
AHHOTHPOBAHHbIH OTqET 

o pe3yJibTaTax HHP no rpaHzy 3a 2018 ro,n: 

KoHKypc 2018 ro,n:a Ha co11cKaH11e rpaHTOB 
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acn11paHTOB 11 MOJIOLJ:bIX COTPYLJ:Hl1KOB I1TY 

HanpaBJieH11e: Xl1Ml15I 11 Xl1Ml1"1JeCKl1e TeXHOJIOI'l111 lllmpp rpaHTa: 091-18-218 

1. Ha11MeH0BaH11e BHP no rpaHry: Hcc11e,n:oBaH11e np11po,n:h1 11cT11HHoro KaTaJil13aTopa B 

yc110B115Ix np11MeHeH115I <l_)ocqrnHco,n:ep)Karn;11x KaTaJil1TH"llecK11x c11cTeM peaKu:1111 XeKa c 

aHr11,n:p11,n:aM11 apoMaTl1"1JeCKI:IX Kl1CJIOT 

2. CTpyKTypHoe no,n:pa3,n:eneH11e (Ka<l_}e,n:pa, 11a6opaTop115I): X11MwiecK11:0: cpaeynhTeT 

3. I1cno11H11TeJib BHP: Jiaro,n:a Ha,n:e)K,n:a AneKcaH,n:poBHa 

4. Koop,n:11HaThI 11cno11H11TeJI5I BHP: I . 
5. O)K11,n:aeMb1e pe3yJibTaTbI B cooTBeTCTB1111 c 3a5IBJieHHbIM nnaHoM pa6oTbI: 

1) 3aBl1Cl1MOCTl1 ,n:11<l_)cpepeH1(l1aJibHOH ceJieKTl1BHOCTl1 peaK1(1111 

ap111111poBaHH5I aJIKeHOB aHr11,n:p11,n:aM11 apoMaT11"1JeCKHX Kl1CJIOT B ycJIOBH5IX 

KOHKypeH1(1111 napbl aJIKeHOB OT np11po,n:bI <l_)occp11Hco,n:ep)Karn:ero npe,n:rneCTBeHHl1Ka 

KaTaJI113aTopa. 

2) r11n0Te3a 0 pOJil1 <l_}oc<l_}11HOBbIX Jil1raH,n:OB B peaK1(1111 ap111111poBaHl15I 

aJIKeHOB aHr11,n:p11,n:aM11 apoMaTl1"1JeCKl1X Kl1CJIOT. 

3) 3aBl1Cl1MOCTl1 ,n:11<l_)<l_)epeH1(l1aJibHOH ceneKTl1BHOCTl1 peaK1(1111 

ap11rr11poBaHH5I aJIKeHOB aHr11,n:p11,n:aM11 apoMaTl1"1JeCKl1X Kl1CJIOT B ycJIOBH5IX 

KOHKypeHU:1111 napbl aJIKeHOB OT np11po,n:bl KaTl10Ha 11 aHl10Ha ,n:o6aBKl1 HeopraHl1"1JeCKOH 

COJ111 B np11cyTCTBl1l1 <l_)oc<l_}11Hco,n:ep)Karn;11x KaTaJil1Tl1"lleCKl1X Cl1CTeM. 

4) r11n0Te3a 0 np11po,n:e KaTaJil1Tl1"1JeCKl1 aKTl1BHbIX coe,n:11HeHl1H B peaK1(1111 

ap111111poBaHH5I aJIKeHOB aHr11,n:p11,n:aM11 apoMaT11"lleCKl1X Kl1CJIOT np11 11CnOJib30BaHl111 

cpoc<l_}11HCO,n:ep)Karn:11x KaTaJil1Tl1"1JeCKl1X Cl1CTeM. 



6. OcttoBHhie IIOJI)"IeHHhie Ha)'LIHhie pe3yJinTaThI: 

1) ,[(JI51 ycTaHOBJieHII51 rrpIIpOJJ:hI KaTaJIIITWieCKII aKTIIBHhIX coe,ri:IIHeHIIH B 

peaKU:IIII apIIJIIIpOBaHII51 aJIKeHOB aHrII,ri:pII,ri:aMII apoMaTWieCKIIX KIICJIOT B rrpIICYTCTBIIII 

cpocqrnHco,ri:ep:arnmIIx CIICTeM 6nrn IICIIOJih30BaH 

KOHKYPIIPJ'10In:IIX peaKU:IIH. ITpII IICIIOJih30BaHIIII 3Toro rro,ri:xo.n:a IIccne,ri:yeMhIM 

rrapaMeTpOM 51BJI51eTC51 ,n:IIcpcpepeHU:IIaJihHa51 ceJieKTIIBHOCTh peaKU:IIII, KOTOpa51, B 

OTJIIIqIIe OT KaTaJIIITIIqecKOH aKTIIBHOCTII, He 3aBIICIIT OT KOHU:eHTpaU:IIII aKTIIBHOro 

KaTanII3aTopa, a orrpe,n:en51eTC51 IICKJIIOqIITeJihHO ero rrpIIpo,ri:oi1:. ITocKOJihKY B CJI)"Iae 

KOHKypeHU:IIII HeCKOJihKIIX OJJ:HOTIIIIHhIX cy6cTpaTOB (HarrpIIMep, OTJIIIqmomIIXC51 

y,ri:aneHHhIM OT peaKU:IIOHHOro u:eHTpa 3aMeCTIITeJieM) Bep051THOCTh rrpoTeKaHH51 

peaKU:HH Ha OJJ:HOM II TOM )Ke aKTIIBHOM KaTaJIH3aTope JJ:OCTaToqHo BeJIIIKa, 

cne,ri:oBaTeJihHO, JII06bie II3MeHeHII51 .n:mpcpepeHU:IIaJihHOH ceJieKTHBHOCTII rrpII 

BapnIIpoBaHIIII ycJIOBIIH ee rrpoBe,ri:eHII51 6y,ri:yT CB513aHbI c II3MeHeHIIeM rrpIIpOJJ:hI 3TOro 

KaTaJIII3aTopa. 

,[(JI51 IIOJI)"IeHII51 3aBIICIIMOCTII .n:mpcpepeHU:IIaJibHOH ceJieKTIIBHOCTII peaKU:IIII 

apIIJIIIpOBaHII.H aJIKeHOB aHrII,ri:pII,ri:aMII apoMaTIIqecKIIX KHCJIOT B ycJIOBII51X 

KOHKypeHU:IIII rrapnI anKeHoB OT rrpIIpOJJ:hI <PocqmHco.n:ep)Kamero rrpe,n:rnecTBeHHIIKa 

KaTanII3aTopa HaMII 6nrno rrpoBe,ri:eHo Tp11 TIIrra 3KcrrepIIMeHTOB: B «6e3JIIIraHJJ:HhIX 

ycJIOBII51X» ( T.e. 6e3 IICIIOJih30BaHII51 .n:o6aBOK <PoccpIIHa ), c cpoccpHHOBhIM KOMIIJieKCOM, 

<PopMIIpyeMhIM in situ 113 PdCh II PPh3, a TaK)Ke c 3apaHee rronyqeHHhIM cpoccp11HoBhIM 

KOMIIJieKCOM Pd(PPh3)2Ch (PIIc. 1 ). I1p11 3TOM B KaTaJIHTHqecKOH CHCTeMe Bcer.n:a 

rrpIICYTCTBOBaJia .n:o6aBKa HeopraHIIqecKOH COJIH (LiCl). 

Ph Ph 

Ph pr + ===< 
)=o Ph 

[Pd] ~-npOAYKT a-npOAYKT 
0 

NMP, LiCI, pro 140 °C COOC4H9 ==<COOC4H9 COOC4H9 pr + I 
Ph 

~-rrpo.D,yKT a-npOAYKT 

PIIc. 1 KoHKYpeHTHoe apIInIIpoBaHIIe CTIIpona II H-6yTIIJiaKp11naTa aHrII,ri:p11,ri:oM 

6eH30HHOH KHCJIOThI 
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BenHLJHHa .n;mpcpepeHU:MMbHOH ceneKTHBHOCTH KOHKypeHTHbIX peaKU:HH 

Ol(eHHBanacb rrpH IIOMOll(H IIOCTpoeHH51 cpa30BbIX TpaeKTOpHH, KOTOpbie rrpe,n;cTaBJI51IOT 

co6oH: 3aBHCHMOCTb BbIXO,Il;OB rrpo.n;yKTOB KOHKJPMPYIOll(HX peaKl(MH .n;pyr OT .n;pyra. 

TaHreHc yrna HaKrroHa KacaTeJibHOH K cpa3oBoH: TpaeKTop:a11 rrpe,n;cTaBrr51eT co6o:H: 

OTHOIIIeHHe cKopocTeli KOHKYPHPYIOll(HX peaKl(HH, KOTopoe Harrp5IMYIO CB5I3aHo c 

.n;mpcpepeHl(ManbHOH cerreKTHBHOCTbIO. Ecrr:a rrp:a Bapo:apoBaHHH rrp:apo,n;hI 

rrpe.n;rneCTBeHHHKa KaTanH3aTopa 6y,n;eT Ha6rrIO,n;aTbC51 H3MeHeHHe cpa30BbIX TpaeKTOpHH, 

crre,n;oBaTeJibHO, BeJIHLJHHa .n;:acpcpepeHl(HaJibHOH cerreKTHBHOCTYI H3MeHHJiaCb, LJTO B 

CBOIO oLJepe,n;h YKa3bIBaeT Ha H3MeHeH:ae rrp:apo,n;hI KaTaJIHTHLJeCKH aKTHBHhIX 

coe,n;:aHeHHH. CoBrra,n;eH:ae )Ke cpa30BhIX TpaeKTop:aH: MO)l(HO paccMaTpHBaTh KaK 

CBH,Il;eTeJibCTBO B IIOJib3Y HeH3MeHHOCTH rrp:apo,n;bI HCTHHHoro KaTaJIH3aTopa. 

<l>a30Bble TpaeKTOpHH, IIOCTpoeHHbie no CYMMaM o6pa3YI011(HXC51 H3 Ka)l(,Il;Oro 

KOHKYPHPYI011(ero arrKeHa a- :a ~-rrpo.n;yKTOB, rrp:a :acrronh30BaHHH KaK 

«6e3cpoccpHHOBOH» KaTanHTHLJeCKOH CHCTeMbI, TaK H CHCTeMbI co.n;ep)l(arn;eH: .n;o6aBey 

TpHcpeHHJicpoccpHHa, COBIIa,n;arrH, LJTO YKa3bIBaeT Ha HeH3MeHHOCTb rrp:apo,n;bI 

KaTaJIHTHLJeCKH aKTHBHbIX coe,n;HHeHHH, cpopM:apyI011(HXC5I rrpH HCIIOJib30BaHI·IH 3THX 

KaTanHTHLJeCKHX CHCTeM (P:ac. 2). 
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so 

P:ac. 2. <l>a30Bble TpaeKTOpHH KOHeypeHTHOro ap:arr:apoBaHH5I CTHporra H H-

6yTHJiaKpHJiaTa aHrH,n;p:a,n;oM 6eH30HHOH KHCJIOTbI B rrp:acyTcTBHH 0,25 MMOJib LiCl rrp:a 

HCIIOJib30BaHHH pa3JIHLJHbIX rrpe.n;rnecTBeHHHKOB KaTanH3aTopa: 0,04 MMOJib PdCh(. ) ; 
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0,04 MMOJI:b PdCh M PPh3 (~); 0,04 MMOJI:b PdCh M 0,08 MMOJI:b PPh3 (o); 0,04 MMOJI:b 

Pd(PPh3)2Cl2 ( • ). 

2) ITonyqeHHoie pe3ynoTaToI, YKa30IBa10m:Me Ha HeM3MeHHOCT:b rrpHpo,n:oI 

KaTaJIMTMqecKM aKTMBH:bIX coe,n:MHeHMH rrpM ~CIIOJI:b30BaHMM «6e3JIMraH,IJ;HOH» M 

cpocqmHco,n:ep:>Irnm:eiI KaTaJIMTMqecKMX CMCTeM, CBM,IJ;eTeJI:bCTBYIOT 0 TOM, qTo aKTMBH:bie 

IIaJIJia,n:MeB:bie KOMIIJieKCbl, yqacTBYIOm:Me B CTa,IJ;MM, r,n:e rrpOHCXO,Il;MT KOHKypeHI_J:M51 

aJIKeHOB (T.e. KOOp,Il;MHaU:M5I/BHe,n:peHMe aJIKeHa ITO CB513M Pd-C), MMeIOT O,Il;MHaKOBYIO 

rrpHpo,n:y M He co,n:ep:>I<aT B CBoeiI KOOp,n:1rnau:HoHHOH ccpepe cpoc<J?MHOB:bIX JIMraH,IJ;OB BHe 

3aBMCHMOCTM OT MX rrpMCYTCTBH51 B peaKU:HOHHOH CMCTeMe. 

3) PaHee HaMM 6orno rroKa3aHo, qTo ,IJ;JI51 «6e3JIMraH,n:HoiI» peaKU:MM XeKa c 

aHrH,n:pH,n:aMM apoMaTMqecKMX KMCJIOT rrpHpo,n:a MCIIOJio3yeMOH B KaqecTBe ,n:o6aBKH K 

KaTaJIHTMqecKOH CHCTeMe COJIM OKa3bIBaJia BJIM5IHHe Ha 3HaqeHMe ,n:M<J?cpepeHU:MaJI:bHOH 

ceJieKTMBHOCTM [ 1]. I1o3TOMY ,Il;J151 rronyqeHH51 3aBHCMMOCTeiI ,n:mpcpepeHI_J:MaJI:bHOH 

ceJieKTHBHOCTH B rrpHCYTCTBMM cpoccpHHCO,IJ;ep:arnm:Mx KaTaJIMTMqecKHX CMCTeM HaMM 

6oIJIH rrpoBe,n:eH:bI 3KCIIepMMeHT:bI B ycJIOBM5IX KOHKypeHI_J:MM aJIKeHOB rrpH 

BapoHpoBaHMM rrpHpo,n:oI MCIIOJio3yeMoiI coJIM. ITo pe3yJI0TaTaM aHaJIH3a cpa3oBoIX 

TpaeKTOpMH 6ornH o6Hapy)l(eH:bI Te )Ke 3aKOHOMepHOCTI1, qTo M B cnyqae 

HCIIOJI:b30BaHM51 «6e3JIMraH,IJ;HOH» KaTaJIMTHqecKOH CMCTeM:bI - ,n:M<J?cpepeHU:HaJI:bHa51 

ceJieKTMBHOCT:b 3aBMCeJia OT rrpHpO,Il;bI M aHMOHa, H KaTMOHa MCIIOJio3yeMOH COJIM (PHc. 

3). 
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Pttc. 3 <l>8.30Bhie TpaeKTOpHH KOHeypeHTHoro apHnHpoBamrn CTHponoM H H-

6yTHnaKpHnaTOM aHrH,n:pH,n:a 6eH30MHOM KHCTIOThI npH BapbHpoBaHHH npHpOJJ:hI conH H 

Hcnonh3yeMoro npe,n:rnecTBeHHHKa KaTanH3aTopa: 0,25 MMOnh LiCl: 0,04 MMOJih PdCh 

(O); 0,04 MMOJih PdCh H PPh3 (f..); 0,04 MMonh PdCh H 0,08 MMOnh PPh3 (o); 0,04 

MMOJih Pd(PPh3)2Ch (o);0,25 MMOnh NaCl: 0,04 MMOJih PdCh(•); 0,04 MMOnh PdCh H 

PPh3 ( .. ): 0,04 MMOTih PdCh H 0,08 MMOTih PPh3(. ); 0,04 MMOJih Pd(PPh3)2Ch (. );0,25 

MMOJih NaBr: 0,04 MMOnh PdCh (x); 0,04 MMOJih PdC12 H 0,08 MMOJih PPh3 (+). 

4) IIorryqeHHhie ,n:aHHhie Il03BOJI51IOT npe,n:norrmKHTh, lJTO BJIH5IHHe rrpHpOJJ:hI 

aHHOHa npHCYTCTBYIOII(eM B CHCTeMe conH Ha .n:mpcpepeHI . .J;HanhttyIO cerreKTHBHOCTh 

o6ycrroBJieHO ero BXO)R'.JJ:eHHeM B COCTaB aKTHBHhIX Pd KOMnneKCOB, yqacTBJIOII(HX B 

cTa,n:HH, r.n:e npottcxo,n:HT KOHKypeHl(H51 anKeHoB. IIpH 3TOM 3aBHCHMOCTh BerrHqHHhI 

.n:mpcpepeHl(HanhHOM ceneKTHBHOCTH npH BapnHpOBaHHH npHpOJJ:hI KaTHOHa COJIH 

(HanpHMep, npH Hcnonh30BaHHH corre:H: LiCl H NaCl, Pttc. 3), He cnoco6Horo 

Hanp51MYIO Koop,n:HHHpoBaThC51 c Pd u:eHTpoM, CBH,n:eTeJihCTByeT 06 aHHOHHoli npttpo.n:e 

aKTHBHhIX nanrra,n:HeBhIX HHTepMe,n:HaTOB, o6p8.3JIOII(HX c KaTHOHaMH TeCHhie HOHHhie 

naphI B xo.n:e peaKl(HH (CM. CxeMa 1 ). 
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M+(n-1 ) ArPdX11Lm 

R'/ \R' 1 . ~ 2 

R' 1 R'2= anKeHbI 
' n=2-3 

m=0-2 

M =Li+, Na+ 

X = c1- Br-
' 

L = HeitrpaJibHbre mffaH,n:hr 

(paCTBOpHTenb) 

L :F PPh3 

CxeMa 1. 06pa.3oBaHne TeCHhIX HOHHhIX nap B peaKU:HH XeKa c aHrn.n:pn.ZJ:aMH 

apoMaTHlJeCKHX KHCTIOT B CTa,ZJ;HH, r,ZJ;e rrpoHCXO.ZJ:HT KOHK)'peHU:H51 anKeHOB. 

Ilo pe3ynoTaTaM rrpoBe,n:eHHoro nccne,ZJ;oBaHH51 6nrno ycTaHoBneHo, 1ITO B cny-qae 

HCIIOnh30BaHH51 cpocqmHCO.ZJ:ep:>Ka:W:HX KaTanHTHlJeCKHX CHCTeM aKTHBHbie KOMIIneKChI 

rranna,ZJ;H51 He CO,ZJ;ep:>KaT B CBOeH KOOp.ZJ:HHaU:HOHHOH ccpepe cpoccpHHOBbIX nnraH,ZJ;OB. 

3aBHCHMOCTb .ZJ:HcpcpepeHU:HMbHOH ceneKTHBHOCTH OT rrpHpO.ZJ:bI KaTHOHa H aHHOHa 

.ZJ:06aBn51eMOH B KaTanHTHlJeCK)'IO CHCTeMy conn YKa.3bIBaeT Ha coxpaHeHHe aHHOHHOH 

rrpHpO.ZJ:bI aKTHBHbIX KOMIIneKCOB B rrpncyTCTBHH cpoccpHHa aHanOrH1IHO 

«6e3cpoccpHHOBbIM» KaTanHTHlJeCKHM CHCTeMaM. 

CnHCOK JIHTeparyphI 

1. Direct Kinetic Evidence for the Active Anionic Palladium(O) and 

Palladium(II) Intermediates in the Ligand-Free Heck Reaction with Aromatic 

Carboxylic Anhydrides I A. F. Schmidt [et al.]// Organometallics. - 2017. - V. 36, N. 

17. - P. 3382-3386. 

7. Ilpe,ZJ;rronaraeMoe ncrronn3oBaHHe pe3ynnTaToB, B TOM 1IHcne B y-qe6HoM rrpou:ecce: 

Ilpe,ZJ;no:>KeHHbIH IIO.ZJ:XO.ZJ: K HCCne,ZJ;OBamno IIpHpO.ZJ:hI aKTHBHOro KaTMI13aTopa 

rrnaHHpyeTC51 rrpHMeH51Tb ,ZJ;n51 H3y-qeHI151 BnH51HH51 cpoccpHHOBhIX n11raH,ZJ;OB Ha rrpHpO.ZJ:Y 

KaTanHTH1IecKH aKTHBHbIX coe,n:nHeHHH B po.ZJ:CTBeHHhIX peaKU:I151X Kpocc-co1IeTaHH51 

(Cy3yK11-Mn51ypn1, CoHorarnnpr,1 11 .ZJ:p.), a TaK:>Ke rrp51Moro ap11n11poBaHH5I 

(reTepo )apoMaTH1IeCKHX coe,ZJ;HHeHHH. TaKne 11ccne,ZJ;oBaHH5I 6y.ZJ:yT ocyrn:ecTBn51ThC51, B 
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TOM t.UICJie ITPH B:OIIIOJIHeHHH B:OIIIYCKH:OIX KBaJIHcpHKaU:HOHH:OIX pa6oT 6aKarraBpOB H 

MarHCTpOB. 

8. ITepet.IeH:o ITy6JIHKaU:HH ITO pe3yn:oTaTaM pa6oT:or ( cTaT:oH, ,n:oKna.n::or) c ITPHJIO)KeHHeM 

OTTHCKOB HJIH PYKOITHCeH, HaITpaBJieHH:OIX B ITet.IaT:o: 

YcTaHOBJieHHe ponH cpoccpHHOB:orx JIHraH,n:oB H ITpHpo.n::or KaTarrHTHt.IeCKH 

aKTHBH:orx coe,n:HHeHHH B peaKU:HH XeKa c aHrH,n:pH,n:aMH apoMaTHt.IeCKHX KHCJIOT I 

Jlaro,[(a H. A., 5Iporn E. B., napHHa E. B., KypoXTHHa A. A., lliMH,[(T A. <l>. II IV 

BcepoccHHCKa5l: cry,n:eHt.IecKa5l: Hayt.IHO-ITpaKTHt.IecKa5l: KoHcpepeHU:H5J: «XHMH5l:: 

.n:ocTH)KeHH5l: H ITepcITeKTHB:orn. PocTOB-Ha-,I(oHy, 24-25 Ma5l:, 2019. - PocTOB-Ha-,I(oHy, 

2019. - C.562-563. 

I1cIToJIHHTen:o HI1P ITO rpaHry __ Ae __ 07
____,//¥/,,,_.-+-= _________ (flaro.n:a H. A.) 
~i"rro.n:ITHc:o) 
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