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I43OMEPVI3AU.VIfl, AJIKEHOB B IIPI,ICYTCTBI4I4 KATAJII{TI,ITIECKI4X CI{CTEM
HA OCHOBE Pd(Acac)2 Vl BF3OEt2

@ B.C.Trcav, .{.C.CycroB, M.forrr6oorufiu, f.B.Paroncrcnfio @.K.IIIunAr

HpxyrcrHli focyAapcrBeHHr'tfr yunnq)clrrer
M onrorncxlrfr rocygapcrB eHHbrr"r )rruBep cLITer, Yna n- E arop

llocrynuro e PeAarrrurc 20 oxre6pr 2005 r.

B npucymcmeuu KamaJrumuvecxoil cuune.tvbt Pd(Acac)2 + 208\OEt2 u3yqeHa nnuquoHHan nonulnepu-
3aqut arKeHoe, o6pasyrcI4ux no aKmurHocnlu pnd: zercceu-l > zenmeu-l > 2-uemutneumeu-l > 4-uemut-
neumeu-2 (4uc*mpauc).

Karam.rrr.r.recKrre clrcreMbr Ha ocHose 6r.rc(aueruJlaue-
raruoro)nanraprr, Pd(Acac), u eQupara rplrQropuga
6opa rnnroorcr adt$exruBHbrMr{ B rrpoueccax ,ryrMeprr-
3aruu BrrHHJrapoN{aTr{qecKHX yfneBoAopoAoB, Hafrpn-
Mq) B ceneKrr.rnHofr Ee{epr.r3autnr crl4)o.:ra [], 2], re"ro-
Mepl,r3arlrilr,4.reHoBbrx yfJreBoAopoAoB co BTopr.rqHr,rMtr
aMrrHaMu [3, 4], wr- u onufoN{eprr3auutr 3Tr4rreHa rr [po-
nuJreHa [5-7]. llplt recrupoBaHuu no4o6Hue Kara.nr-
TI'IqeCKr{e CIICTeMbI np OTBTTJIII TaKXe OTHOCI'TeJIbHO BbI-
coK)'Io aKTI{BHOCTb B nO3TIIUZOHHOL"I LI3 OMepH3 aIIWr teK-
ceHa-l [8]. I4:ouepr.r3arlru aJrKeHoB B nplrcyrcrBurl Me-
TaJL,aOKOMIJIeKCHbIX KaTanU3aTOpOB Ha OCHOBe COeFI-
nesufr Pd(II) 6rua flpe,n{eroM trccJreAoBaHrrrii n pr,ue
npeluflecrB)aroug.rx pa6or. B :rux pa6orax, B qacrHoc-
TH, nOCTyJtrrpyIOTCt pa3JM.{HbIe MeXaHH3M},r npouecca,
BKrloqarolque B KaqecrBe Kuo.{esoI:i: a) crapuo oruc-
JlrreJrbHoro npr{coe,u{HeHr.rr aJrKeHa x Pd(II) lr o6paro-
BaHHe aJriumulpr.rAa Pd(IV) [9], 6) o6pa3oBaHr.re troHa
xap6onlrr rpr{ B3ar.rMoAeficrsur.r Pd(II) u Kooptrr.rHr.rpo-
BaHHoro K nepexoro{oMy Meralry aJrKeHa [0], n) o6pa-
ruMoe npr{coe,erHeHr.re rr.rApr{Ion Pd(II) x ole$rnry 6er
I,I3MeHeHI{t CTe[eHH OKI{CJIeHnfl nepexo,Eloto MgTaJUIa

[l l]. HenocpeAcrBeHHo Arrfi KaraJrr{Tr.rqecKnx cr.rcreM Ha
ocHoBe Pd(Acac), u BFrOEt, ycraHoBneHa orrpeAeJrr-
rcular poJrb HeHacbruleHHoro yfJreBoAopo4a (rerceHa- l)
npu o6paroBaHuu css:n Pd-H B aKTuBHbrx KoMnJreKcax
(AK), lrpeAcraBJntroqux nnocKoKBaAparHbre clpyr-
T]?bI V OTBeqaKlr{UX npeFloloxl{TemHo cocTaBy
HPd(L,L')8F4, fAe L - MoJreKyna HeHacbuueHHoro yfJre-
BoAopoAa, L'=L utmr PR3 [12].

B ganHoft pa6ore qpeAcraBrreHbr pe3yJrbrarbr 3Kc[epu-
MeHToB no Bm.rflHuro pa3rurrHbrx Qaxropon, B ToM qucJre
KoMrroHeHTHoro cocraBa Karalrlr3aropoB, ycJroBuli Qop-
MnpoBaHrrfl AK, upupopr pacrBoplrrelefi, Ha npoqecc
tto 3lrr-proHHoii lrs ouepu: aqI,IH anKeHoB, rrp orexaroqldr
npn yqacTuu KaTam.rTr.rqecKLIX cr.rcTeM Ha ocHoBe
Pd(Acac), u BFrOEtr. I-{e:mro pa6orrr rBrrrercrr norry-
qeHrre Ha nplrMepe no3r.rquoHHoft u:ouepu:aqrlr ame-
HoB Ao[orrHr.rremnofi uH{ropuaquu o npr.rpoAe Kara-
JrLITHqecKoro 4eiicrnur crrcreM Ha ocHoBe 6r.rc(aqe,run-
dqerouaro)narJrawrs, u :Qlrpara rpr.rSropnqa 6opa r

npoqeccax upeBpallleHr,rq HeHacbrrrleHHblx yfneBoAopG
AOB C yqaCTUeM aJIKeHOB, BT.IHLIJIapOMaTT,IqeCKLIX U .U{e-
HOBbTX yfneBoAopoAoB.

Srccneplrueura!'IbHag qacrb

Hrolreplraurtro aJrKeHoB npoBo,u.rJtrr B creKJUrHHoM pe-
axTope c MarHrrrHofr ueuamcofi, n aruoc{repe aproHa.
Pacrnop aJrKeHa u Pd(Acac)2 ocraBJrrJtr{ npu l0oC ua
I 5 rrrr.rH, rr3 oNrq)r.r3 arllilo HaqtrHaJru B BeAeHr.reM B F3O Et 2.
B oupegeneHHbre npoMexyrKr{ Bper!{eHr.r or6uparnr no
I lr:r pearrg.roHsofi cMectr rr nqpeHocr.rJrr.r n npo6r.rpxy
c 396-uurra pacrBopoM conqHofi Klrciro'rbr AJrr pa3Jroxe-
HHr KaraJu3aropa. llocne orAeJreHrilr opfaHr{qecxoro
cilot H Bbrcy[rrrBaHnfl, r:an, xJ]opuAotlr Kanbur.rr npo6rr
aHaJrr.r3r.rpoBaJrrr. AHarnr: npoAyKToB tr3oNrepu3aur[r
npoBoro.rm.r Mero,qoM f)KX na fa3oxtr.KocrHbrx xpo-
varorpaQax <IJner-l00Mo lr .Chrom-42 M> c nJraMeH-
Ho-LIoHtI3 alu.roHHbrM AereKTopoM na lre4loii KanrrJlrrtp-
Hoii xo-roru.e c Baxn/MHbrNr MacJIoM B Kaq€crBe HenoA-
Br.rxHor"r xlrtrxori Qaru. .{ruma KoJroHKrr 100 u, nu1'r-
peuHlrri J.ra\{eTp 0.5 r'll.r. .{anneuue ra3a-HocuTeJrr Ha
sxo.{e 0.6.10' ila. Teuneparypa B TqpMocrare 6noxa
xonoHox 45oC.

CLrurer Pd(Acac)r. B craKaHe roroBrrr pacrBop
0.7310 r  (13.028.10- ' tvro:n)  KOH s l5  r r , rn nolpr ,  K HeMy
4o6anmor 1.2423 r (12.108.10-r uorn) AcacH, Harpe-
Balor [oJr]'rreHH]ro c]recb .{o 45+5oC. O6paryercr npo-
:pavHrui pacrBop AcacK.

B 4pyrou craKaHe ̂ s 50 N{r Bo,Dr roroBrr pacrBop
0.8830 r  (11.8.14 '10- 'no:r )  KCI l r  Ao6asr t ror  K HeMy
1.0000 r (5.64.10-3 uom) PdCl2, 3areM crlrecb HalpeBa-
ror npr.r nepe\re[rrrBaH]ru .{o 45+5oC Ao rex nop, noKa
Becb xoputlHesrli.t ocaAoK He pacrBopuTct, npr, 3Tot{
MyTHO-KopuqHeBafl cMecb cTaHeT pacTBopoM Kopr.rqHe-
Bofo r-IBera. fopr.ruff pacrBop rpurnrpyror.

3arelr pacrnopbr cJrrrBaror npu 45+5oC. Brlnasmuri xe:r-
rrni ocanox Qrunrpl'ror Ha BopoHKe Eroxuepa, npoMbr-
Bafl efo 5-7 paz ropuurMtr HrO no 100 un. Cylarnpu
50oC. 3arerrr Pd(Acac), nepexpr,{craJrtrr3oBbrBaror H3



Ilso.uepula4un anKeHoe B npucymcmsuu Kamanumu4ecKux cucnteil

Ta6,rrua 1

Hrlrenenlre cocraBa [poA].KToB u3oMeprI3aI[IH
rexcena-l Bo BpeMeHH &Tt KararuIruqecxoIT cucreMbl

Pd(Acac), + 20BF3OEI2, rrprrforoBJleHHor"I
n BbrAepxaHHofr B apfoHe .6e: cy6crpara 30 rllLlr

283 K, cpa=1.47'10-3 rr.rorn':r l, c..*..r-r=0.941 uo.rs':r l,

pacrBopr.irenb - 6eH:o.tt)
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arleToHa IIpu HarpeBaHrrr.r Ha BoAsHoI:i 6aHe. Brlnasmul"r
ocaAoK Qurnrpltor Ha BopoHKe EroxHepa, a 3areM cy-
uar rpu 50'C (P-10 uu pr.cr.). BuxoA 83%.

HafiAeno (%): Pd 34.85, C 39.49, H .1.59.

Pd(Acac)2.
BurqucaeHo (%): Pd 34.87, C 39.17, H 1.61.

Oqlrcrra pacrBoprlTereli nporo,4.IJracb rlo craH,aapr-
HbIM MeTOIpil(aM, IrprrMeHqeMLrM npl.t pabore c MeTa,rI-
.loopfaHnqecKlrMr;r neulecrnauu [13].

Ha pnc. I npe4cranneHbl KrIHerrIqecKLIe KpHBbIe npo-
uecca u3oMq)rr3ar[ilI rexcena-1, flporeKarourel-o B npn-
c!'TcrBrrrr xaram.rrruecxofr cIIcreMbI Pd(Acac)2 vl
BF3OE12. llplr axcrparroJlffIl]tll KpI{BbIe 2 u 3, xapaK-
Teplr3)Torque KoHrIeHTp auI,IIo B peaKullounori cMecH f eK -

ceua-2(mpauc) u rexcena-l(4uc) coorBercrBeHHo, He
coBnaAalor c HaqaJIoM Koop,&IHar. 3ro N.roxer 6trrb
o6ycnonneHo He6oJnltluM rIH,tr]aKIrrIoHHbIM neprloAoM
Ha [spBoM 3Tane rI3oMq)rI3aIII{rI lexceua-1, xoraa cy'6c-
Tpar nprrHrrMaeT Henocpe,{crBeHHoe yqacrr.re n Qoprftr-
poBaHlrrl KaTaJIITLIqeCKI,I aKTTIBHbIX KOMn,IIeKCOB na-r-
Jawrs' B yc;ronuxx o6cyxgaeuofo onbrra no rr3o\{eplr-
laqrrr{ feKceHa-l (puc. l) KoHBepcr.u rexceHa-l B npo-

r)'rtrbr LI3oMqpLI3aIIHH .rocrufaer 6oree 15000 rto.t sa
I uom coe,ryrHeHlrfi naJrJralur nprrr{epHo :a l0 12 nuu.
flpu :rou npo.q/.KTbr rr3oMeprr3arrurr rexceHa-l npe4-
craBJreHbr B ocHoBHoM rexceuolr-2(nrpauc) - ao 62o/o.

flpu urueuenlru ycronlrfr QopuuponaHrrq AK, o61'c:ror-
.reHHbrK B3aHMoAer"rcrBlIeM Pd(Acac)r rr BFrOEtt ua
nepBoM 3Ta[e B TeqeHr.re 30 unH 6e: yuacrlu HeHacbr-
rqeHHofo yrJreBoAopoAa, cKopocTb u3oMspu3alllrn reK-
ceHa-l cyurecrBeHHo cHl{xaercfl, nprrMepHo n 3 pa:a.
O,ryraxo flpr{ 3ToM ceJreKT}rBHocrb r.r3 oNrepu3 aurrr reKce-
Ha-l s rexceu-2(mpaHc) no:pacraer .4o 91.77'o (ra6n l).

20 2 5  3 0 r

Prrc. l. I{rueHeslte cocraBa IipoAyKToB l.t3ol\{eplt3aulrlt reKce-

na-l c (uac%) Bo BpeMeHrI t (uus).

Pd(Acac)2 + 20BF3OEt2, 293 K, cpd=2.74'10-4 no:ro'r,  l ;

c..*..rr_l=4.1 l3 uo:m.l-', pacrBopr.rrenb - 6enrol.

.1 - rerceH-I, 3 - rercen-2(mpanc), 3 - rerceu-2(4uc\, 4 - rex-

ceu-3(4uc+mpanc).

l 5 20 "t

Prrc. 2. 3aerrcrrrrosrr rr3r\{eHeHllq KoHlreHTpauttlt rexceua-l c

(uac9o) Bo Bpe\reHrr t (rrrrn) or aroMapHoro orHouIeHI.Iq P/Pd.

Pd(Acac);.PPh.r + PPhr + 20BF3OEt4d2,,288 K, cp6=1.47x

xl0 ' rro,rl.,-r '. c.."."r-l = 0.9.11 lr{orb.r-', pacrBopt{Tenb -

6en:o:t.

P / P d :  1 - 1 , 2  - 1 . 5 , 3  2 .

B pa6ore [8] upu r.r3yqerutt,r *"".trn"".*"x 3aKoHoMep-

Hocreri [pouecca I.I3oMepu3aIILILI feKceHa- I B fipllcyrcr-

Brrur KaraJrrrrr.rqecKod cncreMbr Pd(Acac)2 + 20BF3OEt2
6r,uro ycraHoBlleHo, qro ).paBHeHue cKopocru 3Tofo
npouecca xapaKTepn3yeTcr nepBbrM Ilopt4toM no KaTa-
[r3aTopy r{ }ryJreB},rM uo cy6crpary.

B nplrcyrcrB\rur $ocQopopraHrrsecKrrx JITITaHAoB Ha
npuNrspe PPh, npu P/Pd=l noptloK rpoqecca u3oMe-
plr3auuu rexceHa-l no cy6crpary l{3MeHtercs Ao nep-
BO|O, fro KaTam.r3aropy - Ao rpsrbefo. BseAeHue coe-

4{HeHr.rr:i TpexBalreHTHoro Qoc$op a B KaraJlrrrl{qecK}'Io
clrcreMy Pd(Acac)r + 20BF3OEI2 corpoBoxAaercr raK-
xe cHHXeHr.reNr cKopocrlr rr3orueprr3auulr feKceHa- l. IIpu
yBerr.FreHuu aroMapHofo orHorrreHrrr P/Pd ,uo 2 sa6nJ,o-

AaeTct noJrHoe noAaBJreHIIe aKTrIBHocrlr naJUralpleBolo
Kara.rrr3aropa (puc. 2).
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Tad,nnut 2

BrnrsHue rpLrpo.&r rperr.rqHoro dloc{rnHa ua
rrpo4.T<roB lr3oMeprl3arluu rexceua- I

Pd(Acac), + 20BF3OE12 + PRj, BpeM{ orrr,rra

Txa,! II.C. u do.

Ta6,rnua 3

3asuclrl,rocrb cocraBa rrpo45ilcroB rr3oMepr.r3arrrm
rexcena-l Bo BpeMeHrr or r.rcxo,&lor:i xouqeHrpaqlu.r

cy6crpara Pd(Acac)2 + 20BF3OEI2 + PR3

Bperrra
IttIlH

Coflan npo4yrron, rrracoA
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\mpaHc)

rerces-2

@uc)

rerceu-3
(4uc+mpanc)

2 ) I I 2

I

2
J

5
t 0
20

93.0
68.5
53.0
36.9
t 2 . 7

100.0
78.2
7 5.4
1 1  A

t6.6

7.0
20.5
28.8
14.1
6t.4
69.1

16 .5
19 .3
26.2
12.6
,18.2

I  1 . 0
r8 .2
r9.0
22.6
!.+.+

5.3
5.3

26.4
37.4
14.4

J . 1

6.5 1 A

crerces- l  = 1.89 ( l ) ,  0 .236 (2)  uorn.n I

l 0  2 0  3 0  4 0  5 0 r

Puc. i. 3asrrclrlr{ocru KoHBepcrrr{ oleQuua k (uacoh) B u3o-
Nrepbr Bo BpeMeHrr r (urrH) or npr4poAbr o.ne$HHon.

Pd(Acac)2 + PPh: + 2OBF:OEIz,283 K, cpa = 1.47.10-3 r,,ro.;G,
n t, coo.Orrra = 0.941 Mom.r-', pasrBopurerb - 6eHro-r
1 - rexcen- I , 2 - renreH- I . -3 - 2-rrrelurneHres- l , 4 - 4-ueru;r-

neanen-2(4uc+mpanc).

cy6crpara rr pacrBoprrrer-s 3a cso6o.Uftte Mecra B Ko-
op.u{HaluoHHoli cQepe nepexolprofo MeraJlrra n AK.

lrr amcenoB nprd ,tseruneHun yfneBoAopo.urofi uerm
r{ 3aMecr}rre-Treri nprr pofrnoi:r cBs3u cKopocrb r.r3oMe-
plr3aqr[r cHnxaercr B pflAy feKceH-l > renren-l > 2-ue-
rrlnneHreH-l > 4-N.rsrnmenreu-2(4uc+mpaHc) (puc. 4).
3ro xap axrepHo,Lar Ko op4rHarl{onnoii tr3 oMep}r3 arlltf,
aJIKeHOB KOMTTJTeKCaMH nepeXO.UIbIX MSTaJL,IOB.

Brno16r

l. KararnrruqecKarr cucreMa Pd(Acac)2 + 20BF3OEI2
xaparoepu3ysrcr BbrcoKoii axrunHocrbro B npoqecoe
[o3]Iul{oHHofi urouepu:arlnu c[-aJIKeHoB, Koropafl no-
3BoJrrer nplr onrrrMu3arlr{H ycnonrE (B/Pd=20l1, cro=

cocTaB

l0 ur.rH

k
100

80

60
l 0 1 5  2 0  2 5 r

Pnc. 3. 3anucuuosrr KoHBepcrrn k (uac%) rexcena-l B t{3o-
Mepbr Bo BpeMeHrr t (urrs) or nprrpoAbr pacrBopr.rrenq.

Pd(Acac)2 1 PPh3 + 20BF3OEt2, 283 K, .po = 1.17x
xl0 3 rrro.rr.n-I, crexcen-l = 0.471 nno,oo.n-I.

1 - roryo.n, 2 - uronponrr-rr6eu:o-u, J - 6eHgor, r' - 50 o6%
6eHsor + 50 o69/o renTaH.

llplrpoga coe.ullrerurfi TpexBanenTHoro QocSopa Ha ce-
JreKTr.rBHocrb LI3oMepH3aIIuu rexceua-l npaKTrrqecKll
He Brrluer Ga6t. 2).

O4raxo B flpucyrcrBlu.r PR3 coorHo[reHpre MexAy reK-
cenou-2(ntpaac) u rexceuou-2(4uc) cyrqecrBeHHo 3aBlr-
cr{T or ncxo4roft KoHueHTpaqun cy6crpara (ra6l. 3).

IIpn urueueHr.ur coorHouleHu{ teKceH-I:naJrr'Ialplti or
1286 ao 160 coorsomeHr're Nrex,uy' rexceaou-2(mpauc)
H reKceHoM-2(tquc) rr3MeHsercs npr.rMepHo or 3 Ao l.

Axtmuocrr o6cyxgaeurrx KaraJruTtrqecKr,rx cucreM B
rr3oMepl43ar[rH aJrKeHoB B 3Haqr{TeJrbHoft cteneuu :a-
BlrcHT or 4pupoltrr pacrBoprcreJrfl. llpu yneru,rqeHrrv no-
ntpHocrlr cpe,&r B prly fenraH (50 o6%) * 6eH:o:r
(50 o6%) < 6eHso[ < ToJryor < r.r3oflponuJr6en:o;r ax-
TI{BHOCTb KaTaJII,ITIIqeCXUX CIICTeM TaKXe BO3paCTaeT.

lnr rararnrrr.rqecKlrx cr{creM Pd(Acac), + PPh3 +
+ 20BF3OEt2 arlnnuocrr npr,r H3oMepv3arrurr feKceHa-l
HecKorrbKo 6ornme B ToJryoJre lro cpaBHeHrrro c 6o:ree
IIonflpIlI'IM uronponlur6eH3oJroM (pnc. 3). 3ro rr.roxuo

[accuarpunarb KaK orpaxeHxe KoHK]peHr-uryr MoJreKyir
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Comas npogyxroe, rtracTo

rerceH-l rexces-2
(mpauc)

rerceu-2
(ttuc)

rexcen-3
(quc+ntpauc)

PPh3
P(n-Bu)3
P(cy):
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l l3O.MepU3A4Ut ArKeHOg I npUCymCmqUU k4m(rumtqeckuX CUCmeil

=2.74-10-a MoJB.Jr-I, T=293 K, pacrnopureJrb - 6eu:o:r)
.IOCTHfarb, HarrprrMep AJUr feKceHa-1, :a l0-12 MHH KoH-
Bq)cuu cy6crpara p [poA]rirbr H3oMqpn3aru.rl{ Ao
15000 lrorm.f-aroM-' Pd npu coAqpxanlru reKceHa-
2(ntpauc) ro 62oh.

2. flpu B3arrMoAer:icrBrrr.r KoltnoHeHToB KaraJrrcrr{qec-
Kor'r urcreMbr Ha nq)BoM arane (Ao 30 uuu) 6er yuacrltr
c),6crpara na6moAaercg yMeHblIeHHe aKTLIBHoCTH Ka-
raJrrrrusecKoii cucreurr npLIMepHo n 3 pa:a. flpu :rou
C9JIeKTLIBHOCTT, r.I3OMqprr3aIIlM reKCeHa-l B feKCeH-
2(mpauc) Bo3pacraer r,r Moxer Aocurarl' 94.5%.

3. B npncl'rcrBlrn coelplHeHrrft TpexlaneHTHoro $oc-
Qopa xax JtrrraHAoB cxopocrb rr3oMeprl3arlr4rr oc-aJrr(eHoB
\'\reHbrrraeTcr, AocTr{fafl (Ha nplnnepe rexceHa-l) u-v"tre-
Bofo 3HaqeHus [pu orHorrr€Hrrr{ PlPd=2. Ha6inoAaerrtrui
ri!{rexr Moxer 6rrrr css:aH c npoueccoM 6norupona-
aus s AK cBo6o,urbrx ,trJur N{oJreKyrr cy6crpara Nrecr rlpu
Pd. llpn erou BFo KaK crplrolpurdi {panreHr AK
]oiIXeH 3aHI{MaTb rIeTBepTOe KOOp.UIHaUHOHHOe MeCTO,
odparyr css:b Pd-F.BFj r KoMrureKce c [q)eHocoM 3a-
prrAa rr.rna HPd(L?)FBF3r rA0 L - arnceH.
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