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KATAJIITUYHA JIIS1 FeCl, B PEAKIIIi AKPUJIATIB
3 XVIOPUJAMU APEHAIA3OHITIO
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Axpuraté pearyioTh 3 XJOpUAAMM apeHIia30Hil0 3a HAsSBHOCTI KaTaji3aTopa XJopuaa
3amiza(ll) 3 yTBOpeHHSIM MPOIYKTIB XJIOpapHIIOBaHHS, TeIOMepH3allii, aANTUBHOI AuMepu3auii Ta
oniromepis. IlepeBakaHHS OJHOTO 3 HANPSMIB peakiii 3aJeXUTh BiX 3aMiCHUKA OIS MOJBIHHOTO
3B’s3Ky akpmwiaTa. OmeprkaHi pe3yIbTaTH MOSICHEHO Y paMKax MEXaHi3My peakuii MeepBeiiHa, 3riqHO
3 SKHM y KaTaJiTHYHUX LHKJIAX BiIOYyBa€ThCS OJHOCICKTPOHHHI HEPEHOC y MeXax iHTepMeiaTy
cyOcTpaT—Karami3zaTop—/Iia3oHieBa Cilb.

Kniouosi cnosa: peaxuis MeepBeliHa, apeHIIa30HIEB1 COJ, apWIIIOBAHHS, JAKTOHI3aIlifd,
TEIOMEPH3aLis.
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1. Beryn

VYBeneHHs1 apuiIbHOI TpynU 3a MicleM po3puBy HeakTHBoBaHuXx C—H 3B’si3KkiB €
OJIHI€IO 3 aKTyalbHHX IMpobiieM opraHiuHoro cuHTe3y [1, 2]. 3 miero MeTor po3pobiaeHo
YUMaIO0  PEAKIiifi  KpOC-CHOJYdYeHHS, IO  IPYHTYIOTBCI  HAa  BHUKOPHCTaHHI
BHCOKOPEAKIIIHHO3IaTHUX TIPEKYPCOPIB UM MeTaloKaTamiTHUHuX cucrteM [3]. OmauMm i3
BapiaHTIB TaKMX PEAKIi € BUKOPUCTAHHS SIK apHUIIOI0YOT0 areHTa apeH 1a30HIeEBUX COJIEeH,
SKi, CBO€I0 4YEProlo, JIETKO OTPUMYIOTH 3 JOCTYITHHX apOMaTHYHUX aMiHiB. Peaxris
Meepseiina [4, 5] — apriitoBaHHS HEHACHYCHUX CIIONYK apeHIIia30HIEBHMH COILSIMH, SIKE €
3pYYHHM METOJOM CHHTE3y MOMi(pyHKIIHHUX PEYOBHMH i OCTAHHIMH POKAaMHU IIEPEKHBAE
“penecanc” [6-8]. Knacuunnii Bapiant peakiii mependadae 3aCTOCYBaHHS K KaTaii3zaropa
xsopuny Mipi(ll). Panimre mokasano, 1mo, KpiM Kymnpokaraii3y, e(heKTHBHY KaTaTiTHYHY
noiro y uiii peakuii BusiBisie Takok xnopupa 3amiza(ll) [9-12]. 3’scyBanoch, mo wnei
KaTaji3arop Mae CBOI OCOOJMBOCTI MOPIBHSHO 3 COJSIMH Mimi. Y IIbOMY BHIAJKY, KpiM
NPOAYKTIB XyopapwioBanHs (1), yTBOPIOIOTBCS TaKOX MPOAYKTH Tejomepusauii (2),
azuTHBHOI AuMepu3anii (3) Ta oiroMmepu:

A /\;U

1 X
AN,CI
FeCl, /[/\Q/CI
—— A -
CH,=CRX 2
R
R X
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VY peakiii OeH3011a30H1# XJIOPHUIY 3 METHIIAKPUIIATOM BiAMIHHOCTI y KaTali THIHIN
mii  xjopumie wmimi Tta 3amiza(ll) BusBmmmce gocute 3HauHmMMH [11]. TIpomyxT
xmoppenimoBanns — CegHsCH,CH(CI)COOCH; — omepskano 3 Buxomom Jmmre 15 %.
I[lepeBaxae yrBopenns tenomepy CsHs[CH,CH(COOCH;3)],Cl (26 %), numepy tuny 3 ta
OUTBII BHCOKOMOIIEKYJISIPHUX NPOJYKTIB, BUXiJ SIKHX 30UIBIIYETHCS 32 BUKOPHCTAHHS
HAQ/UIMIIKY METWJIaKpWiIaTy. 3a3HauuMo, WLI0 B peaklil apeH/ia3oHii XJIOpUIiB 3
Metunakpuiaatom 3a Hasisaocti CUCH, yrBoproroThes nuiie agyktu 1 3 Buxogamu g0 50 %.

Bupninenns ta inentudikamis TemomepiB 3 N>2 i OUIBII BHCOKOMOJICKYISIPHHUX
NPOAYKTIB ycKkiagHeHi. JleranpHilie NPOAYKTH peakilii JOCHIDKEHO 3a B3aeMOIl
nia3oHieBUX couyieit 3 MerunmerakpuiaroMm [9]. Kpim amykty 1:1 (4) Tta mniniitHOoro
oyiromepy 5 y 1iil peakuii BUIIIEHO TaKoXK JakTOHM 6 1 7. YTBOpeHHs cronyk 6 1 7
nirBepukytoTh gani “H SIMP-criekTpockori Ta Mac-crieKTpoMeTpii. BoueBm b, 11i JaKTOHM
yTBOpHIIHCS Y mpoleci TenoMepu3anii (N = 3 1 4) sk pe3yibTaT HUKTI3alii paAuKalbHUX
inTepmeniatiB. [Ipo yTBOpEHHs IaKTOHY B pEaKI[ifiX TaKOr0 THITY MOBIIOMIISIIH Yy
nparsix [13-15].

Me FeCl, COOMe Me COOMe
AN,CI + %COOMe Ar/\kCI + AFWCI N
Me COOMe Mme
4 5
COOMe
Ar C?A%Me Ar COOMe
+ + M Me
e
Me COOMe Me COOMe
O 0 Me o o Me
6 7

2. Pe3ynbTaTH g0CaiAKeHDb Ta iX 00roBOpeHHS

VY wii pobOTIi MU MPOBENHU IOCIIAM 3 BUBYCHHS B3aeMO/Iii OeH30I11ia30Hii Xnopumy
3 MeTHIaKpuiaaTtoMm, karaiizoBaHoi FeCl,, i 3’scyBamu, 10 3aeKHO BiJl YMOB peaKirii
(KiBKiCTh KaTaslizaTopa, TEeMIIepaTypa, IBUAKICTh J0IaBaHHs J11a30HIEBOT COJi) IPOTYKTH
XJopapuitoBaHHs 4 yTBOpIOIOThCsA 3 Buxofamu 28-40 %, tenomepu 5 — 13-26 %.
Busineno Takoxx mpoaykTd muMepusarii (3) Ta omiromepu. Teromepu YTBOPHOIOTBCS Y
BHIISL  Cymimi  aiactepeomepiB, BHacmizok uworo cmektpu ‘H SIMP mmx cromyk
YCKJIaJHIOIOTHCSI B 00JIaCTI pE30HAHCY METHIICHOBHX ITPOTOHIB.

bepyun 50 yBarm orpumaHi pe3yibTaTd, a TaKOX ONYyOJIKOBaHI JaHi MIOAO
katamitnaaol il FeCl, y peakiii Meepreiina [9-12], MokHa MiWTH BHCHOBKY, IO
NepeBaKaHHs OJHOTO 3 HAINPSIMIB 11 Mepediry 3aJeuTh Bijl OyJI0BH HEHACHYEHOT CIIOIYKH.
Tomy Mu jgocmiguiud B yMmoBax (epokaranizy B3a€MOJII0 apeHIia30HI€BUX cojed 3
aKpuJIaTaMy, IO MICTATh y OL-TIOJIOKEHHI i 1HIII 3aMiCHHMKH, KpiM METHJIBHOTO, a TaKOX
OKTWJIOBHH, HOHIIOBUH Ta JENWJIOBHHA €CTEPH METaKpIJIOBOi KHCIOTH. Tak, 3a
BHKOPHCTAHHS METHIIOBHX €CTEpiB C-eTWJI- Ta o-Tiporimakpmiosux kucior (R'=Et, Pr;
R?=COOMe) ozepkaHo Maii’e BUKIIOYHO POAYKTH XJIopapriioBanss 8a, b
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1 2
FeCl, COgIR
PhN,CI  + COOR> —> py
R1
8a-e

R?=CHj;, R' = CHs (a), C3Hy (b); R*= CgHy; (¢), CoHyg (d), CyoHy, (€)

Y pa3i 3acTocyBaHHsS OKTWJIOBOTO, HOHIJIOBOIO Ta JCHHUJIOBOTO €CTEpiB
METaKpHJIOBOI KHCJIOTH CITiBBITHOIIECHHS MPOJYKTIB MOPIBHSHO 3 METHIMETaKPUIATOM
MPaKTUYHO HE MIHSETHCS, XO4a Il €cTepu 1 MEHI aKTUBHI y wLid peakuii. Buxoau Tta
KOHCTaHTH CIOJIYK 8a—e HaBeleHo y Tabnuii.

Buxo0/11 | KOHCTaHTH POJYKTIB XJIOPapHIIOBaHHs akpiiatie (8a—e)

Yields and constants of chloroarylation products of acrylates (8a—¢)

Cronyka R? R® Buxin, % T. kum., °C np? d,®
(p, MM pT.CT.)
8a Et Me 46 88-90(1) 1,5140 1,1167
8b Pr Me 54 112(2) 1,5105 1,1085
8c Me CgHy7 58! 160-161(1) 1,4916 1,0159
8d Me CoHyg 49" 150-151(0.2) 1,4896 0,9992
8e Me CioHn 53 165-166(1) 1,4874 0,9948

'Buxo/i po3paxoBaHo Ha aKpHIIAT, 10 BCTYITHB Y PEaKIiiio (KoHBepCis akpratis 60—70 %).

Orxe, 3aMicHHK B o-rookerHi akprary (R'=Et, Pr) cyTTeBo BIUTMHYB Ha HAmpsimM
peakuii. ¥ pa3i 3acTocyBaHHS LUX CyOCTpariB y peakiii 3 apeH/ia30HIEBUMH COJSIMH B
yMOBax (epokarainily, sK i y BUNaAKy cTHpoiy [10], yTBOPIOIOTECS, TOJOBHO, MPOJYKTH
xyopapuiroBanHs. [1i yac 3acTOCYBaHHs OKTHJIOBOTO, HOHIJIOBOTO Ta JCI[HIIOBOIO €CTEPiB
METaKpUJIOBOi KHCIIOTH CIIIBBIJJHOIIEHHS TPOJYKTIB TOPIBHSHO 3 METHJIMETaKPHIATOM
IPaKTUYHO HE MIHSEThCS, X04a Il €CTEepH 1 MEHII aKTHBHI y 1iil peakmii. Takuii pe3ynbTat Mu
MOSICHIOEMO Y paMKax 3alpOIlOHOBAHOTO paHillle MexaHi3My peakilii Meepseitna [16—19],
3TIJIHO 3 SIKUM Y KaTaITHYHUAX LUKJIAaX BiIOYBAETHCS OHOECNEKTPOHHHI MEPEHOC Y MewKax
iHTepMeaiaTy cyOcTpar—KaraiizaTrop—/1ia3oHieBa Culb. 3/1€0UIBIIOTO 1i peakiii MPOXOAsTh
3aBAsKM OOMIHY JIiraHAiB y BHYTpilIHIN cdepi HoHa MeTaly-KOMIUIEKCOYTBOPIOBaYa SIK
pEIOKC-KaTaliTH4YHe KPUNTOpaJUKaIbHe NpHeNHaHHA. [Ipyn 1IbOMY BHHHKAE apanKiIbHUI
pamukan (IPOIYKT MPUENHAHHS apUIBHOTO PajJiMKana JI0 MOABIMHOTO 3B’SI3KY), SIKMI Ha
OCTaHHIN cTamii OKUCHIOETBCS 3 TMepeHocoM JiraHaa. OCKUIbKH Fe'' ¢ TipIIAM
IepeHoCHMKOM Jtiranaa, HiK CuU', To apankimbHHMIl pajuKan MoXe BHITH 3 KIITKH
PO3YMHHUKA, 1 TOMY B YMOBax 3aCTOCYBaHHs Katajiizaropa xjopuay 3amiza(ll), kpim
NPOJYKTIB XJIOPAPUITIOBAHHS, YTBOPIOKOTHCS TEIIOMEPH, OJIITOMEPH Ta TUMEPH.

3. BucnHoBok
[epeBaxxaHHs1 OJJHOTO 3 HANPSIMIB Peakilii XJIOPHUIIB apeHAia30HII0 3 aKpHJIaTaMH 3a
HAsgBHOCTI Katamizatopa xyopuaa 3amiza(ll) 3amexuTs Big BITHOCHOT CTAaOUTLHOCTI
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apalKiTBbHOTO paJuKaia Ta HOro JOHOPHO-aKIENTOPHUX BIACTUBOCTEH. AJIKiIbHA TpymHa B
MTOJIO’KEHHI aKpuiiaTy AecTabiizye apanKilbHUN paauKal i BiH pearye, TOIIOBHO, Y MEXax
IHTepMeiaTy 3 IEPEeHOCOM JIiraHa, TOOTO YTBOPIOIOThCS amykTu 1:1.

4. MeToanKa eKCIIepUMEHTY

Xnopapuniogannsa akpunamie

Pozunnsimi 0.2 mons apomatuunoro aminy B 40 mi koni. HCI, oxomomkyBanu 1o
0+-10 °C i npu nepemimysauni gogasamu kparwismu posund 14 r NaNO, B 30 mu Boaw.
Po34nH HITPUTY HATPirO JOAABAIH 3 TAKOIO MIBUJIKICTIO, 100 TeMIeparypa He MiIHIMaach
punte 5 °C. Kineup [ia3oTyBaHHs BU3HAYaId 3@ HOIAKPOXMAILHUM HaripueM (HaIJIMIIOK
HNO;). Po3uun niazocouni medrpamizyBaiun NaHCO; mo pH 4-6. [Ipurorosienuii Takum
YMHOM PO3YMH Jia30HIEBOI COJI JOJaBalld KparuisiMu o cyMimn 0,2 MoJb akpuiary,
20r FeCl,-4H,0 i 100 mn amerony. Peakuito Benum 3a Temmeparypu —25:-10 °C,
3a0e3rneuyoyr MOMIpHUN PO3KJIaJ] J1ia30HIEBOT COJI, 110 KOHTPONIOBAIU 32 JIOTIOMOTOO
JmiYnibHUKA OynpOamiok. [licnmst 3akiHYeHHsS BWAUICHHS a30Ty A0 peakliiHOi cymimi
nonaBany 300 M BOJAM, OpraHiuyHMN IIap BIAMIISUIM, BOIAHUEN ekcTparyBaiu edipom,
cymmu CaCl,. Ilicmst BiATOHKM PO3YMHHHWKIB 3IMIIOK MeperaHsyim y Bakyymi. Jlami
"H SIMP-crieKTpocKoIIii Ta eleMEHTHOTO aHAIi3y ITiATBEPIKYIOTh OY/I0BY CIIONYK 8a—e.
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CATALYTIC ACTION OF FeCl, IN THE REACTION OF ACRYLATES
WITH ARENEDIAZONIUM CHLORIDES

M. Rohovyk, E. Bila, M. Obushak

Ivan Franko National University of Lviv,
Kyr)ila i Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: mykola.obushak@ Inu.edu.ua

The formation of aryl-C bond is one of the urgent problems of organic synthesis. For this
purpose, a humber of cross-coupling reactions based on the use of highly reactive precursors or
metal-catalytic systems were developed. Nowadays, application of arenediazonium salts as an
arylating agent for such purposes are of great interest. The Meerwein arylation of unsaturated
compounds is a convenient method for the synthesis of polyfunctional substances and has
experienced a "renaissance™ in recent years. The classic version of the reaction involves the use of
copper(ll) chloride as a catalyst. It was previously shown that, in addition to copper catalysis, iron(l1)
chloride also exhibits an effective catalytic effect in this reaction. It turned out that this catalyst has its
own intriguing properties. In this work, we conducted a series of experiments to study the reaction of
benzenediazonium chloride with substituted acrylates catalyzed by FeCl,. We investigated the
interaction of arenediazonium salts with acrylates containing in the a-position different alkyl
substituents, as well as octyl, nonyl and decyl esters of methacrylic acid under the conditions of
ferrocatalysis. Thus, arylation of methyl esters of o-ethyl- and o-propylacrylic acids with
benzenediazonium chloride results in almost exclusive formation of chloroarylation products. In the
same time, use of octyl, nonyl and decy! esters of methacrylic acid under applied reaction conditions
shows that the ratio of products compared to methyl methacrylate practically does not change.
Although, it was found that these esters are less active in this reaction. We explain obtained results
within the framework of the previously proposed Meerwein reaction mechanism [16—19]. According
to which in catalytic cycles single-electron transfer occurs within the substrate—catalyst—diazonium
salt intermediate. In most cases, these reactions take place due to the exchange of ligands in the inner
sphere of the metal ion and proceeds as a redox-catalytic cryptoradical addition. At the same time, an
arylalkyl radical (a product of the addition of an aryl radical to a double bond) is formed, which is
oxidized at the last stage with ligand transfer. Since Fe(lll) is a worse carrier of the ligands than
Cu(ll), the arylalkyl radical can leave the solvent cage, and therefore, under the conditions of using
the iron(ll) chloride catalyst, telomeres, oligomers, and dimers are formed in addition to
chloroarylation products.

Keywords: Meerwein reaction, arenediazonium salts, arylation, lactonization, telomerization.
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