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BJIMAHUE METAJVIOB-MOJJU®UKATOPOB HA ITIOBEJIEHHUE
BE3JINTI'AHHBIX ITAJIJIAIMEBBIX KATAJIU3ATOPOB
KPOCC-COYETAHMUSA CY3YKH

JI.K. HukomBuiu, K.H. lllkepuna, E.E. [Tonomapuyk, M.I'. Cyjbman

®I'BOY BO «TBepckoif rocy1apcTBeHHBI TEXHUYECKHH YHHBEPCUTET», T. TBEph

B pabore paccMOTpeHBI TIEPCIIEKTHUBBI BBEJCHUS BTOPOrO MeTaila-
MoIudHUKaTopa B COCTaB MNaiafuii-CoAepKalliuX KaTalu3aTopoB Kpocc-
coueranust Cy3yku. [IpencraBieHbl pe3yabTaThl MPOBEPKH KAaTATUTHUECKUX
cBoiictB  MoHO- (Pd) m Ommerammmyeckux (Au-Pd, Pd-Cu, Pd-Zn)
Oe3MUraHIHBIX KaTalW3aTOPOB Ha OCHOBE CBEPXCIIMTOTO IOJUCTUPOJIA
mapku MNI100, conmepkaliero TPEeTUYHBIE AaMUHOTPYIINBI, B MOJAEIHHOU
peaknuu Kpocc-couetanust 4-OpomaHuzona u (HEHWIOOPOHOBOW KHCIOTHL.
Peakiust mpoBommiach Ha BO3JyXe B IMEPHOTUYECKOM PEKHUME B MATKHX
YCIOBUSX (pacTBOPUTENIb — CMECh JTaHOJIA W BOJABI B OOBEMHOM
cootHomenuu 4 : 1, Temneparypa 60°C, ocnoBanue — NaOH) B orcyrcTBUM
areHToB (ha3oBOro mepeHoca. bBbUIO MMOKa3aHO, YTO B cloydae oOpasia
Pd/MN100, npenBapuTenbHO BOCCTaHOBICHHOTO B TOKE BOAOPOXAA, IS
noctmxenus 100% kouBepcuu 4-0pomaHu3oiia 3a 60 MUH BaXHO 00ECIICUUTh
OTpeAeNeH bl  W30BITOK  (heHWIOOpoHOBOW  kucmoTel u  NaOH
(CEeNeKTUBHOCTh MO TPOAYKTY KPOCC-COUCTAHUS TMPH ITOM COXPaHICTCS
paBHoit  89%). Cpeau OUMETAUIMYECKUX  OOpa3lloB  HAUOOJIBIICH
AKTUBHOCTBIO o00maman kartanmsarop Au-PA/MN100 (mocturamace 100%
KOHBepcHsi 4-OpoManu3ona 3a 15 MuH peakiuu), OJHAKO Haubojee
cesleKTUBHBIM ObL1 00paser; Pd-Cu/MN100 (cenexktuBHOCTH cocTaBmia 93%).
Knioueevie cnosa: kpocc-couemanue Cy3yKu, besnueanonbvle Kamaiuzamopol,
nannaouil, 3010Mo, Meob, YUHK, CEePXCULUMBLIL NOTUCTHUPOIL.

TpaguunonHo peakuus Cy3ykKd MpPOBOAUTCA C TNPUMEHEHHEM
NaJUIaJUEBBIX KOMIUIEKCOB, COACPIKAIIUX JIMTAHAbl HA OCHOBE COCAUHEHHU
¢dochopa M as3ora, B KadecTBE KaTaiu3aropoB. B cimyuae oTcyTcTBUS
JIMTaH/I0B MPUHATO TOBOPUTH O OE3JIMTaHIHBIX KaTAUTHUECKUX CUCTEMax,
KOTOpblE B HAcTOsIIEe BpeMs paccMaTpUBAIOTCS Kak ajbTepHaTHBa
TOMOTE€HHBIM Karaju3aropaMm [1]. B kauecTBe Ge3nMraHIHBIX KaTalu3aToOpoOB
B peakuuu Cy3yKH MOTYT HUCIIOJIb30BaThCs pa3InYHbIE COIHM MaJIJIaans, TaKue
KaKk XJOpHUJ W aleTarT Najiaaus, a Takke TeTpaxjoponaiianar Harpus,
KOTOpBIE B IPOLECCE PEAKIMH BBINAJAIOT B OCAJOK B BUJE METAIIIMYECKOTO
namgaads M MOryr  Obitb  oTdwmibTpoBaHbl  [1-8].  PaspaGoranbl
MHOTOYHMCIIEHHbIE METOAbl HMMOOWIM3alMy MajulaJusi Ha pa3juydHbIe
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TBEp/Ible HOCUTENH, TAKUE KaK OKCUJIbl METAJUIOB, MTOJUMEPHI (B TOM YHUCIIE U
OuoIoIMMEpBl ), YIIIEPO, a TaKkKe MarHUTHble HaHodacTulel (HY) [9].

B nocnennue roasl Bce Oonbiee BHUMaHue yaensercs HY 3omnora,
KaK KaTaju3aropaMm i INPOBEIEHUS pa3IMYHbIX OPraHMYECKUX pPEaKIMM
[10-12]. Tak, B pabote [13] 6puT0 MMOKa3aHo, uTo HY 30510Ta, HAaHECEHHbBIE HA
OKCHJIbl IIIEJIOYHO3EMENIbHBIX MeTauioB, ocobeHHo Ha MgO wumu CaO
IPOSIBUIIM BBICOKYIO aKTHUBHOCTH (BbIXOJ mponaykra 89-93%) B peakuuu
Cysyku B mpucyrctBun K,CO3; B KauecTBE OCHOBAaHHUS C HCIOJIb30BAaHUEM
muMmeTwigopMaMuia B KauyecTBE pacTBOpUTENs. bBbIIO BBISBIEHO, 4TO
IpUpoJa OKCUAA METajlja, OCOOEHHO €ro KHCIOTHO-OCHOBHBIE CBOMCTBA,
UTpaeT BaXHYI pOJb B ONPENCICHUU KaTalUTUYECKOTO IOBEACHUS
HAHECEHHBIX 30JI0TBIX KaTajlu3aToOpoB B peaklMsAX Kpocc-coueTaHus. Kpome
TOro, OBLIO OOHAPYKEHO, YTO BBIXOJ MPOAYKTA 3aBUCHT OT MPHUPOIABI apuil-
rajinjia, KOHIIEHTPAlM OCHOBAHUS U TEMIIEPATyphl MPOKAJIKU KaTajlnu3aropa.
Haubonee Bwicokue Bbixoawsl Oudenumna (80-93%) OblIM mOTy4YEHBI IS
Hon0eH3010B U OpoMOEH30JI0B, TOrga Kak Uil XJIOPOEH30JI0B BBIXOA
npoaykra coctaBui 32-38%. IHTEpeCHO OTMETHUTb, YTO aKTUBHOCTbH 30J10Ta,
HaHeceHHOoro Ha MgO wmu CaO, Obula cpaBHUMa C aHAJIOTMYHBIMU
naJiyIaJueBbIMM KaTanuzaTopami [13].

[MTomumo karanm3aropoB, comepxkammx HU Pd wim Au, B peakmuun
Kpocc-couetanusi Cy3yku MOTYT MPUMEHSThCS U Oumerauinueckue (Pd-Au)
Katanuzaroppl. B mocnenHee  gecstwiietue  pa3paboTka U CHUHTE3
Oumeramnueckux marepuanon, Bkitouas HY Pd-Au, mpusnekaer ocoboe
BHUMaHue [14-18]. Takue cTpyKTypbl ABISAIOTCS MHOTO(YHKIIMOHAJIBbHBIMU U
HPOSIBIIAIOT 00JIee BHICOKYIO KaTaTUTHUECKYIO aKTUBHOCTD, CEIEKTUBHOCTD U
CTaOUJIBHOCTH 110 CPaBHEHUI0 C MOHOMETA/NIMYeCKUMHU aHanoramu. Ilpu
3TOM B cily4ae OHWMETAJUIMYECKUX CHCTEM pa3IMyHble KOMIIOHEHTHI
KaTaJn3aropa MOTYT OTBEYaTh 3a OTHEJIbHbIE crenuduueckue (QyHKIUH B
MexaHu3Mme peakiuu. Fang c cotp. [19] nokasain, uro B ciyuae HU Au@Pd
CO CTPYKTYpOH sIp0-000JI0uKa, CKOPOCTh KOHBepcuu 4-Opomanuzona (4-
bpAH) B peakiuu kpocc-couetanus Cy3yKu 3aBHUCHUT OT YKCIa MOHOCIIOEB
najuiagus: HauOosee BBICOKME CKOPOCTU peakiuu Obutn moiydeHns! aas HY,
cofepXKalMx OT 2 J0 5 MOHOCIOEB MNauiafus (BbIXOA MpoaykTa (4-
MeTokcuOudenuna) 3a 4 4 peakuu coctaBui 95%). Takke ObLIO MMOKa3aHo,
4YTO B HayaJbHBIA mepuox peakuuu (Bpems MeHee 10 MuH) mnamtaaui
BbIMbIBaeTcst ¢ nmoBepxHoctd HY Au@Pd non neiictBuem ¢gpennndbopoHoBo
kucinotel (PBK) u kapboHara kamus, 4YTO O0OYyCIABIMBAE€T BBICOKYIO
KaTaJIUTUYECKYI0 aKTHUBHOCTh. Takoi Nayutaguil AOCTaToOYHO cTaOMIIeH U
IPUHUMAET Yy4YacTUE B pEaKIUH B XOA€ I[OBTOPHOIO HCIOJIb30BAaHUS
katanuzaropa. Nasrollahzadeh ¢ coaBt. [20] uccnemoBan KaTaaMTHUYECKOE
noBeneHue Oumeramnyeckux Au/Pd HY B kpocc-couertanuu apui-onuaos
U apuiI-OOpOHOBBIX  KHCJIOT, COJAEpKAIlUX  AJIEKTPOHOJAOHOPHBIE U
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AIIEKTPOHOAKILICTITOPHBIE TpyNIbl. MeTogaMu pacTpOBOil  IEKTPOHHOM
MUKpPOCKOIIUM M 3HEProJUCIEPCUOHHON PEHTIEHOBCKOM CIEKTPOCKOIHNU
ObLIO MMOKa3aHO, YTO (paKus Mauiagus IpeacTaBlIeHa HAHOHUTSIMH JIJTUHON
npubnusutensHo 300 HM, a Taxke HY nuamerpom 80 HM, pacmnonoKeHHbIMU
Ha MOBEPXHOCTH YacTull Au. B onNTHUManpHBIX YCIOBUSX CHHTE3UPOBAHHBIC
OMMeTAIITMUECKUE KaTaau3aTopbl MO3BOJIMIN JTOCTUYb BBIXOAOB HPOIYKTOB
peakuun Oonmee 90%, u Obuld CcTaOWIBHBI B TEYEHHE YEThIpEX
MOCIIEIOBATEIbHBIX ~ LUKJIOB. [lOBBIIIEHWE aKTUBHOCTH  MaJUIQJAMEBBIX
KaTaluu3aropoB IMpH J00aBIEHHWU 30J10Ta MOXHO OOBSICHUTH pPa3HBIMU
¢dakxTopamu. Tak, B pabote [21] 6bu10 0OHAPYXKEHO YBETUYEHUE aKTUBHOCTHU
[Py BBEJICHUM 30JI0Ta B COCTaB MaJUIaJUEBBIX KaTaJlU3aTOPOB pPEaKIUU
Cy3yku Ha ocHoBe MCM-41, u 66110 cliesiaHO NPEINOoNIOKEHHE, YTO BIUSIHUE
30JI0Ta CBS3aHO C HM3MEHEHHMEM OJJIEKTPOHHOH CTPYKTYphl KaTaIUTHYECKU
akTuBHOTO Metaia (Pd) u cTpyKTypHBIMH H3MEHEHHUSMH B KaTalu3arope.

bumeraminueckue karanuzatopsl Ha ocHoBe Menu (Pd-Cu) Takxe
CTIOCOOHBI TOBBICHTH A(PPEKTUBHOCTH MPOIECCOB Kpocc-coueTanus. OmHaKo
CYIIECTBYET KpailHE OrpaHMYEHHOE YHCIIO JIMTEPaTypHbIX JAaHHBIX,
MTOCBSIICHHBIX UCCIIETOBAHUIM B 00JIACTH MPUMEHEHUS O€3JIMTaH/IHbIX ME/Ib-
COZIEPIKAIIMX KaTaJIMTUYECKUX cucTteM. B pabore [22] ObuIO MOKa3aHO, YTO
coequaenuss meau (CuCl > CuBr, CuyO > Cul) sBisrores 3¢ dhekTuBHBIMU
JIOTIaHTaMu B ciiydae Kpocc-coueTanusi Cy3yKu, KaTaqu3upyeMoro aneTarom
namanusi. B mpucyrctBum CuCl BBIXOX TPOAYKTOB pEakIUM Kpocc-
COYETAaHUSI PA3IUYHBIX APUI-TAJIUA0B U MPOU3BOJHBIX 2-MUPUAHIOOPOHOBOM
kuciotel gocturain 89%. I[loxoxkue manHbie ObuTH TONydeHBI Crowley c
coaBT. [23], MpeamnoiIOKHUBIIMMHU, YTO MPH MO0OABICHHH B PEAKIIMOHHYIO
cmech CuCl TpancMmeramupoBaHue ¢ 6opa Ha MeJb MMPOTEKAET OBICTPEE, YeM
Ha MaJulaJuii, 9TO IPUBOJUT K YCKOPEHHIO MPOLiecca KPOCC-COUETAHHUS.

[annas paboTa nocpsiiieHa cuHTe3y MoHO- (Pd) u Gumeraminueckux
(Au-Pd, Cu-Pd, Zn-Pd) xartanu3aTopoB Ha OCHOBE CBEPXCUIUTOIO
nonuctupona Mapku MN100 U M3y4eHHIO MX KaTaTUTHYECKUX CBOWCTB B
peakuuu kpocc-couetanus Cysyku mexny 4-bpAn nu O®bK s nonydenus 4-
MeToKcuOuQeHumna.

3KCHepI/IMeHTaJ'lI)Haﬂ 4acTb

MN100  6bpu1  mpuobperen B kommanuu  Purolite  Int.
(BenukoOpuTanus), MPOMBIT BOAON U alleTOHOM U BBICYILEH 0] BaKYyMOM,
coriacHo omucaHHou metomuke [24]. 4-BpAH (> 98%) Obin1 mpuoOpeTeH B
Merck KGaA (I'epmanus). 4-Metokcubudenun (> 99%) Obu1 npuodpeTeH B
Tokyo Chemical Industry Co. Ltd. (Amonms). @BK (95%), Oudenmn
(99.5%), mudenmwiamun (99%), amerar memu(Il) (Cu(CH3;COO),, 98%),
arierar nuHKA(Il) (Zn(CH3;COQO),, >98%), Hatpus ruapokcun (> 98%),
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HaTpus KapOoHat (= 99.5%), terparunpodypan (TT'D, >99.9%), stanon
(>99.8%) ObuH pUOOPETEHBI B Sigma-Aldrich (CHIA).
Terpaxnopoaypar(Ill) Bomopoma (HAuCly, 48.95% Au) wu anerar
nawtagusa(Il) (Pd(CH;COO),, TY 2625-024-00205067, 46.5% Pd) Obum
npuobperensl B OAO «Aypat» (Poccust). Bee BemiecTBa MCHosib30BaInCh
06e3 nmomonHuTenpHOW 00paboTku. Bopma Obuta  JeroHM3MpOBaHA €
MCIIOJIb30BAaHUEM CHCTEMbI OUUCTKH Diicu AKBa.

Karammzarop  1%Pd/MNI00  Obul  CHHTE3UpOBAaH  METOAOM
umrperdaiua MN100 pactBopom Pd(CH3COO), B TI'® ¢ mocnenyromieit
o0pabotkoit Na,COs U CyIIKO#, aHaJOrMYHO MPOIeaype, OMUCAHHON paHee
[24]. TlomyuyeHHBIM KaTaau3aTop OBLT BOCCTAHOBJIEH B TOKE BOJIOPOIA
(ckopocts motoka 100 mu/muu) npu 300°C B TeyeHHe TpEX YACOB.
bumerannuyeckuit katanuzarop 2%Au-1%Pd/MN100 6bi1 cuHTE3upOBaH
nocienoBarenbHoil  mwmmperHamuedn  MN100  pactBopom  HAuCly,
BOCCTaHOBJICHUEM KaTaau3aTopa B Toke Bogoposa npu 300°C B Teuenue 3 u,
a 3aTeM HAaHECEHHEM Ha Hero MpeKypcopa Mauiaius, Kak OMHUCaHO Bhimie. B
cinyuae oopasnoB 1%Pd-2%Cu/MN100 u 1%Pd-2%Zn/MN100 npoBoauiach
UMIIpETHAIUS MCXOAHOro (HeBoccTaHoBiIeHHOro) Pd/MN100 pactBopom
arierara Mequ uiu nuHka B TT'O.

Peaknust Cy3yku NpOBOAMIACH B TEPMOCTATHPYEMOM CTEKIISTHHOM
peakTope ¢ TepeMelnBaHueM MarHuTHOW Mmemankoi (900 00./MuH)
oobemoM 100 M. Peakumst ocymiecTBisiiacb B CMECH JTaHOJ-BOAA B
00beMHOM cooTHOIIeHUH 5 : 1 (oOmmit 00beM XUIAKOH (a3l COCTaBIISLI
50 mn. KomuuectBo 4-BpAH coctaBmsuio 1 mMmomnb, kommuectBo DBK
BapbupoBaiock (ot 1.5 10 3 MMonb). Macca kaTanu3aTopa paBHsu1ach 30 Mr.
B kauectBe ocHoBaHus wucnonb3oBaau NaOH, konudecTBO KOTOPOTO
BapbUPOBAIOCH B 3aBUCHUMOCTH 0T cojaepkanus OBK. Peakuuro mpoBoaumu
Ha BO31yxe npu temmepartype 60°C.

[lepen HauamoM KaXXAOro OHKCIEpUMEHTa (mepen qo0aBICHHEM
Karajau3aTopa) B peakTop Momemanu pactBopurens, 4-bpAn, ®BK u
TUAPOKCUJ HATPUS U OCTABJSUIM TPU TMepeMennBaHud Ha 60 MHH, 4TOOBI
yIIOCTOBEPUTHCS, UTO PEAKIMA HE WAET B OTCYTCTBHHM KaTanmuzaTopa. [IpoOsr
Karanu3aTta aHanusupoBaian merogoM GS-MS (Shimadzu GCMS-QP2010S).
JIyist ToCTpOCHMSI KAIMOPOBOYHBIX KPUBBIX OBUIH HCIOJBE30BAHBI XUMUYCCKH
YHCThIE BEIIECTBA, B KAUECTBE PACTBOPHUTEINS HCIOIH30BAICS M3OMPOIAHOII,
Tu(EHUITAMHUH CITY KT BHYTPEHHUM CTaHIapPTOM.

Pe3ynbrarsl u 00cyxn1enune

B xone mpoBeneHus uccnenoBanus ObUI0 0OHAPYKEHO, YTO B CIy4yae
MOHOMETAIJINYECKOT0  MajUIaJIneBOrO  KaTajau3aTopa, IPeIBapUTEIbHO
BOCCTaHOBJIEHHOTO B Toke Boaopoma (1%Pd/MN100-H,), xouBepcus
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4-bpAHn, nocturaemas 3a 60 MUH peakiuyi IPU UCIIOIB30BaHUU 1.5-KpaTHOrO
n3opiTka OBK n NaOH mo otnomenuto x 4-bpAmH, cocraBmser 92% npu
celIeKTUBHOCTU 10  4-mertokcubudenumny 94% (puc. 1). Ilpu »sTom
noseimenre kojgmdectBa PBK m NaOH pgo 2.5 MMmoias U 3 MMOIb,
COOTBETCTBEHHO, 03BoJsieT Aoctuub 100% konBepcuu 4-bpAH 3a 40 muH
peakmmu npu 89% ceneKTMBHOCTH O 4-MeTOKCHOM(eHmTy. YCKOpeHHe
peakuuu B TNPUCYTCTBUU cuibHOrOo u30biTKa @OBK, mno-Buaumomy,
00yCJIOBJICHO OTHOCHTEIBHO HHU3KOH CEJIEKTUBHOCTHIO. Takum o00pas3om,
yacTth O®BK TpaTuTCcsa HE TOJBKO Ha mponecc Kpocc-coueranus ¢ 4-bpAH, HO
¥ Ha TOMOCOYETaHHe, MPUBOJIAIICE K HAKOIUICHHIO MOOOYHOIO MPOIYKTa —
oudenuna.
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Puc. 1. Bmusuue xomnuecta ®bK 1 NaOH na mosexgenne 1%Pd/MN100-H,

B oTnuume OT MOHOMETAUIMYECKOTO MalljaJueBoro obpasia,
oumeTanueckuit karanuzatop 2%Au-1%Pd/MN100-H, no3Bonun qoBecTu
peakimio 10 100% xouBepcun 4-BpAH 3a 15 MuH (pucyHok 2) mpu
COXpPAaHEHUU CEJIEKTHUBHOCTH 10 4-MeTtokcuOudenwmry mnopsaka 87-90%.
Takum 00pazom, OYEBHIHO, YTO AOOABICHHME 30JI0Ta B KATAJTUTHUECKYIO
CHUCTEMY OKa3bIBa€T IIOJOKUTEIbHOE BIIMSHHE HA NPOTEKAHHE pPEaKIHH
kpocc-couetanusi 4-bpAn u @OBK. HeobxomumMo OTMETHTH, HYTO
MOHOMETAJUINYECKHU I obpazert 2%Au/MN100-H,, MpeABAPHUTEILHO
BOCCTAaHOBJICHHBIM B TOKE BOJOpPOJAA, HE MPOSBIIT AKTUBHOCTH B PEaKLUU
KpOCC-COYETaHUsl.
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B cnyuyae bumeramnnyeckux o6pasuos 1%Pd-2%Cu/MN100 u 1%Pd-
2%Zn/MNI100 moxa3zaHo, 4TO BBEJCHHWE IMHKAa B COCTaB KaTaau3aropa
MPUBOJIUT K CHIKEHUIO KaK aKTHUBHOCTH, TaK U CeJeKTHUBHOCTU (10 84%),
Torga Kak B ciaydae Oumeraummueckodt cuctrembl Pd-Cu  akTUBHOCTH
HE3HAYUTENILHO BO3pacTaeT (PUCYHOK 2) TIPU 3aMETHOM IOBBIIICHUU
CeNeKTUBHOCTH 1O 4-metokcubudenmny (mo 93% mnpu 100% xouBepcuu
4-bpAn). Takum oOpazom, karamuzatop 1%Pd-2%Cu/MNI100 sBasercs
NEPCHEKTUBHBIM JUISI JAIbHEHIIIET0 UCCIIeJOBAHUSI.

100
80 1
.ae
<
3
Ln 60_
-
= & 1%Pd/MN100
=
S 4 e 1%Pd/MN100-H,
g v 2%Au-1%Pd/MN100
S A 2%Au-1%Pd/MN100-H,
20 B 1%Pd-2%Cu/MN100
B 1%Pd-2%Zn/MN100

0 T T T T

0 10 20 30 40 50 60
Bpemsa, MuH

Puc. 2. Biusnue npupoisl MeTayuia-MoaudukaTopa 1 00paboTKK KaTaln3aTopoB B
TOKE BOAOPOa Ha 3aBUCUMOCTh KOHBepcuu 4-bpAH oT Bpemenu (kommuectBo GBK
2.5 mmonb, komryectBo NaOH 3 Mmounp)

Paboma ewinonnena npu ¢unancosoti noodepoicke Poccutickoeo
@onoa ¢hynoamenmanvuwix uccnredosanuii (epanm Ne 18-08-00429).
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INFLUENCE OF METAL-MODIFIERS ON THE BEHAVIOR OF
LIGANDLESS PALLADIUM CATALYSTS OF SUZUKI
CROSS-COUPLING

Nikoshvili L.Zh., Shkerina K.N., Ponomarchuk E.E., Sulman M.G.
Tver State Technical University, Tver

This paper is devoted to the prospects of introducing the second metal-
modifier into the composition of palladium-containing catalysts of Suzuki
cross-coupling. The results of catalytic testing of mono- (Pd) and bimetallic
(Au-Pd, Pd-Cu, Pd-Zn) ligandless catalysts based on hyper-crosslinked
polystyrene of MN100 type containing tertiary amino-groups in the model
reaction of cross-coupling of 4-bromanisole and phenylboronic acid are
presented. The reaction was carried out in air in a batch mode under mild
conditions (solvent — mixture of ethanol and water in a volumetric ratio of 4 :
1, temperature 60°C, NaOH was used as a base) in the absence of phase-
transfer agents. It was shown that in the case of Pd/MN100 sample
preliminarily reduced in hydrogen flow, it is important to provide a certain
excess of phenylboronic acid and NaOH in order to achieve 100% conversion
of 4-bromanisole in 60 min (selectivity with respect to cross-coupling product
was maintained at 89%). Among bimetallic samples, the catalyst Au-
Pd/MN100 revealed the highest activity (100% conversion of 4-bromanisole
was achieved in 15 min of reaction), however Pd-Cu/MN100 sample was the
most selective (selectivity was 93%).

Keywords: Suzuki cross-coupling, ligandless catalysts, palladium, gold,
copper, zinc, hyper-crosslinked polystyrene
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