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Onucoisaemcs eénepevie HAONI00AEMAA PEAKUUA OKUCTIEHUA NEPOKCUOOM 8000pP0OA 6000-
PACMEOPEHHBIX XeAMHbIX KOMNIEKCO8 UHOUKAMOPA KCUNEHOI08020 OPAHMCEB020 C UOHAMU
mpéxeanenmmnozo xncenesa. Peaxyua conpososcoaemces odecyeeuusanuem huonemogozo 600H020
pacmeopa Komniekcos (maxcumym noznowienusn 575um). Hexoosn uz oowenpunamoix npedcmas-
JIeHUil, peakyus npeocmaeisem coooil npouecc UenHozo c60000HOPAOUKAILHO20 OKUCTEHUA MO-
JIEKYJ1 UHOUKAMOPa 6 600HOM pacmeope. O0HAKO, 8 pe3yrbmame ucciedosanus npooykma (obec-
UBEUEHHO20 PACMEOPA) MEMOOOM CREeKMPOCKONUU HPOMOHHOZ0 A0EPHO20 MAZHUMHOZ20 pe30-
HaHnca ovlna ooHapyHceHa MOOUpuUUposannasn, Ho He Pa3pyuieHHAA CIMPYKmMypa, y2neeo0opoo-
Hblil CKeslem KOmOopOoll 8 3HAUUMeIbHOI CHEeneHU COXPAHUICA 8 CPAGHEHUU C UCXOOHbIM CHpoe-
Huem. Mol npuwiniu K 3aK1104enuIo, Ymo ¢ Cucmeme npou3ouiia He YenHan c60000HOPAOUKATb-
Hasa 0eCMPYKUUA UHOUKAMOPA, A €20 OKUCTUMENbHAA (YHKUUOHAAUIAUUA NEPOKCUOOM 8000-
pooa. B kauecmee cmyneneii npouecca apzymenmuposansl N-okucienue, IMuMUHUposanue no
Koyny u neckonvko uzomepusayuii ¢ 6epoamnoil o1uzomepusayueii nepeuiHbIX npooyKkmos. Bosz-
HUKA He0OX00UMOCMb 00bACHEHUA MEXAHUIMA 63AUMOOEIICIMEUS UOHOE MPEXCATIEHMHO20 Jice-
J1e3a ¢ MOJIeKy1amMu nepoKcuoa 6000po0a u 000CHOBANRUS HPUPOObL RPOMENHCYIOUHBIX AKMUGHBIX
¢opm kucnopooa. I'enepupoeanue uonom scenesa (111) zuoponepoxcunvnozo paouxana HO»* uz
H20> ucknrouaemcesn no snexmpoxumuueckum Kpumepuam. Ananu3 aumepamypHupix OaHHBIX HO3-
eonun evtaeums cxoocmeo xceneso (111)- kamanusupyemozo 2udponepokcuono20 OKuUcCIeHUA Kcu-
JIEHON106020 OPAHMCEB020 C NEPOKCUEHA3A-KAMATIUIUPYEMBIMU OUOXUMUYECKUMU DEeaKyuAMU
OKUCTIUMENbHOU (YyHKYuOoHanu3zayuu op2anuyeckux cyocmpamog. epmenmamugHsle peakyuu
UHmMEPNPemMupyIomcs uepe3 2eHepuposanue uemvlpéxeanenmuou gopmot snceneza. Ilposeos
Y2IIyONennlii AUMepamypHolii AHAIU3 U MOOEAUPOBAHUE MOJIEKYAPHO-0OPOUMATIbHBIX hepe-
CmpoeK, Mbl NPeOnonoNCcUIU Opyyio cxemy e3aumooeiicmeus 6 cucmeme Fe**/H,0,, a umenno,
ueummep-uonu3ayuio nepoxcuda 600opoda (usomepuzayuio 6 monexyny okcueoovt H0O'-0") ¢
ROCEOYIOUIUM GHYMPUMOIEKYIAPHBIM OUCHPONOPUUOHUPOBGAHUEM OKCUBOObL, 2eHEePUDPYIOUIUM
Monexyty 600vt u amom cunziemnozo kucaopooa O([TU[TLD wru O[T TLIL]D. Hpu s3mom
UOH dicene3a, Haubonee 6epoANHO, He MEHAEN CHeneHb OKUCIEHUA 8 X00e PeaKyuu U 0Cmaémcs
mpéxseanenmusim. OKucIumenvHaa GYHKYUOHANUIAUUA OPZAHUYECKUX CYOCMPAmoe nepoKcu-
00M 8000P00A 8 NPUCYMCMEUU KAMATUIAMOPO8 HA OCHO8E MPEXBATIEHMHO20 Hcelle3d RPeonoa-
2aemcsa nepcneKmueHviM n00xX000m ¢ opzanuueckom cunmese. Ilpu smom ucnonv3oeanue opza-
HUYeCKUX 1Uucanoos Kak komnonenmog xuceneso (I11)- cooepacawux kamanuzamopos (npumene-
HUe Xelamoe 6 Kauecmee Kamanu3amopos) TUMUmupyemcs, maKk Kax mpeoyem u3zoe2anus camo-
OKUCTIeHUS KOMNJIEKCO8 NPUMEHEHUEM TUZAH008, yCmOoliuueblx K oxucaenuio. C opyzoit cmoponul,
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MOJHCHO 0003HAUUMb MAKYIO CMPAME2UI0 OP2AHUYECK020 CUHMe3d, KAK C8A3bI6AHUE (YYHKUUOHA-
AU3UPYEMO20 CyOCmpama é Xeaammulii KOMNHIEKC ¢ KAaMaiu3amopom — UOHOM mPEXEaneHmHo20
sceneza. Hnvimu cnoeamu, nojiyuenue mpeoyemozo npooykma 6yoem 00Cmuzamocsa OKUC1eHuem
UCXO00H020 cydcmpama, HAX00AUE20CA 8 Kauecnee IU2an0a 6 COCHMage XeaamHuo20 KOMniexkca ¢
UOHOM-KAMAIU3ANOPOM.

KuroueBble cjioBa: KCUICHOIOBBIA OpaHXEBBIN, TPEXBAIICHTHOE JKEJIe30, IEPOKCH BOJAOPOA, AEKO-
Joparysi, OKCU(YHKIIMOHAIN3AIUS, aKTUBHBIE (POPMBI KUCIOPOa, OKCUBOJIA, CHHTIICTHBIN KUCIOPO/T

OXIDATION OF FERRIC XYLENOL ORANGE CHELATES BY HYDR OGEN PEROXIDE
IN AQUEOUS SOLUTION: CONCEPTION OF OXYGEN SINGLET A TOMS GENERATION
FROM HYDROGEN PEROXIDE
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We observed for the first time the reaction of oatobn of ferric xylenol orange chelates by
hydrogen peroxide in aqueous solution. The reactisraccompanied with decoloration of the violet
aqueous solution. Based on generally accepted cptioe, there is a process of free radical chain
oxidation of indicator molecule in the solution. Heever, after investigating the final colorless so-
lution by 1H NMR-spectroscopy we found the modifiedt not broken structure in which the initial
hydrocarbon core remained mainly unchanged. We cluged that kind of reaction was an oxy-
functionalization by hydrogen peroxide versus fresdical chain destruction. We argued steps of
the reaction such as N-oxidation, Cope’s eliminatioand certain rearrangements with possible
products oligomerization. There was a need to explhe mechanism of interaction between the
ferric iron ion and the hydrogen peroxide molecuded to argue the nature of intermediate reactive
oxygen species. There is similarity between theifecatalyzed hydroperoxide xylenol orange oxi-
dation and the peroxygenase-catalyzed biochemicayfonctionalization reactions. However,
based on literature data and molecular orbital mditg, we proposed another mechanism of inter-
action between the ferric iron ion and the hydrog@eroxide molecule instead the tetravalent iron
generation. Concretely, we proposed the hydrogeropiele zwitter-ionization (isomerization to
oxywater molecule) and subsequent intramoleculasgtioportionation with generation of a water
molecule and a singlet oxygen atom as a reactivegen species. In this view, the iron ion oxidation
state is unchanged during the reaction and remafisric. An oxyfunctionalization of any organic
substrate by hydrogen peroxide in the presenceeofif iron ions is promising approach in organic
synthesis. However, the usage of organic ligandsfiric iron ions as components of catalysts is
limited and requires only non-oxidizable compound3n the other hand, one can choose an oxi-
dation substrate as a ligand for ferric iron iondat is the formation of chelate complex of ferric
catalyst with an organic substrate.

Key words: xylenol orange, ferric iron, hydrogen peroxide, @etation, oxyfunctionalization, reac-
tive oxygen species, oxywater, singlet oxygen

JLisi LMTHPOBAHMSL:
Yymaxkos A.A., Kotensaukos O.A., Camxos FO.I'. Okucienne BonopacTBopeHHbIX xenatos xkenesa (I11)- keuneHonosoro
OPaHKEBOI'0 MMCPOKCUIOM Bo,uopo,ua: KOHICHIIHUA TCHEPHUPOBAHUA ATOMOB CUHIJICTHOI'O KUCJIOPOJa U3 NEPOKCHUaa BOJAO-
pona. U3ze. 8y306. Xumus u xum. mexronoeusi. 2018.T. 61.Bpm. 2.C. 15-22

For citation:
Chumakov A.A., Kotelnikov O.A., Slizhov Yu.G. Oxitien of ferric xylenol orange chelates by hydrogemoxide in
aqueous solution: conception of oxygen singlet atgeneration from hydrogen peroxidie. Vyssh. Uchebn. Zaved.
Khim. Khim. Tekhnol. 2018. V. 61. N 2. P. 122

16 W3B. By30B. Xumust u xuM. texHosiorus. 2018.T. 61.Beimn. 2



W3B. By30B. Xumust u xuM. TexHojorus. 2018.T. 61.Bsir. 2

INTRODUCTION D, B

The xylenol orange indicator ability to ferric 071

iron ions chelation with violet coloration of sdtut is 08 &
known to use in FOX-method (ferrous oxidation in Xy 05 1

lenol orange) for measurement of hydroperoxides o4 -
[1,2]. We observed for the first time the reactidmmx- 031

P . 4

idation of ferric xylenol orange chelates by hyd¥ng 02 5

peroxide in aqueous solution. The reaction is aecom 0'1

panied with decoloration of solution. The purpo$e o ™

our study was to |nvgst|gate the oxidation mec_hanls 0 P o0 a0 o 120

Based on the experimental results and the litezatur ts

date accompanied with mc_)leCUIar OIjbI'Fal m_Ode_“ng’ WFig. 2. The monitoring of decoloration rate=§75 nm) at differ-

grgueq for a new conceptlon of ferric iron ion rate ent hydrogen peroxide concentrations (mmol/l) iluton:

tion with hydrogen peroxide molecule. 1-0.25(5:1), 2 — 0.50 (10:1), 3 — 1.00 (20:1)}, 250 (50:1),
5—5.00 (100:1). The ratio in brackets meansCg¢thelate» (the

MATERIALS AND METHODS chelate concentration is 0.05 mmol/l)

Chemicals Xylenol Orange disodium salt Puc. 2. Habmoaenune ckopoctu obectpeunBanust (A=575Hm) npu
pa3HBIX KOHLIEHTPAIMAX EPOKCU I Bogopoaa (MMOJIB/T) B pac-

(Sigma-Aldrich), ferric chloride, hydrogen peroxide "yyope: 1-0,25 (5:1), 2 - 0,50 (10:1), 3 — 1,00 (2041 2,50
distilled water.Equipment: Spectrophotometer SF-56  (50:1), 5 — 5,00 (100:100THOwmEH e B cCKOOKAX O3HAYAeT
(Russia), NMR-Spectrometer Bruker Avance Ill HD.  «HzOz:xenatsi» (kouenTpaums kommiekcos 0,05mmomms/n)

RESULTS We examined the structure of reaction products
by *H NMR-spectroscopy with water spectrum suppres-

The xylenol orange aqueous solution 521077 o
o - sion: the specific triphenylmethane fragment, miethg
mol/l has a yellow color and absorbs visible lighth and methyl groups were reliably identified (Fig. 3)

Amax = 430 nm (Fig. 1, spectrum 1). When equimolar
amount of iron (Ill) chloride added, the violet col
Amax =575 nm is appeared (Fig. 1, spectrum 2). The \

—3.593
—3.479
—1.812

olet color is stable for many months. When hydroge S neesrd 1
peroxide added, the decoloration of solution oceearg NV
quickly within a few minutes (Fig. 1, spectra 3-5).
D,B
2
0.8
. 3
——
400 500 600 700 800
A, nm
Fig. 1. Absorption spectra of xylenol orange agsesnlution (1), g5 8o 75 70  ppm 36 34 18  ppm
ferric indicator chelates solution (2), and decatimn of chelates - - ® -
solution by HO: (3-5) W.S.r ‘Wf'/ j?,f w;ﬁﬁr hr
Puc. 1. CriekTpbI MOTIIOMIEHNS BOIHBIX PACTBOPOB HHAMKATOpA Fig. 3. The'H NMR-spectrum of colorless solution after the oxi-

KenteronoBoro oparkesoro (1) u ero seneso(lll)- kommexcos (2),  gation with identification of product structure graents: 1 — me-
1 00€CIBEYHBAHNE PACTBOPA XEIIATOB MEPOKCHIOM Bojoposa (3-5) thyl group, 2 — methylene groups, 3 — aromaticrfragt with tri-

. e e . phenylmethane nucleus
The monitoring in kinetic mode revealed a di-pyc, 3. CHieKTp POTOHHOTO MarHUTHOTO PE30HAHCA 0OECIIBEYEHHOTO

rect correlation between the reaction rate anch{iie B pesynsrare oxucnerms pactBopa ¢ naeHTH(HKALIEH CTPYKTYPHBIX

drogen peroxide concentration in solution (Fig. 2).  $parmerTos npoaykros: Merwbias rpymra (1), meriierossie rpymer
(2), apomarnyeckuii pparMeHT ¢ TPU(EHUIMETAHOBBIM sIPOM (3)
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DISCUSSION to be an active intermediate-oxidant, which furtvar

The chelation of ferric ions by xylenol orangedizes a second hydrogen peroxide molecule for cata-

occurs, most likely, with participation of carboase, 1as€ CAT [9]:
phenolate groups and tertiary nitrogen atoms with u 2H,0, 0 Saaln 2H,0+0, (5)

shared pairs of electrons. Based on generally &@ep,, oyidizes two phenolic substrates ArOH to phemoxy

conception [3,4],_ the interaction of ferric iromiwvith |, jicals ArO- for horseradish peroxidase HRP [7]:
hydrogen peroxide molecule occurs as one-electron

redox reaction in which the ferric ion is an oxidan 2ArOH+H,0, O HRP_ 2ar0r + 2H,0  (6)
Fe" +H,0, - F&" +HO, +H" 1) Or oxidizes two L-ascorbate moleculegH@s™ to
The reduction of iron to ferrous leads to a claghonodehydroascorbate radicalsHOg for corre-
FE +H,0, - FE€" +HO" +HO ) 2CH.0; +H,0, + 21" 0 Bet it 7)
Thus, the cyclic alternation of iron oxidation
¥ 0Bt L o H0; + 21,0

state determines a free radical chain oxidatiogdyy O ° _ N
eration of hydroperoxyl (Equation 1) and hydroxyPr oxidizes any organic substrate R to its oxydsive
(Equation 2) free radicals: RO for mushroom peroxygenase EC1.11.2.1 [7,10]:

3+ + A1.2.1
21,0, 0 FE0 81 FS L Hoy+HO +H,0 (3) R+H,0,0 F T RO+H,O  (g)
However, there are two arguments again€f oxidizes chloride to hypochlorite for myelopeirox
such interpretation. First, our results revealed the dase MPO [11]:
initial hydrocarbon core of organic molecule reneain I +H,0, +H* O MR CIOH+H,0 (9)

mainly unchanged. This is in contradiction withefre We adapted the Equation 8 for our reaction sys-

radical chain oxidation, which usually results onc . ) .
aem. The xylenol orange molecule is a tertiary @wowom-

lete decomposition of all organic compounds te ¢ ! ;
b P g P rﬁfund RN(CHCOOQO),. The nitrogen atom is the most
[

bon dioxide and water [4]. Second, when compari e i i
the values of standard electrode potentials [B6& ikely target for oxidation. Thil-oxide is generated:

can conclude that the iron ion in ferric oxidatgtate - R *
is not able to oxidize the hydrogen peroxide mdkscu (100CCH,), N+H.0, EEE -

¢°Fe" +e ~ Fe")=+0170/ 18 - (ooccH,),N* -0 +H,0
¢°(HO, +e +H" — H,0,) = +1500/ ~ 005%H Further, we proposed the Cope elimination
Therefore, the Reaction 1 occurs backwardgrig. 4). The rearrangements of Cope eliminatiapr

We made the thorough literature review in searchingtg evidently result in the amavadin-like [12]rfer
the alternative explanation of mechanism of int#oac chelate with twd\-oxyiminodiacetate ligands and the
between the ferric iron ion and the hydrogen pef@xi iphenyimethane derivative with twortho-quinone
molec_ule. In result, we found that the_re are enzyme methide fragments (Fig. 4). Quinone methides are
biological nature, which have the ferric protopami g1y reactive compounds, which are employed in or

IX (PPIX) complex at their active sites and useftie o nic synthesis as substrates and intermediatds [13
drogen peroxide during certain biochemical process [though quinone methides are formally neutral mole

Such enzymes are [7], for example, catala%%l : L .
. . es, the zwitter-ionic aromatic resonance stmestu

EC1.11.1.6, horseradish peroxidase EC1.11.1.7¢chras : . .

bate peroxidase EC1.11.1.11, mushroom peroxyge‘r’}lr-e highly relevant, rendering these moleculeslyigh

ase EC1.11.2.1, myeloperoxidase EC1.11.2.2. Thgfrjlanzed and thus reactive at those sites [13pcde

catalytic cycle is accepted [8] to include the gatien we proposed a further transformation of triphenylme

: - - thane derivative through its oligomerization doyho-
f I f ferryl(IV) withr-radical-cat f
groig;)noprsr)](y?in <|)>>é_o erryl(IV) withr-radical-cation o quinone methide fragments (Fig. 4). The degrediof o

H o e gomerization cannot be precisely determined andt mo

PPIXFé" OOH - PPIX[FeO]*" + HOH (4) likely, varies.

One can notice that mechanism is not simple The substantiation of formation of amavadin-
and, most likely, stepwise because it includesotopr like ferric chelates and triphenylmethane oligomers
migration and two electrons transfer. With thise th(Fig. 4) is in very good agreement withl NMR-
source of second electron is a ligand surrounding 8P€ctroscopy results (Fig. 3).
iron ion (PPIX). The oxoferryl (IV) cation is proped

R (10)
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{% Q‘
— —

CHs

Fig. 4. The proposed mechanism of ferric xylenalngie chelates oxidation
Puc.4. TlpeanonaraeMplii MeXaHH3M OKUCIICHHUS XENaTHBIX KoMIUIekcoB skene3a(lll)- kenneHomoBoro opauxesoro

However, the mechanism of interaction be- 2+ H . 142
tween the ferric iron ion and the hydrogen peroxide OFeOOH - - OFeO+HOH (15)
molecule (Equation 10) remained unclear. It wowdd b -1 43 H .
possible to adjust the conception of oxoferryl (Hén- CIFeOOH . - CIFeO+ HOH (16)
eration (Equation 4) with formation of nitrogen-een The Sugimoto H. with colleagues [14] pro-
tered radical-cation: posed that ferric chloride activates the hydrogen p
R oxide without iron oxidation state changing andhwit
("TOOCCH,), N; FE*O_H, - (11) oxene generatlolp: )
R 14 Cl,FeO,H, — Cl, FeO+ H,0 (17)

~ ("OOCCH,),N"*+[FeQ]** +H,0
However, in our opinion, such interpretation, a

one side, is complicated by an idea of high-vaiemt
generation and ligand L oxidation and, on the dtlaed,

The Schaefer H.F.l1I with colleagues [15,16]
roposed the isomerization of hydrogen peroxide to
oxywater molecule:

if itis true it requires the detalization becaamcluding HOOH - OOH, (18)
a proton migration and two electrons transfer: Any experimental verification of the oxywater
e+ 442 existence has not got until now but there are shee-

LFe™ OOH -~ LFeO+HOH (12) (12) retical publications with quantum chemical caldotas
It should be noted that an idea of ligand suief hydrogen peroxide/oxywater isomerization [17,18]
rounding oxidation is not suitable universally @l and photodissociation of oxywater [19]. Thaew G.H.
ferric hydrogen peroxide systems. For instanceoit with colleagues [20-22] proposed the hydrogen perox

adjustable to simplest ones: ide zwitter-ionization as a first step of peroxiessata-
2H,0, [ EGE% . 2H,0+0, (13) Iytic cycle folloyved by oxoferryl (V) generatiorE(qu_a—

e tion 4). According to calculations, the gas-phasenie-

2H,0, O FeS 2H,0+0, (14) rization is highly endothermic and possesses lactje

One can easily ensure that ferric oxide and fevation energy but the metal ion significantly siabs
ric chloride catalyze a hydrogen peroxide disprepothe oxywater [20].
tionation but it is unlikely an oxide or chloridgand We accepted the conception of the hydrogen
reversible oxidation: peroxide zwitter-ionization to oxywater moleculedan

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80Y. 61. N 2 19
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proposed a participation of water molecule in pnotoand with an idea of oxywater dissociation into wate

transfer with intermediate generation of a hydramiu and singlet oxygen atom [19].
cation (Fig. 5). We constructed the scheme of molecular or-

bital system for hydrogen peroxide molecule, furthe

'i' II-I 'il simulated a hydrogen peroxide zwitter-ionizatiothwi
o\H H_O<H H—O subsequent intramolecular disproportionation anmd co
H ! ] H firmed a singlet quantum state of generated oxygen
Fe+l Fedq_ N Fedo_ [, atom (Fig. 6). _ _
O\H Thus, we substantiated the next mechanism of

. . o xylenol orangeN-oxidation:
Fig. 5. The proposed mechanism of hydrogen perdzmlaeriza- R H

tion fo oxywater ("OOCCH,), N: Fe* OOH -

Puc. 5.1Ipeanonaraemslii MeXaHU3M U30MEPH3ALUH IIEPOKCHUIA

BOJIOPOZIa B OKCUBOIY R . (20)
~("TOOCCH,), N; Fe* OOH, -
In our opinion, the next step of hydrogen per- R )
qxide activation is an intramolecular dispropor&on ~("OOCCH,), N: Fe*" O+H,0
tion because of appearance of two opposite chamges R )
neighboring oxygen atoms: : - _
g g y?_ . . (TOOCCH,), N: +0O: (or [ OseeFig.6) -
O-OH, - O+H,0 (19) R (21)

This view is in accordance with the assumption ~ —~("OOCCH,),N" -0~

of Sugimoto H. with colleagues [14], see Equation 17,

13[1'}2.0[5 }{T }[T f }ZquF }m ]s[}'}:

H O @) H
L+
-+ O-OH,
"HO-OH O-OH, . |: :|
g, g
Jo i o o, lo bz py}
pz py pz py
I O e I HOH
B
* * T * *
N N px O
Je || 7 J € B a J ¢ a gy delall v el va
e O e N A ey 3 ! — Tl +2p|:Tl:||:l}Tc>|:Tl:|Tl
LAY A LAY AR
vy vy vy £o|ap
Tl Tl Tl Tt
UPX UPX UPX UPZ UPY
Bal|adpB gdlap go|ap
TifT! Tl Tiri
apz Upy apz UPY UPZ apy

Fig. 6. The modeling of hydrogen peroxide zwitt@nization with subsequent oxywater intramoleculapportionation
Puc. 6. MonenupoBanue BUTTEP-UOHM3ALMHN IEPOKCU/IA BOJOPOIA U MOCIESAYIOIIET0 BHYTPUMOIIEKYIISIPHOTO JUCIIPOIIOPLIMOHUPOBA-
HHSI OKCHUBO/bI

The chelates of different organic ligands L Our results support the ability of ¥44,0;
with ferric iron ions was shown to be the catalysfts systems to oxidize specifically the organic sultetra
organic substrates X oxyfunctionalization byQd byt show that ligand L itself may be susceptiblex
[23-26] in accordance with next common equation: yation that is L=X. At one side, the choice of rmi-

3+
X +H,0, 00 - X0 +H,0 (22)

W3B. By30B. Xumust u xuM. texHosiorus. 2018.T. 61.Beimn. 2
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dizable ligands is needed. On the other hand pbss
sible to create chelates of ferric catalyst withoag-
functionalization substrate:
XFe* +H,0, - XO+Fe* +H,0
CONCLUSION

(23)

The oxidation of ferric xylenol orange chelate$-

by hydrogen peroxide is oxyfunctionalization reawti

and not free radical chain destruction. The progose
mechanism includes steps suchNagxidation, Cope 7.
elimination, and certain rearrangements with pdssib

products oligomerization.

The N-oxidation occurs through the activations'
of hydrogen peroxide molecule on the ferric iron iog,

with generation of reactive oxygen species. Thaneat

of intermediate-oxidant is widely accepted in Etterre

to be an oxygen free radical with one unpairedtedec

(hydroperoxyl) or an iron in tetravalent oxidatistate

(oxoferryl (IV) cation). However, the extremely im

ited number of scientific publications is foundsiap-
port an alternative conception of ferric iron igtetion

) . 11
with hydrogen peroxide such as hydrogen perOX|d1e
zwitter-ionization with subsequent intramoleculé-d
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proportionation. We accepted this view and proposed
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An oxidation of any organic substrate by hy-

drogen peroxide in the presence of ferric catalyst
promising approach in organic synthesis for oxyfunc
tionalization. The usage of organic ligands foriter

iron ions as components of catalysts requires ooty

oxidizable compounds. On the other hand, it isiptess
to create chelate complexes of ferric catalyst \&ith

oxyfunctionalization substrate as a ligand.
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