ Bo3aM0KHOE IKpaHMPOBAHHE KATHOHOB KaJHA MONEKYJIaMH PaCTBOPUTENS.

¢ [peobnaganue moOOUHBIX MTPOIIECCOB.

7200°C, cocyn lllnenka

100

90 L

Brxoa I-3aa. %

IM®A
MeOH

1 | 1 1 1 l 1 1
2 4 6 8 10 12 14 16 18 20
Ju31eKkTpHUecKas MIPOHHIIAEMOCTE

Pucynox 12. 3aBucumocth Bbixoa N-OeH3WIaHWIMHA OT AUIIEKTPHUYECKON IIPOHUIIAEMOCTH
pacTBOpHUTEIIS.
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[Tockonbky B OOJNBUIMHCTBE  ONYOJIMKOBAHHBIX  KAaTAJIMTHYCCKUX U
HEKATAIMTHUYECKHUX METO/I0B 3aMMCTBOBAHUE BOJIOPO/1a OCYLIECTBIISIOT B TOJIYOJIE U B
HAIIMX YCJIOBHSIX OH TaKXKe MOKa3zal OJWH M3 JYUYIIMX Pe3yJbTaTOB, Mbl PELIWIH
BOCIIPOM3BECTH OCHOBHBIEC JKCIIEPUMEHTBI B 3TOM PACTBOPHUTEIE, MPEIBAPUTEILHO
M3YUYUB KOHIIEHTpauHOHHBIN 3 dekT (Tadbnuma 25). [TomydeHne ¢ BBICOKUM BBIXOJIOM
N-OeH3WITaHUIMHA BO3MOYKHO TOJBKO B PacTBOpax C BBICOKOW KOHIEGHTpanuei. B
Oonee pa30aBIICHHBIX PAcTBOpaX CHUYKAIOTCS, OJHOBPEMEHHO, CEJIEKTUBHOCTH
NPOAYKTa AIKMJIMPOBAHUSA U KOHBEPCHS MCXOIHBIX COCTHHEHUIA.

Crnenyer OTMETHTb, YTO BOCIIPOM3BOIUMOCTh PE3yJbTAaTOB B OOJIBIION CTEICHU
3aBUCHUT OT IMPOJIOJDKUTEIBHOCTH KOHTAKTA PEAKIIMOHHON CMECH WIIM €€ OT/IENIbHBIX
KOMITOHEHTOB € BO31yXOM. CHMKEHHE BBIX0/1a BTOPUYHOTO aMHUHA MTPOUCXOIUT TPH
JUTUTEIBHOM KOHTAKTE C BO3yXOM Kak rurpockonudnoro ocHopanus (tBuOK), Tak u
CMECH CITHpTa WJIM aHWUIWHA ¢ ocHOoBaHWeM (Tabmuua 26). [1o 3Toil mpuunHe Bpems
MOCTAHOBKH CHHTE3a OBUIO CHHKEHO 1O Mapbl MHHYT, a BO BCIIOMOTATEIbHBIX
AKCIIEPUMEHTAX, MOCBAMIEHHBIX MCCIICIOBAHUIO MEXaHU3Ma PEaKliMM, UCIIOJIb30BaIN
NpPeBAPUTENBLHO  BO3OTHAHHBIM  OYTOKCHJ  KaJMsi, PpEaKkIMH  CTaBUIM  C
WCIOJIB30BAaHUEM MPUEMOB U CNELIMAILHOTO 000pY10BaHUS J1JIsl padOThI B UHEPTHBIX
YCIIOBUSIX.

BBuIy  reTeporeHHOCTH  pPEaKIUOHHOH  CMECH, BOCIIPOU3BOLUMMOCTD
OKCIICPUMEHTOB 3HAYUTEIBHO TOBBINIACTCS TPHU  YJIBTPa3BYKOBO 00OpaboTke
CYCNEH3MM PEAKIMOHHON CMECH B TOTyoJIe niepe Havyanom peakuuu (Tadnuua 27).

JIOOMBIIKMCH BBICOKOM BOCHPOU3BOJMMOCTH PE3yJbTATOB B ONTUMATBHBIX
YCIIOBHSIX, OBLTM BOCIIPOU3BE/ICHBI OCHOBHBIE PE3Y/IbTATHI, MOJYYEHHBIE JIJIS PEAKIIUN
0e3 pactBopuTes. Tak, ObUIO M3yUE€HO BIIMSIHUE COOTHOIIEHHs peareHToB (Tadmuia
28, Tabmuua 29), temneparypHoro ¢ dekra (Tadbmuma 30), COOTHOIIEHUS PeareHTOB
C KHCIOpPOJOM BO3JyXa i peakuuu ¢ H30bITkKoM aHwinHa (Tabmuma 31);
3aBUCUMOCTh OT BpeMmeHH peakuuu (Tabmuua 32). B cpaBHeHun c peakuueil 6e3

PaCcTBOPHUTCIIA BJIHAHHUC 3(1)(I)GKTOB CYIICCTBCHHO HC H3MCHHUJIIOCE. HpOBeHeHHe
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CHUHTE3a B TOJYOJIC OTJIMYAETCs O0JbIICH BOCIIPOU3BOAUMOCTBLIO BBUY BO3MOMXKHOCTH
MaccOIepeHoca B PEAKIMOHHOM CMECH Ha BBICOKOM CTEIEHH KOHBEPCHH, KOrjaa
o0OpasyeTrcsl 3HAUUTEILHOE KOJIUYECTBO TBEPABIX MOOOYHBIX MPOAYKTOB, TAKHUX KaK
rMAPOKCH Kanusa. B To ke Bpemst peakuusi B Toyiyosie 0osiee UyBCTBUTEIbHA K
U3MEHEHHIO OCHOBHBIX TTapaMeTpPOB CHCTeMbl. MakcUMabHBIN BBIXO 88% moiyueH
IIPH B3aUMOICHCTBUH M30BITKA aHUJIMHA CO CIIUPTOM B IMPUCYTCTBUH OCHOBAHUS U 15
MoibH.% O BO3IyXa (OTHOCHUTEIBHO CIMPTA) MPHU NEPEMEIIMBAHUM B TeUeHHE 48
qacoB Tipu Temmepatype 90°C. 3a 24 wyaca mNpoOayKT Takke oOpasyercs cC
npenapaTUBHLIM BbIXOJOM. [l DKOHOMHH BpEMEHH, B JajbHEHIIEM peakiuu

POBOJIMIH 3a 24 yaca (MeTojiuka A).

Tabnuna 25. M3ydyenue KOHUEHTpaUMOHHOro 3¢¢ekra (peakuus B TOIYoJe ¢ M30bITKOM

aHWJIMHA)
1 equiv. 'BUOK,
@/NH2 . @/\OH air (15 mol% of O,), H\/Q . N\\\/@
PhMe (X M), 90°C, ©/ ©/
24 h
I-1a, 1.5 equiv.  I-2a, 1 equiv. I-3aa I-4aa
Ongir ¢ KonnenTtpanus peareHToB B TOIYoIIE, M? Brexon I-3aa ©, % Brixong I-4aa ©, %
1 35 46+8 2543
2 7 7041 20+2
3 10,5 65+6 241
4 14 6449 25+1
5 17,5 7247 I7%5
6 21 69+2 24+

“ Aunmne (374 — 392 pn, 4,11 — 4,3 mmons), OeH3unoBsril crupt (283 — 297 i, 2,74 — 2,87 mmons), 'BuOK
(307 — 322 wmr, 2,74 — 2,87 mmons) u 0,48 — 2,74 mu1 Tosryona ObUIH MOMELIEHH B IpoOUpKY B arMochepe Bo3ayxa.
TTpoOupKy 3aKpBUTH ¥ OCTABHIIH B MACJIsHOM Oane Ha 24 yaca npu nepeMemmBannu u 90 °C.

b KoHLenTpanHio paccynTLIBaIM 1o hopMyIIe: (Venna, t Venon +V tguox )/ Veonyona

¢ Bpixoasl onpenenersl MerogoM ['X. DKCHEpUMEHTBHI BBITONHEHBI B JBYX IOBTOPHOCTAX. BBIXOBI
TMIPUBE/IEHBI KAK CPeIHEE apH(METHUECKOE H PA3HHUIIA MEK/TY CPEIHHM ¥ TPAHUYHBIMH 3HAUCHHSIMH,
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Tabnuua 26. MccnepoBaHue YyBCTBUTEIBHOCTH KOMIIOHEHTOB PEAKLIHMOHHOM CMecH K

BO3JIyXY
1.75 equiv. 'BuOK,

air (15 mol% of O,
NH, relative to alcohol) H
PhMe, 90°C, 48 h © O/

I-1a, 1 equiv. I-2a, 2 equiv. I-3aa I-4aa

DkcrepumeHT JnurenpHOCTh KommenTapumn Brxon Brixon
KOHTAKTa C I-3aa’® % I-4aa’ %
BO3IYXOM [0
3aKpBITHS
CHCTEMBI, MHH
1¢ 0 PearenTs! n00aBeHE! B IPOKAIEHHbII 88 11
cocyn lllnenka B rmaBOoKce, B
atMocdepe azora. Cocyq BEIHECTH U3
ri1aBOOKca, ICTa3HPOBANTH U 3aTIOJTHUIH
aTtMocepoii cyxoro Bo3ayxa
(ponyIIEHHOrO MOCIeI0BATEIBHO
yepes cion CaHz u P4O1p). Mcrmons3oBan
kommepueckuii ‘BuOK,
JIOIIOJIHHUTE/ILHOM OYHCTKH HE

IPeIIPHHAMAIIOC.
2 1,5 Kommepueckuii 'BuOK ocrasunu Ha 90+6 6+5
BO3[yX€ Ha YKa3aHHOe BpeMs. 3aTeM B
3 15 peakTop 100aBUIIH OCTAIbHBIC 75+l %2
4 60 KOMITOHEHTHI PEaKIIHOHHOH CHCTEMBI H 23 10
3aKPBLIH PEaKTop.
5 180 77 13
6 360 74 15

Kommepuecknii 'BuOK no6aeunu Kk oAHOMY M3 peareHTOB M OCTABHIIH Ha BO3AYXE HA YKA3aHHOE BPEMS.
3aTeM B peakTOp BHECIH OCTaJIbHBIC KOMIIOHEHTHI PEaKIIMOHHOH CMECH, 3aKPBUIH PEaKIIHOHHYIO CHCTEMY.

7 60 ‘BuOK+BnOH 85 9

8 180 73 16
9 360 77 21
10 60 ‘BuOK+PhNH: 82 10
11 180 44 28
12 360 33 33

@ Aawud (127 um, 1,41 MMoms), 6ensunossnii cnupT (291 i, 2,91 Mmmomns), 'BuOK (276 Mmr, 2,46 MMOJIB) H
1,41 M1 Tomyona ObuTH TOMeIneHsI B mMpoOHMpKYy B aTtMocdepe Bozayxa. [IpoOMpKY 3aKkpbUiH M TIOABEPIIH
YIbTPa3BYKOBOMY BO3JeiicTBUIO (1 MUHYTA), [10CIIE YET0 OCTABUIIM B MaciisiHOi Oane Ha 48 yaca npu nepeMenInBaHHK
1 90 °C. DKcnepHMEHTHI BBITTOJIHEHBI B OTHOI MOBTOPHOCTH.

b Beixomst onpenenenst metogom I'X.

¢ Beixoael onpenenensl MeTogoMm 'H SIMP ¢ Henonb3osaHHEM BHYTPEHHETO CTAHIApTA.
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Tabnuua 27. M3yuenue BIMsAHUS YIbTPA3BYKOBOIO BO3JEHCTBUS HA PEAKIIMOHHYIO CMECh

(peakiusi B TONyoJIe ¢ H30BITKOM aHHITUHA)

1 equiv. 'BUOK

NH, air (15 mol% of O,) H\/@ \/@
©/ . ©/\OH N + N
PhMe (7M), 90°C © ©/

24 h

I-1a, 1.5 equiv. 1-2a, 1 equiv.

I-3aa I-4aa
Ongit * KomMmenTapun Beixoxn I-3aa %, % Boixox I-4aa °, %
1 be3 yabpTpa3ByKOBOTO BO3/CHCTRUSA 70+1 2042
2 YbpTpazByKoBO€ BO3IEHCTBHE HA 74£7 2+2
cycnensuio ‘BuOK B Tomyome
3 VneTpa3ByKOBOE BO3/ICHCTBHE Ha 76+1 442
PEaKUMOHHYIO CMECh Tepe/]
MOMEIIEHHEM B MPEIBAPUTEITHHO
HArpeTyI0 Mac/sHylo DaHIO
4¢ Peakuus npu ynbTpazByKoBoM 8+2 47+1
BO3JICHCTBHUH

¢ Aummad (384 pur, 4,22 mmone), Oensunosstid crupt (291 po, 2,81 mmons), 'BuOK (315 mr, 2,81 mmons) 1
1,41 M Tomyona OblTH TOMEIIEHEI B IPOOUPKY B aTMochepe Bo3ayxa. [IpoGHpKy 3aKpeUTH U OCTABHIIM B MacIAHOH
Oane Ha 24 yaca npu nepemMentuBanuu U 90 °C.

b Beixonel onpenenensl mMetonom ['X. DKCIEPUMEHTbI BBIIOJHEHBI B JIBYX [OBTOPHOCTAX. BBIXOIBI
IIPUBEIEHE] KaK cpeJHee apu(MeTHYSCKOe H PA3HHIA MEXKIY CPEIHHM W IPAHHYHBIMH 3HAYESHHAMH.

¢ Peaxia npu 70°C ¥ HeNpepbIBHOM YJIbTPa3BYKOBOM BO3AeHCTBHM; | 4.

Tabnuua 28. BiusHue kolnyecTBa aHWIMHA (PEaklMs B TOIYOJIe)

1 equiv. '‘BUOK
©/NH2 ) gOH air (15 mol% of O,) H\/Q ) Nﬁ
PhMe, 90-130°C, 24h ©/ ©/
I-1a, X equiv. I1-2a, 1 equiv. I-3aa I-4aa
Omsit * Temneparypa, °C Konnuectso anmnnna, 3k, Bbeixoa I-3aa ®, %  Beixont I-4aa ®, %
1 90 0,33 3248 6+3
2° 51+£7 43+13
3 0,5 47+5 2+1
4 70 35 53
5 110 26 16
6 130 18 12
74 90 31 17
8¢ 61+6 19+4
9 0,75 62+10 CIeIbl
10¢ 56 13
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11
12°¢
13
14

1,0

1,5

2,0

58+3
58+3
70=1
73+8

4+2

742
20+2
11+6

¢ Anunu (85-510 wi, 0,94-5,62 mMons), 6ensunoBeiid crmpt (291 pm, 2,81 mmone), 'BuOK (315 wmr,
2,81 mmone) 1 1,41 M Tonyona OslTH OMEIIEHBI B IPoOHPKY B aTMochepe Bo3ayxa. [IpoOupKy 3aKphIIH H OCTABHIIH

B MaciisiHo# OaHe Ha 24 yacos npu nepememuanuu u 90 °C.

b Brixomel onpenenens: metonom I'X. DKcIepHMEHTH OCYIIECTBIEHE! B HECKOJIBKHX MOBTOPHOCTAX. BBIX0IbI
MPHUBEJIEHEl KaK cpejHee apH(MeTHYecKoe W pa3HHIA Mekjay CpeJHMM H TpaHHYHBIMH 3HadeHHaMH, Jlnsa
IKCIIEPUMEHTOB, OTIMYAIIHXCS BBICOKOI BOCIIPOH3BOJUMOCTBIO, BBIXO/IB! IPUBE/IEHB! €IMHCTBEHHBIM 3HaYEHHEM.

48 4,

42,81 mn Tomyona.

Tabsnua 29. BiusHue konnyecTBa OCHOBaHUA (peaklus B TONY0JIe ¢ M30BITKOM aHHIIMHA)

oo
+

0.25-1 equiv. 'BuOK
air (15 mol% of O,)

PhMe, 90°C, 24h

o

ZI

L.

@rw@

I-1a, 1.5 equiv. 1-2a, 1 equiv. I-4aa
Ongit ¢ konnuectBo ‘BuOK, 3xB. Beixon 1-3aa 2, % Boixoj I-4aa ®, %
1 0,25 0 3345
2 0,5 0 271
3 0,75 2248 35+8
4 1,0 76+1 4+2

@ Auununa (384 pn, 4,22 mmons), Gensunoeiii cnupt (291 pn, 2,81 mmons), ‘BuOK (79 — 315 wr,
0,70 — 2,81 mmons) u 1,41 Ma Tonyona OblIM noMelIeHbl B TpoOUpKy B atMochepe Bozayxa. [Tpobupky 3akpbuid,
TIOJIBEPTIITH YIIbTPa3BYKOBOH 00padoTke (1 MUHYTa) M OCTABHIIH B MacsAHO OaHe Ha 24 Yaca ITpH MepeMelInBaHuH

n 90 °C.

b Brixonel onpenenensl MeTooM 'X. DKCnepUMEHTBI OCYIIECTBIEHBI B [IBYX MOBTOPHOCTAX. BBIXO/BI
MPHBE/IEHBI KAK CpeaHee apupMETHIECKOE H PA3HHIIA MEKIY CPEHUM M TPAHHYHBIMH 3HAYEHUAMH,

Tabnuna 30. Bnusaue Temnepatypsl (peakius B TONyoJe ¢ H30BITKOM aHHIIHHA)

©/NH2 ©/\OH
+

1 equiv. 'BuOK
air (15 mol% of O5)

PhMe, 25-160°C,

J

H\)@
N +

QWQ

24h
I-1a, 1.5 equiv. I-2a, 1 equiv. I-3aa I-4aa
Omnsbit ¢ Temneparypa, °C Boixop I-3aa ®, % Beixox I-4aa ®, %
1 25 0 37
2 40 0 4441
3 60 62 44+4
4 80 52+8 14£9
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5 90 7041 202
6 100 672 4
7 120 3149 8+2
8 140 1942 0
9 160 20+2 0

¢ Annnun (384 i, 4,22 Mmons), 6ersunossii ciupt (291 pi, 2,81 mmons), 'BuOK (315 wmr, 2,81 MMoab) u
1,41 mn Tomyona OBUTH MOMENIeHBI B MpoOHpKY (m1a peakumit mpu t > 120°C ucnonsizoBanu cocyxn Illnenka) B
atmocdepe Bozayxa (15 MonpH.% O2 oTHOCHTENBHO ciupTa). [IpoOHPKY 3aKPBITH M OCTABHIH B MacisHoi OaHe Ha
24 4acoB NpU YKa3aHHOH TeMNepaTrype H nepeMelIHBaHuH,

b Brixos onpenenens Metogom I'X. DKCIIEpUMEHTHI OCYIIECTBIEHE! B HECKOJIBKHX TTIOBTOPHOCTAX. BBIX0IBI
MpHBEJICHBl KaK cpefHee apu(MeTHUecKoe W Pa3HUIa MEKAY CpPeIHHM M TPAaHWYHBIMH 3HaueHHAMH. [ns
IKCIEPUMEHTOB, OTIMYAIHUXCS BEICOKOH BOCIIPOH3BOJUMOCTBIO, BBIXO/IBI IPHBE/IEHEI €IMHCTBEHHBIM 3HaYEHHEM.

Tabunua 31. Bauguue Bo3ayxa (peakuus B TOJIY0JI€ ¢ H30bITKOM aHHIJIMHA)

1 equiv. 'BuOK

NH, @/\OH air (X mol% of 0,) H\/© N\/@
+ + NS

I-1a, 1.5 equiv.  1-2a, 1 equiv. I-3aa I-4aa
Onwir” MonsH.% O> Temneparypa, °C Beixon I-3aa’ %  Bexox I-4aa ®, %
OTHOCHTEJILHO CIIUPTA
1€ 3 60 4+0 11+0
2¢ 90 37+1 27+£2
3¢ 120 10 4
4 5 90 12 2
5 7 90 25 6
6°¢ 90 37+£5 0
7 9 90 42 7
8 11 90 56 4
9 13 80 40 261
10 90 65+4 1246
11 100 68+2 4
12 120 53 4
13 15 90 71£1 20£2
14 21 80 3+2 38+1
15 90 5T7£8 30+1
16 100 5447 18+3
17 34 60 0+1 6243
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18 90 0 84+16
19 120 40=1 5042

2 Aumun (178 — 683 i, 1,95 — 7,5 mmons, 1,5 9k8.), 6ersunoseiii crupt (135 — 517 pur, 1,3 — 5 mMouns, 1
3kB.), ‘BuOK (146 — 561 mr, 1,3 —5 MMons, | 5kB.) 1 0,65 — 2,5 M Tonmyosa OsUIH MOMeIIEHB! B TPoOUpKY B aTMocdepe
Bo3yxa. IIpoOHMpKy 3aKpBUTH M ITOJIBEPIIH YJIBTPa3BYKOBOMY BO3JeicTBHIO (1 MHHYTa), 1MOCIE YEro OCTAaBHIM B
MacsiHOH OaHe Ha 18 4acoB Npu yKa3aHHOM TeMIlepaType H IepeMelMBaHHH.

b Brixoam onpesienensr metosiom TX. DKcrnepuMeHTHl OCYIIECTRIEHB DOEE YEM B JIBYX MOBTOPHOCTSX.
BrIxo/iel IpUBE/ICHBI KaK cpejiHee apu(MeTHiecKkoe M pa3HHIA MEKAY CPEAHUM W IPAaHHYHBIMH 3HadeHusAMH. s
IKCTIIEPUMEHTOB, OTIIMYAIOIIHXCS BEICOKOH BOCIPOH3BOIMMOCTBIO, BEIXObI IPHBEIEHB! €/IHHCTBEHHBIM 3HAUEHHUEM.

¢ [Tpobupku 00BEMOM 12 M HCTTOMH30BAHEI BMECTO 52 M.

Tabnuua 32. 3meHeHue BpeMeHH peakiuK (peaklys B TOIyoJle ¢ U30BITKOM aHWIMHA)

1 equiv. 'BUOK

©/NH2 ) gOH air (15 mol% of O,) Hﬁ ) Nﬁ
PhMe, 90°C, X h ©/ ©/
I-1a, 1.5 equiv. 1-2a, 1 equiv. I-3aa I-4aa
Onsprt * Bpewms peaknuu, a Brixox I-3aa °, % Brixoxn I-4aa °, %
1 2 11=1 3241
2 4 16+1 33+1
3 8 23+7 24+]
4 12 46+2 2145
5 18 6146 14+6
6 24 70+1 2042
7 48 78+10 2247
8 72 80£3 1943

“ Anning (384 i, 4,22 mMons), Oensuinossliit cimpr (291 i, 2,81 mmons), ‘BuOK (315 mr, 2,81 Mmoib) 1
1,41 M Tomyona ObITH TIOMEIEHBI B IPOOUPKY B aTMochepe Bo3ayxa. [IpoOHpKy 3aKpEUTH B OCTABHIIH B MACIAHOH
0OaHe Ha yKa3aHHOE BpeMs MpH nepemeluusanuu u 90 °C.

b Boixoast onpenencnst Merogom I'X u noarsepsaetst metogom 'H AMP ¢ HCIONb30BAHHEM BHYTPEHHETO
cTaHapTa. DKCIECPUMEHTEI BRIMOIHEHEI B JIBYX MOBTOPHOCTAX. BBIXO/IBI IPUBEICHBI KaK cpe/iHee apudMeTHUecKoe 1
pasHHLA MEXKY CPEAHHM H IPaHHYHBIMH 3HAYEHHSIMH.

CyocrpaTrnas cieuupuunoctb. Yceiaosus A u B

OOHapyXHB ONTUMAIbHBIE YCIOBHUS («METOJMKA A») IUIsl PEaKIiu B TOJIYOIIE,
Mbl PELIWIM PACIIUPUTH KPYr AKTHBHBIX CyOCTpaTOB 3a CYET NPOU3BOJAHBIX H
TeTepOLMKINYeCKINX AaHaJloTOB aHWIWHA W OeHzmimoBoro croupra (Cxema 34).
Bropuunsie amunbl I-3aa — [-3ja, 1-3ab noaydeHsl ¢ npenapaTMBHBIMH BBIXOJAaMH
60—-70%. B peakuMio BCTYNAalT apOMATHYECKUE aMHUHBI, COJEpXKAallUe

anekTpoHoakuentopusie 3amecturenu (I-1fa, I-1ga, I-1ha, I-lia), a Ttaxxe
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oceHzunoBbld criupt I-2b ¢ 10HOpPHON n-MeTOKCHUABLHON Tpynrod. B ciywae 2-
amuHonupumuauna I-1i u  2-amunoOensornazona I-1j npuuIuIocs MOBBICUTH
TEMIIEpaTypy npoBeaeHus cuHTe3a. [IpoayKT B3auMoaeiicTBUsl OEH3UIOBOTO CITUPTA
I-2a ¢ n-anuzuauHom I-le nosydeH ¢ HEBBICOKMM BBIXOJOM, C HU3KHM BBIXOJ0M
nomyyeH nponykt I-3ac w3 OenszunmoBoro crnupra I-2¢ ¢ akuenTopHeIM n-

TpUPTOPMETUIBHBIM (ParMEHTOM.

1 equiv. 'BuOK
air (15 mol% of O,)
NH,R + R SOH RHN. R’
PhMe, 70-120°C, 24h
-1, 1.5 equiv. 1-2, 1 equiv. 1-3
I3aa 70°C: 55%, I-3ba, 90°C: 75% (71%) I3ca 90°C: 70% (69%) I-3ab, 90°C: 65%

D p D 5 O

I-3da, 90°C: 58%:; I-3ea, 120°C: 43% (37%)  |-3fa, 90°C: 73% (71%)  1-3ga, 90°C: 57% (56%)
120°C: 72% (69%)

AT o et D oy O

I-3ac, 70°C: 17%; I-3ha, 90°C: (72%) I-3ia, 120°C: (69%) I-3ja, 120°C: (67%)
90°C: 6%
Cxema 34. [TosyyeHue BTOPHYHBIX aMMHOB B YCJIOBHSIX A TIPH YKa3aHHOH TeMIiepaType.
Brixonel onpenenieHbl ¢ MOMOIIBIO 'H AMP. B ckobkax TPUBEJIEHBI BBIJICJIEHHBIE BBIXOJIBI

IIPOAYKTOB.

JIro0ONBITHO, YTO CHHMKEHHE TemiiepaTypbl peakuuu g n-CF; 3ameménnoro
OEH3UIIOBOIO CITUPTA IPUBOJIMIIO K TPEXKpATHOMY yBelndyeHuto Beixoa I-3ac. Kpome
TOTO, ISl BCEX MPOIYKTOB BBIXOJ peakuuu He npesbimaeT 70 — 75% mnpu monHoi
KOHBepcuH HcxogHoro crupra. Henocraromue 25 —30% BbIXOda NpUONIM3HUTEIBHO

COOTBCTCTBYIOT KOJIMYCCTBY AaTOMOB KHUCJIOpOa U3 02 B CHUCTCMC.
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AHanmn3 peakiMOHHON CMECH MOKa3all, YTO 3HAYMTENbHAs J0JI CIHPTa B X0JIe
peaxiuy npeBpaniaeTcs B coib 0en30iiHoi kuciaoThl (Cxema 35). BeposTHbiM nyTém
oOpa3zoBaHusi TOOOYHOTO TMPOJYKTA — OEH30aTa Kaluusi — SIBISETCS OKHCIICHHE
NPOMEXKYTOYHO  oOpasyromierocss — anpjerujga no  peakuuu  Kanauimapo.
JIOTIOTHUTENbHBIN SKCIEPUMEHT MOATBEP U JIETKOCTh MTPOTEKAHUS TAKOTO Tpolecca
B ycnoBusix cuHte3a (Cxema 36). Xotsa peakuus Kannurmmapo onucana B XI1X Beke,
paHee He COoOO0IIAIOCh O BO3MOYKHOCTH MPOTEKAHUS JAHHOTO IMPOLEcca B YCIOBUAX
peaxkiuy 3aMMCTBOBAHMS BOJIOPOJIA.

1 equiv. 'BuOK
air (15 mol% of O,
oo SR
+ N + N“"

PhMe, 90°C, 24h

I-1a, 1.5 equiv.  I-2a, 1 equiv. I-3aa I-4aa

15-25% (isolated)
Cxewma 35. I'mybokoe okucnenue cnupra— nobOUYHbIH mpoliecc.

0.8 equiv. 'BuOK, open air

0 0.12 equiv. PhNH, \/Q/ 0
H Ny + OH
1,4-dioxane, r.t.
stirring in air for 3 min

I-6g, 1 equiv. 75% conversion I-4ag, 12% I-5g, 37%

SO
+

1-2g, 26%
Cxema 36. Peaxmus KaHHHMIIIIApO B YCIOBHAX, OJH3KHX K YCIOBHAM A.

XKemas yBenmWYHTH BBIXOJ TPOAYKTa, MBI PEHIMIM HCIOJB30BaTh H30BITOK
CIHMPTA, a HE aHWIMHA. XOTA CKOPOCTh PEAKIMU CHUYKAETCS, €CJIM aHMJIMH HAaXOAUTCS
B HEJIOCTATKE MO OTHOUIECHHIO K CIIUPTY, MOOOYHOE OKUCICHUE CITUPTA 10 KUCIOTHI HE
OTPaHUYMBACT BBIXOJ] MPOIIECCa.

[Tpu ncnosb30BaHUM IBYKPATHOTO W30BITKA CIIUPTA PEAKIMS OTIIHYaIachk Ooliee
BBICOKOH  BOCTIPOM3BOJMMOCTBIO  pe3yJIbTaTOB, YeM TMpPH  HUCIOJIb30BaHHH

MOJIyTOPAaKpaTHOrO M30bITKA. JlOomoJNHUTENIbHAS ONTHUMH3alUs IOKa3auia, 4YTo
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OoOHapy»KEHHbIC paHee 3aKOHOMEPHOCTH COXPAHAIOTCA MU B HOBBIX YCIOBHSX
(meronmka B). Tak, onTUManbHOE KOJIMYECTBO KHUCIOPOJA MO-NPEKHEMY OCTAETCS
om3ko K 15 MonbH.% O, oTHOcUTenbHO criupTa (Tabnuna 33), konuuecTBa CrUpTa U

OCHOBAHUSI JIOJIKHBI ObITh OJM3KUMHU K SKBUBaJIeHTHBIM (Tabnuua 34).

Tabnuna 33. Bnusnue Bozayxa (peakuus B TOJIyoJie ¢ U30BITKOM CIIUPTA)

2 equiv. 'BuOK
H 0,
NH, @/\OH air (X mol% of 0,) Hp N\/©
o @ O

PhMe, 90°C, 48h

I-1a, 1 equiv. I-2a, 2 equiv. I-3aa I-4aa
OmnpIt “ Monesn.% O; otnocuteasno I-1a Boixon I-3aa °, % Beixon I-4aa ®, %

1 9 31 17

) 20 4127 22+]

3 31 6146 19:44

4 4] 73 18

5 51 67 27

6 62 0 43

7 82 B 22

8¢ 31 63 8

9¢ 42 30 16
10° 52 29 ’
11 62 17 4

@ Anunun (49 — 389 i, 0,54 — 4,29 mmons), 6ensunorsit cnuprt (111 — 887 i, 1,07 — 8,57 mmol), '‘BuOK
(120 — 962 wmr, 1,07 — 8,57 mmons) u 0,54 — 4,29 M Tosryosa ObLIH OMEIICHEI B TPOOUPKY B aTMOc(epe BO3ayXa.
ITpoOupKy 3aKpBUTH H TOJIBEPIIIH YIBTPA3BYKOBOMY BO3/IcHcTBHIO (1 MUHYTA), IOCTIE YETr0o OCTABKIIH B MAclsHOI OaHe
Ha 48 yacoB npu nepemerineanuu 1 90 °C.

b Brixoae! onpeaenens MetogoM I'X. BONBIIMHCTEO SKCIEPUMEHTOB OCYLIECTEIEHO B OIHOH MOBTOPHOCTH.
Jliist 3KCIIepUMEHTOR ¢ HECKOJIBKUMHE IMOBTOPHOCTSMHE BBIXO/IbI IPUBE/CHBI KAK CpejiHee apu(MeTHuecKoe U pa3HHIA

ME3K/TY CPEJIHUM W TPAHHYHEIMH 3HAYCHUAMH.
¢1,5 sks. 'BuOK.
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Tabnuua 34. KonudecTBO OCHOBaHUS (peakiius B TOJIYOJIE C U30BITKOM CITUPTA)

X equiv. ‘BuOK
air (15 mol% of O,

NH relative to alcohol) H
SANIC A, oo

PhMe, 90°C, 24h

I1a, 1 equiv.  I|-2a, 2 equiv. I-3aa I-4aa
Ompit * Komnuectso '‘BuOK, skB. Boixox I-3aa ’, % Brixon I-4aa °, %
1 1,0 35 53
2 1,25 18 12
3¢ 29 14
4 1.5 39+5 25+3
5¢ 63 8
6 1,75 60+2 19+3
7¢ 89+2 2
8 2,0 62+5 18+9
9¢ 57 11
10 2,25 3143 9+1
11 2,5 33+4 3043
12 3,0 28 58
13 4,0 13 39

@ Aunnan (127 pn, 1,41 mmons), Sensunosslid ciiupt (291 p, 2,91 mmons), ‘BuOK (158 — 631 mr, 1,41 — 5,62
MMOJIb) M 1,41 M1 Tosyosia ObUIM NOMEIIEHBI B IPOOUPKY B atMocdepe Bosayxa. [IpoGHpKy 3aKpbliH, MOABEPIIIM
yibTpa3ByKoBoii 06pabotke (1 MUHYTa) M OCTaBUIM B MacisiHOM Oane Ha 24 yaca npu nepeMemimBanuu u 90 °C.

b Brixojs onpenenensl Merogom I'X. Dkcnepumentsr 1 — 3, 5, 9, 12, 13 ocywecTBiaeHsl B OAHOH
TTOBTOPHOCTH, OCTAILHBIE IKCTIEPUMEHTHI — B IBYX. BBIXOIBI AKCTIEPUMEHTOB B JABYX MOBTOPHOCTAX TPHBEIACHBI KAk
KaK cpejiHee apu(pMeTHIeCKOe U PA3HHUIIA MEXKIY CPEIHUM M TPAHHYHBIMH 3HAUCHHSIMH.

€48 u.

ITo metonuke B Boixog N-OeH3uNaHWIIMHA W OJIM3KUX K HEMY IO CTPOCHHIO
BTOPHYHBIX aMuUHOB Obl1  Ommzok kK 90% (Cxema 37). AHWIHMHBL C
AIEKTPOHOAKLIENTOPHBIMH 3aMECTUTEIIAIMU ANKWIHPYIOTCA Xyxke (82%, 77%, 68%
cooTBeTCTBEHHO JiJ1s1 npoaykToB I-3fa, I1-3ga, I-3ha). [Tonyyennsiii npu 90°C npoaykr
B3aMMOJICHCTBHA cUpTa ¢ 2-aMuHOMUpuMHIHHOM I-3ia BeiaencH ¢ 33% BeIXogoMm.

CHUpTHI € ANEKTPOHOIOHOPHBIMH 3aMECTUTEIISIMU NIPU APOMATHYECKOM KOJIbLE
OPUBOST K COOTBETCTBYIOIIMM MPOJYyKTaM ¢ BbICOKMMHM Bbixojamu (I-3ab, I-3af).

AKTHBHBIMH cyOcTpaTamMu SBISIFOTCS Ha(THIMETaHON W OEH3TMIPWIOBBIN CIUPT
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(mpoayxtel I-3ah u I-3ag coorBeTcTBeHHO). CHMIKEHHME BbIXOJa HAOIIOIAETCSA TIPU
BOBJICUEHHUH B PEAKIIMIO TajoreH-3aMeménnbiX cnuptoB (npoayktsl I-3ad, 1-3ae), a
Takxe cyoctpara (mpoaykt I-3ac), conepxamero CF; rpynmy B napa-noiosxeHuH.
Onnako, B oTiauuMe OT MeTOoaMKH A, coeaunenue I-3ac ynanoce mnoayduts ¢
NpernapaTUBHBIM  BBIXOJOM. AIKHJIMPOBaHUE AaHWIMHA 0O-METOKCUOEH3MIIOBBIM
cnupToM B ycioBusax B mpuBomuT k mpoaykrty I-3ai ¢ mpenmapaTHUBHBIM BBIXOJOM,
CMEHa pacTBOPUTEII NMo3BoyAeT qocTuyb 75%. IlpencraBneHHblii BIOOP MPOAYKTOB
ABIIACTCA TIMPOKO PacnpOCTPaHEHHBIM, AK€ CTAHIAPTHBIM, B KaTAJIUTUYECKHUX H
HEKaTaJIUTHUYECKUX paboTax Mo peakuuu 3aMMCTBOBAHUS BOJIOPO/A.

B Omm3kux k meroauMke B ycIOBHSIX BO3MOXKHO Takke OCH3MIMPOBAHHUE
To3unamuaa. [louck onTUManbHBIX YCIOBHH cuHTe3a npoaykra I-3ka mpencraBneH
HIDKE (

Tabmuna 35). Takum oOpazom, pa3paboTaHHBIE YCIOBUS MO3BOMISIIOT MOIYYHTh
IUPOKUIA HA0Op N-OCH3UTaMUHOB.

1.75 equiv. 'BuOK
air (30 mol% O5)
NH,R  + R'/\OH HoN R
PhMe, 90-160°C, 48h
1-1, 1 equiv. 1-2, 2 equiv. 1-3

@nﬁ QHQ OO 1

I-3aa, 90°C: 89% (89%) I-3ba, 90°C: 88% (87%) I-3ca, 90°C: 93% (90%)

M et

OMe
I-3da, 90°C: 84% (78%)  1-3fa, 90°C: 82% (79%) I-3ga, 90°C: 77% (73%)

OMe
| b C\INV@ OH\/@

I1-3ha, 90°C: (68%) I-3ia, 90°C: (33%) I-3ab, 90°C: 96% (93%)
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@nﬁ 3

I-3ac, 90°C: 57% (45%)

I-3ad, 120°C: 76% (76%)

OBn
H H
T Np
O/ Ph

I-3af, 90°C: 95% (88%)

s

I-3a| 90°C: 65% (PhMe)
72% (1,4- dloxane)

75% (morpholine, 72%)

Cxema 37. CuHTEe3 BTOPHYHBIX aMHHOB I10 METOquKe B mpu ykazaHHOM TeMIepaTypHOM
pexume. Beixosel onpesienensl ¢ momomsio 'H SIMP. B ckoOkax NpHBE/IEHB! BbIIEIEHHBIE BBIXO/IBI
MPOJIYKTORB.

Tabnuua 35. OnTuMuU3aLMs YCIOBUN PeaKLMK € TO3HIAMHIOM

'BuOK

I-3ae, 90°C: 84% (75%)
H
o

I- 3ag, 120°C: 81% (80%) I1-3ah, 90°C: 90% (83%)

I-3ka, 1.2 eq. '‘BuOK, 1.5 eq. BnOH
dioxane, 160°C, 24h: 88%

o “ air (1.5 mol% of O,
\\S\\ 2 . ©/\OH relative to alcohol) _ \Q\Sp
/©/ (@) 1,4-dioxane, 24h cs/ \H/\Q
-1k, 1 equiv. 1-2a, 1.5 equiv. I-3ka
OnpiT * Temnepatypa, °C OcHoBaHHe Brixon I-3ka °, %
1 120 1 sxB. K2CO; 0
2°¢ 1 sxB, K,CO; 0
1 skB. LiOH 0
4¢ 1 sxB. LiOH 0
5 1 3xB. NaOH 0
6° 1 axe. NaOH 0
7 1 sxe. KOH 0
8¢ 1 3ks. KOH 0
9 2 sks. KOH 0
10 1 sxe. CsOH 0
11°¢ 1 sxB. CsOH 0
12 1 skB. '‘BuOK 0
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13¢ 1 5kB. '‘BuOK 0
14 e 140 1 skB. 'BuOK 0
15 e 1 sxB. KOH 0

16 ¢ 160 1,5 s3xB. NaOH 0

174 0,05 »xe. KOH 0

18°¢ 0,5 sxs. KOH 0

19¢ 1 oxs. KOH 5
20°¢ 1,25 sxe. KOH 34

21 1,5 sxs. KOH 36
24 ¢ 1 skB. 'BuOK 63
25/ 1,2 sxB. 'BuOK 80

“Tozunamua (321 mr, 1,87 mmons), 6ensunoseiii coupt (291 pi, 2,81 MMoaB), OCHOBaHHE M PACTBOPHUTEIE
OBLIM IOMELUEHEI B IIPOOUPKY (Uit peakiwii npu t > 120°C ucnons3oBanu cocyy Llnenka) B armocdepe Bo3ayxa.
[IpobupKy 3aKpBLTH U MOIBEPIIIH YABTPA3BYKOBOMY BO3eHCTBHIO (1 MHHYTA), TOC/IE YETO OCTABHIIH B MacAHOI OaHe

Ha 24 gaca npu nepemMemuBanun 1 90 °C.
b Brixoze! onpenenensl MeTogoM ['X. DKCIEPUMEHTE! BLIIOIHEHE! B OHOI TOBTOPHOCTH.
¢ 2 mn 1,4-mHokcana.
@10 sxB. BnOH, peakuus 6€3 pacTBOpHTENS.
¢ 4 yaca.
/3 mn 1,4- auokcana.

ITomMuMO OEH3MIIOBBIX CIIMPTOB, B pCAKIHUIO TAK¥KE y,}:[aéTCH BOBJICYD IICPBHYHEBIC

anmdartuueckue cnuptbl (Cxema 38). OgHAKO MONYYUTh MPOAYKT yAAETCS JHILIb IS

cyOCTpaToB ¢ OTHOCHTEIHHO BBICOKOM TemmepaTypoil kurenus (mpoaykt I-3aj).

NH, 1.2 equiv. 'BUOK, air %
@’ + ROH - R
1,4-dioxane, 90-140°C, 24h

I-1a, 1 equiv. 1-2, 1.5 equiv. 1-3
H
N

N N
o o't o

bp (MeOH) = 65°C

sl bp (EtOH) = 78°C bp ("BUOH) = 118°C
90°C: 0% iy
’ 90°C: 0% 90°C: 0%
H 120°C: 0%
©, € ON\HHEX 140°C: 0%
p (CF3CH,OH) = 74°C I-3aj, bp ("CgH130H) = 157°C
90°C: 0% 140°C: 59%
120°C: 0%

Cxema 38. B3aumojeiicTBre anuimHa ¢ anu(aTHIeCKUMH CIIUPTAMH.
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YcTraHoB/IeHHe 3aBHMCHMOCTH MEXKIY KHCJIOTHOChbIO cy0cTpata U
He00X0AMMOM TeMIIEePaTYPOil CHHTEe3a

Bo Bpemsi mccrnenoBanus cyOcTpaTHOH crnenupUUHOCTH OblIa OOHApyKeHa
KOPPEJSIUsl MKy TeMIepaTypoi, HeoOX0AMMOHN ISl YCTIEIIHOTO OCYIIECTBIICHUS
CHHTE3a M KMCIOTHOCTRIO NH-Hykieoduna no mkane bopayanna.[133] CyGcrpatsl ¢
HU3KOW KHUCJIOTHOCTBIO (HampuMmep, aHWIMH) BCTYMadd B PEAKIHI0 C BBICOKUM
BbixosoM npu 90°C, omnako cHmxeHue pKa (yBelIMUCHHE KHCIOTHOCTH) aMHHA

MPUBOIMIIO K MOBBIIIIEHUIO ONITUMAIBHOM TeMIiepatypbl cuHTe3a (Cxema 39).

Conditions A or B

90-160°C

@rL@ U“Q 2

|
I-3aa, 89% (90°C) I-3ha, 69% (120°C) I-3ka, 75% (160°C)
pKa (Bordwell) = 30.6 pKa (Bordwell) = 25.3 pKa (Bordwell) = 16.1

Temperature

Bordwell acidity

[ >

Cxewma 39. Koppemnsus Mesk1y ONTHMaIBHON TeMIepaTypbl CHHTE3a U KHCIOTHOCTBIO aMHHA
no wkane bopaysnna.

UtoObl yOeauThCST B CYIIECTBOBAHMH JAHHOW 3aBUCHUMOCTH, Mbl CPaBHUIIU
BBIXOJIbI peaklMid pa3TudHbIX N-HyKI1e0()HUI0B ¢ OEH3UIOBBIM CITUPTOM B IOJTHOCTBIO
OJIMHAKOBBIX YCIOBHUSAX (COOTHOLIEHHE PEAreHToB, colepkanue i, KOJIUYECTBO
pacTBOpHUTENS, BPEMsI PEaKIMK) MpH pa3HbiXx TemmnepaTypax (Pucynok 13, Tabmuuna
36). Pa3znuuHbie 3aMENICHHBIC aHIUIMHBI ¢ KUCIOTHOCTHIO 10 bopayasmmy okomo 30
pearupyloT npu CpaBHUTEIbHO HU3KHX TeMrneparypax 80 — 100°C. Ymenbenue pKa
HCXOJHOTO aMHHa TPUBOJMUT K TIOBBIIIEHUIO TEMIEpaTypbl, HEOOXOIUMOI s
YCHELIHOIO NPOTEKaHUs peakuuu. Tak, onTUMallbHas TEMIIEpaTypa s MUPUMHIUHA

(pKa = 25,3) cocraBasier 120°C, a ans anununa (pKa = 30,6) — 90°C. Bonee kuciblii
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N-nykneodun, cyiabhoHamua, pearupyer Tojbko npu 160°C, noarBepkaas Tem
caMbIM OOHApYKEHHYIO TeHJACHIHMIO. CTOUT OTMETHUTH, YTO PEAKIUS MPOTEKAET B
JTUOKCaHe, TOJIyoJie WK 0e3 pacTBOPUTENS, TOT/Ia KaK KUCIOTHOCTh COEJIMHEHUH 1O
bopayanny onpenenena B IMCO (oOcysknaemas peakuust B JIMCO He nporekaer
BBH/Iy BBICOKOM AMAIIEKTPUYECKOH npoHuaeMocTu). OIHaKO, B OTCYTCTBHE JPYTHX
O0IIMX MKl KUCIOTHOCTH C HYKCIIEPUMEHTAIBHO OMPEICIEHHBIMUA 3HAUCHUSAMH JIJISI
apOMaTUYECKUX aMUHOB (KpOMe IIKaJIbl B BO/IE), Obla ncronb3oBaHa mkana B JIMCO.
[To 3TOM NpUYMHE BO3MOMKHBI OTKJIOHEHUA NPEICKAa3aHHOM C TMOMOIIBIO JTaHHOM
MOJICIM  ONTUMAJILHOM TeMmIepaTtypbl cUHTe3a OT peainbHoil. Tem He MeHee,
MOJIYUEHHbIE HAMH PE3YJIbTAThl [MO3BOJISIIOT HAJEATHCSA, UTO PACXOXKIACHHE HE
npessicuT 20°C.

J17is moaTBEpPIKICHUS 3aBUCUMOCTH ObUT BBIOpaH NH-HyKIe0( I, KHCIOTHOCTD
KOTOPOTO HAXOJAMUTCS B MHTEPBAIIe MKy TOZMIIAMUIOM H OCTAIBHBIMU CyOCTpaTaMHu.
CoenuHeHui ¢ U3BECTHOM KUCIIOTHOCTHIO 10 bopayainy, nexaliei B 3TOM Juarna3oHe,
JMOBOJBHO Majio. OIHUM U3 HUX SIBJISETCS ME3UIaMHujl. Ero KMCIOTHOCTH COCTABIISIET
pKa=17,5. Cornacuo auarpamme (Pucynok 13) ontumanbHas Temmneparypa s
NPOBEJICHUS PEAKIIMH C TaHHBIM CyOCTpaTOM A0JKHA ObITh OnM3ka Kk 140 — 160°C.

DKCrepMMeHTalbHasl TMpOBEpKa MOKaszajla, 4TO ME3WJIaMHJl B CaMOM Jielie
HAuYMHAET B3aUMOJICIICTBOBATh CO CIUPTOM JHIIb Ipu Temnepatype 140°C. Ognako
HanOobIIMi BbIX0M AOCTUTHYT mipu 180°C. Crmemyer OTMETHTh PE3KOE CHHKCHUE
BbIXOJIa MPU JlaJIbHEHIIEM MOBBbIIICHUH TemnepaTypbl g0 200°C, B CBS3M C 4eM
BO3HHMKACT SKCTPEMYM 3aBHCHMOCTH BBIXOJa OT TEMIEpaTypbl. ITO COTJIACYETCH C
pe3yJabTaTaMu YKCIIEPUMEHTOB Ha JAPYruX cydcTparax.

[IpennoxkeHHble yciioBHs cCMHTE3a BTOpUYHBIX aMuHOB (Cxema 34, Cxema 37)
BBIJICNIAIOTCSL MSATKOCTBIO Ha (oHe OmNHCaHHBIX paHee B IJUTepaType MAJid
OIOCPEIOBAHHON OCHOBaHMAMHU peakuuu.[27] ABTOpbl MyONMKAUUU IPEIJIOKIINA
MmeTon cuHTe3a N-6ensmnanminaa I-3aa npu 220°C. OnHako B HAIINX HCCIEI0OBAHUAX

C pPOCTOM TCMIICPATYPhI BBIIIC ONTHMAJILHOU Ha6J'IIO,ELaJ'IOCI) CHHO)KCHHMC BbIXOJa
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(Tabmuua 30). /lanHOE pacX0kKJACHUE MOKET ObITh O0YCIIOBICHO HAJTUYHMEM BTOPOIO
TEMIIepaTypHOro Makcumyma. [1o3ToMy MBI pacMpWIId TEMIEPATYPHYIO IIKATY 10
200°C, rae, B caMOM felie, BBIXOJ apOMAaTHUECKUX U reTepoapoMaTHUECKUX aMHHOB
BO3pacTal J0 CHHTETHYECKM npuemieMblx 3HaueHuidl (Pucynox 13). Jlna
cynb(OHaMHUa IEPBbIH MakCUMyM ObUT 0OHapysxeH npu 160°C. Bropoit MmakcumyM,
BeposaTHO Haxomsammiics npu 240 —260°C, oOHapykuTh HE YIOAJIOCh BBHIY

Aerpajaluy peakimoHHoM cmecu nipu HarpeBanuu 1o 200°C.

200

180

160

140

120

100

Temmneparypa, °C
Beixox 3, %

18 20 22 24 26 28 30 32
pKa N-nyxneodirza 8 DMSO

Pucynok 13. TpéxmepHas auarpaMma 3aBHCHMOCTH BBIXOJIa PEAKIHH OT TeMIIepaTypbl
NPOBEACHHUS CHHTE3a H KUCIOTHOCTH NH-nykineodwrna mno wkane bopaysmna. [lanusie,
HCIOJIB30BABIIUECS IS IOCTPOCHHUS THarpaMMBbl, ipuBeieHbl Hike (Tabnuia 36).
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Tabnuua 36. B3auMocBsa3b MeXIy ONTUMAJIbHOW TEMNEpaTypoi NpPOBE/ICHHs CHHTE3a U
KHUCJIIOTHOCTBIO aMHHOB TI0 1Kane bopayamna

1.2 equiv. 'BuOK,
air (15 mol% of O,

relative to alcohol)
RNH, + gOH \/@
1,4-dioxane, 24h RHN

1, 1 equiv. 2a, 1.5 equiv. 3
DKcrepuMeHT “ pKa Cybetpar t,°C  BexoxI-3° % KommenTtapuu
[134]
1 32,5 NH, 80 9
2 - ,@ 100 50
3 120 40
4 140 20
5 160 31
6 180 29
7 200 47
8 31,0 NH, 80 22
9 /©/ 100 54
10 120 33
11 140 25
12 160 27
13 180 32
14 200 35
15 30,7 NH, 80 32
16 ©/ 100 71
17 120 42
18 140 26
19°¢ 160 43
20°¢ 180 37
21°¢ 200 64
22 30,5 MeO NH, 80 44 JIEMETOKCUIIMPOBAHU
€ TIPH BBICOKHX
23 U 100 76 TeMIeparypax,
24 120 46 MPUBOIAIIEE K

BEIXOY MOOOYHOTO
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25 140 26 nponykra — N-

OcH3MIaHWINHA:
26 160 -+ 2
27 180 31 11
28 200 39 38
29 29,1 NH, 80 53 nedpoMHpOBaHKE
TMPH BBICOKHX
30 Br /©/ 100 77 TeMIeparypax,
31 120 87 TPHBOJALIEE K
obpazopanmio I-3aa:
32 140 55 18
33 160 45 29
34 180 49 27
35 200 51 20
36 27,7 | N2 80 47
37 =N 100 43
38 120 97
39 140 36
40 160 69
41 180 74
42 200 92
43 25,3 N.__NH; 80 29
44 (j\l/ 100 37
45 120 62
46 140 53
47 160 37
48 180 53
49 200 46
57¢ 16,1 O‘\S’NHZ 80 0
58¢ e 100 0
59¢ 120 0
60°¢ 140 60
61°¢ 160 88
62°¢ 180 61
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63° 200 (merpanaums

PeakIMOHHOMH
CMECH)
64 17,5 A NH 80 0 Pe3ynbTaThl He
Me” \: 2 HCITIONB30BAHEI TS

& 0 100 0 TOCTPOEHHS
66 120 0 JHarpaMMBl Ha

Pucynox 13
67 140 29
68 160 50
69 180 63
70 200 29

¢ AmuH (1,87 mMoub), Oen3unoseiil ciiupr (291 i, 2,81 mmods), ceexeBosorHansbiii ‘BuOK (252 wmr, 2,25
MMOJb) B 3 M cyxoro 1.4-auokcana ObUIH IOMELIEHBI B IPOOUPKY C MAarHUTHEIM SKOpeM B atMocdepe Bozayxa (s
peakuuii npu t > 120°C ucnons3oBansl cocyasl llnenka). [TpoOupky 3akpblid W MOABEPIIM YILTPA3BYKOBOMY
BO3JAeHCTBHIO (1 MUHYTA), OCIIE YEro OCTABMIN B IPEJABAPUTE]ILHO HANPETOH MaciaHOH OaHe NpH nepemMellnBaHtH,
Cnycrs 24 yaca npoOUPKK OXJIaJIMITH JI0 KOMHATHON TeMIIepaTyphl U OTKpbUIH. PeakunonHyo cMech pazdasuin J[XM
no 25 mn. M3 nonmydennoro pacrtsopa oTOOpallM allMKBOTY, CKOHLEHTPHPOBAIM HAa POTOPHOM HCIAPUTENE H
NOATOTOBHIHN K aHamu3y Metonom 'H SIMP.

b Brixosl OMpe/IeNIeHbl METOJ0M 'H SIMP ¢ ucronb30BaHHeM BHYTPEHHETr0 CTaHapTa.

¢ Beixoapl onpenenensl metogaoMm I'X.

YTouHeHHe MeXxaHu3Ma peaKun

Hanwaue JABYX OJKCTPCMYMOB 3aBHCHUMOCTHU BEBEIXOJAa OT TCMIICPATYPBI I
APOMATHYCCKHUX H I'CTCPOAPOMATHYCCKHX aMHUHOB MOKCT CBUACTCIILCTBOBATL O CMCHE
MEXaHHW3Ma MPU MOBBILLIEHUH TeMIlepaTyphbl. B Takom ciiyyae 1o nepBoMy MexXaHu3My

o .
peakius NpOTEKaeT IPU CPABHUTENIBHO HU3KUX Temneparypax (80 — 120°C), a BTopoii
CTaHOBHTCS mpeobianaronuM npu HarpeBanuu 10 200°C.

Kmaccuueckuit MEXaHHU3M OHOCpeHOBaHHOﬁ OCHOBaHHEM peaKkuun
3aUMCTBOBAHHA BOAOPOAA OCHOBAH HA MPCAIOJIOKCHHH O TOM, UYTO HUCXOIHBIM CIINPT
B HOPHCYTCTBHHM  KHUCJIOpOJa IMpeBpallacTCss B aJIbACTHU. Ilaﬂee AJIBJICTH T
BBBHMOHGHCTBYGT C aMHHOM, 06p8.3y5{ OCHOBAaHHE H_[I/Iq)(l)a BTOp&H MOJIEKYJIa CITMpTa
B3aHMOHeﬁCTByeT C OCHOBaHHCM H_[H(l)(ba o MCEXaHHU3My BOCCTAaHOBIICHHA 110
Meiiepseiiny-ITonnopdy-Bepnero — okucnenus no Onnenayspy (MPV-0). [lanHblii
MCXaHHU3M Ipcajlaracrcad B Ka4dCCTBC Hanoboiee BCPOATHOTO B OOJIBIIMHCTBE

HCCJICAOBAHUM 10 KaTaHH3preMOﬁ OCHOBAHHCM PCAKIIHH 3aMMCTBOBAHHUA BOOOpPOAA

(Cxema 40). [23,28,29]
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R°CH,0H  CsOH ~_ _R!

2
H,0 N’
2 R2CHO H
0 CsOH CsOH
2 R'NH,
R?CH,0OC Ny
28 R2CHO
\‘ R'NH
X R2CH,0OH v 2
CsOH
Initial steps Catalytic cycle

Cxema 40. OnucaHHbIi B JMTEpaType MEXaHHU3M AJIKWIUPOBAHHMSA aMHUHOB CHHUPTaMH B
YCIIOBUAX PEaKLMH 3aUMCTBOBaHMA Bojopoa. [135]

B mouckax oOBsICHEHHS OOHAPYKEHHBIM 3aBHCHUMOCTSIM BBIXOJA KEJIaeMOI0
NPOAYKTa 0T 00bEMA BO3AyXa B PEAKIIHOHHOM COCY/I€, TEMIIEPATypPhl H KHCIOTHOCTH,
a Takxke HabmomaeMoro obpaszoBaHus OeH30aTa B KauecTBE MOOOYHOrO MPOAYKTA,
OBLIM MPEANPHUHSATHI JOMOJIHUTEIBHBIE SKCTIEPUMEHTEI.

HccnenoBaHo OKHCICHHME CHUpPTa MpPU  Pa3HbIX TeMIepaTypax Kak B
NpUCYTCTBUH, Tak W B oTcyrcTBMe amuHa (Cxema 41A). CornacHo Iosly4eHHBIM
pe3yabTataM, B npucyrcTBud 10 MoibH.% aHMIMHA KOHBEPCHs CIIUPTa COCTABISIET
npumepHo 30% Tpw BceX TeMmmeparypax, YTO COOTBETCTBYET KOJIMYECTBY aTOMOB
Kuciopoda Bosayxa B cucteme (15 monbH.% O3). [lpomykraMu SIBISIOTCA COJIb
OeH3oitHONW KuciaoThl, ocHoBaHue Illudda u N-Oensunanmwmmn (Tabmuna 37). B
OTCYTCTBME aMMHA KOHBEpPCHUA IaJaeT, a IOBBILICHUE TEMIEPATypbl MPUBOAMUT K
YBEIIMYCHHIO JIOJH BOCCTAHOBJIEHHOTO CIiUpTa. Takum 00pa3oM, MPHCYTCTBHE aMHHA
uMeeT pelatoiee 3HaueHue 1 MPV-O nponecca.

Jlasiee ObUIO MPOBEJACHO CpPAaBHEHHE PE3YJbTATOB PEAKIMH IIPU  Pa3HbIX
TeMIiepaTypax, MpH 3TOM CBOOOAHBIH O0BEM cocyga OBUI 3alOHEH BO3IYXOM,
aproHOM WJIM MOJICKYJIpHBIM KuciopoaoM (Cxema 41B). Beixon peakuu B cocyze ¢
BO3ayLIHOM atMochepoit (15 moabH.% O;) npu nossiieHuu Temneparypst ¢ 90°C no
140°C camxaerca ¢ 58% no 26%. JlanbHeitniee nopeimenue temneparypsl 10 200°C

OPUBOJAUT K BeIxoay 64%. Peakuus B atmocdepe aprona npu Toi e Temneparype
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nporekaet ¢ BoixoaoM 29% npotuB 64% B Bozayxe. Takum oOpa3om, B peakliui Ha
Bo3ayxe npu 200°C nosioBMHA MPOJIyKTa 00pa3yeTcs Mo aHadpoOHOMY MEXaHHU3MY, a
Apyrast MOJOBHHA — MO a3pOOHOMY.

Ha cnenyromem arane Mbl CpaBHUIM PE3yJIbTaThl BOCCTAHOBIEHHUS! OCHOBAHMS
[IIudda cmuptom npu pasubix temmeparypax (Cxema 41C). Ocnopanue udda,
MOJIyYCHHOE W3 AaHWIWHA W H-TOJWIANBACTHUAA, BOCCTAHABIMBAIN OCH3UIOBBIM
cnuptoM. Pacripenenenue 00pa3yromuxcs Mpu 3TOM MPOAYKTOB CBUICTEIBCTBYET 00
00paTUMOCTH OT/IEBHBIX cTanuil. BoccTaHOBIEHHE MMHHA B COCyIax ¢ aTMOC(epoit
aproHa Wjau BO3AyXa IPHU Pa3HbIX TeMIepaTypax, MO3BOJWIO NPUUTH K CAEAYIOLUM
BBIBOJIAM.

Bo-nepBrix, BoccraHoBieHHe ocHoBaHUs llludda mporekaer HezaBUCHMO OT
atmocdeps! B peaktope. [Ipu Bcex m3yueHHBIX TeMIiepaTypax, Kak Ha BO3AyXe, TaK U
B aproHe Obu1a gocturayra 90 — 100% xoHBepcHs HCXOAHOTO OEH3WIOBOTO CITHPTA BO
BTOPUYHBIC AMUHBI.

Bo-BTOpBIX, yaalock 0OHAPYKUTH PsiJl PABHOBECHBIX MPOIIECCOB, MTPUBOIAIIMX
K oOMeHy OeH3unbHOro pparmenta. HecmoTps Ha To, 4TO B Havasie SKCIEPUMEHTA B
ocHoBanue udda, Bxoaun nuuib n-MeTHUIOCH3WIMICHOBBIA (parMeHT, MPOAYKT
peakuuu mnpeacTaBisan cMmech N-OeH3unaHummHa U N-(4-MeTUNOeH3WIT)aHUIIMHA B
pPaBHOM COOTHOIICHHH.

B-TpeThrx, B X01€ peakiuu 00pa3oBaiuCh 00a BO3ZMOXHBIX OCH30aTa Kallus,
YTO yKa3blBaeT Ha npotekanue peakuuu Kanuunuapo. M3 100 moasH.% BnOH u 100

MoIbH.% ocHoBanus [Iudda nomyqammm 60 — 80 monbH.% cMecH coieit (OeH30HHOH
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B atmosphere
A 1 eq. 'BuOK Ph/\\\N’Ph temperature
" 10 mol% PhNH, j\ 24 h, PhMe
Ph™ "OH 15 mol% O, ph” SoH oh PN _pp _1equiv. 'BuOK op sy P
dioxane, 2h Ph/\H’ Ph™ "OH ™ H;N H
503 = 'thl t | 90°C, 15 mol% Q5:  58%
= without aniline
2 90°C, Ar: 0%
O =with 10% of aniline|] ;
g with 10% of aniline 140°C, 15 mol% O,: 26%
§30’ - . 200°C, 15 mol% O,: 64%
§ 20l 200°C, Ar: 29%
= 200°C, Ar, no base: 0%
E 10} o
BE) 1(‘}0 120 1‘;-0 1(‘30 1!;0 260 )
c 1 equiv. '‘BuOK o
15 mol% Oz or Ar - pp" ™0oH N. _Tol
Na Tol + 5 .~ dioxane, 24h © Ph)I\OH R
PR X Ph OH + o + H
. P ]
1 equiv. 1 equiv. Tol OH ~N._-Ph
Tol )]\OH Ph™ ™~
60 60
15 mol% O, Ar
50 50
= ToICH,OH = TolCH,OH
o 40 = BnOH <40 = BnOH
o 30 | [ = TolICOOH o 30 . = TolCOOH
Q [<}]
> ag PhCOOH > o0 B : PhCOOH
® PhNHCH,Tol = PhNHCH,Tol
10 ' -' | = PhNHBn 10 - = PhNHBn
. Ji _ , HE 0 _
90°C 160°C  200°C 90°C 160°C  200°C

Cxema 41. MccnenoBanue MexaHu3Ma: A) BIUAHHE aMHHA Ha CKOpOCTh okHcieHus BnOH
(Tabmuma 37), B) Biousaaue arMmocdepsl Ha BbeIxoa mpoaykra (Tabmuma 38), C) cBumerenbcTBa
npotekanus peakunu Kannununapo (Tabnuua 39).

WU n-MeTWI0EH30MHON KucaoThl). Takum 00pa3oM, OTBETCTBEHHAs 3a MPEBpAllCHUE
MCXO/HOT'O CIIUPTA B KUCIOTY, peakiuss KaHHUIIIApO MOKET CYLIECTBEHHO CHUKATh
aTOM-3KOHOMHUYHOCTb  OCHOBHO-KaTaJIU3UPYEMOI'0  3aMMCTBOBAHHS  BOJIOPO/JIA.
[TpumedarensHO, HA BO3AYXE OOIIMH BHIXOJ OCH30aTOB, @ TAKKE WX COOTHOIICHHE
MPAKTUYECKH HE U3MEHSETCS C POCTOM TEMIIEPATyphl, B TO BPEMA Kak B OTCYTCTBHUE
kuciopoaa npu 90°C obpasyercs nuib 60 MoabH.% O0€H30aTOB B COOTHOIIEHUHA 1:1,

a nipu 160°C u 200°C — oxono 75 — 80 MoJibH.% KHUCIOT B cooTHOIIEeHUHU 1,5:1.
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Tabnuua 37. OxkucieHHe cnupTa B NPUCYTCTBUM aHUIMHA

1 equiv. 'BUOK
air (15 mol% of O,)

. el H\/© \/© I
PhMe, 90 — 200°C, 2h
I-2a, 1 equiv. |1-3aa I-4aa I-5a
Okcnepument ¢ t, °C KonuyectBo Konuuectso crupra I-2a” u Beixon  Bexon
aHHJIHHA, DKB. Oen3oliHo# kucnoTe! I-4a € mocne 1-3aa’  I-4aa’,
Peakiu, MoJbH. % % %
Ie 90 - 83m 15 - -
2 0,1 71m 18 4 4
3 160 - 91u9 - -
4 0,1 68 u 22 0 9
5 200 - 91 u8 - -
6 0,1 70 1 20 4 5

¢ Ammman (127 po, 1,41 MMose), 6ensumnoBsri cmapt (291 i, 2,91 MMons), ceeskeBo3zorHanusi 'BuOK (276
Mmr, 2,46 mmoub) u 3 M cyxoro 1,4-nuokcana Obutn nomeulensl B cocyl Hlnenka. Cocyn 3akpblid U HOIBEPIIH
yABTPa3ByKOBOMY Bo3felcTBHIO (1 MHHyTa), Tocie 4Yero OCTAaBHIM B MaciAHoH OaHe Ha 48 gacoB mnpu
nepememuBauy 1 90 °C. O6paboTka peakiuy BKI0Yana padasienne peakinonnoi cMecn JIXM u nmocnenyonyio
neirpanusannio ‘BuOK noGasnennem konnentpuposannoil CF3COOH npu HHTEHCHBHOM NEpEMELIHBAHHH.

b Brixoze! onpenenens MetogoM 'H SIMP. DkcnepumenTr! mpi 90°C BLIIOIHEHE! B IBYX OBTOPHOCTAX.

“ BBIXO/IbI OIIEHEHBI MO Pa3HHUIIE MEXKIY Ha9aIbHBIM KOJIMYECTBOM CIHMPTa M 00HAPYKEHHBIM MOCNE PeaKIIHN

merogoMm I'X.

Tabnuua 38. Bnusgaue atMocdepsl Ha PeakIiio 3aMMCTBOBAHUS BOOPOIA

1 equiv. 'BuOK

atmosphere

Salehy
+

I-1a, 1 equiv. I-2a, 1 equiv.

PhMe, t°C, 24h

o

H
N

L.

9

I-3aa

I-4aa

NS

DKcnepuMeHT * Atmocdepa t, °C

Beixon I-3aa ”, %

Brixon I-4aa °, %

KommenTapuu

1 Ar 90

2¢ 200

3 Bo3ayx (15 90

monbH.% O

0

0

OrcyTtcTByer

KOHBEpCHS
HCXOJIHBIX
COCIUHCHHI

29 3 OcHoBaHue

udda,

BEPOSITHO,
00pa3oBaioch B
xoje 00paboTKn

peakuu

5843 442
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OTHOCHTCJIBHO
CriupTa)
4° BO3AYX (15 200 64 8
MoIBH.% O
OTHOCHTCJIBHO
cnupTa)
5 MOJIEKYJIsSIpHBIE - 90 0 94
0,
@ Auumun (255 i, 2,81 Mmoss), 6ensunossiil cnupt (291 wi, 2,81 mmons), ‘BuOK (315 mr, 2,81 MMoas) 1
1,41 mn Tomyona ©ObuiM mHoOMewleHsl B npobupky B arMocdepe Bozayxa. [Ipobupky 3axpbuid, [HOABEPIIH

YIABTPa3BYKOBOMY BO3eiCTBHIO (1 MHHYTa), MOCIE YeTo OCTABWIH Ha 24 4 B NpeIBapHTENbHO HATPETOH MacsHO#
Oane nipu nepemenuBanuu U 90 °C.

b Brixoze! onpenenens MeTogoM ['X.

“ Auunun (1,87 MMonb), 6en3unoBsrit criupt (291 i, 2,81 MMons), ceexero3orHannsiil 'BuOK (252 wmr, 2,25
MMonb) B 3 Ma cyxoro |4-mmokcana Obmu momemeHsl B cocysn lllmenka. Cocyn 3akpeli, NOABEPTIIH
yIbTPa3ByKOBOMY BO3jeicTBUI0 (1 MHMHYTa), IIOCIe Yero OCTAaBHIM B [IpEIBapUTENIbHO HArperoil macisHoH OaHe.
CoycTa 24 gaca cocy/l 0XJ1aJMId JO KOMHATHOH TeMIeparyphl.

Tabnuua 39. Boccranosnenue ocnoBanus ludda B yenosusax peakumu

1 equiv. '‘BuOK H
N v©/ . ©/\0H q _ N\/©/
© 1,4-dioxane @

24 h

I-4ag, 1 equiv. 1-2a, 1 equiv. I-3ag
V<P NS e
oo o A
I-3aa I1-5a 1-5g I-2g
Okcnepument © t, °C  Armocdepa Conepikanye KOMIIOHCHTA MOCIIC PEAKIIAH, MOJILH. %0
CIUPT  CIUPT  KHCIOTA  KHCIOTa aMuH aMUH
I-2a®  I-2g”  I-5a° I-5g° I-3aa®  I-3ag’
1¢ 90 Ar 24 14 31 25 49 44
2 BO31yX 13 10 46 34 50 45
3 160 Ar 5 0 47 31 50 50
4 BO3YX 2 0 44 34 46 47
5 200 Ar 0 0 44 31 40 41
6 BO3/1yX 0 0 45 33 45 48

¢ QOcnoBanue Iludpda 3bx (549 wmr, 2,81 mmons), GensumoBbrid coupt (291 pin, 2,91 mmomnb),
ceexkeBo3orHanneii '‘BuOK (315 mr, 2,81 MMons) u 3 mn cyxoro 1,4-auokcana 6slnu nomeniens! B cocyn llnenka.
Cocyn 3aKkpeulM M TOJABEPIIIM  yILTPAa3BYKOBOMY BoszciicTBHio (1 MMHYTa), TOCJIE 4YEro OCTaBWIH MpPH
mepeMeITHBaHuy Ha 24 4, O6paboTka peakiny BKIOYaIa pazdapnenre peakimonHoi cMecn JIXM u mocnenyronryio
HelTpannzanuio ‘BuOK nodasnennem kounentpupoannoi CF3COOH npu HHTEHCHMBHOM NEpeMeNInBaHHNA.

b Beixoap! onpenenensl Meronom 'H SIMP. Dkcnepumentsl ipu 90°C BBINONHEHBI B IBYX HOBTOPHOCTSAX.
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Ha ocHOBaHMM TOJYy4EHHBIX pPE3yJbTATOB MBI MPEANOJOKUIU, YTO
HU3KOTEMIIEPATYPHBIA MEXAHU3M, IIPOTEKAET 110 KIIACCHYECKOMY IIyTH yepe3 MPV-O
MpoIIeCC, a aHa’POOHBIA PEXKUM TIPEACTABIsAECT CO00M HYKICO(PUIBLHOE 3aMelleHHe
I'MJIPOKCHIBHON rpynibl Ha amuH (Cxema 42). B npucyTcTBUM KHCIIOpOJa U aMHHa
CIIUPT OKHUCISAETCS O albleruja, KOTOPbIH HAaXOAHMTCS B PEAKIMOHHOM CMecH B
CTAIlMOHAPHOU KOHIIEHTpaIi. OH MOKET BCTYIMHUTh B TOOOYHBIN MPOIECC — PEAKITUIO
Kannuiapo, B pe3ynbrare KOTOpoil 00pa3yercs UCXOIHBIM CIIUPT U KaJlMeBask COJb
COOTBETCTBYIOIIECH KUCIOTHI. [IpH 3TOM CIMPT YacCTHUYHO MpEBpaniaeTcs B KUCIOTY,
OTPAaHMYMBAs BBIXOJ JKEJIAEMOT0 IMPOAYKTA — BTOPUYHOIO aMHUHA — W CHHXKas
CUHTETHYECKYI0  IPHUBJIEKATEILHOCTh  MOJOOHBIX  MeTOoA0B.  [IpoayKTHBHBIM
HallpaBIICHHEM peakIuu sBIsAeTcs oOpa3zoBaHue ocHoBaHus llIndda — odbpatrmslii
IIPOIIECC, OTBETCTBEHHBIH 32 00MEH OCeH3WIBHBIX (hparMeHTOB mpoaykTa (Cxema 41C).
ITocnenyromee BocctaHoBieHue ocHoBaHus Iludda cnuprom B xome MPV-O
npolecca NPUBOAUT K LEIEBOMY NPOAYKTYy. IIpu BBICOKOM TeMmIepaTrype peaxuus
KaHHULIIIappO pacxoayeT MOYTH BECh OOpPa30BABUIMICH albAETrH]l, OJOKUPYS TeM
cambiM oOpaszoeanue ocHoBanus llludda. B Takom cinyuyae peakius mpoTeKaeT 1o
MeXaHu3My HykjieoduibHoro 3ameuieHust. Xotss OH siBasiercst ninoxoi yxopasiei
rpynnoi, npu 200°C 3TOT npouecc CTaHOBUTCS BO3MOKHBIM.[136] BaxHyto posb B
aHA’POOHOM ITyTH PEaKIMH WrpaeT ocHoBaHWe: B oTcyrcTBHe ‘BuOK mpoaykr He
obpasyetrcs. [lo-Buammomy, Inig MPOTEKaHHS peaKIMU HEOOXOAUMO YacTUYHO

ACTIPOTOHHUPOBATE aMHH JIS ITOBBIICHHA CTO HYKJIGO(l)HJIBHOCTI/I. HpBI[HO)KeHHBIﬁ
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High temperature Starting | | ow temperature
_NH,
R” Ha
R/\ \_/
tBuOK
02, tBuOK
amine R’ Ny R
RS
SN modeH,OtBu
N\
R,NH [——O\ ' {tBUOK MPV-O modRe
k* rR R
R'=K, H, etc. 0

JJ\ R

Cannr‘zzaro /
side reaction R’ .-

R™ “OK

R” OH

Product

H

RfN\/

R

Cxema 42. [Ipeanonaraemslii MEXaHH3M PEAKIIMH.
MEXaHHU3M XOpOIIO COrjacyercs ¢ HaOI0JaeMOd KOppelsaued peaKIuOHHOM
AKTHUBHOCTU CyOCTpaToOB € KHMCIOTHOCTBIO 1O bopayainy. Menee kucibie u Ooiee
HYKJ€0(UIIbHbIE aHWJIMHBI MOT'YT pearupoBaTh Kak B a3pOOHOM, TaK U B aHA3POOHOM
pexxumax. MeHee HykIeO(pHIIbHBIE aMH/Ibl TPEOYIOT 0OJIee KECTKUX YCIOBUE JUIs
oOpazoBanusi cBsi3M C=N, U SABIAIOTCA HEYCTOMYMBBIMH TIpU TeMIepaTypax,

NO3BOJIAIOIINX ITPOBOAUTE PEAKIIHIO IO SN-ITYTH.

OrpaHuyeHusi peakuuu

[TpeioKeHHBIE YCIIOBHUS MPOBEICHUS KaTAIM3HUPYyEeMOil OCHOBAaHHEM pPeaKIlun
3aMMCTBOBAHHS BOIOPOAA IMEIOT PsIJi OTpaHHYeHH. Bo-TIepBEIX, METO/T TPaKTHYECKH
HE MPUMEHUM JUJIS aJIKWIMpOBaHUs anudaTudeckux aMuHoB. Ham He ynanoch HailTi
YCIIOBUSA, B KOTOPBIX JKEJAEMBIH TIPOIYKT OOpa30BBIBAICS OBl C TMPHUEMIIEMBIM
BbixosioM (Taomuma 40). B OonpimHCTBE CciiydaeB HaOoAanoch (GOpMHPOBAHUE

HMHHA, a TAKKC PA3JIMIHBIX OCH3HJIAMHHOB.
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Tabmuna 40. Peakima ¢ 1oAeIHIAMHHOM

base
air (15 mol% O,
relative to alcohol)

45 NH, + BnOH - /\M/Q\OH + /\M/Q\N%*Ph

solvent, t°C, 24h

X equiv. X equiv. I-4la
+ 9 N/\Ph + BnNH2 + anNH
H
1-3la
+ ©/§N Bn
Oxcnepument ©  OcHoBanue, t °C Honexkanon,  Hmun I-4la, Amun 1-3la, Ben3unaMHUHBI
% % %
1€ 1 skB. '‘BuOK, 90 6 21 0 He 0OHAPYKEHBI
2¢ 1 sxB. KH, 90 HE 21 0 He 00HapYyKCHEI
oOHapyxeH
3d 1 axB. KI'M/IC, 90 He 34 0 He 00HAPYKEHBI
obHapysKeH
4 1 skB. 'BuOK, 160 clIeIbl 50 0 0
5 0,2 sks. 'BuOK, 39 57 8 15
200 6e3
pacTBOpHUTEIS
6 0,2 »xB. 'BuOK, 2 25 1 1
200 1,4-nuokcan
7 1,2 axB. 'BuOK, 50 7 5 0
200 de3
pacTBOpHUTENS
8 1,2 okB. 'BuOK, 31 13 4 CIIEIEI
200 1,4- nuokcan

9 0,5 sxB. KH, 200 clebl 36 0 0
10 3 skB. KH, 200 Jierpajauus peakiHOHHOH cMecH

¢ Noneunnamut (347 mr, 1,87 mmons), 6ensunosetit ciiupt (291 put, 2,81 MMouib), OCHOBaHHME U 3 MJ CYXOT0
1.4-mrokcana 6stH momenteHsl B cocyn Llnenxa na ozayxe. Cocya 3aKphUTH M OCTABHIN IPH MEPEeMEIIHBAHHE B
MpeBaApUTENLHO HarpeToi macnaHoit Oane na 24 4. [Ipu ucnonszoannn KH B kauecTBe OCHOBaHHS, METOIMKA
IKCTIEPUMEHTA CX0%ka ¢ onnucanHoii B cnocke C.

b Cocrar peaximonnsix cMeceii ananusuporatn Metogom I'X u/umn 'H SIMP. DKkcrepuMeHTE BHITIOTHEHB! B
OJHOH MOBTOPHOCTH.

¢ Nomewwnamun (782 mr, 4,22 mvons), OcuzunoBslii coupt (291 i, 2,81 mmoins), ocHoBanue U 1,41 M
cyxoro 1,4-nmrokcana OpuTH moMeniens! B cocya llnenka B Toke aprona, Cocy/ 3aKphBUTH, IETA3HPOBAITH H 3aMOTHHITH
CYXMM BO3/YXOM. 3aTeM COCY]] OCTABHIIM MPH MEPEMEITMBAHMH B MPEBAPUTENLHO HATPETOH MacasaHoi fane Ha 24 u.
ITpu nenone3oeannu KH B kauecTBe 0OCHOBaHHSA, OH OBLI IIPEBAPHTENBHO IIPOMBIT CYXHM I'€KCaHOM OT MHHEPaIBHOTO
Macia.

¢ KI'MJ1C cunTtesuposan B cocyae Llnenka uz KH (koTopblii 66U IpeBapHTEILHO IPOMEIT CYXHM FEKCAHOM
oT MHHepanbHoro Macna). Jonenunamun (782 mr, 4,22 mmouns), Oer3umoBsii ciupt (291 pa, 2,81 mMons) u 1,41 mu
cyxoro TI'® ObLTH BHECEHBI B COCYJ B TOKE aproHa. 3aTeM COCYJ JAEra3sHpOBAIH, 3aMOJHHIM CYXHM BO3YXOM H
OCTaBMJIM B MPEABAPUTEILHO HAMPETOH MacnaHoi Oane Ha 24 yaca npu repeMelInBaHHH.
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DTO OrpaHMYCHHE COIJIACyeTCs C JIMTepaTypHbIMU NaHHbIMH. Kak mpaBuio,
NPUMEHUMOCTh OCHOBHO-KaTaJU3UPYEMBIX METOJIOB 3aWMCTBOBAHHS BOAOPOJA
WJUTIOCTPUPYIOT apOMATHUECKHUMHM W TeTepOapOMATHUECKUMH aAMWHAMH, HM3BECTHO
JMIIb HECKOJIBKO TMPUMEPOB MOAOOHBIX peakiMii ¢ aqudarHyecKUMH amMHHAMH,
NpUYEM BCE OHU TPEOYIOT )KECTKUX YCIOBU, Hanipumep, HarpeBaHus 10 200°C.[136]

Bo3mokHOe 0OBSCHEHHE 3aKII0YacTCss B HHU3KOW KHCIOTHOCTH TaKHX
cyOcTparoB (3HaueHus pKa anudaruueckux amMuHOB no mkane bopaysmina nexar
3HAYUTENBHO BbIlIE pKa aMMHOB apoMaTUYeCKuX U mpem-0yTuioBoro cnupta). 1o
ATOU MPUYMHE PABHOBECHE aMUH — JCNPOTOHUPOBAHHBIN aMUH MOJHOCTBIO CMELIECHO
BJIEBO W MPOTEKAHHE PEAKIIMU 110 YTH HYKJIEO(QHIBLHOTO 3aMenieHus 3aTpyaHerHo. C
OPYrod CTOPOHBI, 00pa3yIOMIUICS B XOA€ PEaKIM UMHUH BMeCTO kenaemoro MPV-O
mpoiiecca MOpeTepreBaeT MHTPAlUI0 ABOWHON CBSI3M, TPOAYKTHI IUCCOLMAIINHI
KOTOPOH yAaI0Cch OOHAPYKHUTH (I0AEKAHOT, OCH3UIIAMHHBI ).

JpyruMm kiaccoMm cyOCTpaTOB, OCTAIOIIUXCA HEAKTHBHBIMU B IMPEIIOMKEHHBIX
YCIIOBHSIX, SIBJISIFOTCS! BTOpHUHBbIe aMuHbl (Talmuia 41). Ot cyberparsl He BCTynaioT

Tabmnunua 41. Peakums ¢ N-MeTHIAHUITHHOM

1 equiv. of 'BuOK, air (15 mol% O,

H relative to alcohol)
g
+ BnOH
1,4-dioxane, t °C, 24h
1.5 equiv. T IR
DKcriepuMeHT * t, °C Pesynbrar’

1 90 He npoucxoIuT KOHBEpCHH
2 160 HCXOJIHBIX COCIMHCHHH
3 200
4¢ 90
5¢ 160
6°¢ 200

@ N-metunanunu (457 wn, 4,22 mmons), 6eH3unoBslit crapt (291 pwi, 2,81 Mmmoins), ocHoBanHe H 1,41 M
cyxoro |,4-nuokcana 6e1mu moMeneHs! B cocya Ilnenka B Toke aprona. Cocy 3aKpbUTH, T€Ta3HPOBAITH, 3aMOTHHIH
CYXHUM BO31yXOM, [10CIIE Yero OCTABUIIM B [IPEABAPUTEILHO HArPeToil MacnsaHoil OaHe Ha 24 4 pH nepeMelBaHUH.
DKCIEPUMEHTEI BHITTOJIHEHBI B OJTHOMH MMOBTOPHOCTH.

b Peakumonnsle cmecu ananusuposanu Merogamu I'X u 'H SIMP.

¢ N-merunanuiud (457 pi, 4,22 mmons), Oen3unoBslii cnupt (291 i, 2,81 MMoJb) U OCHOBaHHe ObLIM
nometensl B cocya lllnenka B Toxe aprona. Cocya 3akpbUIH, Nera3HpoBaIH, 3aTIOJHHIN CYXHM BO3AYXOM, TOCTE
4ero OCTaBWIIH B MPEBAPHUTEILHO HArpeToil MacnaHoH Oane Ha 24 4 npu nepeMenBaHHH,
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B peakuuio no nytd MPV-O nporecca, Tak Kak He MOryT o0Opa30BaTh OCHOBaHHE
Iugpa. OcHoBHOCTE N-METHIIaHWIMHA HAMHOTO BBIILE, YEM Y aHUJIMHA, [T03TOMY OH
HE MOXET ObITh B 3HAYMTEIBHOH cTeneHu aenpotoHuposad '‘BuOK, B To ke Bpems
NpOTeKaHUE peaKkUMd 1O Sy-yTH HEHTPAJbHO 3apsyKEHHOr0 aMuHa TaKkKe
3aTPyIHEHO.

Bricokass  peakIMOHHAs  CIIOCOOHOCTP  HHUTPOTPYNIBI B OTHOIICHHH
BOCCTAHOBUTEICH MPEICTABIACT CEPbE3HYIO MpolieMy B naHHbIX yciaoBusix (Cxema
43). Tak, peakuus oO-HUTPOAHMIMHA C OEH3WIIOBBIM CIIUPTOM TPOTEKAeT C
oOpasoBanueM OeHzumuaaszona. Hanuyue HUTPOrpymnbl B CTPYKType OCH3UIOBOIO
COUPTAa TPHUBOJUT K OJMIOMEpHU3alMH 0e3 KakuxX-TMbOo NpHU3HAKOB 0Opa3oBaHuUs

KEIIa€MOro ImpoayKTa.

NH; conditions B H
+ BnOH Ph

NO, 2 equiv. PhMe or neat, N/
90 or 200°C ~30%

1 equiv.

O,N CH,0H 0.88 equiv. 'BuOK
oligomer
neat or solution, r.t.
Cxema 43. Peakuus ¢ cydcrpataMu, cojep:kalluMi HUTporpynny. CocTaB peaklMOHHbIX
cMeceii anamusuposanu metogamu I'X u 'H SIMP.

B npucyrcTtBuM opmo-3amecTuTeNieid, OCH3WIOBBIM CHOUPT NpPETEpPIEBACT

neruapokcumeTunupoBanue (Tadmuma 42, Cxema 44).
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Tabnuua 42. Peakuusi ¢ 0-MeTOKCHOEH3UIIOBBIM CIIUPTOM

1.75 equiv. 'BuOK,
air (15 mol% O,

CH,OH  relative to alcohol) Sy PP N-Fh
- X - Q.. QG- O
OMe solvent, t°C, 48h OMe

OMe OMe
1 equiv. 2 equiv. -7 1-4 1-3
DKCTIEPHMEHT “ PacTopHTENDH t,°C  Bexoxl-7°,%  Bexogl-3° %  BexonI-4°, %
| TOIYyOI 90 12 66 24
2 120 18 51 45
3 1,4-nuoxcan 90 9 75 16
4 MopdosuH 90 7 76 13

@ Aunnun (1 3xB., 1,41 mMons), ciupr (2 3k8., 2,81 mmouns), 'BuOK (1,75 sxs., 2,46 mmois) u 1,41 ma
TOJY0J1a ObLIM OMEIEHBI B IPOOHPKY Ha BO3ayxe. [IpodupKy 3aKpbUIM, [IOJIBEPIIIH YIbTPA3BYKOBOMY BO3ICHCTBHIO
(1 MunyTa), nocie Yero ocTaBuiid Ha 48 4 B npeBApUTENLHO HATPETON MacasiHONH GaHe npu nepeMelMBaHiH.

b Cocras peakumonnsix cmeceii ananusuposanu merogom I'X u 'H SMP. DKcnepuMeHTBl BHITIONHEHB! B
OIHOH MOBTOPHOCTH.

1.75 equiv. 'BuOK,
air (15 mol% O,

CH,0H relative to alcohol) \N’Ph
PANH,  + @[ ' @C
cl PhMe, 90°C, 48h Cl Cl

1 equiv. 2 equiv. -7 1-4
28% 16%
@(\N’ Ph
+ H
Cl
-3
15%

1.75 equiv. 'BuOK,
air (15 mol% O,

CH,0H )
relative to alcohol)

PhNH, +

MeO OMe PhMe, 90°C, 48h MEe Qs
OMe OMe
1 equiv. 2 equiv. -7
major product in complex mixture

Cxema 44. Peakuuun ¢ o-xinop u 2,3, 4-tpumerokcH- OeH3unoBbiMH criupramu. Cocras
PeaKIMOHHBIX cMeceli anammuposanu Merogamu I'X u 'H SIMP.

CHIIbHBIE 2JIEKTPOHOJAOHOPHBIE 3aMECTUTEIM IPU APOMATHYECKOM cHUcTEeMe

OEH3MJIIOBOTO CITUPTAa BHI3BIBAIOT €ro JuMepu3aiuio (Cxema 45).
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OH conditions B
PhNH2 +
MezN MegN NM62

major product

1 equiv. 2 equiv.
/@AOH 0.88 equiv. 'BuOK
Me,N r.t., PhMe, 30 min, highly exotermic, 88% yield
1 equiv.

Cxema 45. BzaumoneiictBue n-(N, N-THMETHIaMHHO)OCH3UIOBOTO CIOHPTAa C AHHJIHHOM B
ycIoBUAX B; B3amMonelcTBHE CIHUPTa ¢ OCHOBAHHEM Ha BO3IyXE NMPH KOMHATHOH TeMIiepaType.
CocTaB peakI[MOHHEIX cMeceit ananusuporanu Metonamu I'X u 'H SIMP.

Bropuunsie OeH3unoBsle cIHPTH, cofepxkamme CH-cBs3p B [-monokeHuw,
TaKKe HE MOTYT ObITh IPEBPALLEHBI B LI€TEBOM NPOAYKT. BMECTO ATOr0 Takue criupThl

pearupyroT camu ¢ co00ii, 00pa3yst MpOAYKTHI alb10IbHON KoHAeHcalH (Cxema 46).

Conditions B
PhNH, + OH l}IH + \I\II
Ph Ph
1 equiv. 2 equiv. 90°C: 0%; 90°C: 14%
120°C: <5% 120°C: 9%
OH
+ O O + complex mixture
90°C: 9%; 90°C: 43%,;
120°C: 51% 120°C: 29%

Cxema 46. Peakuus ¢ 1-dperunstanonom. CocTaB peakI[MOHHBIX CMECEH aHalIM3MPOBAIH
metojamu ' X u 'H SIMP.

BoBneuenue B peakmuiO AIIEKTPOHOAC(HULMTHBIX CIOMPTOB TAKKE MOXKET
IPEJCTABIIATE CIOKHOCTb, MOCKOJBKY MPOMEXKYTOUHO 00pasylolMics anbaerui ¢
NETKOCTRIO BCTymaeT B peaknuio KaHHummapo. B 9actHocTH, 1O 3TOH mpudHHE

npoaykT I-3ac yanoch moay4uTh JIMIb C YMEPEHHBIM Bbixoa0M 57% (Cxema 47).

OH Conditions B N,Ph
PhNH,  + - OK
FaC F3C

FsC

L
+

1 equiv. 2 equiv. I-3ac
57%

Cxema 47. Peakuus anmmmHa ¢ #-(TpudTopMeTHIT)OSH3UIOBBIM CITHPTOM.
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B ycinoBusx — peakuuu  oOHapy)XeHa ~ HEYCTOMYMBOCTH  HEKOTOPBIX
(GyHKIMOHANBHBIX Ipynil. Tak, BO3M0xkHO JeranoreHupoBanue atoMoB Br uimu Cl npu
apoMaTu4yeckoM Kolblie 6ensuinoBoro cnuprta (Tadmuna 43). Xotsa npoayktel 1-3da,
I-3ae, 1-3ad ObuTH BBIZENIEHBI C XOPOIIMMH BBIXO/IAMH, JIETAIIOT€HUPOBAHUE MOMKET
NPETSITCTBOBATh CUHTE3Y 0OJee CIOXKHBIX coequHeHui. CupThI, coiepkaliue npu
apoMaTH4ecKoM Koiblle F B opmo- Wium napa- TONOXKEHUSX, TPETEPHEBAIOT
3aMelleHue (ropa Ha CHOUPT, B pe3ysbTaTe 4yero o0pa3yloTcs COOTBETCTBYIOIIME
nobounsie MPoayKThl (Cxema 48). Ilpeamonaraercs, TaHHBIA TPOIECC CTAHOBUTCS
BO3MOXKHBIM NPHU 00pa30BaHUM KapOOHWIBHOM TpyMNIbl, KOTOpas, OyAy4d CHUIBHBIM
aKIENTOPOM JJIEKTPOHHOW IUIOTHOCTH, AKTHBHUPYET apOMATHUYECKYH) CHCTEMY K

HyKJ1€o(HIbHOI aTake.

Tabnuua 43. Peakuus ¢ n-Cl- winn n-Br- 3ameméHHbIME OEH3UIIOBBIMU CITHPTAMH

/Q/\OH Conditions B @/\NHPh gNPh
PhNH, + - +
Hal PhMe, t°C, 48h  Hal I3 Hal »
.
+
H H

1 equiv. 2 equiv.
Hal = ClI, Br NHPh
I-3aa I-4aa
Okcnepument ©  Hal ¢, °C Beixon I-3aa ’, Beixon I-4aa’,  Boeixox I-3°,  Beixon I-4 7,
% % % %
1 Cl 90 CIIEBI 0 67 17
2 120 ~2 ~5 76 Clebl
3 Br 90 8 cIepl 57 7
4¢ 120 crenpl (o4 (H1 i 84 0

¢ Anmiae (1 sxB., 1,41 mmouns), cnupt (2 3kB., 2,81 mmons), ‘BuOK (1,75 sks., 2,46 mmoas) 1 1,41 mu
TOJIyoJ1a ObIIM NIOMEILEHBI B TPOOHPKY Ha Bo3ayxe. [IpoObupKy 3aKkpbuIM, TOJIBEPIIIH YIBTPA3BYKOBOMY BO3IEHCTBHIO
(1 MuHYTa), IOCJIE YEro OCTABMIIM HA 48 4 B IpeABAPHUTENILHO HATPETOH MacIsiHOH OaHe NpH NepeMeltMBaHUH.

b Cocras peakimonHbix cmeceil aHanmsuposam metoaom I'X u 'H SIMP. DKclepHMEHTBI BBIIOIHEHBI B
O/IHOH MOBTOPHOCTH.
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OH Conditions B A NHPh
PhNH, + /@/\ NPh
! 90°C . ]

1 equiv. 2 equiv. 7% 3%

E 12% F 46% F 89%

~——Activation of p-fluorobenzylic alcohol to aromatic substitution —

i strong EWG H
Conditions B
/©/\OH o)
. 90°C - )
Cxema 48. Peaknus ¢ n-F-3amemniénapiM 6eH3UI0BbIM cTUpTOM. COCTaB PEaKIHOHHOW CMECH
aHammuposaan merogamu I'’X n 'H SIMP.

Nu

D¢upbl, aNKUHBL, HAITPUIbI U KOPUUHBIH ()parMeHTbl HEYCTONUMBBI B YCIOBHUSIX
peakuuu (Cxema 49). benszamug nojsep:xkeH ankoronusy (Tabmuua 44). Takum
00pa3oM, TaHHBIE CYOCTPaTHI SBISIOTCS OTPAaHUICHUEM BCEX METOJO0B 3aNMCTBOBAHHS
BOJOpPOJA, TIJ€  OCHOBAaHHWE  HCHOJBb3YETCS  KOJIMYECTBAX,  OJM3KHUM K

CTCXHOMCTPHYCCKHM.

NH; Conditions A NH;
/©/ + BnOH O/
EtOOC 90°C BnOOC
= OH Conditions B
PhNH,  + @A/\ complex mixture
90°C
CH,0OH Conditions B
PhNH, + /@ complex mixture
R 90°C

R = CN, ethynyl
Cxema 49. Ilobounble mpouecchl ¢ JICKTPOPHILHBIME (YHKIHOHAILHBIMUA TPYIIIIaMH.
CocTaB peakLIMOHHBIX cMeceii ananusuporanu Meronamu I'X u 'H SIMP.
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Tadmuna 44. Peakimng ¢ OeH3aMuI0M

0 0 o] 0
Procedure B 5
NH, * BnOH N+ OBn + OH + NHj
4-48h H
only for 4h
traces
Okcnepument ©  PacTBopuTens t, °C OcHoBaHue, 3KB. KommenTtapun °
1 TOTYOJ 90 'BuOK, 1,75 V 1aj10¢h 4aCTHYHO BBIJICINUTE
D¢ l,4-I[HOKCElH 80 tBUOK, 1,2 HCXOOHEIC COEJIHHHGHHSI U3
. . PEeaKIHOHHONH CMECH.
3 1,4-nuokcan 100 BuOK, 1,2
4¢ 1,4-nrokcan 120 ‘BuOK, 1,2
5¢ 1,4-nHoKcaH 140 ‘BuOK, 1,2
6° 1,4-nnoxcan 160 ‘BuOK, 1,2 O6pazoranock TPHOIM3IHTETRHO
20% N-OenzuiideH3zamMuia,
3HAYMTENBLHOTO pacxosaa Oenszamuaa
Ha OOOYHBIE IPOLIECCHI He
00OHaApYKEHO.
74 oe3 130 ‘BuOK, 1 87% Kounsepcus B N-
pacTBOpPUTEINS Oenzunbenzamuy (6% ), 6eH30HHYIO
kucioty (81%), 3amMeveH CUNBHEBIN
3anax aMMHaKa.
g4 oe3 130 KOH, 1 47% Konsepcus B N-
pPacTBOpHTEIS oenzunoenzaMu (5%), 0OeH30iHYy10
kucnoty (75%), cunbHbIi 3anax
aMMHaKa.
9d 0e3 130 NaOH, 1 80% Konsepcus B V-
pacTBOpUTEIIs OeH3uioeH3aMu (5%), OeH30iHY10
kucnoty (75%), cunbHBIH 3amax
aMMHAaKa.
10¢ 1,4-nnoxcan 130 K,CO;s, 1 2% xouBepcus B N-
OeH3MI0eH3aMH]I; 3alaXx aMMHaKa
OTCYTCTBYET.
114 1,4-nuoxcan 160 K2COs, 1 Konsepcuu He IpOUCXOIUT.

“n-benzamun (170 mr, 1,41 mmons), Genzunoeslii ciiupt (291 i, 2,81 mMons), '‘BuOK (276 mr, 2,46 MMoIIb)
u 0,84 mn Tonmyona ObumH momewieHs! B npobupky unu cocyn lllnenka Ha Bo3myxe. Cocyn 3aKkpbUlH, NMOJABEPIIIN
yIbTPa3ByKOBOMY BO3lelicTBuio (1 MuHYTA), mocie 4ero ocraBuiv Ha 48 4 B mpeaBapuresibHO Harperoii o 90 °C
MaclisiHOH OaHe MpH NepeMenIMBaHuH.

b Berxoger onenensr o I'X w/mmm 'H IMP. DKCIIepHMEHTEI BHITIOJIHEHE] B OHOI TOBTOPHOCTH.

“n-benzamun (227 mr, 1,87 MmMons), 6en3unoBerid crupt (291 pr, 2,81 Mmomns), 'BuOK (252 wmr, 2,25 MMonb)
H 3 M cyxoro 1,4-muokcaHa OBITH TTOMEIIEHB! B TpoOHpKY (s peakiwi npu t > 120°C ucmone30BamM CoCyn
Lnenka) Ha Bozayxe. Cocyly 3aKpbUIM, OABEPIIIH YIbTPA3BYKOBOMY BO3/eicTBHIO (1 MUHYTA), [IOCIIE Yero OCTaBUIIN
Ha 24 4 B npeaBapUTEIbHO HATPETOIl MacIsiHOH OaHe [IPH NepeMelIHBAHHH.

¢ n-Benzamup (341 mr, 2,81 MMonb), Gensmnosslii crupt (291 i, 2,81 Mmoms), 'BuOK (315 mr, 2,81 MMoJIB)
u 3 M cyxoro 1,4-mHokcana ObUIM [TOMELICHBI B NpoOMPKY (s peakuuii npu t > 120°C HCOOIB30BaIH COCYL
IlInenka) Ha Bo3ayxe. Cocy 3aKpBUTH, TIOABEPTIH YIbTPA3BYKOBOMY BO3eiCTBHIO (1 MHHYTa), TIOCIE YET0 OCTABHITH
Ha 24 9 B npeABaApHTEIBHO HATPETON MACIIHON OaHe MPH NepeMEIIHBAHNH.
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Hakoneu, otnenbHble cyOcTpaThl, Takue Kak 2-QypaHWIMETaHOJ, IO
HEM3BECTHBIM IPUYMHAM HE BCTYNAKOT B PEAKIIMIO NMPU HU3KOM Temiieparype (Cxema
50). Hame npeamnonokeHue 3aKIrYaeTcsl B MOBBIIMIEHHOW KHUCIOTHOCTH JIaHHOTO
cyOcTpara OTHOCHUTENIbHO OCH3MIIOBOrO CIUpTa U mpem-0yTriioBoro. [loaromy npu
CMeIlIeHUH peareHToB ocHOoBaHKe 'BuOK mpakTHUecku MOTHOCTRIO HEWTpaIU3yeTcs,
o0pa3ys aJIKOKCH]] TeTePOLUKIMYECKOTO CIIUPTa. B OTCYTCTBUE CHIIBHOTO OCHOBAHUS
OKHMCJICHUE CIHUpTa He npoucxoaut. OJHaKO KUCIOTHOCTh JAHHOTO cyOcTpara 1o

bopaysnny HensBecTHa.

e Conditions B
UCHQOH + PhNH, no conversion
90 - 120°C

Cxema 50. Peakuus ¢ pypan-2-unmeranonom. CocraB peakIMOHHBIX CMeCeH aHaIIM3uPOBaIn
metomamu ['X u 'H SIMP.

Ha ocHOBaHMU I10JIyYEHHBIX Pe3yJbTATOB, 4 TAKIKE JIUTEPATYPHBIX JaHHbBIX
CTAaHOBHTCSI  BO3MOXKHBIM  OYEPTUTh  TIPAHHULBl  MPUMEHUMOCTH  OCHOBHO-
KAaTAJIU3UPYEMOI0 BAapUaHTA pEAaKUMM 3aUMCTBOBAHMS BOJOPOJA, a TaKKe
c(hOpMYIMPOBATH 33J]a4H, KOTOPbIE MOTYT OBITh PELIEHBI JUIIb PH MCIOIb30BAHUN
KaTaliM3aTopoB (B MEPBYIO OUYepe/ib, COSTMHEHUH MepexoaHbIX MeTalioB; Cxema 51).

Tak, B OTCYTCTBHE MEPEXOJHBIX META/UIOB HE MPEICTABISETCS BO3MOMKHBIM
MIPOBECTH PEAKIUIO IPH HU3KOM Temneparype. Hekatanutuyeckuii BApuaHT NOAXOIUT
Ui alIKIJIMPOBAHUSL CyOCTPaToOB, HE COACPIKAIIMX YYBCTBUTEJBHBIX K ICHCTBHUIO
ocHoBanus rpymnmn. [Ipu HarpeBanuu 10 80 — 120°C yna€rcs ¢ BBICOKMM BBIXOJI0M
NOJIYYUTh MPOJAYKT B3aUMOJEHCTBHS ClIMUpTa ¢ apoMaruueckuMu amuHamu (pKa no
Bopayamny okono 30), rerepoapoMaTHdecKue aMUHbI 0€3 KaTaju3aTopa BCTYNAIOT B
peakuuto rpu 120 — 140°C (pKa no bopayamty 24 —28), a cynbhoHamuabl — MpH
140 — 180°C (pKa no bopayamny 16 —20) (puc. 4). OcyiiecTrieHue peakiuud Mpu
Oonee HU3KOW TeMmmeparype, B Haeane, NMPH KOMHATHOW, BO3MOXKHO TOJBKO C
WCIIOJIB30BAaHUEM d(PPEKTUBHBIX KaTaTH3aTOPOB.

Jlpyroe oOrpaHu4eHHE HEKATAJIMTUYECKOM pEaKIMd OTHOCHUTCI K KpyTry

aKTUBHBIX cyOcTpaToB. Takue cyOcTpaThl Kak anu(aTHYeCKUe U BTOPUYHBIC aMUHBI,
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HEKOTOpBIC THIIBI CIHUPTOB (B TOM YHCJIE METAHOJ) MO0 HE pearupyroT, 00
pearupyroT B KECTKUX YCJIOBHAX, JTUOO peaxiiysi OCTAaHABIMBAETCS HAa 00pa30BaHHUM
ocHoBanus Illudda, I[IpumeHeHnue Katamuszatopa JOIDKHO CIOCOOCTBOBAThH
JTOCTHYKEHUIO MPENAPATUBHBIX BBIXO/I0B B MPAKTUYECKH YIOOHBIX YCIIOBHUSIX.
OrpaHudeHus, CBs3aHHBIE C HECTAOWIBHOCTHIO (DYHKIIMOHAIBHBIX TPYIIT B
YCIIOBHSAX pEaKIHH, TakKe MOTyT OBITh IIPCOJMOJICHBI TMPH  HCIOIb30BAHHH

MMCPCXOIHBIX MCTAJIIIOB.

Low temperature reactions Inert under the catalyst-free conditions substrates
Catalyst-free A catalyst is needed
160°C 120°C 90°C H
""""""""""""""""""""""""""""""" Al V2 N
) ,NHZ R R
S\\ NH, NH, Aliphatic amines Secondary amines
SORNT A :
o not react
Bordwell pKa The following functional groups are unstable in a

base-mediated reaction
A catalyst is needed
-------- <1 so=c o <120=c o <90°c o Ar-F, Ar-Cl, Ar-Br partial degradation

Need catalyst 0 0
/
a(\\ / \/CN \<N02
OR NH,

Cxema 51. OFpB_HH‘IeHHH PEakH B OTCYTCTBHE KATAJIHM34TOPOB HA OCHOBE IEPEXOJHBIX
METAaJIJIOB.

Temperature

3akouenue

B 3axmoueHme Tmojpasdena, IOCBAMIEHHOTO pPeakIWd 3aHMCTBOBAHHS
BOAOpOAa, 0000LMM MOJIyYEHHBIE PE3YJIbTaThl. bblia €TanbHO H3ydE€HA PEaKIUs
AIKHITAPOBAHUS CIIUPTAMH aMHHOB U aMHJIOB B YCJIOBHSX 3aMMCTBOBaHHUS BOJIOPO/IA
0€e3 UCIOJIb30BaHNS COCTUHEHHUH MEPEXOTHBIX METAJIOB.

BaxHpIM pe3ynbTaTOM CTan0 OOHApyKEHHME 3aBUCUMOCTEH PEAKIIMOHHOM
CocOOHOCTH cyOCTpaToB OT psga mapameTpoB. Tak, oOHapykeHa W HCClIeJOBaHA
3aBMCHMOCTb BBIXOJIa TPOAYKTa OT KHCJIOTHOCTH N-Hykieodwia no bopmysmry.
OnrtumanbHbId TEeMIIEpaTyPHBIN JUAIA30H JJIsl peakliMi ¢ apOMaTHYECKUMH aMUHAMU
cocrapusier 80— 120°C, ¢ rerepoapomatmueckumu —  120-140°C, ¢
cynbonamugamu — 140 — 180°C. 3amedeHa KOppesIHs BbIX01a BTOPHYHOTO aMHUHA
C IMAJIEKTPUYECKON TIPOHUIIAEMOCTBIO pacTBOPUTENS. PacTBOpUTENN € € B TMANIa30HE

2 — 10 npuBOAAT K 00pa30BaHUIO KEIAEMOT0 MPOAYKTA C MPEMapaTUBHBIM BBIXOIOM,
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PACTBOPUTEIH C OOJbIICH AUAICKTPUYECKON MOKA3bIBAIOT HU3KYIO 3(PPEKTUBHOCTD B
neineBoM mporecce. OO0e 3aBUCUMOCTH OBUIM  TPOBEPEHBI  JIOMOJIHUTEIILHBIMU
IKCIEPUMEHTAMHU: YJAJIOCh MPEACKA3aTh MPUTOHOCTh PACTBOPUTENEI Pa3HBIX THIIOB
(1,2-AXb, IM®PA, meranoisia) s NPOBEJACHUS PEAKIMM, @ TaKKE ONTHMAaJIbHbIE
YCIIOBHS JJisI CHHTe3a N-OeH3uIMe3nnaMua.

JIOTIOTHUTENBHBIE YKCTIEPUMEHTHI TIO3BOJIUIN YTOUHUTH MEXAHU3M MPOTEKAHUS
OMOCPEIOBAHHON OCHOBaHUSAMHU peakluu. B yacTHOCTH, OOHAPYKEHO, YTO peaKuus
MO’KET MPOTEKATh MO IBYM pa3au4HbIM MyTsAM. [Ipu HU3KO# TeMrepaType OCHOBHBIM
HAIllpaBJICHUEM SBJISIETCS IMPOLIECC 3aMMCTBOBAaHUSA BOJOPOJA, BKJIIOYAIOIIHIA
BOCCTAHOBJIEHHE IPOMEKYTOUHO 00pa3yIoLIErocsi MMHHA 110 MeXaHu3My MeepseiiHa-
ITonnpopda-Bepnes (Onnenayspa). Ilpu BvIcOKOH TemmepaType mpeoOIagaet
HyKJIeohUIbHOE 3aMeNIeHHe THAPOKCWIBHOM Tpynmbel Ha amuH. Kpome Toro,
0oOHapyKeHO 3HAYUTEIBHOE BIUSHHE TIOOOYHOTO Mpolecca — peakunu KaHHUImapo —
Ha MPUMEHUMOCTh U aTOM-3KOHOMHYHOCTh TTOJIOOHBIX METOIOB.

Hakonen, npeajioxeHHbIe yCIOBUS NMPOBEACHUS CUHTE3a HE TOJIBKO MMO3BOJISIET
NoJy4yaTh NPOAYKTHI C MIPEMapaTHBHBIMU BBIXOJAAMH SBJISIIOTCS OJHMMH W3 Haubosee
MATKMX. Y CTAHOBIICHO, YTO JJISl TIOJIYUEHUS XKENAEMOI0 daMHHA C BBICOKMM BBIXOJ0M

HE00XO0UMO

1) UckmounTh W3 peakiMOHHOM CMECH MCTOUYHHUKH BOJBI. XOTS B TMpoIllecce
peakuMd oOHa o0Opa3yeTcss B OJKBUBAJICHTHOM KOJMYECTBE, €€ H30BITOK
OCTAaHOBHUT PEAKIMI0 HAa HHU3KOM KOHBEPCHH HCXOJIHBIX COEIMHEHWH. B
YaCTHOCTH, [0 JTOM NpPHUYHHE B KAueCcTBE OCHOBAaHHUH HE CIeayeT
UCIIOJIb30BaTh THUTPOCKOMHYHBIC THUIPOKCHIBI IIEIOYHBIX METAJIOB, a
NOJIXOIAIIME OCHOBaHHUsA, Takue Kak {BuOK, npeaBapuTenbHO OUHINATS.

2) B peaktope momKeH HaXOIUTHCS CTPOTO OMpEeNeIEHHbBIN 00hEM Bo3myxa (B
ONTUMAJIBHBIX YCJIOBUAX UCNIONIb3YyeTCs 15 MOJBH.% OTHOCUTENIBHO CIIUPTA).
Kak MeHblllee KOIMUYECTBO, Tak WU OoJjbliee (B YAaCTHOCTH, OTKpHITas Ha

BO31lyX CHUCTEMA) IPUBEAYT K CHUKECHHUIO BbIXOAA.
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3)

4)

5)

6)

7)

8)

Cnegyer yyecTb, YTO Ha BO3JlyXE pPEAKUUOHHAS CMECh CTPEMUTEILHO
JIErPaMpPYET M3-3a MPOTEKAHMS PA3IMYHBIX OKHCIUTEIBHBIX Mporeccos. [1o
ATON MPUYHHE BPEMSI MIOCTAHOBKHU IKCIEPUMEHTA JIOJKHO OBITH OTPAHUUEHO.
[TockonpKy 4acTb cnMpra B YCIOBHUAX Ipoliecca IpereprneBaer 0oJiee
rIyOOKOE€ OKHCIIEHHE, B YaCTHOCTH, N0 MEXaHH3My peakunu KaHHHIapo,
JUTSL JOCTH)KEHUS BBICOKOTO BBIXOJA CIIEAYET HCIIOIb30BaTh H30BITOK CIIUPTA
10 OTHOLIEHHUIO K aMUHY.

OcHoBaHMe HEOOXOAMMO HCMONB30BaTh B KOJWYECTBE, OJIM3KOM K
HKBUBAJIECHTHOMY IO OTHOLIEHUIO K CIIUPTY. B NpOTHUBHOM cydae CKOPOCTh
peaKIMu 3HAYUTEIILHO CHU3UTCS.

Cpena peaknuoHHOH cMecH (pacTBOPHUTENh) MOJDKHA 00JIaiaTh HHU3KOM
TUAIICKTPUUIECKOM TTPOHUIIAEMOCTEIO.

[Tpu BeIOOpE TemmepaTyphl NMPOBEICHUS CHHTE3a HEOOXOAMMO YYHUTHIBATh
KHCJIOTHOCTb MCXOJIHBIX cyOcTpaToB. Ilpndyém onTtumanbHass Temmeparypa
MOET ObITh IPE/ICKa3aHa Ha OCHOBAHMHM OOHAPYKEHHOM B JaHHOM padore
KOPPEJISILIMY C KUCJIIOTHOCTBIO CyOCTpaToB 1o wmkaine bopayaiia.

BBuay reTeporeHHOCTH  PEaKLUMOHHOW  CMECH, JUIsl  ITOBBILICHUS
BOCIIPOM3BOJIMMOCTH, TI€PE] HAyalOM pEaKUUW CIEeIYyeT YBEIUYHUTH
JUCIIEPCHOCTh  TBEPABIX KOMIIOHEHTOB, Hampumep, (BuOK, nyrém

YIBTPa3BYKOBOM 00pabOTKH.
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BoccraHoBUTEIbHOE aMHIHPOBAHHUE

OaHUM M3 BaKHBIX OrPAaHUYEHUN NPEIOKEHHOIO BbIIIE METOAA SIBISAETCS
HEBO3MOXHOCTh BBECTH B PEAKIIMIO aMH/IbI KAPOOHOBBIX KUCIIOT, KOTOPBIE, B OTITHYHE
OT aMUHOB U CyIb()OHAMHUOB, IIPETEPIEBAIOT AIKOI0JIM3 B YCIOBUAX peakuuu. Beuay
BBICOKOTO HMHTEpeca K MeToJaM (OpPMUPOBAHHUS aMHUIHON CBSI3M CO CTOPOHBI
MEIULIMHCKON XUMHUH, Mbl PELIWIA U3YIUTh METO/IbI NOTYYEHUS AMHUIOB.

Knaccuyeckuif moaxoa K CHHTE3Y aMHUAOB BKJIIOYACT MOJUDUKAIUIO
KapOOHOBOH KHCIIOTHI C BBIFCICHHEM PEaKIIMOHHOCTOCOOHBIX MPOU3BOIHBIX (TaKUX
KaK CJIOHbIC 2(DUPBI, aHTUAPUIBI UM AUUIXJIOPUIbL) WIH iR Situ MOAM(PUKALIUIO C
UCIIOJIb30BaHUEM Kakux-TH0o godaBok (Hampumep, ALK, CDI u nap.).[12] Takue
MTOAXOBI YaCTO TPEOYIOT HCIIOIB30BaHUS CTEXHOMETPHUECKUX JOOABOK, UTO CHIXKAET
aTOM-3KOHOMHYHOCTH TIPOIIECCOB M MPUBOIUT K 00pa30BaHUIO OOJIBIIIOTO KOJIMYECTBA
MOTEHI[HANIBHO OMacHbIX 0TX0/0B.[13] Tak, MHMpPOKO HCMOIB3yeMble YpaHUIIbHBIE
cummBarenu, HATU, HBTU u HCTU, moryt BbeI3bIBaTh aHaduiakcuio.[13] dpyroi
npoOJeMON KJIACCHUYECKOTO TOAX0/1a SIBJISIETCA MCIOIL30BAHME aMUHOB B KaueCTBE
MCXOJHBIX MaTepuaoB. BBUIY BHICOKOH pPEaKIMOHHOM CIOCOOHOCTH, OHH MOTYT
BCTYNAaTh B pazM4HbIC B OOOUHBIE pouecchl. Bee 3T HegocTtaTku 00yClIaBlIMBaOT
BBICOKYIO TOTPEeOHOCTh (hapMaleBTUKH B Pa3BUTHH S(P(MEKTHBHBIX IMOIXOI0B K
00pa3oBaHNI0 aMUIHBIX cBs3el.[14—18,137-140]

B nameii rpynmne ObUT NPEAIOAKEH aTOM-IKOHOMHUYHBIN METO/l CHHTE3a aMH0B
nyTéM Ru-KaTanu3supyeMoro BOCCTAHOBHMTEIBHOTO COYETAHUS HUTPOAPEHOB C
KapOOHOBBIMHU KHCI0TaMHu B aTMoc(epe kouBepTepHoro rasza (cmecb CO, CO; u N»),
ciyxuBiiero BoccraHoutesnem.[141] Jlanubiid  meton  oTyMuaincs  JIEFKOCTHIO
BBIJICJIEHHUs] MIPOJYKTA I0C]E CHHTE3a, MOCKOJIBKY 00pa3ylolHecs: B XO0Jl€ PeaklMH
MOOOYHBIE MPOAYKTHI MOKUIAIHN cepy peaklny B BUe raza. OIHaKo 11 IPOTEKAHUS

peakiuu ObLT He00X0aMM 00JIbII0N H30BITOK KApOOHOBOM KUCIOTHI.

152



Hcenenopanne AaKTHUBHOCTH POJMEBbIX KATAJU3ATOPOB B PpPeaKkUuH
ApOMATHYECKHX HUTPOCOCAHHECHUH ¢ KAPOOHOBBIMH KHCJI0TAMHU

CormacHo TpeABIAYIIUM HUccaenoBanusM,|142—-146] oxnum u3 Haubomee
NPEIIOYTUTETBLHBIX METAIUIOB JIJISl CO3/ITAaHUS KaTAJIM3aTOPOB POJACTBEHHBIX ITPOIIECCOB
ABsieTcsl poauit. [103TOMy MBI peIIMIIA U3YYHUTh AKTHBHOCTh METAJUIOOPTAaHHYECKUX
KOMILJIEKCOB POJIMS Pa3HOTO THIIA B BOCCTAHOBUTEIIBHOM aMHAMpoBaHuU. Bcero B
MOJICTIBHOM pEeaKuuu n-HUTPOTOJIYOJda € MPOMHOHOBON KHCIOTOW OBUIO HCIBITAHO
6onee 30 coenuuenuii poaus (Cxema 52). Ocoboe BHUMaHNE y/IETICHO KOMIUIEKCAM C
WHCHUIbHBIM 7} TeTparuapodIyopeHUIbHBIM JIMTaH/1aMH, paHee
IPOJIEMOHCTPUPOBABILIUM BBICOKYO KaTaJIUTUYECKYIO AKTUBHOCTh B
BOCCTaHOBUTENIbHOM aMuUHUpOBaHUH ¢ CO.[147-149] Jlns cpaBHEHHsS C HUMH OBLIH
NPOTECTUPOBAHBI COCAMHEHUSI C IMKIONEHTATUCHUIBHBIMU JIMTAHAAMH, a TaKke
HEKOTOpPBIE KOOPAWHALIMOHHBIE KOMILIEKCHI poaus ¢ N- u P-nurangamu.

[Tpu ucnonn3zoBanuu 1 moapH.% [Rh] nmydimue pe3ynbTaThl ObLTH MOTYYCHBI C
komriekcamu Rh(I), B To Bpems kak coemuHeHusi Rh(IIl) oxazamuce menee
ahdexTuBHBIME. XOpOIIMKA BBHIXOJ JKEIAEMOro amuaa OblUI JIOCTHTHYT TMpH
WCIIOJIb30BAaHUM TAKOr0 JOCTYITHOTO KaTtanuzatopa kKak auerar poausi Rhy(OAc)s.
Cpenu komruiekcoB pojausi (I) mpousBojiHbIE WHJEHHUIIA 00J1aJ1al0T OoJiee BBICOKOM
KaTaJINTUYECKOM AaKTUBHOCTBIO M0 CPaBHEHHIO C IUKJIONEHTAIUCHUIBHBIMHU
aHajmoramu. JlyymmMm KaTaau3aTOpoOM paccMaTpUBAEMOro Ipoliecca OKa3ajcs

terparuapodropeHunoBsiid kommieke Rh-I-1.
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Cxema 52. H3yueHHMe KaTalIMTHUYECKOH aKTHBHOCTH COEIWHEHWUH pOIUA B YCIOBHIX
MOZIeNbHON peakiuu. “3arpyska kaTtanmsaTopa cHuakena no 0,2 monbH.% [Rh]. P3arpyska
Kartanuzaropa cuukena 10 0,75 monbn.% [Rh]. “3arpyska karanuzaropa yBeaudena 10 2 MOJIbH.%

[Rh].
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ITouck onTHMAIBHBIX YCI0BHH PeaKIHH

HauGonee nmoaxoasiium pacTBopuTesieM Juisi cuHTe3a 1eiiesoro amuaa II-3aa

SABIIACTCA TFCI), OJHAKO CHHTE3 MOXKET OBITH HpOBeﬂ,éH B TOIYOIIC M OaXKC B BOIC

(Tabmuua 45). Ilpoaykr He ynaéres noayuuts B JIMCO u xsopcojepxarux

PaCTBOPHUTCIIAX.

Tabnuua 45. Biusuue BoiOopa pacTBOpUTENS

NO, HN {
o 0.2 mol% Rh-1-1
' Ho)k/ 50 atm CO, 4.25 equiv. of solvent
160°C, 22h
ll-1a, 1 equiv. 11-2a, 3.4 equiv. I1-3aa
DKCIHEPUMEHT Pacreopurenn Komnuecrso H2O Brixon I1-3aa, %"
1 TTd 30 M. 64 — 93¢
2 MTED 0,021% 90
3 ‘BuOH 0,1% 84
4 EtOH 5,26% 84
5 0e3 pacTBOpHTEIL - 61 —83¢
6 aleToH 0,2% 73
7 1,4-nuokcan 0,30% 66
8 MeOH 0,011% 56
9 PhMe 0,012% 54
10 BOJA 100% 52
11 Et.O 0,10% 51
12 neTponenHbIi ahup 0,0010% 47
13 EtOAc 0,046% 42
14 OeH30II 0,011% 40
15 MeCN 0,013% 39
16 reKcaH 0,0024% 30
17 NEHTAH 0,0015% 28
18 CHCl; 0,05% 11
19 JAXM 0,0031% 7
20 JIMCO 0,05% clIe/Ibl

* CopreprkaHHe BOJBI ONIPECIICHO THTpOBaHueM 110 PHinepy coTpyJHHKamMH 1abopatopuu
mukpoananuza MTHYOC PAH.

b BKCHGPHMCHT BBINOJIHEH B OJTHOH MNOBTOPHOCTH.

¢ JKCrnepuMeHT BhINIOJIHEeH Oouiee, 4eM B 10 MOBTOPHOCTSX.
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Bb110 M3yUueHO BAMSAHUE COOTHOIICHUS MEX 1Y peareHTaMu Ha BBIXO/I IPOYKTa.
MeToji BBITOJHO OTJIMYAETCS BO3MOKHOCTBIO MCIIOJIB30BAHHUS BCEro  JIMIIb
TPEXKPATHOTO M30BITKA KUCIIOTHI, B TO BPEMsI KaK B MpebIayliei padbote TpedoBaIoch
ucnonb3oBath He MeHee 10 osxBuBaneHtoB (Tabmmna 46).[141] BosmoxkHo
NallbHEHIIee CHIDKEHHEe W30BITKa, BIUIOTE A0 1,5 SKBHBAJIEHTOB, OIHAKO
BOCIIPOM3BOJIUMOCTEL PE3YJIbTaTOB B TaKUX YCIOBHAX ManaeT. CTOUT OTMETHUTh, B
OTJIMYKE OT MpebIAyIIed padoThl, J00ABICHUE BOJIBI HE MPUBOIUIO K YBEIMYCHHUIO
Beixona (Tabmuma 47). Huskue BBIXOABI TOJYyYEHBI TIPU TOTBITKE CHU3HTH

KOHIICHTpALUIO peakiMoHHOU cMecH (Tabnuua 48).

Tabnuna 46. M30bITOK TPOMTHOHOBOH KHCIOTHI

NO, HN 0
o) 0.2 mol% Rh-1-1 ‘/&
+
HO)K/ 50 atm CO, 4.25 equiv. THF
160°C, 22h
II-1a, 1 equiv. II-2a, X equiv. lI-3aa
DKCIIEPUMEHT Komnuectso 11-2a, 7kB. Brixon II-3aa, %?
| L5 37—170
2 34 64 — 93°
? DKCIIEPUMEHT BBITIOJTHEH B YETBIPEX MOBTOPHOCTSX.
® JkcnepuMeHT BBINONHEH Oolee, 4eM B 10 IOBTOPHOCTSX.
Tabmuua 47. Ucciienoranue BIUSHHUS BOJIbI
NO, HN P
o) 0.2 mol% [Rh] J<;
+
HOJ\/ 50 atm CO, 4.25 equiv. THF
160°C, 22h
ll-1a, 1 equiv.  1l-2a, 3.4 equiv. I-3aa
DKCIePHMEHT Karammsarop KommuecTBO BOMIBI Boixon I1-3aa, %"

1 Rh-I-5 - 63"

2 3 KB. 53¢

3 Rh-1-2 - 62— 70

4 3 3KkB. 67 —172

5 Rh-I-1 - 64 —93
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6 3 3KB. 63 — 78
7° - 1—4
9 3 5KB. 11—20

* DKCTIIEpHMEHT BEITIOJHEH B OJTHOH OBTOPHOCTH.
b Jxcnepument BEINONHEH Honee, ueM B 10 MOBTOPHOCTSX.
¢ Bpems peakinu cocTaBHiIO 2 4.

Tabnuua 48. Konuenrpauuonsstii 3¢ dext

el
o) 0.2 mol% [Rh]
+ -
Ho)k/ 50 atm CO, THF

160°C, 22h
1 equiv. 3.4 equiv.
DKCHNEepUMEHT 00BéM TT'D, 3KB. Brixon I1-3aa, %°
1 0 61 —83
2 4,25 64 — 93
3 21,25 28 —36°

2 DKCrepuMEHT BEITONHEeH Oonee, yeM B 10 MOBTOPHOCTAX.
b JKCIepHMEHT BHINONHEH B IBYX HOBTOPHOCTAX.

Belu ontumusznpoBanbl Temmnepatypa peakiuu (Tadnuua 49) u nasnenue CO
BHyTpu aBTokiaBa (Tabmuua 50). B wactHOCTH, MoOKa3aHO, 4TO I TOJy4YEHHUS
MIPOJIYKTa C BBICOKMM BBIXOJIOM CHHTE3 CJIEJIyeT MPOBOAMTH MPHU TeMIIepaType He
MeHee 160°C. OgHako BO BCEX YNOMSHYTBIX JKCIIEPHMEHTaX MBI CTOJIKHYJIHCH C
IJIOXOM BOCHPOM3BOAMMOCTBIO PE3YJIbTATOB. B MOMBITKAX HAWTH MPUYMHY HU3ZKOM
BOCTIPOM3BOIUMOCTH, OBUTH H3y4Y€HBI pa3NUYHbIC TapaMeTphbl, B TOM YHCIE Jaxe

BO3MOYHOE BJIMSIHME MaTepualia aprokiaasa (Tadmuna 51).
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Tabnuua 49. OnruMusanust TeMIepaTypbl peakiiuu

NO,
0 0.2 mol% Rh-I-1 HN‘@

+ Py
HOJ\/ 50 atm CO, 4.25 equiv. THF

X°C, 22h
ll-1a, 1 equiv. 1I-2a, 3.4 equiv. lI-3aa
DKCNepUMEHT t, °C Beixop 11-3aa, %°
1 120 7—9
2 140 10— 18
3 160 64 —93°
4 180 75 —"T7

2 DKCIIEPHMEHT BBIMOJIHEH B IBYX OBTOPHOCTSX.
b IkcmeprMeHT BEITONMHEH Dofee, ueM B 10 TOBTOPHOCTSX.

Tatmuna 50. [Touck ontumansaoro nasiaenus CO

NO,
0 0.2 mol% Rh-I-1 HN‘{;

+
HO)-K/ X atm CO, 4.25 equiv. THF

160°C, 22h
II-1a, 1 equiv. ll-2a, 3.4 equiv. I-3aa
DKCHepUMEHT Hapnenune CO, atm Brixop I1-3aa, %*®
1 20 11—29
2 30 15—35
3 40 33 —93
4 50 64 — 93°

* DKCTIEPUMEHT BBITTOTHEH B IBYX MOBTOPHOCTAX.
b JkcnepuMenT BhioNHeH Goslee, yeM B 10 NOBTOPHOCTIIX.

Tabnuua 51. [TpoeeeHne peakiiuy B aBTOKJIABAX, BBINIOJHEHHBIX U3 PA3HBIX METAILIOB

@]

NO,
0 X mol% Rh-I-1 HN{;

+
HO)K/ 50 atm CO, 4.25 equiv. THF

160°C, 22h
ll-1a, 1 equiv. 11-2a, 3.4 equiv. ll-3aa
OKCTICPUMCHT Martepuan aBTOKIaBa Koamaectro Rh-I1-1 Brixon I1-3aa, %*
1 Turan (10 M) 0,2 64 —93
2 1,0 94 — 98°
3 Hepskagetoras crans (10 mi) 0,2 17—91
4 1.0 74 — 94°

* JKCnepUMEHT BEIoNHeH Oonee, 4eMm B 10 MOBTOPHOCTAX.
® JKCnepuMeHT BRINOIHEH B JIBYX MOBTOPHOCTSIX.
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[To-BuarMOMy, OHa OOYCIOBJICHA HU3KOM CTAaOMJIBHOCTBIO KaTajau3aTropa B
NPUCYTCTBUU KApOOHOBBIX KUCJIOT. Pe3ysbTaT peakiiuu CHJIbHO 3aBUCHT OT BPEMEHH,
MPOIIEAIIET0 MEX/1y J00aBIEHHEM KaTalnu3aTopa K peakIMOHHON CMeCH C KUCTIOTOH
1 3anonHeHueMm aproxyaBa CO (Tabauua 52). [lo-BuauMomy, B JIaHHBIX YCIOBHUSX
BO3MOXKHA JIUCCOIMAIMS  JIAOWJIBHOTO  BCIEACTBHE WHJCHHUIBLHOTO 3(dekra
TeTparuapodayopermibHoro guragaa (Cxema 53).[150,151] dna npeononieHus: 3Toi
po0eMbl MbI ITOTBITATUCH UCMOIL30BaTh KoMIUieKe Rh-1-9, crabunusupoBanublii #-
METOKCHOEH3MIIBHBIM 3aMECTHUTENIEM B TETparuapodryopeHusioBoM uranae. OqHako
BOCIPOM3BOJIMMOCTh PE3YJIbTaTOB € JTUM KOMIUICKCOM TaKXe Obljla HEBBICOKOM.
ITosTroMy panpHe#IMe wcclieoBaHus OBLIM  TPOBEJCHBI Ha alerare pojius,

IMOKa3aBIIEM BBICOKYH) aKTUBHOCTL B JITAaHHOH PCAKIIHH.

Tabnuua 52. M3ydyenne cTabMIBHOCTH KaTAIM3aTOpa B YCIIOBUAX peakuu

NO2 HN 3
o 0.2 mol% Rh-I-1 Jﬁ;
+
HOJK/ 50 atm CO, 4.25 equiv. THF
160°C, 22h

lI-1a, 1 equiv. ll-2a, 3.4 equiv. 1I-3aa
DKCIMEPUMEHT Karanuzatop Beixon 11-3aa, %*

1° Rh-I-1 58

2¢ 84

3 b,d 61

40 0,5 monbH.% Rh-1-2 56

5¢ 65

6 d 0,25 monbH.% Rh-1-2 42

* Cpennee 3HaueHne. PeareHTsl cMemanu B aTMocdepe Bo3ayxa. Peakuiio NMpoBOAMIH B THTAHOBOM
aBTOKJIaBeE.

 Aproknas sanonaunu CO cnycrs 40 MHHYT nociie 100aB/IeHHs KAaTaIH3aTOPa K PEAKLHOHHON CMECH.

¢ Astoknag 3anonaunu CO crycts 10 MHHYT mocre nobapneHns KaTaln3aTopa K peakllHOHHOH CMECH.

4 Karanusatop ObL1 JOMOIHUTEILHO OUHIIEH B aTMOC(EPE aproHa, PearcHTbl CMEIMBAIM B IIaBOOKCE.
DKCIIEPHMEHT BBIIIOJIHEH B OJIHOH IIOBTOPHOCTH.
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Cxewma 53. [Ipeamonaraemsiii MexaHu3M aerpaganui komruiekca Rh-1-1.

B xome wu3ydeHus BO3MOXXHOCTH CMATYEHHS YCIOBHUM TPHU HCIOJIb30BAHHUH
aneraTta poJus, Mbl IOKa3aJdl BO3MOKHOCTB MPOBEACHHS peakiiu Beero npu 10 atw.
Opnako mnockonabky gaxke 10 atm TpeOyrOT HCHOJIB30BAHUS ABTOKIIABOB,
NOCJEAYIOIIME DKCIIEPUMEHTbl ObUIM BBITOJHEHBI MpU 50 atM — CTaHAAPTHOM IS

1o00HBIX mpotieccos ¢ CO.

Tabnuna 53. OnTuMusanus ycaoBui peakiguy npu ucnoib3oBanud Rh-11-1

@]

Ho2 0 X mol% Rh-lI-1 HN{;
' HO)K/ X atm CO, 4.25 equiv. THF ]
160°C, 22h
ll-1a, 1 equiv. 11-2a, 3.4 equiv. II-3aa
DKCIEPHMCHT Konnuectso Rh-11-1, monbn.% Jlasnenue, at™ Beixon 11-3aa, %*®

1 1 50 99°
2 10 89 —95
3 0,5 50 88 — 99°
4 40 90 — 99
5 30 97 — 98
6 20 78 — 98
7 10 44 —46
8 0,2 50 92 —93

2 Beixosl onpeenensl MetogoM 'H AIMP. DkcriepuMeHT BBITIONHEH B JIBYX NOBTOPHOCTAX.
b DKCIIePHMEHT BBINOIHEH OIHO II0BTOPHOCTH.
¢ DKCIepHMEHT BBITONHEH Oonee, yeM B 10 MOBTOpHOCTSX.
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CyoOcTpaTHasi cnenyu(pM4IHOCTh

Y06enuBIIKCH B TOM, YTO MOJI€JIbHAS PEAKIUSI BOCIIPOM3BOIMMO MPOTEKAET C
BBICOKHM BBIXOJOM, MBI MIEPEILIA K HUCCIETOBAHUIO MPUMEHUMOCTH METOo/aa JJIs
apyrux cyocrparoB (Cxema 54). B onTUMaibHBIX YCIOBUAX OblIa MOJy4YeHA CEpHs

dMHIO0B C pa3JIMYHBIMH (I)yHKI_[I/IOHaJ'ILHBIMI/I rpymnmamMu. B YaCTHOCTH, METOA

0]
rl\IOZ . j)L 0.5 mol.% Rhy(OAc), . JJ\
Ar i 50 atm CO, THF HN R
160°C, 22 h A
-1, 1 equiv. 1I-2, 3.4 equiv. -3
GO
N N N
,@f ORISR AN O
ll-3aa, 88% (75%) lI-3ab, 99% (78%) lI-3ac, 99% (47%) I-3ad 99% (57%)?

87% (84%) for 1 g

o o oot

ll-3ae, 99% (88%) I1-3af, 72% (55%)° 1-3ag, 99% (91%) ll-3ba, 90% (82%)
oR @ Neg ol og:
ll-3ca, 99% (99%) ll-3da, 70% (64%) ll-3ea, 90% (62%) II 3fa, 75% (71%)

Phenacetin analog Propanil

\©/ HOOC :

II-3ga, 62% (51%) lI-3ha, 80% (72%)° II-3ia, 72% (62%)¢ II-3ja 99% (99%)°

Acedoben analog
H

oY

ll-3ka, 83% (82%)
Paracetamol

Cxema 54. Peakuus apoMaTHUeCKUX HHTPOCOEIMHEHHH ¢ anndaTHIeCKUMH KapOOHOBBIMH
KMCIIOTaMH. “3HAYMTeNbHAs pPasHHIA MEXIYy BeIXogoM 1o SIMP u BbigeneHHBIM 0GyCIOBIEHA
BLICOKOI JIETy4ecThIO IPoAyKTa. "48 wacos. °10 sxs. RCOOH. 1,5 sxB. RCOOH.
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MO3BOJISIET MPOBECTH PEAKILUIO 11 cyOcTpaToB, conepskanux cesizu Ar-Hal (1I-1f, I1-
12)[2,152] u C=C (II-1b),[153] KOoTOpBIE MOTYT JErpagupoOBaTh B KIIACCHYECKHUX
BOCCTAaHOBMTEIILHBIX MPOIIECCaXx.

C XOpolmMMH BBIXOJAaMH CHHTE3MPOBAHBI JIEKAPCTBEHHBIE COEIMHEHUS
nponanui (I1-3fa) u nmapaueramon (I1-3ka), a Takke npsiMble aHanoru (peHaNETHHA U
anenobena. [lokazaHa  BO3MOXKHOCTh  CCJICKTHBHOM  MOAUGMUKAIUM  OJHOM
HUTPOTPYNNbI B IPUCYTCTBUU BTOpoii: mpoaykT II-3ia nomyuyen npu B3aumMoieicTBUA
¢ 1,5 skBHMBaJIeHTaMH TPONMMOHOBOM KHCIOTHL. Mcmone3oBanue 10 3KBHBaneHTOB
KHUCJIOTHI MO3BOIHIIO cuHTe3upoBaTh Oucamu II-3ja (Tadbnuua 54).

[ToMmumMO MIHMPOKOTO criekTpa aqudaTHyecKkux, B PEeaKluio y/JIajloCh BOBJIEUYb
apomatuueckue KucioThl (Tabmuma 55). CornacHO MoOMy4eHHBIM pe3yibTaram, pKa
KHACJIOTHl HE OKa3bIBACT 3HAYMTEIIFHOTO BIIMSHHUS HA BBIXOJ aMHJa, TIOCKOJIBKY Kak
MIPONHUOHOBASs, TaK U TPUPTOPYKCYCHASI KUCIIOTHI PEarupyroT ¢ BHICOKUM BeIxoaoM (11-
3aa u 1I-3ad). Apomatuueckue kKapOOHOBBIE KUCIOTHI MEHEE PEAKIIMOHHOCTIOCOOHBI,
Osarogapsi 4eMy M3 COOTBETCTBYIONIMX 4-HHUTPOOSH30MHON M MPOMHOHOBOW KHCIIOT
ylnanoch cuHTe3upoBarh ananor anenodena (II-3ha; Tabmuma 56). Ilpu stom
apoMaruyeckass KapOOKCHUJIbHAs IPYIIa OCTalach HETPOHYTOH, a anudaTudeckas
oOpazoBajia aMu/l. YBEIUUYEHHE BPEMEHHU PEAKLIMU MO3BOJIAIIO MOJYUYUTh MPOAYKT U3
oenzoitHoil  kucnotTel  (II-3af). ['erepormkinueckne COEOUHEHUS  OCTAKOTCS
CTaOWJIBHBIMU B JAaHHBIX YCIOBHAX: ObuT momydeH mponykt II-3ag, comeprkamimii
WMHJI0JIbHBIA (pparmMenT. MacitaOupoBande peakiuu B avanazone ot 40 mr ao Ir

MNPOHUCXOOHUT C COXPAaHCHHUCM BBICOKOI'O BBIXO4A.
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OnTuMu3anus yCJI0BHH CHHTE3a OTA€IbHBIX MPOJAYKTOB

Tabnuua 54. OnTumMuzaius peakimu ¢ 7-THHUTPOOEH30J10M

O
NO, 0.5 mol% HN‘<¥ HN( NH,

0 Rh-11-1 0
+
HO)K/ X atm CO * o £
O,N 4.25 equiv. THF jNH
lI-1i II-2a 160°C,22h  OMN 35 II-3ja ON
1 equiv. X equiv.
DKCIEepHMEHT JlaBrienue M36e1TOK 11- Brixon, %*°
CO, atm la, 3KB.
I1-3ia I1-3ja 4-HUTPOAHUIMH
1 30 3.4 58-171 1-6 22
2 50 1,5 66 -172 3 16 — 18
3 34 67 2-7 23-24
4 10 0 99 0

* BeIxo/bl onpeieNIeHbl METOI0OM 'H IMP. DKCNepUMEHT BBITIONHEH B JIBYX MOBTOPHOCTAX.

Tabnuua 55. Ontumu3aiius peakuuu ¢ 0eH30MHON KUCIOTON

0]
NO, o) HN
1 mol% Rh-II-1
+
HO 50 atm CO, 4.25 equiv. THF
160°C, 22h

II-1a, 1 equiv. 11-2f, X equiv. I1-3af
DKCMEePUMEHT W30srTOK 11-2f, 9KB, VcnoBus peakiuuu Brixon I1-3af, % a
| 1 CTaHAapTHEIC 21 (xousepeus 28%)°
2 3.4 45-50
3 48 q 40-91¢
4 10 HET KOHBEPCUH
5 300 un TI'd Crenbl

 Beixoasl onpeaenensl MerogoM 'H AMP. Ecinu He ykasano HHOe, KOHBEPCHS COOTBETCTBYET BEIXOLY.
DKCHEePUMEHT BbIIIOJIHEH B IBYX IIOBTOPHOCTSIX.

b DKCIIepHMEHT BBIMOIHEH B OJHOMH MTOBTOPHOCTH.

¢ DKCIIEPHMEHT BHITOIHEH B 8 IOBTOPHOCTSX.
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Tadnuma 56. OnTuMu3aLus peakuuy ¢ #-HUTPOOECH30MHONW KMCIOTOH

0]
NO, HN{;
O 1 mol% Rh-II-1
+
Ho)k/ 50 atm CO, 4.25 equiv. THF
HOOC 160°C, 22h
II-1h, 1 equiv. lI-2a, X equiv. HOOC 11-3ha
DKCIICPHMEHT N36prToK 11-2a, 2KB. Temmepartypa, °C Boixon II-3ha, %*
1 3.4 160 clIepl
2 180 55
3 10 160 80
4 180 37

* BeIxo/abl onpeieneHbl METOI0M 'H aMP. DKCNEPUMEHT BBITIONHEH B OJIHOH MOBTOPHOCTH.
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IIpuMeHeHHe peaklIuu B TAHJAEMHBIX Npoleccax

PazpaboranHblii METOJT MOKET HAWTH NMPUMEHEHHWE B TAHJIEMHBIX IPOIEccax
MOJYYEHHS TeTEPOLUKIMUECKUX MPOaYyKTOB. Tak, peakius o-uutpoanununa II-11 ¢
NPONMOHOBOH KHMCJIOTOH NPUBOJMUT K COOTBETCTBYHOIIEMY OeHzumunasony Il-4a B
pe3yiapTare BOCCTAHOBUTEIBHOIO AMHUIMPOBAHUS MW MOCIHEAYIONIEH KOHAEHCAIlUU
(Cxema 55a).

Hpyroii nmpumep OCHOBaH Ha MpEBpallleHUH JIEBYJIHMHOBOW KuciaoTbl I1-2h.
JIeByIMHOBass KHCIIOTA SBISIETCS MHOTOTOHHAXHBIM IIPOJYKTOM IIEpepabOTKH
OMoMacchl W CYMTAETCs NPEANOYTHUTEIBHBIM  MCXOAHBIM  COCAMHCHHEM B
oprannueckoM cuHTese.[154] Mbl nokazanu, 4TO B3aMMOJEHCTBHE JIEBYJIMHOBOMH
KHUCJIOTBI C 4-HUTPOTOIYOJI0M TipenoctasiseT N-ronunnupponnaon 11-4b B kauecTse
enuncTBeHHOTrO mpoaykra. Coenunenue 11-4b obpasyercs B pe3ynpTaTe TaHIEMHOTO
mporecca  BOCCTAHOBHUTEIBHOTO  aMUAUPOBAHUST M BOCCTAHOBHUTEIBHOIO

amMmuHupoBaHus cyoctpara (Cxema 55b).

C[NHZ /\H/OH 0.5 mol.% Rhy(OAC),
> >_/
NO, 50 atm CO, THF @

160°C, 22 h
111 lI-2a ll-4a, 90% (81%)
-co,
b) O 0
NO, 0.5 mol.% Rh,(OAC),
+ OH ' N
0 50 atm CO, THF /@r H
160°C, 22 h
ll-1a ll-2h -CO, l1-4b, 99% (75%)

Cxema 55. TanzaeMHBIH CHHTE3 TeTCpOLMKIMYECKUX COCIUHCHHMM: a) peakuus o-
HUTPOAHWIMHA C ITPONMOHOBOH KUCIIOTOMH, b) peakius n-HUTPOTONIyo1a ¢ JIEBYJTMHOBOH KUCIOTOH.

OO0muii MexaHu3M

BeposaTHblli  MeXxaHW3M BOCCTAHOBHUTEIBHOTO AMMIMPOBAHUS  BKIIIOYACT
cieayromue ocHoBHble ctaauu (Cxema 56). Ilpeanonaraercs, 4To amerar pojaus B
aTMocepe MOHOOKCH/IA yriiepojia o0pa3yeT KOKTEHIIb KapOOHHMIIBHBIX KOMIUIEKCOB
poaus,[155,156] koTopeie 3aTeM KaTanU3UPYIOT BOCCTAHOBJIICHHE HUTPOAPEHOB 0

u3onuaHaToB.[157] 3arem IIPOUCXOUT COIPOBOKIAOLIUICS
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NEKapOOKCUIIMPOBAHUEM AUUIO0IM3 M30L[MaHaTa WIM TUIPOJIU3 M30IMOHATa ¢
o0pa3oBaHMEM aMHMHa, KOTOPBIN 3aT€M B3aMMOJIEUCTBYET C KUCIOTOM.

Cnenyer OTMETHTb, MHOTHE OIMHCAHHBIE B JIUTEPATYpe BOCCTAHOBUTEIILHBIE
npouecchl ¢ ucnoabzoanieM CO OCHOBaHbI HA PEaKLMU CABMIa BOASHOIO rasa. B
xoje Takux nporeccos u3 CO u npumeceit Boasl oOpasyetcst Ha, KOTOpBIi BBICTYNAET
UCTUHHBIM BoccTaHoBuTeneM NO» rpynmel.[158,159] OgHako B HAIIKUX yCIOBUAX ATOT
0yThb, MO-BUIUMOMY, HE SBIIACTCA OCHOBHBIM: HCIOJb3YyEMbIC pPEAareHTbl MOTJIH

COZIEP’KATh BOJY TOJILKO Ha YPOBHE M.JI., @ J00aBJICHHE BOJBI HE YIIYYIIHIIO PE3YIbTAT

peakuu.
co
Rhy(OAc)y ———— = (CO),RhX,
X = O0CR, etc.
CO),RhX H
Ar/NOQ ( )I"I m - A,NCO RCOOH > A’N OYR
r r
via \g/ 0
Os_0 H,O |-CO,
N—Ar L0
LaRh~g'
H
Ar,NHz RCOOH N. R

Cxema 56 HPEHHOHaFaeMBIﬁ MEXaHWU3M BOCCTAHOBUTEIBHOTO aMHUJIHPOBAHHWA.

3akiloueHue

Takum  oOpaszom Obul  pa3paboTaH TpocTOl W yAOOHBIM  METOJ
BOCCTAaHOBHUTEIIBHOTO COYETAHHUS HHUTPOAPEHOB W KapOOHOBBIX KucioT. Jlns ero
OCYILECTBIICHUS] HE HYXXHBI HU TBEP/ble WM KHJIKHE BOCCTAHOBUTENU, HU OOJBIION
M30BITOK OJTHOTO U3 PEareHTOB, YTO 00CCIIEYNBACT JIETKOCTh BBIICTICHHUS TIPOAYKTOB U
BBICOKYIO aTOM-3KOHOMHMYHOCTb peakiuuu. Pa3zpaboTaHHBI METO MOXET OBbITh
UCIOJb30BaH B CHHTE3€ LEHHBIX JIEKAPCTBEHHBIX COEJIMHEHUH M repepaboTke
OvoMaccel. Peakuusi 00majaeT BBICOKOH CEIEKTUBHOCTBIO, TMO3BOJISIE COXPAHUTH

BTOPYIO HUTPOIpyMILy, rajnoreusl 1 kpatusle C=C cBs3u.
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BoccraHoBUTE/IbHOE aAMHHUPOBaHNE

H3BectHO, uTOo CO 5IB/ISIETCS BRICOKOCEIEKTHBHBIM BOCCTAHOBUTEIJIEM B PEAKIIUH
BOCCTAHOBUTENBLHOTO amMuHHMpoBaHus.[3,160—163] Jlns mnporekanus mporecca ¢
ucnonb3zoBauueM CO TpeOyloTCsl KOMIUIEKCHI MMEPEXO/HBIX METAJIOB, NPUYEM
HauOoJiee aKTUBHBI M3 HHUX COeAWHEHMs poaus.[3,5,6,164—166] Opnako, BBHAY
BBICOKOII CTOMMOCTH JAaHHOTO MeTajia, MpPECTaBIIsAeT MHTepec pa3paboTka Oosee
neméBbix cucteMm. IlocimeaHee CTaHOBUTCA BO3MOMKHBIM Ojlarojapsi pa3BUTHIO
KaTalu3aToOpoB Ha ocHOBe pyTeHHs.[167] Panee Oblo moka3zaHO, YTO aKTHBHOCTB
PYTEHHEBBIX KOMIJICKCOB B BOCCTAHOBUTEIbHOM aMUHUPOBAHUU MOKET CYLIECTBEHHO
U3MEHSATHCS MpH J100AaBIIEHHH B PEAKIIMOHHYIO cMech Hoauaa kanusa [164] wim
dbochopconepxkammx  coeguHeHuit  (pochunoB, dochuror wu  ap.)[168]
Hcnons3oBanne Takux J0OABOK CYIICCTBEHHO CHHXKACT HEOOXOAUMOE TSI TIOTYICHHS
MPOJYKTa KOJIMUECTBO PYTEHHEBOTO KaTaanu3aTopa BIUIOTh A0 MUJUTHOHHBIX Joned. B
YaCTHOCTH, B pucytcTBuM hochuna (4-ClCqH4);P Habmomanock kpaTHoe yCKOpEeHHE

peaKLMy apOMaTHYECKUX aMHHOB € ajbJeruaaMu uim keronamu (Cxema 57).[168]

[(p-cymene)RuCl,]s,

OMe
NH» CHO PR;, CO H
MeO MeO /O/

Nl-1a -2 MeO ll-3a,
w/o additive: 10%
with additive: 63%

Cxema 57. YckopeHHe peaklUMH I1-aHU3WJAMHA C aHMCOBBIM ajbJCrHJIOM B IPUCYTCTBUH

dochuna.

Takum oOpa3om, in situ aKTUBALMA PYTEHHUs SBIAETCS MHOTO0OEIIAIOLIIM

MOIXOMOM K  pa3BUTHIO  AG(EKTHBHBIX  KATAIMTHYECKHX  CHCTEM IS
BOCCTaHOBHUTEJILHOTO aMUHUPOBaHUS C uctioyb3oBanueM CO.

JIpyrum pacrnpocTpaHéHHBIM KJIAaCCOM JIMTaHIOB, HapaBHe C (ochuHAMH,
aBisttoTes Juranabl N-tumna.[169—173] IlosToMy MbI pelIuad H3YYUTh BIIMSHUE

Pa3IMYHBIX AMUHOB HAa BOCCTAHOBUTENILHOE aMuHUpoBanue ¢ CO.
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N3yuenue BausaHus /N-cofepKaniux J00aBOK HA PeaKLHI0

Mpbl Hauanu MCCIIEOBAHUE CO CPABHEHMSI CKOPOCTH NMPOTEKAHMS PEAKIMH B
MPUCYTCTBUHU pa3IuuHbIX N-coaepKallluX cOeIMHEHUH. [{J1s1 3TOro yCcloBus peakiuu
ObUTH BBIOpaHbl TaKMM 00pa3oM, 4TOObI B OTCYTCTBHE J00aBOK BBIXOJ MPOJIYKTa
coctaBisin 60%. B MoienbHON peakiiuu n-aHU3UIMHA C AHHCOBBIM AJIbJIETUIOM OBLITH
OnpoOOBaHbl aMHHBI M TETEPOIMKIBI, a TaKKe HE KOOPIUHHUPYIOIIHNE OCHOBAHUS
(Cxema 58).

CormnacHO MOJY4YEHHBIM pe3ylbTaTaM, OOJBIIMHCTBO JH00OABOK HE OKa3bIBAIH
CYILLIECTBEHHOIO BIIMAHMS Ha X014 peakuuu. [IpoBeneHue cuHTE3a B NMPUCYTCTBUH
apOMATUYECKUX WM allM(PaTHUECKMX aMUHOB MPUBOJAWIIO K 00Pa30BaHHUIO MPOJIYKTa
III-3a ¢ Bexogom 40 — 60%. OTtcyTrcTBHEe 3HAUUTENBHOTO 3(Q(dekTa MOKeT OBITh
oowsicueno TeM, uro cyoctpar IlIl-la, mpomykr III-3a u mpomMexyTOYHO
oOpasyromuecsi moilyaMHHalIb UM ocHoBaHWe [lIudda Takxke ABIAIOTCA aMUHAMH,
KOTOpbIE KOHKYPHUPYIOT ¢ J0OaBKaMH 3a CBS3bIBAHHE C METANIMYECKHUM IICHTPOM.
BBuay cpaBHMMON SHEpPruM CBA3BIBAHUS BCEX ATHUX COCAMHEHMH ¢ pyreHuem, 0,5
MOJIBH.% J100aBKM HE OKa3bIBAIOT BJIMSHUS Ha XOJ PpEeaKIUu H3-32 HHU3KOTO
COJICp’KaHUsl B PpeakUUOHHON cmecu. CuiibHbIe OCHOBaHus, Takue kKak DIPEA,
OKa3bIBAIOT HE3HAUYMTEJILHOE HETraTMBHOE BIHUSHUE HA BBIXOJ MPOAYKTa, KOTOPOE
MOYKHO OOBSICHUTH CMEIICHHEM pAaBHOBECHS MEXIYy HMHUHOM M IIOJyaMHHAlleM B
cTopoHy oOpaszoBanus ocHoBauus llludda. B manHbIX ycmoBuax GopmupoBaHUE
ocHoBanud IlIudda sBisgercs HENPOIYKTUBHBIM HANIPABICHUEM PEAKIIMH, B CBS3U C
4YEeM BBIXO/] BTOPUHYHOTO aMHUHA CHUYKAETCH.

EnuHCTBEHHON 100aBKOH, YCKOPSIOIIEH peaklMio, siBisercs nupuaul. Takas
AKTHUBHOCTH MOKET ObITh 00YCIJIOBJIEHA ABYMSI OCOOCHHOCTSMH JaHHOI'O COEIHHEHHSL.
Bo-niepBeix, OHO 007agaeT ONTHUMaIbHBIMU CTEPHUUYECKUMHU U 3JIEKTPOHHBIMH
CBOMCTBAMHU [IJIsl CBSI3bIBAHUS C METaUIMYECKHM LEHTPOM IpekaTtanuzaropa [(n-
mMon)RuCly],, B pesynbrate uero oOserdaercss auccouuanus aumepa. [Tupuaun

CTaGHHHSI/IpyeT KaTaJlu3aTop, HE 6JIOKHpYH IMIpH 5TOM KOOPIHHAIHOHHbLIC BAKAHCHH.
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Bo-BTOpBIX, €ro OCHOBHOCTb OTHOCHUTEJIBHO HeBenHuka: pKa mnpoToHUpoOBaHHOM
(¢bopMBI B alETOHHTPHJIE TIPUMEPHO Ha 2,5 eawHUIBI MeHbine, yeM pKa
NPOTOHUPOBAHHOTO UMKAa3ona.[174] IloaToMy MUPUIUH HE OKA3BIBAET BIMSIHUS Ha
paBHOBECHE MEXKy MoJyaMuHaneM 1 ocHoBanueM lludda.

Ceppe3HOe CHHKEHHE BBIXOJ]a OTMEUEHO B cliydae OHIEHTaTHBIX
MUPHUIAHOTIONOOHBIX TETEPOIUKIOB (OunmupuauHa U GeHaHTPOIMHA), YTO YKa3bIBACT
Ha CHJIbHYIO KOODJIMHAUMIO JaHHBIX [00ABOK MO PYTEHUIO, OJOKUPYIOIIYIO

KOOPAWHAITMOHHBIC BAKAHCUH MCTaJljia.

0.25 mol%
[(p-cymene)RuCl,],,

OMe
/@ /©/CHO 0.5 mol% NR3, 50 atm CO HJQ/
o

MeCN, 140°C, 22h

N-1a -2 MeO -3a,
w/o additive: 60%
aromatic amines N-heterocycles
B o
Q N~ DMAP ¢ >N NC7 N
70%  49% 51% 51%
47% 54% 58% 59% |
' : i _ & X X
aliphatic amines - /@ /O\ @Q
N/j N NC” N7 CN =N
] Et;N  DIPEA 57% 54% 47%
59% 50% 55%  44% 55%
N
i MesN [» o o
NP Me,NT > NMe, 2 >~ “NMe, N N/ N7
50% 57% 60% 42% 15%
NM
MezN/\/\./ 32
| 48% |

Cxema 58. Binsnue 100aBoK Ha BBIXO/1 MPOAYKTa MOJIEIbHON PEaKLIUU BOCCTAHOBUTENBHOTO
aMUHHPOBAHMA.

YunTeIBas KOHKYPEHLHIO 100aBOK C PEaKTMBOM 32 METAJUIMYECKUH LEHTP, MbI
pPELIMIM U3MEHUTh COOTHOLUCHME KOJMYECTBA JiMranja k merawny (Pucynok 14).

3amMeTHOE BIHUSHUE ,I[O6aBOK Ha pCaKIHIo H&6J’IIO,Z[3.IIOCB IMIpH COOTHOIICHHUH ,Z[06HBKEI :
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metain = 1 : 1 (0,5 monsn.% noOaBku). [lanbHeiiee yBeaudyeHHE KOJIMYECTBA
NUPHJIMHA JIO0 COOTHOIIEHH Jo0aBKka : MeTayu1 = 6 : 1 (3 mosibH.% J00aBKH) MPHUBOIUT
K MHTMOMPOBAHUIO TIpOIiecca.

MaxkcumallbHOE YCKOPEHHE NIPH HMCIIOJIb30BAHUH TTUPHJINHA, & TAKXKE CHIILHOE
MHTHOHMpYIOIIee JeHCTBIEe OMMUPHUINHA, HAOII0JaeMoe ITPH COOTHOIICHHH JT00aBKa :
Metasm = 1 : 1, MOATBEp)KOAIOT TMPEANOJIOKEHHE O TOM, YTO 00a TreTepoIuKia
BBICTYMAIOT B POJIM JIMTAHIOB. MOHOACHTATHBIH MHUPUAMH  CIOCOOCTBYET
aucconmaru aumepa pyrterus [(n-mumon)RuCly],, B To Bpemst kak OMAEHTaTHBIHN
OMITUPHIMH NPEBPALLACT AUMEP B MHEPTHBIN KOoMIUICKC. [IpuMeyaTensHo, HeraTHBHOE
BiusHue JIMIIDA Ha pesyiabTar peakiiid HEYKJIOHHO BO3pacTaeT ¢ yBEJIHUYCHHEM

KOHIIEHTpaluu J0OaBKH.
0.25 mol%

[(p-cymene)RuCls]s, OMe
NH, CHO X mol% NRj3, 50 atm CO H
MeO MeO

MeCN, 140°C, 22h

e

N-1a ll-2a MeO li-3a,
70 e w/o additive: 60%
60 \

L
<

Yield of 3a, %
N
o

30
g
20 .
=e=D]PEA
10 1
0
0 1:2 1:1 2:1 6:1

Additive : Metal

Pucynok 14. W3ydenue BnusiHusA 100aBKH HA BBIXOJ PEAKIMH MPH Pa3HBIX COOTHOIIEHMIX
I00aBKH U PYTEHHS.

BiusiHie 0TAeIbHBIX 100aBOK HA PeaKIHI0 ¢ IPYTHMH cyOcTpaTaMu
Jlasiee Mbl pemiId  M3Y4YMTh OOMIHOCTH A(P(PEKTOB, HAOIMIOAAEMBIX IHpHU
UCIIOJIb30BaHUK JI00ABOK Pa3HOTO THIIA, B PEAKIIMH aHUCOBOT'O allbJAETH/IA C APYTUMH

cyoctpatamu (Cxema 59). Pamee coobmanocs, 410 (ochuHOBBEIE IHTraHIBl HE
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OKa3bIBAIOT CYIIECTBEHHOTO BIMSHHUA HA peakiuio ¢ anddaTiyeckuMu aMuHamu.[ 168
VYuureiBas, 4T0 (oChUHBI YCKOPSIIOT MOJEJIBHYIO peakuuio ropasuo s¢hpdexrusnee,
yeM MUPUANH, Mbl ObUIM YJIUBIEHBI, OOHAPYKUB TMOJYTOPAKPATHOE YBEIHMUECHHE
BbIX0/1a peakuuu ¢ Moppoaunom II-1b B mpucyrcTBUM nupumua. bBunupuan Junib
HE3HAYUTENBHO JI€3aKTUBUPYET ATY PEaKLHUIO.

HaubGonee nykneobwnpHbd nunepunun Ill-1¢ BcTymanm B peakmmio ¢
OJIMHAKOBOW CKOPOCTBHIO HE3aBUCHUMO OT UCIOJIb3yeMO 1OOaBKH.

Peaxuus anucoBoro amperuaa ¢ 6ensoxkantom III-1d B orcyrcTBue noGaBku
npoTrekasia ¢ BeIXoaoM 95% u tonbko 46% npoaykra 00pazoBanoch B MPUCYTCTBHH
OMIUPUUHA.

0.25 mol% [(p-cymene)RuCl,],

0.5 mol% additive, 50 bar CO < > OMe
R'RZNH  * MeOQCHO > RLN

MeCN, 140°C, 22h -
IHi-1 R
-2 -3

100 95
mPy mw/o mBpy

86 87 86
64
44 46
35
H
on O Et00C

1-1b I-1c 1-1d
Cxema 59. Brniusnue 100aBOK Ha BbIX0/1 BTOPHYHBIX AMHHOB.

Yield, %
— N W B WU O 1 0 O
o o S & o & o o D

o
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3aki04eHune

Pestomupysi, M3y4eHO BIMSHME pa3iMuHbIX N-cojuepkammx 100aBoK,
BBICTYTIAIOIIMX B POJIH JIMTAHJOB WIIM OCHOBAHHM, HAa KaTAIM3UPYEMYH) PYTEHUEM
peakLui0 BOCCTAHOBHUTENBHOTO aMuHHUpoBaHus ¢ CO. Cpenn pasimuHbIX J00aBOK
¢ dexT akTHBaLMK HAOIIOAANICSA TOJBKO JUIsl mupuauHa. [IpenmnonoxuTensHas polb
NUPHIMHA 3aKII0YaeTcs B oOserdeHuu mucconuanuu aumepa [(n-ummon)RuCls],.
[TpennoxkeHHoe OOBACHEHHUE TMOATBEPKIAACTCA TEM, YTO MaKCHUMAaNbHBIA 3(deKT
aKTHUBAIIMM JOCTUTAETCS TTPU COOTHOIICHUH MeTasI : mupuanH = 1 : 1. B To Bpems kak
OMICHTATHBIC MUPUAUHONOT00HBIC TETEPOLIMKIBI HHTHOUPOBAIIM PEAKLIMIO, OJOKUPYS
BAaKaHCHUU PYTEHHMEBOI'O LIEHTPA, CHJIbHbIE OCHOBaHus, Takue Kak DIPEA, cHuxanu
BBIXOJ] PEaKLMH 3a CUET CMEIICHUS] pPaBHOBECHs MOJTyaMHHANb-UMHUH. BnusHue Kak
AKTUBHPYIOIINX, TAK U UHTHOUPYIOIMIHUX T00ABOK OCIabEBaeT MO MEpe yBEIMUCHUS

peakuoHHOI criocoOHOCTH cyOcTpara.
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BbiBO1bI

1. Pesynbrarsl JIUCCEPTALIMOHHOTO UCCJIEJIOBAHUS yrayOIsiroT
npejacTaBieHuss o Takux Merojax ¢opmupoBanuss C—N  cBs3u, Kak:
ATKWIMPOBAaHUE AaAMUHOB CIHUPTAMH B YCIOBUSIX PpEAKLUMH 3aUMCTBOBAHMS
BOJIOpO/Ia, BOCCTaHOBHUTEIBLHOE aMHHUPOBAHHE, BOCCTaHOBUTEJIbLHOE

aMHJIHUPOBAHHUC KﬂpﬁOHOBBIX KHCJIOT HUTPOCOCTHMHCHHUAMMU.

2. Tlpennoxkena  mpejckasarenbHasi — MOJeNb  BbIXOJIa  MPOJIYKTa
HEKaTaJUTHUECKOH peaklMH 3alMCTBOBAHUsS BOAOPOJA OT psla MapamMeTpoB, B
TOM 4YHCJEe: KHUCIOTHOCTH N-Hykneodhmna mo bopayammy, AUAIEKTpHYECKON
IPOHUIAEMOCTH PACTBOPHUTENIA, KOJMYECTBA BO3AyXa B PEAKIIMOHHON CHCTEME,

TeMIEpPaTyphl CHHTE3A.

3. OOHapyXeHO, 4YTO, B 3aBUCUMOCTHM OT TEMIIEpaTyphl, peaKuus
ANIKUTTUPOBAHUS aMUHOB CITUPTAMHU MOKET MPOTEKATh 110 AIBYM Pa3JIMYHBIM ITYTSIM:
yepes IpoMeKyTOUHOe 00pa30BaHHE HMHHA U €T0 MTOCIIeAYIOIIee BOCCTAHOBICHHE
no  MmexaHusmy  MeepseiiHa-Ilonnaopda-Bepnes, wiu  mocpeacTtBom

HYKJICO(HIEHOTO 3aMEIIEHUS] CITUMPTOBOM TPYIIITBI AMHHOM.

4. OmpeneneHbl TPAHUIBI TMPUMEHUMOCTH HEKATATUTHYECKOH pEaKIuu
3aMMCTBOBaHUsA Bojopoda. B dyacTHOCTH, M3ydeHa TOJEPAaHTHOCTh OCHOBHBIX

(YHKIIMOHATBHBIX TPYIIN B JAHHOM TIPOTIECCe.

5. Paszpaboran MeTon TONyYEHHS AaMHIOB M3  apOMATHYECKHUX
HUTPOCOEMHEHHH ¥ KapOOHOBBIX KHMCIOT ¢ ucmojb3oBaHueM CO wu
KaTaJM3aToOpOB Ha OCHOBE poaus. [IpakTudeckasi IEHHOCTh METO/Ia ITOITBEPKAeHA
CHUHTE30M psfa (papMareBTHUECKUX CyOCTaHIMK M HUX OJMKAHIIMX aHAJoroB, a

TAaKXKC MPUMCHCHHUEM B TAHACMHOM CHUHTE3C.

6. H3yueHo BausAHHE a30TcolepKamMX O00ABOK Ha  PYTCHHH-
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KaTaJu3upyeMOe BOCCTAHOBUTEIbHOEC aMUHUpoBaHHe. OOHApPYKEHO YCKOpEHHE
peaKiMyi aHUCOBOTO aJIbJACTH/IA C APOMATHYECKUMH M AIM(PATHUECKUMU aMUHAMHU
B MpUCYTCTBUH mnupuauHa. [lokazaHo, 4To naHHbIi A((eKT akTUBaUU He
Ha0JII0/IAETCs JIMITL B CJIydyae BBICOKOHYKICOPHIIBHBIX CyOCTpPAaTOB, TaKUX Kak

IMHUIICPUINH.

IlepcneKTUBBI JaJIbHEHIIEr0 Pa3sBUTHSA TEMbI JUCCEPTALIMA OXBATHIBAIOT
pa3BUTHE KAaTAIUTHYECKUX METOJOB, C YYETOM TPEHIOB, HAWJEHHBIX B paMKax
JUCCEPTALMOHHOIO MCCICAOBAHMS; NMPUMEHEHUE pa3padOTaHHBIX METOAOB I
MOTYYEHHUs BEUIECTB C IEHHBIMU MIPUKIAJAHBIMA CBOMCTBAMH.

Kpome Toro, HalijieHHbIE€ 3aBUCUMOCTH BBIX0/1a HEKATAIUTUYECKOW peaKluu
MEXKAY aMHUHOM M CHOUPTOM OT Pas3iu4HbIX [AapaMETPOB MOTYT OBITh
pacrpocTpaHeHbl Ha JpYrde THUIBI PeaklUuid 3auMCTBOBAHHS BOAOpOAA
(opMHpoOBaHKME CBA3ECH 3JIEMEHT — 3JIEMEHT, B 4acTHOCTH, cBsa3eld C—C). B To
BpeMs KakK OOHAapy)KCHHbIC OIPAaHUYCHUS [aHHOTO TMpolecca MOTYT CTaTh
OTOPABHOM TOYKOW JIJIi MCCIIEIOBAHHUSI AKTUBHOCTH HOBBIX 3((EKTHBHBIX
KaTaJIu3aTopOB.

[lepcriekTHBBI pa3BUTHS pa3padOTaHHOTO METO/Ia CUHTE3a aMUIOB BKIIOUAIOT
HE TOJBKO ONTUMH3ALMIO CTPYKTYpPbl KaTaau3aTopa U BOBJIICUEHHE B PEAKIUIO
HOBBIX CyOCTPATOB C LIEIBI0 MOIYYUTh LIEHHBIE TPOYKTHI, HO TAK)KE BO3MOKHOCTD

CO3/IaHHS Ha €r0 OCHOBE MPOMBIIIIEHHOTO CIIoco0a CHHTE3a COSTHHEHMIA.
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JKcnepuMeHTAIbHASA 4acTh

HNHcTpyMeHTbI 1 METO/IbI

Ecnu He ykazaHO WHOe, Bce peareHThl ObUIM MPHOOPETEHbl Y KOMMEPUECKHX
MOCTABIIUKOB M UCIOIB30BAIUCH 0€3 JOMOIHUTENbHOM ouncTku. Ecnu He ykazaHo
uHoe, TI'® u 1,4-1MokcaH mepe] HCHOJBL30BAHMEM TIEPETOHSUIM HaJl HATPHEM B
NPUCYTCTBUU OcH30(eHOHA.

O4MCTKY IPOIYKTOB MPOBOJMIN JUOO METOJOM KOJIOHOYHOM XpoMaTorpapuu
(cunmukarens Acros Organic 0,06 — 0,2 mm), mu60 ¢ ucnoas3oBanueM MPLC-annapara
InterChim PuriFlash ¢ xomonkoii PF-30SIHP-JP-F0012. Jlpyrue mnoapobHOCTH
XpomarorpaMueckux IpoLeayp IPHBEIEHb HHUKE B OINMCAHUSAX KOHKPETHBIX
COEUHEHUH.

'H, BC u F AMP cnexrps! 3amicansl B CDCl; Ha criekrpomeTpax Bruker
Avance 300, Bruker Avance 400 wmmu Varian Inova-400. XuMHuyeckue CIOBUTH
NPUBEICHB B MUILTHOHHBIX H0JIAX oTHOcuTenbHO curiana CHCl; (7,26 u 77,16 m.n.
coorserctBenno B 'H u PC{'H} cnexrpax) uin JIMCO-ds/ds (2,5 1 39,52 m.1. B 'Hu
BC{'H} cnekrpax). Cruemyrolye COKpALIEHHS HCIOIb30BaHbl I8 0003HAYEHHUS
MYJIbTHUIUIETHOCTH CUTHAJIA: C = CHUHIJIET, 1| = AYOJIET, T = TPUILIET, K = KBAPTET, CEK =
CEKCTET, 1 = 1y0JieT 1y0neToB, AT = 1y0JIeT TPUILUIETOB, M = MYJIbTHIUIET; KOHCTaHTbI
CIIMH-CIIMHOBOTO B3aWMOJeWcTBUA MpuBeneHsl B repuax (I'm). Bexoner mo SAMP
paccuuTanbl ¢ ucrnoiab3zoBanueM MeCN, JIM®A unu #-guHuTpoOEH30/1a B KAYECTBE
BHYTPEHHEIO CTaH/IapTa.

AHanuTHyeckyl ra3zoByr xpomarorpaduio (I'X) mpoBoaunu Ha ra3zoBoM
xpomarorpage Chromatec Crystal 5000.2, ocHaneHHOM MJIaMEHHO-MOHU3AMOHHBIM
JIETEKTOpOM (B KauecTBe raza-HOCUTeNs ucnoik3oBaics He, ckopocts 37 Mil/MHH) U
MC-netrextopom. Mcnonp3oBanmuch KanuuispHbie kKonoHkun Chromatec CR-5 (30 w,
0,25 MM BH. 1., TonmuHa IEHKH 1,0 um) 1 Chromatec CR-5MS (30 M, 0,25 MM BH. 1.,

TonmuHa cios 1,0 pum).

176



Hacrpoitku I'X s onpeneneHuss  BbIXoga — N-OCH3WJIAHMJIMHA €
ucnosiszoBanuem [TU]1: Temneparypa unkexropa 250°C, koahdunmrent pasaenenus
75 : 1 B momeHT umxkekuuu, temnepatypa I[T1UJ] 250 °C. TemneparypHas nmporpamma
kosioHouHoro otaenenust: 100°C B Teuenue 2 mun, 100°C — 290°C co cKOpOCTbIO
30°C/muH. CropocTh oToKa 1 Mi1/MuH, kKostoHka CR-5MS.

Bpemena ynepkuBaHHs AJi1 UCXOJHBIX COCIUEHHUM U MPOAYKTOB COCTABHIIM:
s OeHswioBoro cnupra — 3,4 MuH, I aHwiMHa — 3,8 MuH, maa N-
oensumuaeHanuanaa — 7,0 MuH, gia N-OeH3uimaHunuHa — 7,2 MUH. BeIxoael u
KOHBepcuH 1o ['X onpezeseHsl ¢ uCnoib30BaHUEM MPEABAPUTEIBLHON KaTMOPOBKHU 1O
Ka)KJIOMY U3 KOMIIOHEHTOB PEaKIIMOHHOI CMECH.

[Tapametpsl ananmuza ['X gt onpeaenenus Beixoga N-(n-Tomwn)IponuoHaMUAIa
M0 MJIAMEHHO-UOHU3AIUOHHOMY JIETEKTOPY:

Temneparypa unxkektopa 290°C, Temmeparypa IJIaMEHHO-UOHHU3ALMOHHOTO
netexkropa — 250°C, koaddunuent pazgenenus 10:1. Temmeparypnas mporpamma
kosoHo4Horo otceka: 100°C B Teuenue 2 MuH, 3ateM Harpes 10 290°C co CKOpPOCTHIO
30 K mun’!, satem ynepxusanue 290°C B Teuenue 3 muH. CKOPOCTH MOTOKA
cocrasysiia 1 mit Mun!. Bpems yaep:KMBaHUs 7-HUTPOTOIYOJIA COCTABIISANO 4,3 MUH U
6,0 mun — ans N-(n-tonun)nponuoHamuaa. Beixoasl mo ['X ompeneneHsl ¢
MCIIOJT30BAHHEM TIPEIBAPUTEIIBHON KaTHOPOBKH 110 N-(7-TOJIHI)IPOITHOHAMUTY.

[Tapametppr  anammza X  mma ompeaeneHuss  Beixoma — N-(4-
METOKCHOEH3MJ )aHWIIMHA [0 MJIAMEHHO-HOHHU3ALMOHHOMY JIETEKTOPY:

Temneparypa wuHxkekTopa coctaBisna 250°C, Ttemmneparypa IJIaMEHHO-
MOHM3aIMOHHOTO jeTekTtopa — 250°C, xoadduument pazpenenus of 50:1.
TemneparypHas nporpamma kKojoHo4HOro orceka: 100°C B TeyeHue 2 MUH, 3aTeEM
Harpes 710 280°C co ckopocteio 30 K mun!, 3atem ynepxkusanne 280°C B Teuenmue 3
MuH. CKOPOCTB IIOTOKA COCTaBjIsia 2 M MUH ™. Bpems yaepxxuBanus 4-MeToKcH-N-
(4-metokcubens3mn)anunuHa coctaBsio 10,2 muH. Beixonst mo I'X ompeneneHs! ¢

MCIIOJIL30BAHUEM IIPEABAPUTEBHON KaTuOPOBKH 110 N-(4-MeTOKCHOCH3MI )aHUITHHY.
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Jlisg  xadecTBEHHOro aHaausza ucnoib3oBanu MC-ngerekrop. Temmnepartypa
umkekropa cocrapisuia 250°C, koddduiMeHT pasjie/ieHuss B MOMEHT HHIKEKI[HH
75 : 1. TemnieparypHas nporpamma Koj1oHO4HOro orceka: 60°C B reuenue 2 muH, 60°C
— 250°C co ckopoctbro 30°C/mun, 250°C B teyenue 12 mun. Ckopocts noroka 1
ma/muH. [lapamerper MCJI: temneparypa uctounuka noHoB 200°C, temmeparypa

muHuu nepegaqu 230°C.

3auMcTBOBaHHE BOA0OPOIa
Ouenka cofepkaHusl KHCJIOPOAA B CHCTEMe
KonuuectBo (MosbH.%) kKucnopoaa B peaktope (PucyHok 15) oTHocHTensHO

CIINPTa OLCHUBAJIOCH 110 YPABHCHHIO!
(VpeaKTopa — Vamuna — VEHI/IpTa - VpaCTBDpHTens{)/(R * 298K) *0,21

Venupra

MoJibH. % (0,) = X 100%

I'ne Vieaxropa ¥ Viomnonenros TPUBEEHBI B TUTPAx; 1Ist TBEPABIX Tpu 298 K u |

aTM aMHMHOB V4, ObT 3aMEHEH Ha MacCy; MpU TNPOBEIEHUM peakiuu 0e3

pacTBOPUTENS Vyacrpopurens OBUI 3aMEHEH Ha MAcCy HCIOJL3YEMOTO OCHOBAHMS,

Venupra TPUBEIEHO B MOJTb.

OO0mast MeTOANKA ONTHMHU3ANHUOHHBIX IKCIIEPHMEHTOB

B npobupky o6beMoM 52 M ¢ MArHMUTHOH MEMIAJIKOH M 3aBHHYMBAIOIICHUCS
Kpblikoi  (Pucynok 16) mnocnenoBarenbHO MNOMECTHUIM YKa3aHHOE KOJUYECTBO
OCHOBaHHUsI, PACTBOPUTEINS (€CIM MCIOIB30BaH), OEH3WIIOBOTO CIIMPTAa W aHWJIMHA.
[TpoOupKy repMeTUyYHO 3aKPbUIM Ha BO3/1YyX€ KPBIIIKON ¢ CUITUKOHOBOM MPOKJIAAKOM.
JIJIsi  TIOBBILIEHUSI TEPMETHYHOCTH CHUCTEMBbl pe3b0y MPOOUPKH JIOMOJHUTEIBHO
ooMotanu  TedoHOBOW  neHTOH. [Ipobupky moABEpPrIM  yIBTPa3BYKOBOMY
BO3JICHCTBHUIO, IIOCIIC YEr0 MOMECTHIIM B IPEABAPUTEIILHO HATPETYIO MACIISHYIO OaHIO.
[To ucreueHnn BpeMeHHU peaKiMu MPOOUPKY OXJIAJMIIH JI0 KOMHATHOM TeMIIepaTyphbl.
PeakiimoHHy10 cMech epeHec Iy B MEPHBIN LUITUHAD, TJIE pa30aBUIId TUXJIOPMETAHOM

no 25 mu. Ilectmnu B MEpHBIM LMIMHAP MarHUTHYK0 MELIAJIKY W MHTEHCHBHO
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nepeMelluBalid  CUCTeMy 10 oOpa3oBanHusi cycneHzud. CocTaB  CycHeH3HH
ananusuposain Merogom ['X. Ecnu He ykazaHo MHOE, BBIXOJI ONPEACIISUIM METOI0M
I'X.

MHuorue sxcnepruMeHTbl ObUTH BOCTIPOM3BEICHBI HE MEHee JIByX pa3. B ciyuae
MOJIyYeHHs] OJIMHAKOBBIX BBIXOJIOB TIPH BOCTPOU3BEJECHHUU IKCIEPHUMEHTA, BBIXO]
npuBeACH ONHUM 3HAa4eHHEM. ECIM BBIXOABI MOBTOPHBIX JKCIECPHUMEHTOB HMEIH
onuskue 3HadeHus (+0,5%), pe3ynpTaT NpeACTaBiICH B BHJE AMANa3oHa MEXKAY
NOTPAaHUYHBIMK  3HAYEHUAMH. [IpW TONY4YEeHWH 3HAYUTENIBHO OTIUYAIOIIMXCA
BBIXOJIOB, PE3YyJbTaThl ObUIM MPUBEICHbI KaK CpEIHEe 0 BCEM JKCIEPUMEHTaM U
pa3HUIlA CpPeHEro ¢ HauboJee yJaNEHHBIM (HauOOJBIIMM 1O MOJYJIO Pa3HOCTH)

IrpaHUYHBIM 3HAYCHHUCM.

Pucynox 15. ®otorpadus peakTopoB c
PEaKIMOHHBIMU CMeCAMH B OTCYTCTBHE
pactBoputenss.  CBOOOIHBIM  00BEM  3aKpPBITHIX
MpoOHPOK COAEPKUT OTpaHHUYEHHOE KouuuecTBO O)
Bo3zayxa. CoorHomieHue o0OBEMa Bo3AyXa (M) K
konmyectBy BnOH (MMmoiib) npuBeieHO Ha CTEHKax
poOUPOK.

Pucynok  16.  Ilpobupka ¢
KPBILIKOH, CHa0KEHHOH CHIIMKOHOBOM
HPOKIIAZKON ¥ Te()JIOHOBOM JICHTOH.
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OO0umas MeToAUKA CHHTE3a BTOPHYHBIX AMHHOB

Onmumansnvie ycaosusi: ONTUMH3ALMS PEAKUHUM MPUBENA K yCJIOBHSIM A U B
(mopoOHBIe YCIOBHS TpHBeAeHBI HMKe). B o0enx Meroaukax ucnois3yercs O;
BO3/yXa B KoauuecTse 15 MoJbH.% OTHOCHTENBHO OEH3UIIOBOTIO ciiupTa. B ycinoBusx
A HeoOxoauM n30bITOK aMHHA. Kak mpaBHIIo peakius MpoXoauT 3a 4-8 yacoB, HO 1St
BBIPA0OTKH Hauboiee OOMMX ISt BCEX CyOCTPaTOB YCIOBUH, PEAKIIUIO TTPOBOIMIIH B
TeyeHue 24 wudacoB. Meroauka B TpeOyer Oonee AIMTEIBLHOIO BPEMEHH U
MCTIOTh30BaHMUs M30BITKa ciupTa. B OonbImMHCTBE ciiydaeB MeToanka B mo3Bomser
O0CTUYbL O0Jee BBICOKHMX BBIXOJIOB, MOCKOJBKY H30BITOK CIHUPTA CHUYKACT BIIMSHHUE
noOOYHBIX MPOIIECCOB, CBS3AHHBIX C OKUCIEHHEM CIHPTA /10 KHUCJIOTHI MO PEaKIUu
Kannwumuapo.

Yecnoeun A:

Apomatuyeckuii amuH (1,5 3kB., 4,22 mmonb), OeH3uIOBbIN cnupT (1 3KB.,
2,81 mmoms), ‘BuOK (1 »xB., 315 wmr, 2,81 Mmmoas) u 1,41 Mmn Tonyona ObLau
NOMELLEHBI B IPOOUPKY B arMocdepe Bozayxa (15 moibH.% O). IIpobupky 3akpbuin
U MOJBEPIVIM YIbTPA3BYKOBOMY BO3J€HCTBUIO (I MMHYyTa), 10OCIE 4ero OCTaBWIM B
[PEIBAPUTEIBLHO HArpeTol MacisHoi OaHe npu nepememuBaHuu. Cnycrts 24 yaca
PEaKUMOHHYIO CMECh pacTBOpHJIM B HeboibmoM o0béMe XM, nmpombLaiv BOJOM
(20 M) u skctparupoBanu XM (3x20 mn). OObeIMHEHHBI OpPraHUYECKHI CIION
BeICYITWIH Haj Oe3BogHbiM NaySO4 M CKOHIEHTPUPOBATM TIPH TMOHMKCHHOM
naBiaeHUU. YMCTBIA OPOAYKT ObUI BBIAEIECH METOJAOM JKUJAKOCTHOM KOJIOHOYHOM
XpomaTtorpauu Ha CUITMKarese, ¢ UCIOIb30BaHUEM CUCTEMBI TekcaH-JA (98:2 —95:5)
B KaueCTBE IIIOCHTA.

Boiienenue u3 peakiimoHHoOM cMecH rerepoapoMaruueckux amuHoB I-3hi u I-
3ia BKIIIOUYAJIO yIapHBaHHE HA POTOPHOM HMCHApUTENIE U MOCIEAYIOLIee PACTBOPEHHE
octaTka B KoHIeHTprupoBaHHOH H2SOy4 (3 mi). [TomydeHHsIi pacTBop ObLT pa3daBiicH
20 mn Bomel m akctparupoBaH JXM (3x20 mm). i HeWTpanu3auuu KUCIOTHI K

BOJHOMY CJIOK0 J00aBWJIM HacklmeHHbIM BoaHbiii pactBop KOH. Ilocneayromas
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aKcTpakuua ¢ nomoursio JAXM (3x20 mut) ¥ ynapuBaHue Moiay4eHHOro OpraHu4eckoro
CJIOSI TTO3BOJIMIIM BBIJICIIUTD KEITAEMbIH TIPOYKT.

Ycnosua B:

Apomarnueckuii amuu (1 2xB., 1,41 MMonb), OeH3uIOBBIA cnupT (2 IKB.,
2,81 mmois), 'BuOK (1,75 skB., 276 mMr, 2,46 mmoias) u 0,83 mur Toayona OBLIH
MOMEIICHBI B MPoOUpKY (st peakiuii ¢ t > 120°C ucnons3oanu cocyn lllnenka) B
atMocepe Bozayxa (30 MoabH.% OTHOCHUTENBHO ApPOMATUYECKOIO amMuHa HJIN
15 monpH.% O, oTtHOCMTENBHO crnupTa). I[IpoOMpKy 3akpeuii H  NOABEPININ
yJIbTPa3BYKOBOMY BO3ACHCTBHIO (1 MUHYTA), IOCIIE YEro OCTABUJIU B ITPEABAPUTEIBLHO
HarpeToid macisiHoi OaHe mnpu mnepeMemMBaHud. Crycts 48 4acoB peaklMOHHYIO
cMech pacTBopwid B HeOompmoM o00BEMe XM, mnpomeimu Bomou (20 M) u
skctparupoBamu XM (3x20 mur). O0beAMHEHHBI OPTaHUYCCKUH CIION BBICYIIIAITH
HaJ 0e3BoaHBIM Na;SO4 U CKOHIEHTPUPOBAIH PH MOHHKEHHOM JaBJIEHHH. YUCTHIN
NPOAYKT OBbUI BBIJCIICH METOJOM >KHIKOCTHOH KOJIOHOYHOI Xpomatorpaduu Ha
CHJIMKAreJse, ¢ MCMOJIb30BAaHUEM CHCTeMbl TekcaH-DA (98 :2 — 95:5) B kauecTBe
AIIOEHTA.

Jlis  rerepoapoMaTUYECKMX aMHHOB KOJIOHOYHAas xpomarorpadus Oblia
3aMEHEeHa PaCTBOPEHUEM OCTaBIIEHCS MMOCIIE YITapUBAHUSI OPraHUUECKOTO CII0SI CMECH
B KoHueHTpupoBanHo H>SO; (3 mm). PacrtBop pasdaBunum 20 Mmn Bomel |
skctparupoBanu JIXM (3x20 mur). [Ins HelTpanu3anuyd KUCIOTHI K BOJHOMY CIIOO
nobapunu HacbllleHHbIA BoaHbIA pacTtBop KOH. TIlocnepyromas skcrpakuus c
nomoniblo JIXM (3x20 Ma) W ymapMBaHHE IOJYYEHHOIO OPraHUYECKOTO CJOs

[103BOJIMJIA BBLJCIUTD KEJIAEMBbIH IPOJYKT.
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Macwmabuposanue:

MeToaunka: Peakuuio CTaBUIM B aBTOKJIABE W3 HEPXKABEHILEH CTalH,
CHA0KEHHOM CTEKJISTHHON BKJIAJKOH U MAarHUTHBIM SIKOPEM, CO CBOOOIHBIM 00BEMOM
okoJi0 400 mi. Auumus (70 mut, 0,77 mons), Oen3unoBbiid ciupt (59,5 mi, 0,58 Mosb)
u '‘BuOK (64,5 r, 0,58 MoJib) ObLITH MOMEIIEHBI B CTEKISHHYIO BKIIAJIKy aBTOKJIaBa B
atMocdepe Bozmyxa (Cxema 60). ABTOKIAB 3aKpbUIH, 3aroJHUIN 50 aT™M BO3ayxa H
ocTtaBwIM npu nepememuBanud Ha 48 4 npu 90°C. Tlo ucTeYeHUIO YKa3aHHOTO
BPEMEHH, aBTOKJIaB OXJIAJIHIIM JIO KOMHATHOM TEMIepaTyphl U pa3repMeTH3UPOBAIIH.
Peakuuonnyto cmech pazdapuiu JIXM, oToOpainu allMKBOTY Ha aHanu3 Meroaom ['X
(66% BBIXO/1 IPOJTYKTA), MOCJIE YETO PACTBOP MPOMBbLIN BO10H (200 Mi1). Boaubli cnoit
skctparupoBanmu CHCI; (2x100 mun). 3aTeM 00BeIMHEHHBIH OPTaHUYECKUI CIIOH
CKOHIICHTPUPOBAJIK Ha POTOpHOM ucmaputeine. K ocTaTky mpu MHTEHCHBHOM
nepeMernBaHiy JoOaBHIN H30BITOK KOHIIEHTPHPOBAHHOTO pacTBopa BogHoH HCl,,
B pe3yJibTaTe 4ero oOpasoBajnca OeKeBbIH 0CaTOK (IOMOJHUTEIBHOE CHUKCHHUE
PAacTBOPUMOCTH COJIM MPOAYKTa ObL10 gocTHrHyTOo nobasinenneM MTBD). Ocamnok

1 equiv. '‘BUOK
10 atm of pure O,

or 50 atm of air (15 mol% of O,
NH relative to alcohol) H
oo PN
neat, 90°C ©
48 h
I-1a, 1.5 equiv. 1-2a, 1 equiv. |1-3aa

mix the reactants seal them with 50 atm achieve crude product isolate
of air and keep stirring
for 48 h at 90-95°C

Cxema 60. MacmrabupoBanue cuHTe3a N-OCH3MIaHHITAHA.
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ordunbTpoBani U npombuin MTBD. B  pesynbrare noay4yusiv YUCTBIA  N-
OCH3WIAHWIIMH THJPOXJIOpU ¢ BbIxoaoM 51% (65 r). Conb npejacraBiser coOoi
OeclBeTHOE TBEPI0€ BEILIECTRO.

[Tpu ucnonszoBanuu modexysipHoro O, (10 atm) BMecto Bo3ayxa (50 atm)
BbIX0Jl peakiuu coctaBwin 69% (I'X). B mepBelli uyac peaknus COMPOBOXKAANACH
CHJIBHBIM JK30TepMUYECKUM 3P (HEKTOM, B pe3yabTaTe YEro aBTOKJIAB HArpelics J0

110°C, octaBiueecs BpeMs noAaep;KMBajiach NOCTOsIHHAS TeMrnepaTtypa 85°C.

CunTe3 M onucaHue BTOPHYHLIX AMHHOB

N-0en3uniaamuH, I-3aa

1
J
Peakuus anunmHa ¢ OEH3UIOBBIM CITUPTOM B YCIOBHUSAX A MPOLLIA C BBIXOJIOM

75% 1o '"H SIMP. Beienennsiii Boixoz coctaBui 75% (384 mr). B ycnosusx B Beixo

o 'H SIMP coctasun 89%, IpoayKT BeIAENEH ¢ BBIXonoM 89% (230 wmr). ITpoaykr I-

Jaa sBiseTcs OCCHBETHBIM TBEPIBIM BEHICCTBOM (tn; = 36 — 38°C). dusuueckue

CBOMCTBA COOTBETCTBYIOT OTIMCAHHBIM B JuTeparype. [175]

Rf= 0,44 (rekcan : DA = 20:1)
'H SIMP (300 MI'u; CDCl3) 8 7,45 — 7,29 (m; 5H); 7,23 (1; 2H); 6,77 (1; J = 7,4

I'u; 1H); 6,68 (1; J = 7,4 T'; 2H); 4,37 (c; 2H); 4,18 — 3,94 (ymu. c; 1H).

BC{'H} SIMP (75 MI'u; CDCl3) & 148,2; 139,5; 129,4; 128,7; 127,6; 127,3;

117,7; 112,9; 48.4.

Crnextpsl SIMP cooTBeTCcTBYIOT TUTEpAaTYpHOMY Onucanuto. [175,176]

N-oen3un-4-mernjianuiug, [-3ba

o
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Peakius 4-tonyuaumHa ¢ OCH3WIOBBIM CIMPTOM B YCIOBHSAX A mponuia c
BBIX010M 75% 1o "H SIMP. Beinenennsiii Bbixon cocrasui 71% (395 mr). B ycnosusix
B Beixoa no 'H SIMP cocrasun 88%, NpoAyKT BBIAENEH ¢ BRIXOAOM 87% (243 wmr).
ITponykr I-3ba sBnsercs x€ntbim Maciom. PU3MUECKHE CBOMCTBA COOTBETCTBYIOT
ONHMCaHHBIM B nuTeparype. [176,177]

Rf=0,47 (rekcan : DA =20:1)

'H AMP (400 MI'u; CDCl3) 8 7,39 — 7,28 (m; 4H); 7,28 — 7,21 (m; 1H); 6,97 (x;
J=28,1 I'm; 2H); 6,56 (m; J = 8,1 I';; 2H); 4,28 (¢; 2H); 4,38 — 4,13 (ym. ¢; 1H); 2,21
(c; 3H).

BC{H} SIMP (101 MI'u; CDCl3) 8 146,0; 139,8; 129,9; 128,7; 127,6; 127,3;
126,8; 113,1; 48,7; 20,5.

Cnextpsl AMP cooTBeTCcTBYIOT TUTEpaTYypHOMY Oonucanuto. [176,177]

N-0ens3ui-1-naprunamun, I-3ca

‘O 1 )

Peakuus 1-nadrunamuna ¢ OEH3UIIOBBIM CIIUPTOM B YCJIOBHSIX A Tpolia ¢
BEIX010M 70% 1o 'H SIMP. Brigenenuslii Bexos coctaBui 69% (454 mr). B yenosusx
B Beixog no 'H SIMP cocrtasun 93%, npomykT BeiaeneH ¢ BeIxogoMm 90% (295 mr).
ITponykr I-3ca sBnderca KENTBIM TBEPABIM BemECTBOM (t,; = 67 —69°C).
dusryecKrue CBOWCTBA COOTBETCTBYIOT OITHCAHHBIM B JUTepatype. [176]

Rf=0,51 (rekcan : DA =20:1)

'H SIMP (400 MI'u; CDCI3) 6 7,89 — 7,79 (m; 2H); 7,53 — 7,24 (m; 9H); 6,65 (1;
J=7,4Tu; 1H); 4,76 — 4,68 (yu. c; 1H); 4,52 (c; 2H).

BC{'H} SIMP (101 MI'uy; CDCl3) & 143,3; 139,2; 134,4; 128,9; 128,8; 127,9;
127,5;126,7; 125,9; 124,9; 123.5; 120,0; 117,8; 105,0; 48.,8.

Cnextpbl SIMP coOTBETCTBYIOT TUTEPATYpPHOMY ONMHCaHUI0. [176]
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N-6en3unni-4-6pomanuiinu, [-3da
H
o~
Br

Peakuusi 4-OpomaHunrHa ¢ OCH3MJIOBBIM CIIUPTOM B YCIOBHSAX A mpolia ¢
BBIX010M 72% 1o 'H SIMP. BbiieieHHbIH BBIXO cOCTAaBHI 69% (510 wmr). B ycnoBusx
B Beixox o 'H SIMP coctaBun 84%, poOayKT BBIIEIEH ¢ BHIXOAOM 78% (287 mr).
[Mponykr I-3da sBnserca kEATBIM TBEPABIM BemleCTBOM (tm, = 52— 53°C).
du3nYecKUe CBOKMCTBA COOTBETCTBYIOT OMUCAHHBIM B JuTeparype. [177]

Rf=0,35 (rekcan : DA =20:1)

"H SIMP (400 MI';; CDCl3) 6 7,36 — 7,30 (m; 4H); 7,30 — 7,25 (m; 1H); 7,25 —
7,20 (m; 2H); 6,48 (an; J= 8,7, 1,5 T'u; 2H); 4,27 (c; 2H); 4,24 — 4,05 (yur c; 1H).

BC{'H} AMP (101 MI'u; CDCl3) & 147,1; 138,9; 132,0; 128.,8; 127,5 (2C);
114,5; 109,1; 48,3.

Crextpol AMP coOOTBETCTBYIOT JIMTEPATYPHOMY ONUCaHuIo. [177]

N-0en3mi-4-MmeTokcHaHWINH, I-3ea
H
o
MeO

Peakmus 4-meTokcHaHmIMHA ¢ OCH3UIOBBIM CIUPTOM B YCIOBHUAX A MPOIILUIA €
BbIX010M 43% 110 'H SIMP. Beinenenusiii Boixon coctaBui 37% (223 mr). Ipoxyxr I-
3ea sBisieTcs KENTHIM MaciioM. PU3NYECKHE CBOHCTBA COOTBETCTBYIOT ONMMCAHHBIM B
matepatype. [178]

Rf=0,38 (rekcan : DA =10:1)

'H SIMP (400 MT'i; CDCl3) 6 7,44 — 7,35 (m; 4H); 7,35 — 7,28 (m; 1H); 6,83 (1;
J=9,0 I'm; 2H); 6,65 (1; J = 9,0 I'; 2H); 4,32 (c; 2H); 3,92 — 3,71 (ym. ¢; 1H); 3,78
(c; 3H).
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BC{'H} SIMP (101 MI'u; CDCl3) 8 152,3; 142,4; 139,7; 128,7; 127,6; 127,3;
114,9; 114,2; 55.,8; 49,3.

CrnekTpbl SIMP cOOTBETCTBYIOT TUTEPATYPHOMY ONMHcaHuio. [178]

N-0en3mi1-3-MeTokcHanuJuH, 1-3fa
H
Me0\©/ N Q

Peakius 3-meTokcHaHUIIMHA ¢ O@H3UIIOBBIM CIIUPTOM B YCIOBHUSIX A MpoIILia ¢
BBIX0I0M 73% o 'H SIMP. Beinenennslii Bexos coctasun 71% (425 mr). B ycnosusx
B Beixog no 'H SIMP cocrasun 82%, IpOayKT BbIAEIEH ¢ BBIXOAOM 79% (238 mr).
[Iponykr I-3fa sBisercs xEntoli KuAKOCTHIO. DU3NUECKHE CBONCTBA COOTBETCTBYIOT
OMMCaHHBIM B auTeparype. [176]

Rf=0,26 (rekcan : DA = 20:1)

'H SIMP (400 MI'u; CDCl3) & 7,41 — 7,32 (m; 4H); 7,32 — 7,25 (m; 1H); 7,12 —
7,06 (m; 1H); 6,33 — 6,25 (m; 2H); 6,23 — 6,18 (m; 1H); 4,32 (c; 2H); 4,10 — 4,03 (ymu.
c; 1H); 3,76 (c; 3H).

3C{'H} SIMP (101 MI'u; CDCl3) 6 160,9; 149,7; 139.4; 130,1; 128,7; 127.6;
127,4; 106,1; 102,8; 99,0; 55,2; 48.4.

Crnextpsl SIMP cOOTBETCTBYIOT TUTEPATYPHOMY ONHMCAHMIO. [176]

N-0en3ui-3,5-numerokcuanun/ini, I-3ga

o

OMe
Peakmust 3,5-1MMeTOKCHaHWIMHA C OEH3WIOBBIM CHUPTOM B YCIOBHSIX A
npoiiia ¢ BeixoaoM 57% mo 'H SIMP. BeiieneHnslii BIX0 cocTaBuil 56% (384 wmr).

B ycnosusax B Beixon no 'H SIMP cocraun 77%, MPOAYKT BHIAEIEH C BBIXOAOM 73%
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(251 mr). Ilponykr I-3ga saBaserca KENTOM KUIAKOCTBbIO. PU3MYECKHE CBOHCTBA
COOTBETCTBYIOT ONHUCAHHBIM B JtTeparype. [177]

Rf=0,19 (rekcan : A = 20:1)

'H SIMP (400 MI'u; CDCl3) & 7,39 — 7,24 (m; SH); 5,92 — 5,89 (m; 1H); 5,85 —
5,83 (m; 2H); 4,32 — 4,29 (m; 2H); 4,10 — 4,02 (yur. c; 1H); 3,74 (c; 6H).

BC{'H} SIMP (101 MI'u; CDCL) & 161,8; 150,2; 139,4; 128,7; 127,6; 127.4;
91,8; 90,0; 55,2; 48,4.

Crnextpsl SIMP coOTBETCTBYIOT TUTEPATYPHOMY ONKUCAHUIO. [177]

N-0en3uii-2-amuHonupuaut, I-3ha

H\/@
\N

=N

[TpoayxT peakuuu 2-aMHHOIUPHUAMHA ¢ OCH3WJIOBBIM CIMPTOM B YCIOBUAX A
BbIjieNieH ¢ BoixojgoM 72% (373 mr) u ¢ BeixojgoM 68% (177 mMr) npu npoBeieHUH
peakuuu B ycnoBusx B. [Ipoaykr I-3ha siBiisiercs OecuBeTHBIM TBEPIBIM BELIECTBOM
(tnr. = 94 — 96°C). du3nUecKHUe CBOMCTBA COOTBETCTBYIOT OITMCAHHBIM B JIUTEpATYpE.
[179]

Rf=0,17 (rekcan : DA =5:1)

'H AMP (400 MI'ii; CDCl3) 8 8,11 (t; J= 5,1 T'i; 1H); 7,46 — 7,22 (m; 6H); 6,59
(nm; J=7,1,5,1 I'n; 1H); 6,37 (n; J= 8,2 I'u; 1H); 5,00 — 4,89 (yur. ¢; 1H); 4,51 (n; J
= 5,6 I'u; 2H).

BC{'H} SIMP (101 MI'u; CDCl3) & 158,7; 148,3; 139,3; 137,6; 128,8; 127.5;
127,4; 113,3; 106,9; 46.,5.

Cnextpsl AMP co0TBETCTBYIOT IMTEPATYPHOMY ONUCaHHI0. [176—179]
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N-0en3ui-2-aMmuHONMPUMHUINH, I-3ia
N m\/©

Cx
_N

[TpoayxT peakuuu 2-aMUHOMUPUMHIMHA ¢ OCH3UIOBBIM CIIUPTOM B YCIOBUSAX A
BbIIeNIeH ¢ BBIXOoM 69% (359 mr) u ¢ BeIxogoMm 33% (86 Mr) mpu NpoBEICHUH
peakiuu B yciaoBusax B. [Ipoxykr 1-3ia sBngercs GecrBeTHBIM TBEPIABIM BEIIECTBOM
(tgr, = 78 — 80°C). PusnuecKue CBOMCTBA COOTBETCTBYIOT OIMCAHHBIM B JIMTEPATYPE.
[180]

Rf=0,11 (rexcan : DA = 5:1)

"H SIMP (400 MI'u; CDCl3) 6 8,20 (c; 2H); 7,42 — 7,23 (m; 5H); 6,51 (1; J=4.8
I'm; 1H); 6,10 — 5,95 (ym. c; 1H); 4,67 — 4,62 (m; 2H).

BC{'H} SIMP (101 MI'u; CDCl3) & 162,4; 158,2; 139,2; 128,7; 127,7; 127.4;
110,8; 45.6.

Crektpbl SIMP coOTBETCTBYIOT TUTEpATYpPHOMY onucanuio. [180]

N-6en3un-2-amunodensofd/ruazoan, I-3ja

Cr

[lponykr peaknuu 2-amuHOOeH30/d/THa3oiia ¢ OEH3WIOBBIM CHHPTOM B
YCIIOBHUSIX A BbIJIENIEH € BBIXOAOM 67% (454 mr) nocie ouncTtkd. OUHCTKY NPOAYyKTa
NPOBOIMIN C MOMOIIBI0 KOJOHOYHOI XpomaTtorpaduu Ha CHIMKareie (JJII0CHT —
rekcad : DA =6 : 1). [Ipoaykr I-3ja sBisercs 6eCuBETHBIM TBEPILIM BEILECTBOM (L,
= 159 — 161°C). dusnueckue CBOHCTBA COOTBETCTBYIOT OIMCAHHBIM B JIMTEpATypE.
[181]

Rf=0,26 (rekcan : DA =5:1)

"H IMP (400 MI'u; CDCl3) 6 7,58 (nm; J = 7,8, 1,3 Tu; 1H); 7;47 — 7;24 (m;
7H); 7,08 (to; J = 17,8, 1,3 T'u; 1H); 6,52 — 6,42 (ym. ¢; 1H); 4,64 (c; 2H).
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BC{H} AMP (101 MI'u; CDCls) 8 167.,4; 152,5; 138,3; 137,6; 129,0; 128,1;
127,8; 126,1; 121,8; 121,0; 119,2; 49.5.

CrnekTpbl SIMP cOOTBETCTBYIOT TUTEPATYPHOMY onucanuio. [181]

N-(4-meToxcudensun)anuniaun, [-3ab

OMe

(T

J

Peakuus anunHa ¢ 4-MeTOKCUOEH3UIIOBBIM CIIMPTOM B YCJIOBHAX A MpoIILIa C
BBIX010M 65% 1o 'H SIMP. B ycnosusx B Beixon no 'H SIMP cocrasui 96%, npoaykr
BhbIZIesieH ¢ BbIxogoM 93% (281 wmr). llpoaykr I-3ab sBisieTcst :KUIKOCTBIO KENTOTO
uBeta. ®U3nUeCKUe CBONCTBA COOTBETCTBYIOT OMMMCAHHBLIM B jtuTepatype. [176,178]

Rf= 0,32 (rekcan : DA = 20:1)

'H SIMP (400 MI'y; CDCL3) 8 7,32 (m; J = 8,7 T'w; 2H); 7,25 - 7,17 (m; 2H); 6,91
(m; J=28,7T'u; 2H); 6,75 (1; J =7,3 I'u; 1H); 6,67 (ar; J=7,6, 1,1 I'u; 2H); 4,28 (c;
2H); 4,01 — 3,94 (ym1 c; 1H); 3,83 (c; 3H).

BC{'H} SIMP (101 MI'u; CDCl3) & 158,9; 148,3; 131,5; 129.4; 128,9; 117.6;
114,1; 112,9; 55,4; 47.9.

Cnextpsl SIMP cooTBeTCcTBYIOT TUTEpAaTYypHOMY Onucanuto. [176,178]

N-(4-(TtpudTopMeTna)deH3uN)aHUINH, [-3ac

CF3
1
O
Peakuust anunuHa ¢ 4-(TpudTopMeTHII)OEH3UIOBBIM CIIMPTOM B YCIIOBHSX A
nporwuia ¢ BeixogoM 17% mo 'H SIMP. B ycnosusx B seixon o 'H SIMP cocrasui
57%, npoaykT BeiAeNeH ¢ BerxogoM 45% (158 mr). [Iponykr 1-3ac aBusercs kENThIM
MaciaoM. Pusznyueckre CBOKWCTBA COOTBETCTBYIOT OMUCAHHBIM B JInTepaType. [182]
Rf=0,26 (rekcan : DA =20:1)
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'H AMP (300 MI'u; CDCl3) 8 7,62 (n; J = 8,0 I'u; 2H); 7,51 (n; J = 8,0 I'; 2H);
7,26 — 7,15 (m; 2H); 6,77 (1; J = 7,2 T'u; 1H); 6,64 (n; J = 7,8 T'u; 2H); 4,43 (c; 2H);
4,49 — 4,18 (yur c; 1H).

BC{'H} sIMP (101 MI'u; CDCl3) & 147,5; 143,7; 129,6 (x; J= 32,3 I'n); 129,5;
127,6; 125,7 (x; J=3,8 T'n); 1243 (x; J=272,0 T'm); 118,3; 113,2; 48,0.

PYF IMP (376 MI'u; CDCls) 6 -62,40.

Crextpol AMP coOTBEeTCTBYIOT IUTEPATYPHOMY ONMUCaHUIO. [182]

N-(4-x;10pOen3uI)anuiiul, I-3ad

cl

1 T

J

Peakuus anunmHa ¢ 4-xJIOpOEH3UIIOBBIM CIIHPTOM B yclIOBHsSX B mpomina c
BBIX010M 76% 110 'H IMP. BhieneHHbIi BoIX0 cocTaBua 76% (232 wmr). [Ipoayxr I-
3ad saBisiercs kENTbIM MacaoM. PU3HYECKHE CBOMCTBA COOTBETCTBYIOT OITMCAHHBIM B
nureparype. [178]

Rf= 0,38 (rekcan : DA =20:1)

"H SIMP (400 MI'y; CDCl3) 8 7,37 — 7,31 (m; 4H); 7,22 (1; J = 7,8 I'u; 2H); 6,78
(t; J=73Tu; 1H); 6,65 (o; J=7,8 I'; 2H); 4,33 (c; 2H); 4,15 — 4,00 (ym. ¢; 1H).

BC{H} SIMP (101 MI'u; CDCl3) & 147,9; 138,1; 132,9; 129.4; 128,8; 128.8;
117,9; 113,0;47,7.

Crnextpbl SIMP cooTBeTCTBYIOT TUTEpaTypHOMY onucanuio. [176,178]

N-(4-0pomoensu)anunun, [-3ae

Br
H
o
Peakuus anmnuna ¢ 4-0poMOEH3UJIOBBIM CIIUPTOM B yCioBHAX B mpomwa ¢

BBIX010M 84% 110 'H SIMP. Beinenennsiit Boixoa cocraBui 75% (278 mr). Ipoxyxkr I-
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3ae apisaercd )ENTHIM MacioM. DU3HUECKUE CBOMCTBA COOTBETCTBYIOT OMMCAHHBIM B
mareparype. [177]

Rf=0,32 (rekcan : A = 20:1)

'H IMP (400 MI'u; CDCl3) 6 7,46 (n; J = 8,5 I'u; 2H); 7,25 (n; J = 8,5 I'n; 2H);
7,18 (nm; J = 8,5, 7,4 T'u; 2H); 6,73 (1; J=7,4T'u; 1H); 6,61 (n; J=7,4 I'u; 2H); 4,30
(c; 2H); 4,07 (c; 1H).

BC{'H} SIMP (101 MI'u; CDCly) 8§ 147,9; 138,7; 131,8; 129.4; 129,2; 121,1;
118,0; 113,0; 47.8.

Cnextpbl AMP cOOTBETCTBYIOT JIMTEPATYPHOMY ONMUCAHUIO. [177]

N-(4-(0en3uniiokcun)oensun)anuiann, [-3af

OBn
1 T

&

Peakuusa anwimHa ¢ 4-(0eH3MJIOKCH)OCH3UIIOBBIM CIUPTOM B YCJIOBUSX B
npomuna ¢ BeIxoaom 95% no 'H SIMP. Beiaenennsiii Bexos coctasun 88% (357 wmr).
ITponykr I-3af sBnsercs OecnBeTHBIM TBEPABIM BemiecTBOM (ty, = 75— 77°C).
duznuecKue CBOKMCTBA COOTBETCTBYIOT OMTUCAHHBIM B JIuTepatype. [183]

Rf=0,29 (rekcan : DA = 20:1)

'H AMP (400 MI'u; CDCl3) 8 7,50 — 7,27 (m; 7TH); 7,24 — 7,15 (m; 2H); 6,97 (x;
J=7,1Tm; 2H); 6,74 (1; J= 7,3 I'y; 1H); 6,69 — 6,62 (m; 2H); 5,08 (c; 2H); 4,27 (c;
2H); 4,01 — 3,91 (ym. c; 1H).

BC{H} SIMP (101 MI'u; CDCl3) 8 158,2; 148,3; 137,1; 131,8; 129,4; 129,0;
128,7; 128,1; 127,6; 117,6; 115,1; 112,9; 70,2; 47.9.

Cnextpol AMP cootBeTcTBYIOT TUTEpaTypHOMY onucanuio. [178,183]
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N-0enszruapuiaanuiauy, I-3ag

1 )
@r

Peakuus anunuHa ¢ aueHUIMETAHOJIOM B yCIOBUAX B mpormuia ¢ BeIXoI0M
81% no 'H SMP. Beinenennniii Boixon coctaBui 80% (292 mr). Ilpoaykr I-3ag
ABJISIETCS OeCBETHBIM MaciioM. DU3HYECKHE CBOWCTBA COOTBETCTBYIOT ONMHMCAHHBIM B
muteparype. [184]

Rf=0,41 (rekcan : DA =20:1)

'H AMP (400 MI'; CDCls) & 7,43 — 7,25 (m; 10H); 7,15 (1; J = 7,9 T'u; 2H);
6,73 (t; J = 7,3 T'u; 1H); 6,58 (n; J = 7,8 I'm; 2H); 5,53 (c; 1H); 4,29 — 4,23 (ym. c;
1H).

BC{'H} SIMP (101 MI'u; CDCl3) & 147,5; 143,1; 129,3; 128.9; 127,6; 127,5;
117,8; 113,6; 63,2.

Crnextpsl SIMP cooTBeTCTBYIOT IUTEPATYPHOMY ONMUCAHUIO. [184]

N-(2-nadpTuamernsieH)aHuaul, [-3ah

1 O
J
Peakmus anunmHa ¢ 2-HaQTHIMETAHOIOM B YCIIOBHAX B mporura ¢ BeIXOAOM

90% no 'H SIMP. BeineneHubii Bbixoq coctaBui 83% (273 mr). Ilpoaykr I-3ah

ABIISICTCS OECIIBETHBIM TBEPIBIM BEIIECTBOM (t,;, = 63 — 65°C). du3nueckue cBOiCTBA

COOTBETCTBYIOT OITUCAHHBIM B JiuTeparype. [185]

Rf=0,41 (rekcan : DA =20:1)
'H SIMP (400 MTI'; CDCl3) 6 7,92 — 7,78 (m; 4H); 7,58 — 7,43 (m; 3H); 7,29 —

7,15 (m; 2H); 6,84 — 6,75 (m; 1H); 6,75 — 6,66 (m; 2H); 4,52 (c; 2H); 4,31 — 4,07 (ym.

c; 1H).
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BC{H} AMP (101 MI'u; CDCls) 8 148,3; 137,1; 133,7; 132,9; 129,5; 128,5;
127,9; 127,9; 126,3; 126,1; 125,9; 117,8; 113,1 (2C); 48,6.

Crnektpsl SIMP coOTBETCTBYIOT MHTEPATYPHOMY OnHcaHuI. [185,186]

N-(2-meToxcudensun)anuiaun, [-3ai

X

Peakuust aHunmHa ¢ 2-MeTOKCHOEH3WIOBBIM CIIUPTOM B YCIIOBUSAX B mpormuia ¢
BBIXOIOM 75% 110 'H SIMP. Beinenennsiii Berxon coctaBun 72% (217 mr). Ipoxyxkr I-
3ai sBisieTcsi OECUBETHBIM TBEPABIM BEHIECTBOM (tn; = 92 — 94°C). ®usuueckue
CBOMCTBA COOTBETCTBYIOT OITMCAHHBIM B uTeparype. [ 187]

Rf=0,33 (rekcan : DA = 20:1)

'H SIMP (400 MI'u; CDCl3) 8 7,42 (n; J = 7,3 I'u; 1H); 7,36 (1; J = 7,8 I'; 1H);
7,28 (1;J="7,0 I'; 2H); 7,06 — 6,95 (m; 2H); 6,82 (1; J=7,3 'u; 1H); 6,76 (1; J = 7,6
I'u; 2H); 4,45 (c; 2H); 4,28 — 4,16 (ym. ¢; 1H); 3,94 (c; 3H).

BC{'H} SIMP (101 MI'u; CDCl3) & 157,4; 148,5; 129,2; 128.9; 128,3; 127.4;
120,6; 117,3; 113,1; 110,3; 55.,3; 43.4.

Crnextpel SIMP cooTBeTCTBYIOT TUTEpaTYypHOMY onucanuio. [187]

N-benszuin-4-merniadensoiicyabdonamun, I-3ka

0
\S\:NH
e
Peakuus 4-merundensoncynbponamuaa ¢ OeH3UI0BBIM criupTtom (1,5 KB,
BMecto 2,0 3kB.) u tBuOK (1,2 3xB. BMecTo 1,0 3kB.) npu 160°C (24 yaca) npuesna K
obpazoBanuto coenunenus [-3ka (88% no I'X) B uamenénnnix ycnousix B. Uucrsrii

OPOAYKT ObUI BBIJCJIEH IOCJE€ KOJOHOYHOW Xpomartorpaduu C MCIOJIb30BAHUEM

193



antoupytoniei cucteMsl rekcan: A =6 : 1. Coenunenue I-3ka apisieTcs 6ecliBETHBIM
TBEPABIM BemecTBOM (ty, = 116 —118°C). ®usnueckue CBONCTBA COOTBETCTBYIOT
ONMKCaHHBIM B uTeparype. [188]

Rf=0,24 (rekcan : DA = 5:1)

"H SIMP (400 MI'u; CDCl3) 6 7,76 (n; J = 8,2 T'i; 2H); 7,31 (1; J = 8,2 'y 2H);
7,29 -7,22 (m; 3H); 7,19 (am; J = 17,3, 2,2 T'; 2H); 4,73 — 4,66 (yur. 1; J = 5,5 T'm; 1H);
4,11 (n; J= 6,2 I'u; 2H); 2,44 (c; 3H).

BC{H} SAMP (101 MT'm; CDCl3) § 143,6; 136,9; 136,4; 129,9; 128,8; 128,0;
128,0; 127,3; 47.4; 21,7.

Crextpsl SIMP cooTBeTCTBYIOT JIMTEpATYpHOMY ONHcaHuio. [188]

N-oemznamesmaamun, [-3la

(0]

Sa)

Peakuus me3unamuga ¢ OeH3MIOBBIM criupToM (1,5 3kB. BMecTo 2,0 3KB.) H
tBuOK (1,2 skB. Bmecto 1,0 2xB.) mpu 180°C (24 gaca) mpuBena K 00Opa3oBaHUIO
coenunenus I-3la (63% nmo I'X) B usaMeHEHHBIX yenoBusix B. CTpykTypy moy4eHHOTO
coeMHEHUS oATBepkaan MetogamMu [’ X-MC u 'H SIMP.

Cnextp 'H SIMP coenuHeHHS B COCTABE PEAKIMOHHOM CMECH COOTBETCTBYET
JUTEpaTYpHOMY onucanuio. [189]

"H SIMP (300 MTI'i; CDCl3) 6 7,41 — 7,14 (m; 5H); 5,46 — 5,28 (yur.c; 1H); 4,24
(m; J=06,1T'm; 2H); 2,77 (c; 3H).

Brixoa npoaykra 0b11 onpenenén metoaoMm I'X.
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N-rexcunannnu (1-3aj)

@H\/\/\/

Peakius aHWIMHA € H-TEKCUIIOBBIM CIIMPTOM B yclIoBUsiX B npouuia ¢ BeIxoaoM
59% o 'H SIMP u I'X. Crpykrypy nosy4eHHoro coeaunenus I-3aj noarsepxnanu
Merogamu [ X-MC u 'H IMP.

Conexktp 'H SMP coenuHeHHS B CMECH C HCXOOHBIM H-TEKCAHOJIOM
COOTBETCTBYET JINTEPATYPHOMY onucaHuto. [ 190]

'H SIMP (400 MI'; AIMCO-d6) & 7,47 (1; J = 7,8 T'w; 2H); 6,96 (1; J = 8,0 I';
2H); 6,91 (1; J = 7,2 I'; 1H); 5,93 (yurc; J = 5,3 I'u; 1H); 3,39 (x; J = 6,5 I'n; 2H);
2,00 — 1,86 (m; 2H); 1,84 — 1,54 (m; 6H); 1,35 — 1,23 (m; 3H).

Brixon npoaykra 0b11 onpenenén metoaom I'X.
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BoccTaHOBUTE/IbHOE AMHIHPOBAHHE

Karaausaropsl

Rh-0-1, Rh-I-6, Rh-1-7, Rh-II-1, Rh-I1-2, Rh-III-4 npuoOperens! B Sigma
Aldrich. Rh-ITI-1 u Rh-III-2 npuo6perens 8 ABCR GmbH.

Rh-I-1 — Rh-I-5, Rh-I-8§ — Rh-I-12, Rh-III-3, Rh-III-5 — Rh-III-15
IIPEIOCTABIICHBI COTPYIHHKAMU J1a00PAaTOPHU IMH-KOMIIJIEKCOB IIEPEXOIHBIX METAIITIOB

(JIIKIIM) UHD0C PAH.[191]

O0mas MeToAMKA peakuuu

NO, HN
O [Rh]
+
HOJ\/ 50 atm CO, solvent Q

160°C, 22h
1 equiv. 3.4 equiv.

Ecnu He yka3aHO MHOE, B CTEKJISIHHYH BKJIAJIKy aBTOKJIaBa 00bEmMoM 10 mui,
MOMECTHIIM HEOOXOUMOE KOJIHYECTBO KaTaiu3uTopa, 4-Hutporonyos (40 mr, 1 3kB.,
0,29 MMOmB), MPONTHOHOBYIO KUCHOTY (74 pi, 3,4 k8., 1,00 MMoIib) U pacTBOpUTEINB
(100 wi). ABTOKIAB 3aKpbLIH, TPHoKIbI Mpoayan 10 arm CO, nmocie 4ero HanoJHUINn
CO 510 TpeOyemMoro JIaBjaeHUs U MOMECTHIIM B MPEABAPUTEIILHO HAIPETYIO MACIISHYIO
Oanto. Cnycrda 22 yaca aBTOKJIAB OXJIAWIIM JO KOMHATHOM TEMIIEpaTyphl, CITyCTHIIN
M30BITOYHOE JaBiICHHE. PEakiMOHHYI0 CMECh IEPEHECTIHM B MEPHBIA IWIMHIP H
pa30aBUIM XJIOPUCTBIM MeTUIeHOM. Brixox peakumu ompexpensinu metoaoMm ['X c

HCITOJIb30BAHMEM BHEIIIHEH KaTHOPOBKH.
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CuHTe3 M onmucaHue AMHI0B, MOJTYYEHHBIX IIPpHA B3aUMO/AEHICTBHH KHCJOT C
HHUTPOCOCAHHCHUAMH

N-(n-romma)nmponnonamun (11-3aa)

N

JORS

n-Hutpotonyoun (40 mr, 100 monbH.%, 0,29 MMOJIB), IPONMOHOBYIO KUCTOTY (74
wi, 340 monbH.%, 0,99 Mmonb) 1 asiukBoTY anetata poaus (Rha(OAc)s, 0,645 mr, 0,5
MoibH.%, 1,5 pmons) B 100 pn TT'® nmoMecTHny B CTEKIISHHYIO BKJIAJIKy THTAHOBOTO
aBTOKJ1aBa 00bEMOM 10 mil. ABTOKIAB 3aKpbuUIH, TPUAKALL poayiau 10 arm CO, nocne
yero 3anoaHuan 50 atm CO. ABTOKJIaB MOMECTUITH B TIPEIBAPUTEIIHHO HArPETYIO 10
160°C wmacnanyio ©Oanro. Cnycts 22 9, aBTOKJIaB OXJIaJMJIM 10 KOMHATHOM
TEMIIEPATYpPhl, CIYCTHJIM M30BITOYHOE JIABJICHHE M OTKPBUIA. PEaKkIMOHHYIO CMECh
NepeHecaId B  KPYIJIOJAOHHYH Koia0y ¢ mnomombio JAXM (2x1 M) wu
CKOHLIEHTPUPOBAJIM HA POTOPHOM Hcnapurese. OCTaToK aHaIu3upoBaiu Metoaom 'H
SAMP (89% Bbixon). IlpogykT ouMcTHIM OT TOpuUMeced Ha MpenapaTUBHOU
TOHKOCJIOIfHOW Xpomatorpadgum B cucreme rekcad: DA 2:1 (Rf=0,51).
Boigenennbiii Bbeixog coctaBuil 75% (36 mr). Ilpoaykr sBisercs OecUBETHBIM
TBEPIBIM BEIIECTBOM.

'H SIMP (300 MI'u; CDCls) 6 7,62 — 7,45 (ymr.c; 1H); 7,39 (n; J = 8,0 I'u; 2H);
7,09 (m; J = 8,0 I'm; 2H); 2,36 (x; J = 7,7 I'u; 2H); 2,30 (c; 3H); 1,22 (1; J = 7,7 T'y;
3H).

BC{H} SAMP (126 MI'u; CDCl3) & 172,3; 135,6; 133,8; 129,5; 120,1; 30,7;
20,9; 9,9.

Cnextpsl SIMP cooTBeTCTBYIOT THTEpaTYpHOMY ONHUCAaHUIO. [ 192]

MacmtabupoBanue: anerar poausi (Rha(OAc)s; 16,1 mr, 0,5 monsn.%, 36,5

uUMoJib); n-HuTpoToIyon (1,0 r, 100 MmosbH.%, 7,29 MMOJIB), MATHUTHBIN SKOPB, 2,5 MJT
TI'® u nponuonoByro kuciory (1,85 ma, 340 monbH.%, 24,8 MMOJIB) TOMECTHUIN B

CTEKJISHHYIO BKJIQJIKy CTaJIbHOTO aBTOKIaBa 00béMoM 100 M. ABTOKIIAB 3aKPbUIA U
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Tprkabl npoaysv 10 atm CO, nocae vero 3anoanuiu S0 atm CO. ABTOKIAB Harpesu
1o 160°C. Cryctst 22 4 aBTOKJIaB OXJIQ/IMJIM JI0 KOMHATHOH TEMIEPATyphbl, CITYCTHIIH
M30BITOYHOE JIaBJIGHHE M OTKPBUIM. PeakIMoHHYI cMech pa30aBHIIM XJIOPUCTHIM
METHJIEHOM, TIPU MepeMeImBanuk oTobpanu anuksoty Ha 'H SIMP anamus (87%
BBIXOJ1). 3aTeM pPEakUHMOHHYI CMeCh IMPOMYCTHJIM 4Yepe3 CIOW CHUJIMKarens |
CKOHIICHTPHUPOBAJIH Ha POTOPHOM Hcnaputesie. UUCThIN MPOayKT B BUE O€CIIBETHOTO
Oeyoro BewlecTBa ObLI MOJYYEH B PE3yJibTaTe BAKYYMHOI cyOiMManuu ocTaTka.

Brinenennsiit Beixo1 N-(n-Tomum)mponroHamuaa coctaBui 84% (1,0 1).

N-(n-rosma)aneramuj (11-3ab)
H

g
1

n-Hutpotomyoun (40 mr, 100 MmosbH.%, 0,29 MMOIIB), YKCYCHYIO KHCIIOTY (57 LI,
340 mosbH.%, 0,99 MMmounb) u anukBoTy anerata poaus (Rha(OAc)s, 0,645 wmr, 0,5
MoibH.%, 1,5 pMons) B 100 pwi TT'® noMecTUnu B CTEKIISIHHYIO BKIIAJIKy THTAHOBOTO
aBTOKIaBa 00bEMOM 10 M. ABToKnaB 3akpblau, TprKAel npoaynau 10 atm CO, nocne
yero 3anoaHuian 50 arm CO. ABTOKIAB MOMECTUIIM B IPEIBAPUTEILHO HATPETYIO 110
160°C Macnsguyro Oanto. Cmyctss 224, aBTOKJIAB OXJAJWIH 10 KOMHATHOM
TEMIICPATyphbl, CIYCTHJIM U30BITOYHOE AABJICHHE U OTKPbUIA. PeakIIMOHHYIO cMech
IEPEHECIIM B KPYIVIOJOHHYK KOOy ¢ mnomomwblo JXM (2x1 wmia) u
CKOHIIEHTPHPOBAJIM HA POTOPHOM HcrapuTese. OCTaToK aHAIU3MPOBaIH MeToaoM 'H
SAMP  (99% Beixom). [lpogykT ouncTHiIM OT mpuUMeced Ha TMpernapaTUBHOM
TOHKOCJIOMHOM Xpomarorpaduu B cuctemMe rekcan: DA 5:1 (Rf=045).
Boeinenennniii Beixon coctaBuil 78% (34 mr). IlpoaykT sBiseTcs OECIBETHBIM
TBEP/BIM BELLIECTBOM.

"H SIMP (300 MI'u; CDCl5) 6 7,68 — 7,47 (yur.c; 1H); 7,37 (n; J = 8,2 I'u; 2H);
7,10 (n; J=28,2 I'; 2H); 2,30 (¢; 3H); 2,14 (¢; 3H).
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BC{H} SIMP (101 MI'u; CDCl3) § 168,7; 135.5; 134,0; 129,5; 120.3; 24,5;
21,0.

CrnekTpbl SIMP cOOTBETCTBYIOT TUTEPATYPHOMY ONMHCaHHIO.[ 193]

3-meTuiI-N-(n-roamnn)oyrupamus (11-3ac)

N

JOR S

n-Hutporonyon (40 mr, 100 monbH.%, 0,29 MMOIB), W30BaJIECpPHAHOBYIO
kucaoty (109 uiu, 340 monbH.%, 0,99 MMoIib) 1 anukBoTy anerara pojusi (Rha(OAc),
0,645 wmr, 0,5 MmonbH.%, 1,5 umons) B 100 pt TT'® nomecTH/IM B CTEKISSHHYIO BKIAJAKY
TUTAHOBOTO aBTOKJIaBa 00bEMOM 10 Mi1. ABTOKJIaB 3aKpbUTH, TPHXK B! poaynu 10 atm
CO, nocne yero 3anonHunn 50 arm CO. ABTOKIAB MOMECTWIH B NPEIBAPUTEIBHO
Harperyto J1o 160°C wmacnsayro Oanro. Crhycts 22 4, aBTOKJIAB OXJAJAWIH IO
KOMHATHOM TeMIepaTrypbl, CIOYCTWJIM H30BITOYHOE JABJIICHHME M OTKPbUIM.
PeakiimoHHy10 cMeCh NMEPEeHECITH B KPYIJIOIOHHYIO K010y ¢ moMotbio JIXM (2 x 1 mu)
¥ CKOHLICHTPHUPOBAIM Ha POTOPHOM HcnapuTesne. OCTaTOK aHAIU3HPOBAIA METOLOM
'H SIMP (77% Bbixon). IIpomyKT OYMCTHMIM OT HpPUMECEH Ha IpPenapaTUBHOMN
TOHKOCTIOWHOHM XxpomaTtorpajguu B cucTteme Tekcan: DA 5:1 (Rf=0,30).
Boinenennbiit Bbixog coctaBuil 64% (36 mr). Ilpoaykr sBhsercs OecUBETHBIM
TBEP/IbIM BELIECTBOM.

"H SIMP (300 MI';; CDCl3) & 7,40 (1 nepekpeiBaercs ¢ yii.c; J = 8,0 T'i; 3H);
7,10 (m; J = 8,0 I'm; 2H); 2,30 (c; 3H); 2,26 — 2,08 (m; 3H); 0,99 (m; J = 5,5 I'i; 6H).

BC{H} SIMP (126 MI'u; CDCl3) & 171,0; 135,5; 133,9; 129,5; 120,2; 47,1,
26,4;22,6; 21,0.

Cnextpbl AMP cOOTBETCTBYIOT JIMTEPATYPHOMY ONMUCAHUIO. [ 194]
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2,2,2-tpudrop-N-(n-roauna)aueramuj (11-3ad)

HCF
o
0

n-Hutporonyon (40 wmr, 100 monen.%, 0,29 mMmonb), TpUPTOPYKCYCHYIO
kucaoty (74 i, 340 moneH.%, 0,99 MMoinb) 1 anukBoTy arerara poaus (Rhy(OAc),,
0,645 wmr, 0,5 MoabH.%, 1,5 umoas) B 100 w1 TI'® nomecTrau B CTEKISHHYIO BKIAAKY
TUTAHOBOTO aBTOKJIaBa 00bEMOM 10 MJ1. ABTOKIIAB 3aKPbLITH, TPUA B Tpoynu 10 atm
CO, nocne yero 3anonHunu 50 atm CO. ABTOKIIaB MOMECTHIIH B MPEIBAPUTEIBHO
Harpetyro j10 160°C wmacinsnyto Oanwo. Crycts 22 4, aBTOKIAB OXJIAAWIA J0
KOMHATHOM TeMmIepaTypbl, CIOYCTHJIH UW30BITOYHOE JaBJI€HHE W  OTKPBUIM.
PeakiimoHHy10 cMECh MEPEHECIIH B KPYIIIOAOHHYIO KOJIOY ¢ moMonisio JIXM (2 x 1 mu)
¥ CKOHIIEHTPHUPOBAIM HAa POTOPHOM HcnapuTene. OCTaToK aHATM3UPOBATIH METOIOM
'"H SIMP (99% Bbixon). IIpomykT O4YMCTHIM OT HpHMecell Ha MpenapaTUBHOM
TOHKOCJIOHHOM xpomatorpadpun B cucreme rekcan: DA 8:1 (Rf=0,56).
Breinenennsiii Boixoa coctaBun 57% (34 mr). Ilpoaykt siBasieTcs OecClBETHBIM
TBEPIBIM BEIIECTBOM.

'H SIMP (300 MI'; CDCl3) 6 8,05 — 7,68 (yur.c; 1H); 7,44 (n; J = 8,2 T'u; 2H);
7,19 (m; J= 8,2 I'; 2H); 2,35 (¢; 3H).

BC{'H} SIMP (126 MI'u; CDCl;) & 154,8 (x; J = 37,0 I'n); 136.,4; 132,6; 130,0;
120,6; 117,1 (x; J=288,7 I'n); 21,1.

YF SIMP (376 MI'u; CDCl;3) 6 -75,72.

Crnextpsl SAMP cooTBeTCTBYIOT TUTEpATYpHOMY ONUCcaHUI0.[195]

N-(n-tonmua)uukaonenTunkapookcamua (I11-3ae)
v
N

T

n-Hutpotonyoun (40 mr, 100 MmoibH.%, 0,29 MMOJIB), IUKIONEHTAHKAPOOHOBYIO

kucnoty (113 mr, 340 mosibH.%, 0,99 Mmmonb) 1 amukBoTy arerara poaus (Rha(OAc),,
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0,645 wmr, 0,5 MonbH.%, 1,5 umounb) B 100 pin TI'® nomecTriny B CTEKISHHYIO BKIAAKY
TUTAHOBOI'O aBTOKJIaBa 00bEMOM 10 MJ1. ABTOKJIAB 3aKpPbLIH, TPUAKAbI PO yJid 10 atm
CO, nocne yero 3anonHuiu 50 atm CO. ABTOKJIaB NMOMECTHIIM B MPEIBAPUTEILHO
Harperyo j10 160°C macianyro Oanro. Cnycts 22 4, aBTOKIAB OXJAAWIH J0
KOMHATHOW  TeMIlepaTyphl, CHOYCTHJIH M30BITOYHOE JaBJI€HHE W  OTKPBUIH.
PeakiimonHy10 cMech IEPEHECU B KPYTIIOAOHHYIO KOJIOy ¢ momoisio JIXM (2 x 1 mi)
M CKOHIICHTPUPOBAIM HAa POTOpHOM Hcnapurtene. OCTaToOK aHATU3UPOBAIU METOI0M
'H SIMP (99% BBIxoa). TIpOAYKT OYMCTHIM OT NpPHMECEH Ha MpernapaTHBHOM
TOHKOCJIOIfHOM Xpomatorpadguu B cucremMe rekcad: DA 4:1 (Rf=0,44).
Boinenennbiii Bbixog coctaBuil 88% (52 mr). Ilpoaykr siBasiercss OeCUBETHBIM
TBEPABIM BEILIECTBOM.

'H SIMP (300 MI'y; CDCLs) 8 7,40 (x; J = 8,0 I'w; 2H); 7,34 — 7,23 (yur.c; 1H);
7,10 (m; J = 8,0 I'm; 2H); 2,66 (xB; J = 8,0 I'y; 1H); 2,30 (c; 3H); 2,00 — 1,49 (m; 8H).

BC{'H} SAMP (101 MI'uy; CDCl3) & 174.,6; 135.,8; 133,7; 129,5; 119.,9; 46.9;
30,7; 26,1; 21,0.

Crnextpbl SIMP coOTBETCTBYIOT TUTEPATYPHOMY ONMUCAHUIO.[ 196]

N-(n-rosma)oenzamu (I11-3af)

o

n-Hutpotonyosn (40 mr, 100 monsH.%, 0,29 mmos), 6eH30liHy0 KHCa0TY (122
mr, 340 moinbH.%, 0,99 MmMomb) U anukBOTY anerata pojus (Rha(OAc)s, 0,645 mr, 0,5
MoubH.%, 1,5 pmoinps) B 100 pi TI'®D nomecTunu B CTEKISHHYIO BKJIAJKY THTAHOBOTO
aBTOKJIaBa 00bEMOM 10 mi1. ABTOKIAB 3aKpblUIH, TpHA B! Tpoayau 10 atm CO, nmocie
yero 3anoaHuian 50 atm CO. ABTOKIIaB MOMECTUIIM B MPEABAPUTEILHO HArpPeTyIO 110
160°C wmacnsanyio Oanto. Cnycrs 48 4, aBTOKJIaB OXJAIWIH JI0 KOMHATHOM
TEMIIEPATYPbl, CIYCTUJIM H30BITOYHOE JABICHUE U OTKPbUIM. PEaKIMOHHYIO CMEChH

NepeHecid B KPYIVIOJOHHYK KojaO0y ¢ nomombro JXM (2x1 ™M) wu
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CKOHILIEHTPUPOBAJIM HA POTOPHOM Mcnapureie. OCTaToK aHaIu3upoBanu metoaom 'H
SAMP  (72% Bbixom). IIpogyKT oO4MCTHIM OT TpPUMECe Ha NpenapaTuBHOM
TOHKOCIIOIfHOM Xpomatorpaduu B cucreMe rekcad: DA 5:1 (Rf=0,29).
Beigenennbiii Beixoa coctaBun 55% (34 mr). Ilpoaykt siBisieTcss O€CIBETHBIM
TBEPABIM BEIIECTBOM (ty; = 159 — 160°C, nmut. 156°C[197]).

'H IMP (500 MI'; CDCl3) 8 7,91 — 7,83 (yurc; 1H); 7,86 (n; J = 7,4 T'w; 2H);
7,57 —-7,49 (m; 3H); 7,46 (1; J=7,4T'u; 2H); 7,16 (n; J= 8,2 I';; 2H); 2,34 (c; 3H).

BC{'H} AMP (126 MI'; CDCl3) & 165,8; 135,5; 135,2; 134,4; 131,9; 129,7;
128,9; 127,1; 120,5; 21,0.

Crextpsl SIMP cooTBeTCTBYIOT JIMTEPATYpHOMY OINHcaHuio.[197]

3-(1H-unpon-3-un)-N-(n-ronun)nponanamun (I11-3ag)

NH
HTNEQ
Q/ 0

n-Hutporonyon (40 wmr, 100 wmonbH.%, 0,29 w™mmons), 3-(1H-unmoin-3-
un)npornanoByro kucnoty (187 mr, 340 monbH.%, 0,99 MMoIIb) U aNUKBOTY aleraTa
poaus (Rha(OAc)s, 0,645 mr, 0,5 monbH.%, 1,5 pmons) B 100 pn TT'® nomectrnu B
CTEKJIIHHYIO BKJIAJKy TUTAHOBOTO aBTOKJIaBa 00bEMOM 10 Mj. ABTOKIAB 3aKpbLIH,
tpwkael npoxyin 10 atm CO, mocne dwero 3anomamnu 50 atm CO. ABToknas
MIOMECTUJIM B MpeaBapuTesibHO HarpeTyro 10 160°C macnsnyo 6anio. Crnycts 22 4,
ABTOKJIAB OXJIQJIMJIM IO KOMHATHOM TeMIepaTyphbl, CIIYCTHIM U30bITOYHOE JIaBJICHUE U
OTKpPBLUIX. PEakIIMOHHYIO CMeCh ITEPEeHEeCII B KPYIJI0I0HHYIO KO0y ¢ momoribio JIXM
(2 x 1 MJT) ¥ CKOHIIEHTPHUPOBAIH Ha POTOPHOM Hcnapurene. OcTaTok aHaTM3UPOBAIIN
metogoM 'H SIMP (99% sbixon). [IpoayKT OUMCTHIIM OT IPUMECEH Ha IIPenapaTHBHOM
TOHKOCJIOITHOM XpomaTorpaduu B cucteme J[XM : DA 9 : 1 (Rf = 0,47). BeineneHHbIi
BbIxo# coctaBuia 91% (74 mr). [Iponykt siBasercss TBEPABIM BEUICCTBOM KEITOTO

IIBECTA.
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'H SIMP (300 MI'u; CDCl3) 6 8,11 — 7,92 (ymr.c; 1H); 7,63 (n; J = 7,8 T'u; 1H);
7,37 (m; J=28,0 I'; 1H); 7,30 — 6,91 (m; 8H); 3,20 (15 J=7,2 I'n;; 2H); 2,72 (15 J=7.2
I'; 2H); 2,29 (¢; 3H).

BC{H} SIMP (126 MI'u; CDCl3) 6 171,0; 136,5; 135,3; 134,0; 129,5; 127,2;
122,3; 122,1; 120,1; 119,6; 118,8; 114,9; 111,4; 38,5; 21,4; 21,0.

HRMS (BC) m/z paccuurano mus [M+H]™ CigHisN,O 279,1492,

AKCIICpUMEHTaIbHOE 3HaucHue: 279,1493.

(E)-N-(n-crupuadenna)nponnonamus (I11-3ba)
H
NY\

o~

(E)-1-Hutpo-4-ctupwibenszon (66 wmr, 100 wmoasH.%, 0,29 wmmoub),
IPOMHOHOBYIO KHCIOTY (74 pin, 340 MonbH.%, 0,99 MMOIB) M aNMUKBOTY anieTata poaus
(Rha(OAc)s, 0,645 wmr, 0,5 momsH.%, 1,5 pmons) B 100 un TI'® momectunu B
CTEKJIIHHYIO BKJIAJKy TUTAHOBOIO aBTOKJIaBa 00bEMOM 10 Mj. ABTOKIAB 3aKpbUIH,
Tpuwkael npoayan 10 arm CO, nmocne uvero 3anmonHunud 50 atm CO. ABTOKIaB
IOMECTUJIM B MpeaBapuTesibHO HarpeTyro g0 160°C macnsnyro 6anio. Crycts 22 u,
ABTOKJIAB OXJIQJIMJIUA JJO KOMHATHOM TeMIepaTyphbl, CIIYCTHIH H30BITOUYHOE JIaBJIECHUE U
OTKPBUTH. PeakIInOHHYIO CMECh IEPEHECIIH B KPYTJIOJOHHYIO KOJIOY ¢ moMoteio JIXM
(2 x 1 MJT) ¥ CKOHLEHTPUPOBAIM Ha POTOPHOM Hcnapuresie. OCcTaToK aHaTU3UPOBAIIN
metoaoM 'H SIMP (90% Bbixon). [TIpoIyKT OUMCTHIIM OT IPUMECEH Ha TpernapaTHBHOM
TOHKOCJIOIHOM Xpomatorpadguu B cucreme rekcad: DA 2:1 (Rf=047).
Boiaenennpiii Boixon cocraBwil 82% (60 mr). Ilpoaykr sBasiercs OecClBETHBIM
TBEPABIM BEIIECTBOM (t,,; = 218 —220°C).

'H AMP (300 MI'; CDCl3) 8 7,57 — 7,44 (m; SH); 7,35 (nn B Bume T; J = 7,4 T'i;
2H); 7,29 — 7,15 (m; 3H); 7,08 — 7,03 (m; 2H); 2,41 (x; J=7,5 T'u; 2H); 1,26 (15 J=17,5
I'm; 3H).
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BC{H} SIMP (126 MI'u; CDCl3) 8 172,0; 137,5; 133.5; 128,8; 128,1; 128,0;
127,6; 127,3; 126,5; 119,9; 31,0; 9,8, curHansl 0yieUHOBBIX YIJIEPOJIOB
MEPEeKPHIBAIOTCS.

HRMS (OC) m/z paccuutano jmas  [M+H]" C;H;sNO  252,1383,

JKCIIepUMEHTaIbHOE 3HaueHue: 252,1387.

N-pennanponuonamuj (I1-3ca)

N

T

Hutpob6enzon (30 pa, 100 monbH.%, 0,29 MMOIB), TPONHOHOBYIO KUCTOTY (74
wi, 340 monbH.%, 0,99 Mmob) 1 anmukBoTy arerara poaus (Rha(OAc)s, 0,645 mr, 0,5
MouTbH. %, 1,5 umoiie) B 100 pir TI'®D nmomecTunu B CTEKIISIHHYIO BKIIAJIKY TUTAHOBOTO
aBrokjiaBa 00bEMOM 10 mil. ABTOK/IAB 3aKpbuUIH, TpUAAbL poayau 10 arm CO, nocne
yero 3anoyiHuian 50 arm CO. ABTOKJIaB MOMECTHIIA B MPEJABAPUTEILHO HATPETYHO 10
160°C macnsnyro Oanto. Choycts 22 4, aBTOKJIAB OXJAJAWIM [0 KOMHATHOH
TEMIIEPATYpPbl, CIYCTHJIM M30BITOUHOE AABJICHHE M OTKPbUIA. PeaklMOHHYIO cMech
MepeHecnn B KPyIJIOAOHHYI0O KkonOy ¢ momompio JAXM  (2x1 wmm)
CKOHILIEHTPHPOBAJIM HA POTOPHOM Hcnapureie. OCTaToOK aHaIu3upoBanu Metoaom 'H
SAMP  (99% Bbixon). IIpomykT oOuYMCTHIM OT TpUMEcEed Ha MpenapaTUBHOM
TOHKOCJIOIfHOM Xpomatorpadguu B cucreMe rekcad: DA 2:1 (Rf=043).
Boimenennsrii Beixom coctaBun 99% (43 mr). Ilpoaykt sBasercs OecCHBETHBIM
TBEPJIBIM BEIIECTBOM (ty; = 102 — 104°C, ut. 102,8 — 104,1°C[193]).

'H SIMP (300 MTI';; CDCl3) 6 7,95 — 7,69 (yurc; 1H); 7,53 (n; J= 7,9 T'; 2H);
7,29 (na B Buge 1; J = 7,6 I'i; 2H); 7,08 (1; J = 7,4 I'u; 1H); 2,37 (x; J = 7,5 I'u; 2H);
1,22 (t; J=17,5T'1; 3H).

BC{'H} IMP (101 MI'u; CDCl3) & 172,7; 138,2; 129,0; 124,2; 120,1; 30,7; 9,8.

Cnektpsl SIMP cooTBETCTBYIOT TUTEPATYPHOMY ONUCAHUIO.[ 193]
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N-(3,5-numernadpenna)nponuonamus (I11-3da)
H

\QNET\

1,3-Tumetun-S-uutpodenzon (44 wmr, 100 wmombH.%, 0,29 MMOIB),
NPONHOHOBYIO KUCTOTY (74 pi, 340 MmonbsH.%, 0,99 MMOnb) 1 anTUKBOTY alleTaTa poaus
(Rh(OAc)s, 0,645 mr, 0,5 monbpH.%, 1,5 pmons) B 100 pir TI'® momecTwinu B
CTCKJITHHYIO BKJIQJIKy TUTAHOBOTO aBTOKJIaBa 00BEMOM 10 M. ABTOKIIaB 3aKpbUIH,
tprwkapl npoaynu 10 arm CO, nocne dvero 3anojgnuian 50 atm CO. ABroknas
NOMECTHJIM B MpeABapHUTENbHO HarpeTyto 10 160°C macasuyro 6anto. Crnycts 22 4,
aBTOKJIaB OXJIAJIUIIH JI0 KOMHATHOMN TeMIlepaTyphbl, CIIyCTHIIA U30BITOYHOE JaBJICHHE U
OTKpbUIH. PEakiiMOHHYIO CMeCh IIEPEHECIN B KPYTJI0I0HHYIO K010y ¢ moMonibio JIXM
(2 x 1 M) ¥ CKOHLIEHTPHUPOBAIM HAa pOTOPHOM HcnapuTene. OCTaTOK aHAIM3UPOBAIN
metonoM 'H SIMP (70% Bbixon). [IpoayKT OUMCTHIIM OT IPUMECEH HA IPEnapaTHBHOI
TOHKOCJIONHOM Xpomatorpadguu B cucreme rekcad: DA 2:1 (Rf=0,48).
Beinenennnsiit Beixog coctaBun 64% (33 mr). Ilpoaykr siBnsieTcss OecHBETHBIM
TBEP/IbIM BELLECTBOM.

"H SIMP (300 MT'; CDCl3) 6 7,43 — 7,27 (yur.c; 1H); 7,16 (c; 2H); 6,74 (c; 1H);
2,36 (x; J=7,6 I'u; 2H); 2,27 (c; 6H); 1,23 (1; J= 7,6 I';; 3H).

BC{H} SAMP (101 MI'u; CDCl3) & 172,3; 138,7; 138,0; 126,0; 117,7; 30.8;
21.4;9.8.

Cnextpbl AMP cOOTBETCTBYIOT JIMTEPATYPHOMY ONUCaHmIO.[ 198]

N-(n-3roxcupenna)nponnonamus (I1-3ea)

H
N
SRS
EtO ©

1-Drokcu-4-uurpodenson (49 mr, 100 monbH.%, 0,29 MMOIIL), TPONHUOHOBYIO

kucnoty (74 pn, 340 monbH.%, 0,99 Mmonb) u anukBoTy anerara poaust (Rhy(OAc)s,

205



0,645 wmr, 0,5 MmonbH.%, 1,5 umoinb) B 100 pn TI'D nomecTHiiv B CTEKIISIHHYIO BKJIAJKY
THUTAHOBOT'O aBTOKJIaBa 00bEMOM 10 Mj1. ABTOKIIAB 3aKPBIIH, TPHXKABI Tpoaysu 10 atM
CO, nocne yero 3anonHuiu 50 atm CO. ABTOKJIaB NMOMECTHIIM B MPEIBAPUTEILHO
Harperyo j10 160°C macianyro Oanro. Cnycts 22 4, aBTOKIAB OXJAAWIHA J0
KOMHAaTHOW TeMHepaTypbl, CIIYCTAIHM W30BITOYHOE [aBIIEHHME W  OTKPBUIM.
PeakiimonHy10 cMech IEPEHECU B KPYTIIOAOHHYIO KOJIOy ¢ momoisio JIXM (2 x 1 mi)
U CKOHLICHTPUPOBAJIM HAa POTOPHOM HcnapuTene. OCTaTOK aHAIU3UPOBAIA METOIOM
'H SIMP (90% BBIX0a). TIpOAYKT OYMCTHIM OT NPHMECEH Ha TpernapaTHBHOM
TOHKOCJIOIfHOM Xpomatorpadguu B cucreme rekcad: DA 2:1 (Rf=0,61).
Beigenennsiit Bbixoja cocraBun 62% (35 mr). Ilpoaykr siBisiercss OecCLBETHBIM
TBEPABIM BEIIECTBOM (tn; = 120 — 121°C; mut. 120°C[199)).

'H SIMP (300 MI'y; CDCL) 8 7,39 (x; J = 8,7 I'; 2H); 7,35 — 7,25 (yur.c; 1H);
6,82 (m; J= 8,7 I'; 2H); 3,99 (x; J = 7,0 I'u; 2H); 2,35 (x; J = 7,6 I'; 2H); 1,39 (13 J
=7,0T'w; 3H); 1,22 (1; J=7,6 I'u; 3H).

BC{'H} SIMP (126 MI'n; CDCl3) & 172,1; 155,8; 131,1; 121,9; 114.,8; 63.8;
30,7; 15,0; 9.,9.

Crnextpsl AMP cooTBeTCcTBYIOT JIUTEpaTypHOMY Onucanuo.[200]

N-(3.4-nuxnopdenna)nponnonamuy (I1-3fa)

(o] HTI/\

1,2-JIuxmop-4-autpoden3on (56 mr, 100 monbH.%, 0,29 MMOIIB), TPOITMOHOBYIO
kucioty (74 wi, 340 monbH.%, 0,99 Mmmoib) u anukBoty anerara poaus (Rha(OAc),,
0,645 wmr, 0,5 monbH.%, 1,5 umons) B 100 pin TI'® nomecTH/N B CTEKIAHHYIO BKIAAKY
TUTAHOBOTO aBTOKJIaBa 00bEMOM 10 Mi1. ABTOKJIaB 3aKpbUTH, TPHXKIBI poaynu 10 atm
CO, nocne yero 3anonHuau 50 arm CO. ABTOKIAB MOMECTWIH B IPEIBAPUTEIBHO

Harpetyto J1o 160°C macnsayro OaHro. Cnycts 22 4, aBTOKJIAB OXJAAWIH JI0

KOMHATHOW TeMIlepaTypbl, CHOYCTHUJIM M30BITOUHOE JIaBJIEHME W  OTKPbLIU.
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Peakuimonny1o cMech MepeHecsiv B KPYIJIOA0HHY 0 K010y ¢ moMonisio JIXM (2 x 1 mu)
¥ CKOHIIEHTPHUPOBAIM HA POTOpHOM HMcnapurene. OCTaToK aHATU3UPOBAIM METOI0M
'H SIMP (75% Bbixon). IIpoaykT OuMCTHUIM OT HpUMECEHl Ha TMpenapaTUBHOM
TOHKOCJIOWHOM Xpomatorpadguu B cucreme rekcad: DA 2:1 (Rf=041).
Brinenennsnii Beixoa coctaBun 71% (45 mr). Ilpoaykt siBasieTcs OecIBETHBIM
TBEPIBIM BEIIECTBOM (ty,; = 86 — 87°C, mut. 86 — 88°C[201]).

'H AMP (300 MI'u; CDCl3) 8 7,81 — 7,68 (m; 2H); 7,36 — 7,27 (m; 2H); 2,39 (x;
J=7,5Tu; 2H); 1,22 (1; J= 7,5 T'u; 3H).

BC{H} SIMP (101 MI'u; CDCly) & 172,7; 137,6; 132.8; 130,5; 127,4; 121.8;
119,3; 30,7; 9,7.

Cnektpbl AMP coOTBETCTBYIOT TUTEpaTYpHOMY onucaHuio.[202]

N-(m-opompenna)nponuonamun (I11-3ga)

2%

1-Bpom-3-autpodenszon (59 mr, 100 mMoabH.%, 0,29 MMOIB), TPOMTHOHOBYIO
kucaory (74 pi, 340 monbH.%, 0,99 mmons) u anuksoty auerata poaus (Rha(OAc)s,
0,645 mr, 0,5 mostbH.%, 1,5 uMonb) B 100 i TT'® noMecTHIIH B CTEKJISIHHYIO BKIIAJIKY
TUTAHOBOTO aBTOKJIaBa 00bEMOM 10 M. ABTOKIIAB 3aKpbUIH, TPHKABI Tpoaysn 10 atm
CO, nocne yero 3anoanuad 50 arm CO. ABTOKIIAaB MOMECTH/IM B NMPEIBAPUTEIBLHO
Harpetyto a0 160°C wmacnsnyro Oanroo. CroycTs 22 49, aBTOKIaB OXJATHIH IO
KOMHATHOM  TeMImepaTypbl, CHOYCTWJIH MW30BITOYHOE JABICHHE U  OTKPBUIH.
Peak1iMOHHY10 CMECh IEPEHECIIN B KPYIIIOAOHHYIO KOJI0Y ¢ moMouibio JIXM (2 x 1 mu)
¥ CKOHLIEHTPUPOBAIM Ha POTOPHOM HcnapuTene. OCTaTOK aHAIU3UPOBAIA METOIOM
'H SAMP (62% Beixon). IIpoaykT OYMCTHIM OT IpUMECEil Ha IpernapaTHBHOM

TOHKOCJIOWHOM Xpomatorpaduu B cucreme rekcad: A 2:1 (Rf=0,48).
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Boiaenennsiit Beixos coctaBuil 51% (34 mr). [IpoaykT aBisercs TBEPAbIM BELIECTBOM
OMPIO30BOTO IIBETA.

'H SIMP (300 MI'u; CDCl3) & 7,84 — 7,72 (m; 1H); 7,67 — 7,52 (yur.c; 1H); 7,41
(m; J=8,2T'n; 1H); 7,24 — 7,08 (m; 2H); 2,39 (x; J= 7,5 I'u; 2H); 1,22 (13 J=7,5 T'y;
3H).

BC{'H} SIMP (101 MI'u; CDCLy) & 172,6; 139,4; 130,3; 127,2; 123,0; 122,7;
118,5; 30,8; 9,7.

Crnextpsl SIMP cOOTBETCTBYIOT TUTEPATYPHOMY ONHUCAHUIO.[ 194]

n-nponuoHamuadensoiinasa kucaora (11-3ha)

H
N
/@( D
HOOC v

4-HutpoOensoiinyro kucinory (49 wmr, 100 wmonbH.%, 0,29 MMoOIb),
nponuoHoByl Kuciory (218 pi, 1000 MonbH.%, 2,9 MMoOJIb) M alMKBOTY alerara
poaust (Rha(OAc)s, 0,645 mr, 0,5 monbH.%, 1,5 pmons) B 100 pin TT'® nomectunu B
CTeKJISTHHYIO BKJIAJKy THTAaHOBOTO aBTOKJIaBa 00bEMOM 10 MiI. ABTOKIIAaB 3aKpBUIH,
Tprkael npoayiau 10 arm CO, mocne yero 3amomuunu 50 atm CO. ABTOKIAaB
IIOMECTHJIM B TIPEABAapUTENIbHO HarpeTyro 10 160°C macnanyto Oanro. Croycrs 22 4,
aBTOKJIaB OXJIAJIUIN 0 KOMHATHON TeMIIEpaTyphl, CIYCTHIIM U30BITOYHOE TaBJICHUE U
OTKpBLIU. PeaklIMOHHYIO CMECh MIEPEHECITN B KPYIJIOJOHHYIO KOJIOY ¢ moMolbo JIXM
(2 x 1 MuI) ¥ CKOHLIGHTPUPOBAJIM HAa POTOPHOM HcnapuTese. OCTaTOK aHAIM3UPOBAIH
metoaom 'H SIMP (80% Beixox). [IpoayKT 04HMCTHIN OT IpUMECEHT Ha IPEnapaTHBHOM
xpomarorpage InterChim PuriFlash, smoupyromas cuctema: rekcan : DA 2:1
(Rf=0,4). Boimenennsrii Beixon coctaBun 72% (41 mr). IlponykT sBisercs
OeclBETHBIM TBEPBIM BEILIECTBOM.

'H SIMP (300 MI'u; DMSO-d¢) 8 10,18 (¢; 1H); 7,87 (n; J = 8,3 T'u; 2H); 7,70
(m; J=8,3T'u; 2H); 2,35 (x; J=7,5 I'u; 2H); 1,08 (1; J=7,5 I'u; 3H).
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BC{'H} SIMP (126 MI'u; DMSO-ds) 8 172,6; 167,0; 143 .4; 130,4; 124,9; 118,3;
29,75 9,6.
HRMS (OC) m/z paccuurano mus  [M+H]™ C;oH;,NO;  194,0812,

OKCIIEPUMEHTaIbHOE 3Hadyenue: 194,0812.

N-(n-autpodenna)nponuonamu (I1-3ia)

o

2

n-JIunutpobenzon (49 mr, 100 monbH.%, 0,29 MMOJIB), IPOIMMOHOBYIO KUCIIOTY
(33 i, 150 mosbH.%, 0,44 MmMone) U anukBOTY anerara poaus (Rha(OAc)s, 0,645 mr,
0,5 monpH.%, 1,5 umons) B 100 pn TI'D nomecTwiu B CTEKISHHYH) BKJIAAKY
TUTAHOBOI'O aBTOKJIaBa 00bEMOM 10 MJ1. ABTOKJIaB 3aKpbUTH, TPHK/1bI poayJsid 10 atm
CO, nocne yero 3anonHuwim 50 atm CO. ABTOKIJIaB MOMECTHIIM B IPEIBAPUTEIBLHO
Harperyto a0 160°C wmacnsanyro Oanro. Choyers 22 4, aBTOKIIAB OXJIAJWIH 10
KOMHATHOM  TeMrepaTypbl, CHYCTHIH UW30BITOYHOE JaBJIEHHE U  OTKPBUIH.
PeakniMoHHYI0 CMeCh IIEPEeHEeCTH B KPYTIIOAOHHYIO KoJI0y ¢ moMotibio JIXM (2 x 1 mu)
U CKOHIICHTPHUPOBAIM HA POTOPHOM Hcnapurtene. OCTaToK aHaTU3UPOBAIM METOI0M
'"H SAMP (72% Bbixon). IIpoayKT OYHMCTHIM OT HpPHUMECEdl Ha TpernapaTHBHOMN
TOHKOCJIOMHOM Xpomarorpaduu B cucteme rekcan: DA 10:1 (Rf=0,5).
Boienennsiit Berxos coctaBui 62% (27 mr). [Ipoaykr gBisieTcst TBEPABIM BELIECTBOM
KEIITOTO LIBETA.

'H SIMP (300 MI'u; DMSO-dg) 8 10,51 (c; 1H); 8,18 (n; J = 9,3 I'y; 2H); 7,81
(m; J=9,3T1; 2H); 2,38 (x; J=7,5Tu; 2H); 1,07 (1; J= 7,5 T'u; 3H).

3C{'H} SAIMP (101 MI'u; DMSO-d¢) & 173,3; 145,7; 142,1; 125,1; 118,7; 29.8;
9,5.

Crektpsl SIMP cooTBeTCcTBYIOT JIMTEpaTypHOMY Onrcanuio.[203]
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N,N'-(1,4-¢pennnen)aunponnonamusy (I1-3ja)

Joue

\)J\ﬁ 0

n-Jlmantpoodenson (49 mr, 100 MonbH.%, 0,29 MMOIIB), TIPONMMOHOBYIO KUCIIOTY
(218 pur, 1000 MobH.%, 2,9 MMonb) 1 anmukBOTY arnerara poaus (Rha(OAc)s, 0,645
mr, 0,5 monbH.%, 1,5 pmons) B 100 pin TI'® momecTwiM B CTEKIIIHHYIO BKIAJIKY
TUTAHOBOTO aBTOKJIaBa 00bEMOM 10 MJ1. ABTOKJIAB 3aKpbUTH, TPUKABI poayiu 10 atm
CO, nocae yero 3anonHuau 50 atm CO. ABTOKIAB MOMECTWIH B NPEIBAPUTEIBHO
Harperyto a0 160°C wmacnsnyro Oanio. Crnyers 22 4, aBTOKJIAB OXJIQJIMIH  JI0
KOMHATHOM TeMmIepaTypbl, CIOYCTHIH UW30BITOYHOE JaBJI€HHE W  OTKPBUIM.
PeakiimoHHYI0 CMeCh IIEPEHECIIH B KPYIIIOJOHHYIO K010y ¢ oMot XM (2 x 1 mi)
¥ CKOHIEHTPHUPOBAIH HAa POTOPHOM HcnapuTene. OCTaTOK aHANTHU3UPOBAIA METOJIOM
'H SAMP (99% Beixoxa). IIpoayKT OYMCTHIM OT IIpUMEcEil Ha IIpernapaTHBHOM
TOHKOCJHOHHOM Xxpomartorpaguu B cucrteme XM :MeOH 9:1 (Rf=0,20).
Brinenennsiit Beixoj1 coctaBul 99% (64 mr). [IpoaykT sBisieTcs TBEPABIM BEIIECTBOM
ceporo ngera (t,, = >300°C).

"H SIMP (500 MI't; DMSO-dg) 6 9,76 (c; 2H); 7,48 (c; 4H); 2,28 (x; J=7,6 T'Ly;
4H); 1,07 (t; J= 7,6 I';; 6H).

BC{H} SIMP (126 MI'u; DMSO-de) 8 171,6; 134,6; 119.4; 29.4; 9,7.

HRMS (OC) m/z paccanrano s [M+H]" C;,Hj7N,O,  221,1285;

DKCIEpUMEHTAIbHOE 3HaueHue: 221,1287.

N-(4-ruapoxcudpennn)aneramun (I1-3ka)
H

o

n-Hutpodenoun (40 mr, 100 monbH.%, 0,29 MMOIIB), YKCYCHYIO KUCTOTY (57 i,
340 monbH.%, 0,99 mMmonb) u anukBoTy anerata poaust (Rha(OAc)s, 0,645 wmr, 0,5
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MoJIbH. %, 1,5 pmons) B 100 pin TI'D nomMecTHid B CTEKISIHHYIO BKJIAJAKY TUTAHOBOTO
aBTOKJIaBa 00BbEMOM 10 M. ABTOKIIAB 3aKpbLUIH, TPUK/IbI 1poayan 10 atm CO, nocre
yero 3anojHuau S0 atm CO. ABTOKJIaB MOMECTHIIA B MPEJABAPUTEILHO HATPETYHO 10
160°C wmacnsnyro Oanro. Cnyctss 22 4, aBTOKJIAB OXJAJWIM 0 KOMHATHOM
TEMIIEpPaTypsbl, CIYCTHIM M30BITOUHOE JAaBJIEHHE M OTKPBUIA. PeakIMOHHYIO CMech
NEPeHECTH B  KPYIJIOAOHHYIO Koa0y ¢ momompio JXM (2x1 Ma) wu
CKOHILIEHTPHPOBAJIM HA POTOPHOM Mcnapureie. OCTaToOK aHaIu3upoBanu Metoaom 'H
AMP (83% Bwixonm). IlpoaykT OYMCTHAM OT TIpUMECE Ha TpernapaTHBHOM
xpomatorpage InterChim PuriFlash, omoupyromas cucrema: JIXM : MeOH
(rpaguentHoe smoupoBanue, 100% AXM — 90% AXM u 10% MeOH. B cucreme
JXM : MeOH 10 : 1 Rf = 0,5. Beinenennsiii Berxoa coctaBmi 82% (36 mr). ITpoaykT
ABTISICTCS OCCIIBETHBIM TBEPIBIM BEIICCTBOM.

'H SIMP (400 MTI't;; DMSO-dg) & 9,74 — 9,60 (yur.c; 1H); 9,23 — 9,09 (yuu.c;
1H); 7,34 (n; J = 8,6 I'; 2H); 6,67 (1; J = 8,6 I'; 2H); 1,98 (c; 3H).

BC{'H} sIMP (101 MI'u; DMSO-de) 8 167,7; 153,2; 131,1; 120,9; 115,1; 23,8.

Crnextpbl SIMP cooTBETCTBYIOT TUTEPATYPHOMY ONMUCAHUIO.[204]

2-9tna-1H-0en3of/dfumunaaszoa (11-4a)

L

o-Hutpoanumun (40 mr, 100 monsH.%, 0,29 MMOIIB), TIPOMTUOHOBYIO KHUCIOTY
(74 pa, 340 moiabH.%, 0,99 Mmouis) 1 anukBoTty anerara poaus (Rhao(OAc)s, 0,645 mr,
0,5 monbH.%, 1,5 pumons) B 100 pn TI'® nomecTunum B CTEKISIHHYKO BKIQJIKY
TUTAHOBOI'O aBTOKJIaBa 00bEMOM 10 MJ1. ABTOKJIaB 3aKpbUTH, TPUKIbI IpoayJid 10 atm
CO, nocne yero 3anonHuwim 50 atm CO. ABTOKIJIaB MOMECTHIIM B IPEIBAPUTEITBHO
HarpeTylo 10 160°C wmacnsHyro OaHro. Crycts 22 4, aBTOKJIAB OXJagWIH 10
KOMHATHOM  TeMImepaTypbl, CHOYCTWJIH MW30BITOYHOE JAaBICHHE W  OTKPbUIM.
PeakIMoHHyI0 CMECh MEPEHECITH B KPYTIIOAOHHYIO KOJI0y ¢ momortbio JIXM (2 x 1 mi)
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¥ CKOHLEHTPHUPOBAJIM Ha POTOPHOM Mcnapurese. OCTaToK aHAM3UPOBAIM METOIOM
'H SIMP (90% Bbixoa). IIpoayKT OYMCTHJIM OT INPUMECEl Ha IpenapaTuBHOM
TOHKOCIIOIfHOM Xpomatorpaduu B cucreMe rekcad: DA 1:2 (Rf=0,28).
Briaenennsiit Boixos1 coctaBuit 81% (35 mr). [IpoaykT siBisieTcst TBEPABIM BEIMIECTBOM
xeéntoro ngera (ty, = 158 — 160°C, nut. 159 — 160°C[205]).

'H SIMP (300 MI'; CDCl3) 8 9,67 — 8,94 (yurc; 1H); 7,68 — 7,40 (m; 2H); 7,32
- 17,10 (m; 2H); 3,00 (x; J= 7,7 I'n; 2H); 1,42 (1; J= 7,7 T'u; 3H).

BC{H} AMP (126 MI'; CDCl3) & 156,7; 138,5; 122,3; 114,7; 22,7; 12,6.

Cnextpbl AMP cooTBeTCTBYIOT IUTEpATYpHOMY Onucanuio.[206]

S5-meTna-1-(n-roama)nuppoauaun-2-ou (11-4b)

(0]

o

n-Hutporonyon (40 mr, 100 monsH.%, 0,29 MMOJIB), JEBYJIHHOBYIO KUCIOTY
(101 pu, 340 moneH.%, 0,99 MMonb) U anukBOTY anerata poausi (Rha(OAc)s, 0,645
mr, 0,5 monbu.%, 1,5 pmons) B 100 pn TI'D noMecTwiiv B CTEKISIHHYIO BKJIQIKY
TUTAHOBOTO aBTOKJIaBa 00bEMOM 10 M. ABTOKIIaB 3aKPbUTH, TPHK/IbI po 1y 10 atm
CO, nocne yero 3anonHunu 50 atm CO. ABTOKIIaB MOMECTHIIH B MPEIBAPUTEIBHO
Harpetyto a0 160°C wmacnsanyro Oano. Crycts 22 4, aBTOKJIAB OXJAAWIA 10
KOMHATHOM TeMMepaTyphl, CIYCTHIW M30BITOYHOE [aBICHHE W  OTKPBUIH.
PeakimonHyto cMech epeHecu B KPYIIIOAOHHYIO K010y ¢ momoibsio JIXM (2 x 1 mi)
¥ CKOHIIEHTPHUPOBAIM HAa POTOPHOM HcnapuTesne. OCTaToK aHATM3UPOBAIH METOJIOM
'"H SIMP (99% Bbixox). IIpoayKT OYMCTHIM OT MPUMECEd Ha mpernapaTUBHON
TOHKOCJIOIfHOM Xpomatorpadgum B cucreme rekcad: DA 1:1 (Rf=0,39).
Boigenennbiit Bbixos coctaBril 75% (41 mr). IpoayKT siBiisieTcst TBEPAbIM BELLIECTBOM

JKEJITOrO IIBETA.
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'H SIMP (300 MI'u; CDCl3) 8 7,25 — 7,15 (m; 4H); 4,24 (ar B BUze rekc; J = 6,3
I'y; 1H); 2,72 — 2,44 (m; 2H); 2,44 — 2,26 (m; 1H); 2,33 (c; 3H); 1,82 — 1,63 (m; 1H);
1,18 (n; /= 6,3 T'u; 3H).

BC{H} SIMP (126 MI'u; CDCl3) & 174,3; 135,7; 134,9; 129.,6; 124,3; 55,8;
31,3; 26,8; 21,05 20,2.

Crnextpbl SIMP coOTBETCTBYIOT TUTEPATYpPHOMY onucanuio.[207]
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BoccraHoBUTE/IbHOE aAMHHUPOBaHNE
Karaausarop

[(n-mamom)RuClz )2

PyrenueBplii KatanuzaTop OBUI IONYYEH [0 JIMTEPAaTypPHOM METOIUKE
(BelIeneHHBIH BbIXOJ cocTaBuil 67%). Kommuieke npencraBiaseT coOoil KpacHoe

KPHCTAJLUTHYECKOE BelecTBO. [168]

Oo0mast MEeTOINKA BOCCTAHOBUTEILHOTO AMHUHHUPOBAHMUS

B cTeksHHYI0 BHATy CTaJIbHOTO aBTOK/IaBa 00bEMOM 10 MJT MOMECTHIIN 2 JKB.
amuHa, 1 skB. ampmeruga, 0,2 ma MeCN, 0,25 monbeH.% [(n-ttumon)RuCly], u 0,5
MOJIbH.% 100aBKH. ABTOKIAB 3aKpblId, Tpuxkabel npoayiau 10 atm CO, nocie yero
zanoaHmwim 50 atm CO. ABTOKIIAB MOMECTHUIIM B MPeABAPUTEILHO HarpeTyto 10 140°C
MacisHyo O0aHro. Crycrs 22 yaca aBTOKJIaB OXJIAJWIM 10 KOMHAaTHOH TeMIIepaTyphl,

CIIYCTHIIH HU30BITOYHOE JaBJICHHC. PC&KHHOHHyIO CMCChb aHAJIU3HPOBAJIKM METOJaMH lI‘I

SAMP u IT'X.

Cunre3 BTOPHYHBIX aMHHOB nmo peakuuu BOCCTAHOBHTCJIBHOI'O
AMUHHPOBAHHUSA U OIIPCAC/ICHHEC BbIX0/1A

4-metokcu-N-(4-meroxkcudensmn)anuiann (IT1-3a)

/©/ON|8
N
IO
MeO

B cTeknsHHYy0 BKJIAJIKY CTaJbHOIO aBTOKJIaBa 00béMoM 10 Ma momecTwiu 2
9kB. n-anu3ujuHa (80 mr, 0,66 Mmoib), 1 3kB. n-MetokcuOenzanmpaerujga (40 po,

0,33 mmone), 0,25 monbeH.% [(n-uumon)RuCl]> (0,5 mr, 0,0016 mmons) B BUaE
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anukBoTbl B MeCN (6 mr/mur) m amukBoty ao0aBkd B 200 uin MeCN. ABtokiaB
3aKpblIM, TpUKbI poayiu 10 atm CO, nociie yero 3anonHuim 50 atm CO. ABToKIaB
MOMECTUIIH B IpeABapUTENbHO HarpeTyo 10 140°C macnanyto 0anro. Crycts 22 yaca
ABTOKJIAB OXJIAJIWIM JO KOMHATHOM TEMIIEPaTypsl, CIIYCTHIH U30BITOYHOE JaBJICHHE.
PeakMOHHYI0 cMech aHanu3upoBainu Metoaamu I'X u 'H SIMP.

Crnextpbl SIMP cooTBETCTBYIOT TUTEpATYpHOMY onmucanuio. [168]

'H IMP (300 MI'u; CDCl3) 8 7,31 — 7,25 (m; 2H); 6,91 — 6,83 (m; 2H); 6,80 —
6,71 (m; 2H); 6,68 — 6,55 (m; 2H); 4.19 (c; 2H); 3,78 (c; 3H); 3,73 (c; 3H).

Bbixoa npoaykra ObuUl onpefeséH Mo COOTHOUICHUIO MHTErpalbHbIX KPUBBIX

cursajga BHyTpeHHero cranjgapra — JIM®A — u cunrnera ripu 6 4,19 m. .

4-(4- meroxcudensua)mopdoaun (111-3b)

B cTexnsHHYy0 BKJIAIKY CTaJbHOIO aBTOKJIaBa 00bEMoM 10 Ma momecTwiu 2
9kB. mMopdomuHa (56 pi, 0,66 mmons), 1 9kB. n-meTokcuOeH3ampaeruma (40 po,
0,33 mmons), 0,25 monbH.% [(n-tumon)RuCly], (0,5 mr, 0,0016 mmone) B BHzE
anmukBOTHl B MeCN (6 mr/miu) u amukBoty no0aBku B 200 un MeCN. ABTokiaB
3aKkpbUIH, TPHX AR poayiu 10 atm CO, nocie yero 3anonHunu 50 atm CO. ABTOKI1aB
MOMECTHJIH B TpeIBApUTEIIbHO HarpeTyto no 140°C macnsauyro 6anw. Ciycrs 22 gaca
ABTOKJIaB OXJIAJMIM JO KOMHATHOM TEMIIEPATYPHI, CIIYCTHIH M30BITOYHOE JaBJICHHE.
PeakinonHy0 cMech anamuzuposanu Merogamu I'X u 'H SIMP.

Cnextpol AMP cooTBeTCTBYIOT IUTEpATypHOMY Onucanuio. [208]

'H SIMP (400 MI'u; CDCl3) 8 7,22 (n; J = 8,3 I'u; 2H); 6,84 (n1; J = 8,3 I'n; 2H);
3,79 (c; 3H); 3,69 (1;J = 4,7 I'u; 4H); 3,43 (c; 2H); 2,44 — 2,38 (m; 4H).

Boixon npoaykra Obul onpenenéH 1no COOTHOLICHHIO MHTEIPAJIbHbIX KPUBBIX

CUTHaJla BHyTpeHHero ctaHaapra — JIM®A — u nybneta nipu 6 7,22 M. 1.

1-(4- meTokcudenswi)nunepuaut (I11-3¢)
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B cTeknsHHYIO BKJIAJIKY CTATbHOTO aBTOKJIaBa 00bEMoM 10 Ma momecTwin 2
9KB. nunepuauHa (65 w1, 0,66 mmonb), 1 9KkB. n-metokcuOeHszanbaeruna (40 pi,
0,33 mmoie), 0,25 monbH.% [(n-tumon)RuCly], (0,5 mr, 0,0016 mmoisis) B BHjIE
anmukBOTEl B MeCN (6 mr/mn) u amukBoTy no6aBkd B 200 pn MeCN. ABtoknas
3aKpbUId, TpHKAbI Ipoayiu 10 arm CO, nocine vero 3anoanuiu 50 arm CO. ABTOK/1aB
MOMECTHUIIH B IpeaABapHuTelbHO HarpeTyro 10 140°C macnsanyro 6aHw. Crycts 22 yaca
ABTOKJIaB OXJIAJWJIN JO KOMHATHOW TEMIIEPATYpPBl, CITYCTHIH N30BITOYHOE JaBJICHHE.
PeakiMoHHyI0 cMech ananu3uposaiu meroaamu I'X u 'H SIMP.

Crektpbl SIMP cOOTBETCTBYIOT TUTEPATYPHOMY onHcanuio.[208]

'H SIMP (300 MI'u; CDCl3) 8 7,21 (u; J = 8,6 T'u; 2H); 6,83 (1; J = 8,6 I'u; 2H);
3,78 (c; 3H); 3.40 (c; 2H); 2,38 — 2,30 (m; 4H); 1,55 (at; J=11,0; 5,4 T'u; 4H); 1,45 —
1,35 (m; 2H).

Bbixon npoaykra ObuT onpefenéH Mo COOTHOUICHUIO MHTErPalbHBbIX KPHBBIX

cUrHaia BHyTpeHHero cranaapta — JIM®A — u cunrnera mpu 6 3,40 m.11.

Itwi-4-((4-meroxkcudensmwi)amuno)oensoar (111-3d)
o)

Q)LOEt
HN
MeO :

B cTexmsiHHYIO BKJIAAKy CTalbHOTO aBTOKJIaBa 00b&MoM 10 Mi momectunu 2
9KB. n-OenszokauHa (109 mr, 0,66 Mmoiib), 1 9kB. n-meTOoKcMOeH3anbaeruaa (40 wi,
0,33 mmoute), 0,25 moubH.% [(n-mmonm)RuCly]> (0,5 mr, 0,0016 mmosib) B BHJIE
amukBoThl B MeCN (6 mr/mur) m amukBoty jgodaBku B 200 unm MeCN. Aprokiar
3aKpbUId, TpUKIbI poayiu 10 atm CO, nociie yero 3anonHuwiu 50 atm CO. ABToKi1aB

OMECTHIIH B IpeABapuTelbHO HarpeTyto 10 140°C macnsayro 6anro. Crycts 22 yaca
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ABTOKJIAB OXJIAJWJIN 10 KOMHATHOM TEMIIEPATyphl, CIIYCTHJIM M30BITOYHOE JTaBICHUE.
PeakiMOHHYIO cMech aHanu3uposai metoaamu I'X u 'H SIMP.

CrnekTpbl SIMP cOOTBETCTBYIOT TUTEPATYPHOMY ONMHcaHHI0.[209]

'H SAIMP (300 MI'; CDCl3) 8 7,86 (i; J = 8,8 T'u; 2H); 7,25 (n; J = 8,5 'y 2H);
6.87 (n; J=8,5Tu; 2H); 6,58 (m; J = 8,8 I'; 2H); 4,31 (1; J = 6,6 T't; 2H); 4,30 (x; J
=7,2 I'u; 2H); 3,79 (c; 3H); 1,34 (1; J=7,2 'u; 3H).

Bbixon nmpoaykra Obul onpeaenéH Mo COOTHOIICHUIO MHTErPaIbHBIX KPUBBIX

curHasa BHyTpeHHero ctaHaapra — JJM®A — u nybnera npu 6 6,87 ..
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