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At the first ozonation stage dibenzofuran flows ozone attack at the double bonds of a
carbocycle with absorption of about 2 moles of ozone per mole of substrate and form diozonida which
subsequently transformed in two directions to form a peroxide decomposition products and
furantetracarboxylic acid.

The kinetic features of the reactions ozonolytic hetarenes found the rate constants, the
experimental stechiometric coefficients for ozone. Found that ozone is consumed by non-chain
mechanism. Termination of feeding ozone into the reaction mixture stops the oxidation. The kinetics of
the reactions of ozone in spending with the above subject hetarenes bimolecular law and is first order
in each of the reactants. The effective rate constant decreases in the order furan > cumarone >
dibenzofuran.

Keywords: ozone; acetic acid, coumarone, dibenzofurane, oxidation, peroxide, salicylic
aldehyde.
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PEAKIIUU ®TAJIUMUA-N-OKCUJIBHOI'O PAJUKAJIA C ITPOU3BOJIHBIMU
OYPAHA

U3mepeHbl KOHCmMaHmMbl CKopocmu peakuyul ompbiea amoma eodopoda ¢bmanumud-N-
OKcUsbHbIM padukanom om C-H cesizeli sudpokcumemuribHOU U anbOe2udHoU 2pynn ¢hypaHOB8bIX
coeOuHeHul —  2,5-0ugpypcbypunosoeo  crnupma, 5-eaudpokcumemurncpypcypona u  2,5-
ougpopmungpypaHa. [lokazaHo, 4MO 8 yCrI08USIX Kamasraumu4yecko20 padukaslbHO20 OKUCIIEeHUS
eudpokcumemusibHass  epynna 8 (ypaHoB8OM  Kofibue  sensemcsi  3HadumesisHo — 6ornee
peakyuOHHOCNOCOBOHOU Mo cpasHeHUr ¢ aribO0e2udHOU.

Knroyeenie cnoea: okucrnieHue, N-audpokcugpmanumud, cpmanumud-N-okcunbHbIl padukar,
¢ypaHo8bIe MPOU38OOHbIE.

BBegeHune

B nocnegHne rogbl coeguHeHuss (pypaHoBOro psga, nonyyvyaemble U3
BO30OHOBMSAEMOro pacTUTENbHOMO Chipbs, NPEACTaBAST 3HAYUTENBbHbLIN UHTEPEC B
KayecTBe NOMynpoayKTOB oOpraHuyeckoro cuHtesa [1-2]. K Takmm coegnHeHuam
oTHocuTcsa S5-rmgpokeumetundypdypon (HMF) [3], cuHTesnpyembin 3 MOHO-, AN- U
nonucaxapugoB (rniokosa, (ppykrtosa, caxaposa, Kpaxmar, WHynuH). lNpogykramu
okucnenms HMF asnstwTtca 2,5-gudopmundypar (DFF), 2,5-dypangmkapboHoBas
kncnota (FDA), 2,5-anmeTtundypaH, 2,5-6uc(rmgpokcumeTtmn)dypaH, neBynMHoBas
kmcnota u T1.0. Hambonee ueHHble M3 Hux — DFF n FDA. DFF — wucxogHoe
coeguHeHve Ans noryvYeHnsa HesamelleHHOro ypaHa, dypdypona, ocHoOBaHUM
Wndpda, 2,5-6uc(ammHomeTun)ypaHa, KOTOpbIA SABRSIETCA  anbTepHaTMBOW
rekcameTurneHanamuHy npu nonydeHun nonuammngos. FDA B nepcriektvBe OOMmKHa
3aMEHUTb MOHOMEpPbl HePTEXMMMUYECKOrOo MNPOUCXOXAEHUsa — TepedTanesylo,
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nsodpranesyro M aauUNUHOBYIO KUCIOTbl, WUCMOMNb3yemMble Npu MNPOn3BOACTBE
nonuamunaos, NOoNMadgUPOB 1 NoNnypeTaHoB.

Ona okucnenms HMF 06bIMHO MCNONBb3YOT HEOPraHMYeckMe OKUCIUTENW,
Takme kak Pb(OAc)2 [4], CrOs [5], HNOs [6], N204 [7], BaMnO4 [8]. OgHako Takune
OKUCNUTENbHbIE NPOLECCHI ABMAKTCA NpobnemMaTU4HbIMU C TOYKM 3PEHUST HarpysKku
Ha OKpYXXaloLLyto cpeny M3-3a BbICOKON TOKCUYHOCTM peareHToB. Pewntb nogobHble
npobnembl NO3BOMSAOT KaTanUTUYECKNE peakuumn ¢ UCNOoNb30BaHNEM MOMEKYNSAPHOro
kmcriopoga wu  N-rugpokcudptanumuaa (NHPI) B kadecTtBe okucnutens wu
KaTanusaTopa, COOTBETCTBEHHO. Okucnenune OpraHN4yecknx  CoeaunHEHUN
MornekynsapHbeiM kucnopogom B npucytcteum NHPI npoTtekaet no pagukanbHOMY
MexaHn3amy [9], OCHOBHOW peakuMOHHOW YacTuULEeW B OAaHHOM mnpoLecce ABnseTcs
dranumng-N-okcunbHbin pagukan (PINO), obpasytowmincsa m3 NHPI in situ. Ons
pelleHna 3afayn HanpasneHHbIX npesBpalleHnn dpypaHoB, NPOBEeAEeHO CpaBHEHWE
peakunoHHoun cnocobHocTn PINO B peakuumn oTpbiBa atoMma BOAOPOAa OT MOMEKYIbI
HMF, 2,5-audypdypunosoro cnmpta (DHF) n DFF.

fflf_?ﬁhx HWF: R, =-CH,OH
R, = -CHO
R R, :
DHF: R,
RE

“CH,OH
“CH,OH

DFF: R, =-CHO
R, = -CHO

HeobxogMMocTb M3ydeHusi Bcex 3TUX CcybCcTpaToB cCBA3aHa C pasnuyHoOW
PEaKUMOHHON  CMOCOBHOCTBI  (DYHKUMOHAmNbHbIX  rpynn, obycnoBneHHou
SNEKTPOHHbLIM BIIMSAHWEM BTOpPbIX 3amecTtuTernen B monekyne HMF.
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PINO NHFI

Takum obpasom, Lenbto JaHHOW paboThbl ABMASETCA U3yYeHNEe peakumm oTpbiBa
atoMa BOJOpOoda OT 3aMeLlleHHbIX ¢ypaHoB pagukanom PINO — ata cragus
ABNSAETCHA OQHOW U3 KINOYEBbIX B rnpouecce okncneHns B npucytcrsnm NHPI.

dKcnepuMeHTanbHasa 4YacTb

NHPI ncnonb3osanu pupmsbl «Fluka» 6€3 4ONOAHUTENBHON OYUCTKN.

®enunnopganauvetat (Phl(OAc)2) cuHTeauposanu cornacHo [10].

Y®-cnekTpbl 3anucbiBanu Ha cnektpodgotomeTtpe Analytic Jena SPECORD
S300 ¢ MarHUTHOW MeLLarnkon n TepMocTaTUpyeMbIM KIOBETOAEPKaTENeM.

AUETOHUTPUA N YINEBOAOPOAbI O4MLLANM MO OOLWENPUHATEIM METOANKAM.

Pagukan PINO reHepuposanu okucneHnem NHPI dpeHunmnogamauetaTom [11]:
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O6pasoBaHne PINO noateepxganun ¢ nomowpto IlNP- (g-daktop = 2.005,
an=4.36 G) n Y®-eugumon cnektpockormmn (Amax = 382 HM). WM3mepeHHbIN
KO3 PULUMEHT SKCTUHKLMM COOTBETCTBYET NUTEpaTypHbIM AaHHbIM (¢ =1.46-103
n/(monb-cm)) [12]. Ona kuHeTuyeckux wuccnegosaHunm PINO reHepupoBanu B
TepmocTaTupyemMmol KeapuLeBoWn kioBeTe. Pacteop, copepxawwmin 3.5:10% monb/n
Phl(OAc)2 n 3.5-10° monb/n NHPI B aueToHUTpWUne MOMeLWanM B KHOBETY U
npoAdyBanu aproHoMm, 3atem 3anucbiBann Y ®-cnekTp nonyy4eHHoro pacrteopa.

HMF 6bin cuHTE3npoBaH No MoanMLMpoOBaHHON MeToamke cornacHo [14,15].

DFF cuHTtesnposanu no [16], DHF cornacHo [17].

Pe3synbTatbl 1 ux o6cyxaeHue

Ha puc.1 npeactaBneHbl KNHETUYECKME KPUBbIE HAKOMNSEHUSI N pacXo40BaHNSA
pagukana PINO. B TeyeHue HecKONnbKMX MUHYT, noka okucnsetca NHPI,
HabnogaeTcs yBenmyeHne onTMYeckom NIIOTHOCTU pacTeopa (puc. 1, kpmeaa 1), 4To
cBuaeTenbCcTBYeT O HakonneHuu pagumkana PINO. OnTtudeckas nfoTHOCTb B TOYKe
MakcuMmyma npu Amax= 382 HM cocTtaBngeT 0.65 n COOTBETCTBYeT KOHLEeHTpauum
PINO 4.5-104 monb/n.

KpmBasa 2 Ha puc.1 onucbiBaeT CMOHTaHHbIN HeaddekTuBHbI pacnag PINO
[18] ¢ obpasoBaHnem HepagukanbHbiX NPOAYKTOB. KOHCTaHTYy CKOpPOCTM pacnaga
pagukana (kd, c) B auetoHuTpune npu 25 °C, onpegensnu, M3aMepssi yMeHblLeHne
ONTMYECKOM MMOTHOCTU pacTeopa npu 382 HM OT BpPeEMEHU, KOTopasi COOTBETCTBYET
KMHETMYECKOMY YpaBHEHWUIO NepBoro nopsgka. PaccuntaHHasa Takmm obpasom Kg =
5.0-10% ¢,

RH
'

=
[=r]
1
F
ey
[

0,5

04 -

02

0,1

0 T
100

N S —

1320 1330 1340 1350 1360 1370
t, ¢

2o

=2

Puc. 1. KuHeTuuyeckne kpuBble Hakonnenusi (1) u pacxogoBaHus pagukana PINO B
aueTtoHutpune (25 °C): 2 - cnoHTaHHbI HeaddekTMBHbIM pacnag PINO; 3 — 7 — pacxogoBaHue
pagukana PINO B pesynbTtate B3avmoaenctsusi ¢ monekynon HMF npu pasHbiX KOHUEHTpaumsix
cybcTtpaTa
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Kak BugHO u3 puc. 1, npm ObicTpom [obaeneHun cybcTpata B MOMEHT
MaKCMMasnbHOro MornoweHns, HabnogaeTca pes3koe YMEeHbLUEHME OMTUYECKON
NNOTHOCTU pacTBopa, YTO CBUAETENLCTBYET O B3auMOLEWCTBUMM pagukana C
monekynon RH. KnHeTuky peakuumi B3anmogencteusa cyéerpatos HMF, DFF n DHF
¢ PINO u3yyanu B ycrnoBuax NCeBOONEPBOro nopsagka, MCXo4Has KOHLUeHTpauus
cyGcTpaToB BapbupoBanace B uHTepBane (0.3 +1)-102 M. 3aBUCUMOCTb
onTuyeckon NNoTHocth (A) oT BpemeHu (t) nocne npubaBneHus cybecTpaTta XOpoLuo
OnuCbIBaeTCsa YypaBHEHNEM:

IR g (1)
A -A,

Habniogaemas KOHCTaHTa CKOPOCTM peakuunm B YCNOBUSAX MPOBOLAMMOIO

9KCnepuMeHTa paBHa:

Kobs = kd + 2kn[RH], (2)

rae ki — KOHCTaHTa CKOpPOCTM OTpbiBa atoma Bogopoaa paavkanom PINO ot
monekynbl cybcTtpata, n/(monb-c). KoadpdpmumeHt 2 nepen ku ydnuTbiBaeT
pacxogoBaHue BTopon mosnekyrnbl PINO B pe3ynbrtate o4eHb ObICTpOM peakuumn ero
pekombuHaumm (>107, n/(monb-c)) ¢ ankunbHbIMKM pagukanamm R ¢ obpasoBaHuem
apaykta PINO-R.

N3 3aBucumocTen Kkobs OT COOTBETCTBYIOLUMX KOHUEHTpauun cybetpata
paccynTbiBanu KOHCTaHTbl CKOPOCTU peakuun oTpbiBa Bogopoda pagukanom PINO
ot C-H cBsasen (ku, n/(monb-c)) (puc. 2).
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Puc.2. 3aBucrMocTb Kobs OT KOHLEHTpaLMn cybeTpaTta

PaccunTaHHble NO ypaBHEHMIO (2) KOHCTaHTbl CKOPOCTW BTOPOro nopsiaka
npeacTaBneHbl B Tabnuue 1.

Tabnuua 1. KoHCTaHTbl CKOPOCTU peakuui oTpbiBa aToMa BoAopoaa paavkanom
PINO ot mornekyn cybcTpaTtoB (B CKOBKax ykasaHbl BENMYMHbI NapuuanbHbIX
KOHCTaHT CKOPOCTM peakLuin oTpbiBa B pacyeTe Ha OAMH aTtoM Bogopoaa)

Cy6cTpar DHF HMF DFF
kH, 47,0+1,2 22,3+1,0 3.7+0.2
n/(monk-c) (11,75) (1,85)
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3 npeacTaBneHHbIX aHHbIX BUOHO, YTO BMMONeEKynsapHasa KOHCTaHTa OTpbiBa
atomMa Bogopoda OT anbAerMgHou rpynnbl  HWXKEe KOHCTaHTbl ansa  2,5-
andypypunoBoro cnvpta Ha nopsgok, T.e. B MEPBYH o4yepedb OKUCNAeTcs
rmapokcumeTunbHasa rpynna B npucytcteum PINO, 4TO Ha nepBbi B3rNs4 CrOXHO
06bsAcHUTL. B Tabnuue npeacrtaBneHbl Takke napumanbHble KOHCTaHTbl CKOPOCTU
ansa DHF n DFF B pacyete Ha oauH atom Bogopoga 6e3 ydyeta BO3MOXXHOIO
npucoeanHeHns PINO no asorHbIM cBa3aM. YTo kacaetca monekynsl HMF, To 3gech
HabnogaeTca HebonblIOe OTKMOHEHWE OT aaAuTUBHOCTM KOHCTAHT CKOPOCTEN
peakuun oTpbiBa atoma BoAopoAda OT anbAeraHon U rMOpPOKCUMETUNbHOW rpynn
(1,85 + 2.11,75) = 25,35. Habniogaemas pasHvua B BeMYMHAX KOHCTAHT, OMEBUOHO,
obycrnosneHa B3avMMHbIM BANAHMEM (PYHKLMOHANbHbLIX rPymn.

CenektMBHOE OKMCIMEHME MNEPBUYHBLIX CMNUPTOB B  COOTBETCTBYHOLLME
anbgernabl Bcerga cyMtanochb OOCTAaTOYMHO CIOXHOW 3adadvein, 0COBeHHO B cryvyae
cBobogHopagukanbHbix npoueccoB [19]. lNMpu HekaTanMTUYECKOM aBTOOKMUCIEHUU
9T0 0BYCrnOBMNEHO TEM, YTO CKOPOCTb OKUCREHUS anbOerngoB OObIYHO BbIlE, YEM
TakoBasi A4S COOTBETCTBYIOLMX NEPBUYHBIX CINPTOB. OTO BEAET K NPEANONOXEHUIO,
4YTO Npu a3pobHOM OKUCNEHMM anbhernabl Bcerga 6onee peakumoHHOCNOCOOHbI, Yem
COOTBETCTBYIOLLUNE NEPBUYHBIE CMUPTLI, €CNNU B MPOLECCE OKUCNEHUS MPUHUMAOT
y4yacTue KMCrnopogueHTpUpoBaHHbIE pagukanbl, Jaxe B cryyae KaTanvM3vMpoBaHHOMO
okucnenus. C gpyron CTOpoHbl, KapboHUbHasA rpynna Ae3akTuBmMpyeT B peaynbTraTte
nonspHoro agpdekTa oTpbIB aToMa BOAOPOLa NEPOKCUIBbHBIM pagukanom, Toraa Kak
rMOpOKCUNbHAA rpynna ero akTMBMpyeT, YTO MpUBOAUT K Oonbluen peakuMOHHON
cnocobHocTtn cnupTos [10]. Hannune rmgpokcunbHOM rpynnbl B cnvpTax ocrnabnser
a—C-H cBs3b, N03TOMYy aTtaka cBO6OAHbIX pagMKanoB UaeT NPeUMyLecTBEHHO No a—
cBa3n. CpaBHeHWe 3Ha4yeHUn 3JHeprun CBA3WM  AONA  YrreBodopogoB W
COOTBETCTBYIOLLUNX CINPTOB BUOHO, YTO HanNuyne rugpoKCUbHOW rpynnbl yMeHbLIaeT
SHepruto cBssn Ha 8 k[hx/Monb Ans annunbHbIX 1 6EH3MNOBbLIX CMUPTOB.

OCoBEHHOCTBLIO OKUCINTESNBbHBIX NpeBpaLleHnin 5-rugpokcumeTundypdypona
ABMSAETCA TO, YTO B 3aBUCMMOCTW OT peakUNOHHbIX YCNOBUN MEHSETCH HanpasrieHve
peakunmn u, COOTBETCTBEHHO, MPOAYKTbl OKUCIeHUA. [lpouecc MoXeT npoTekaTb
NyTEM CUHXPOHHOIO WM MNoCcrneaoBaTeNlbHOr0 OKUCINEHUS TMAPOKCUMETUITBHON U
anbaerMgHon rpynn, BO3MOXHO TakkKe CefiekTUBHOE OKUCIeHWe MO  OLHOW
dyHKUMOHarnbHoW rpynne. [NMpyn 3TOM rmapoKCcMMeTurbHas rpynna MoXeT OKUCNATLCA
Kak 00 anbgerMgHon, Tak W o  KapboKCUNbHOW, He 3aTparnBad BTOpPYH
PYHKUMOHAnNbHYIO rpynny n dypaHoBOe KorbLo. Mcnornb3oBaHWe Takoro MSArkoro
OKUCINTENSA, KaK MONEKYNApHbIA KACAOPOA, W KaTanu3aTtopoB Ha ocHoBe N-
rMPOKCUPTaNnMMMA0B NO3BOSISET HaNpPaBfeHHO OKUCIIATbL CMUPTOBbIE TPYNMbl, B T.u.
2-TMOPOKCUMETUITbHYIO 00 (POPMUNbHOW, MNpPU  3TOM  BbICOKOpPEeaKuMOHHas
anbgerngHas rpynna He okucnseTcda. Tak, okucrneHve HMFE  mMonekynspHbiM
kncnopogom B npucytcteum cuctembl NHPI/VOSO4 [20] npuBOAUT K CENEKTUBHOMY
nosy4eHuto DFF: 5-(rmgpokcumeTnn)dypaH-2-kapboHoBas " 2,5-
dypaHankapOboHoOBasi KUCNOTbI B NPOAYKTaX OKUCNEHUS He OOHapYy>XeHbI.

O [0], NHPI/VOSO, O

oo \ / o - o7 \\ / "o

OkucrneHuve CnupTOB B npUcyTCTBUMN NHPI npoucxoant no
ceBobogHopagukanbHoMy uenHomy mexaHumsamy. OTpbiB Bogopoga ot C-H cessen
CNUPTOB TakMMM aMUHOKCUIIbHbIMKM pagukanamm kak TEMPO, Bcerga ssnsaetcs
CINULLKOM 3HOOTEPMUYECKUM, YTOObI NPONCXOOUTL B MArKMX ycnosusix. B aspobHom
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OKMUCNEHUM CnMpToB, KaTanuanpoBaHHOM NHPI, Bo3mMOXeH nogobHbIn OTpbIB aToMa
Bogopoga PINO, T.k. Takaa peakuus 6yget cnaboak3oTepmMmnyeckon B crnydae
6€eH3MNoBbIX CNUPTOB N YMEPEHHO IHOOTEPMUYECKON B Crnyyae ans anudatnieckmnx
cnuptoB. OOHaKO, OCHOBbLIBAsSICb TOMIbKO HA YUCTOM 3HTanNbLNUMMUHOM dhakTope,
HEBO3MOXHO OOBACHUTL Habnogaemblin katannd NHPI okucneHus cnvpTtoB Mo
CpaBHEHWIO C HeKaTanuaupoBaHHbLIM OKucneHvem. B nepsom crnyvyae Bogopon
oTpbiBaeTca pagukanom PINO, Torga kak BO BTOPOM, OTpbIB aToMa BOAopoAa
NPOMCXOOuUT MpU B3aUMOLEWCTBUN C MEPOKCUSMbHBbIM pagukanomMm, a 3HayvyeHusd
aHeprumn ceasm ona NHPI n rmgponepekmucn nodtn pasHbl (~ 88 kkan/mons) [20]. Tem
He MeHee, M3BECTHO, 4To pagumkan PINO pearupyeT 3HauuTenbHO ObicTpee, Yem
O-TMAPOKCUNEPOKCUNbHBIM  pagukan,  obpasylwmncs npu  aBTOOKUCIEHUN
6eH3mnoBoro cnupta [21]. CTonb 3amMeTHOE pa3nuyMe B peakLMOHHOM CNOCOBHOCTM
MOXET OblTb 0O6BbSACHEHO 3a cyeT bonee anekTpodunbHoro xapaktepa PINO no
CPaBHEHMIO C QA-TMOPOKCUMEPOKCUNbHBIM  pagukanom. OKUCneHne nepBUYHbIX
OeH3unoBbIX CNUPTOB, KaTanuaumpoBaHHoe NHPI, npuBoAMT K apomMaTU4ecKum
anbgerngam C BbICOKOW CEeNneKkTUBHOCTbIO, M TOSMbKO MOCAe MOfIHOro nepexona
6eH3MNoBbIX CNUPTOB B  anbAernabl  NPOUCXOAUT  AanbHenwee  OKUCIeHue
apomMaTu4eckmx anbaernaos.

TakMe [paHHble noKasbiBalT, YTO B Cly4ae OKUCNEHUS NepBUYHbIX
GeH3MNoBbIX CMNMPTOB, KaTanuaumpoBaHHOro N-rmgpokcudpTanumMmngomMm, CnvpThbl
ropasgo 6onee peakuMOHHOCNOCOOHbI, YHEM COOTBETCTBYHOLLME anbaernabi.

UccnedosaHue 8bINONHEHO rpu GbuHaHcoeou
nodoepxke HAH YkpauHbl 6 pamkax HUP
MOJ100bIX y4eHbIx (0ozoeop Ne 11-04-13)
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10.€. Jlimeinos, O.B.Kyw, M.O. KomnaHeusb, A.O. Hoeoxambko PEAKUII ®TAJIIMIG-N-
OKCUJIbHOIO PAQUKAITY 3 NMNOXIQHUMU ®YPAHY

BumipsiHo koHcmaHmu weudkocmi peakuii sidpugy amomy 800HI0 ¢bmasiimid-N-oKcuIbHUM
padukanom 8id C-H 38’sa3kie zidpokcumemursnbHOI U anbde2iOHoi epyn ¢pypaHosux cronyk — 2,5-
Ougpypgpypinoeozo cnupmy, 5-zidpokcumemurnghypchypony i 2,5-0ugpopmingpypary. lNokaszaHo, wo 8
yMoeax kamarimu4yHo2o padukanbHO20 OKUCHEHHS 2i0pokcumMemuribHa epyna y ¢pypaHo8oMy Kinbuyi €
6inbw peakuyiiiHo30amHo 8 ropiBHSIHHI 3 arb0ezioOHOH.

Knroyoei cnoea: okucHeHHsi, N-eidpokcucgpmanimio, ¢manimid-N-okcunbHUl padukari,
¢hypaHo8i MoXioHi.

Yu.E. Litvinov, O.V. Kusch, M.A. Kompanets, A.A. Novohat'’ko PHTHALIMIDE-N-OXYL
RADICAL REACTION WITH FURAN DERIVATIVES

Recently furan compounds derived from renewable raw materials are of considerable interest as
platform chemicals of bulk organic synthesis. Among them is 5-hydroxymethylfurfural (HMF) which is
an organic compound derived from dehydration of hexoses. Oxidation of HMF gives 2,5-
furandicarboxylic acid, which has been proposed as a replacement for terephthalic acid in the
production of polyesters, and 2,5-diformylfuran - starting material for the synthesis of pharmaceuticals
and luminescent polymers.

Oxidation of HMF usually proceeds with the addition of stoichiometric amounts of inorganic
oxidants such as Pb(OAc)4, CrOs, HNO3, N2O4, BaMnO.. These oxidation processes are expensive,
produce large amount of hazardous waste, and proceed in harsh conditions.Another approach to the
different furanics production is to use molecular oxygen as oxidant under catalysis of N-
hydroxyphthalimide (NHPI). In oxidation processes, NHPI acts as a precursor of the phthalimide-N-
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oxyl (PINO) radical, the effective species in the reaction of H-atom abstraction from the molecule of
substrate.

Key reaction in furanics oxidation is H-abstraction from the molecules of HMF, 2,5-difurfuryl
alcohol (DHF) and DFF.

PINO radical has been generated in situ from parent hydroxyimide, NHPI, by oxidation with
iodobenzenediacetate. The rate constant of H-abstraction (k+) from disubstituted furans by PINO has
been determined spectroscopically in acetonitrile.

Obtained data shows that the bimolecular rate constant of hydrogen abstraction from the
aldehyde group of DFF is lower than the rate constant for hydroxymethyl group of 2,5-difurfurylalcohol.
It means that in the oxidation process hydroxymethyl group oxidized primarely in the presence of a
PINO.

A feature of oxidative transformations HMF is that the direction of the reaction and oxidation
products, respectively, depend on the reaction conditions. The process can proceed by simultaneous
or sequential oxidation of the hydroxymethyl group and aldehyde groups, but it is also possible the
selective oxidation of one functional group. Wherein the hydroxymethyl group can be oxidized to an
aldehyde group as well as to a carboxyl group without affecting the second functional group and the
furan ring. Using a mild oxidant such as molecular oxygen and catalysts based on NHPI allows
directionally oxidizing alcohol groups, including 2-hydroxymethyl group to a formyl group, and the
highly reactive aldehyde group is not oxidized.

Keywords: oxidation, N-hydroxyphthalimide, phthalimide-N-oxyl radical, furan derivatives.
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N3YYEHUE TAYTOMEPUU UMHUHO-ITPOU3BOJAHBIX I'OCCHUIIOJIA

lMpoeedeH KeaHMOBO-XxUMUYECKUU pacyém cmpykmypbl U KorebamerbHbIX Crekmpos
OUeHaMUHHbIX U OUUMUHHbIX MaymoMmepHbIX ¢hopM mpEX UMUHO-Pou3B800HbIX eoccurona (4-
memokcu- U 2,5-OumemokcuduaHunuHo2occuronos, a makxe OugeHunaudpal3oHa aoccurona)
rnosyamnupudeckum memooom PM3. CpasHeHue aKkcriepuMeHmarsbHbIX U MmeopemuyecKux Criekmpos
U3y4YeHHbIX CoeOUHeHUl [r10380/UI0 yYyCMaHo8UMb MaymoMepHble opMbl, rnpeobradaruwue 8
meépdoM COCMOSsIHUU. MPOU3800HbIE aHUNTUHO20CCcUrona cyuecmsyrom 8 dueHaMuHHoU ¢ghopme, a
2udpas3oH — 8 QUUMUHHOU.

BsedeHue macwmabupyrouwux KoagpuuueHmos 051 KOPPEKMUPOBKU paccyumaHHbIX
yacmom OQano 0ocmamoyYyHO Xxopouwee cogsrnadeHuUe 3KCrnepUMeHmarsbHbIX U MeopemuyecKux
yacmom.

Knro4deeble crioea: UMUHO-MPOU3BOOHbIe eoccurnosia, MK-cnekmpbl, maymomepus,
K8aHMOoBO-xUMU4YecKul pac4yém.

B npeabiaywmnx paboTtax, NOCBAWEHHBIX N3YYEHMIO NMPOM3BOAHbBIX rOccunona

[1-3], HaMK OTMEYEHO, YTO NHTEPEC K U3YYEHMIO CBOMCTB Kak caMoro roccunona, Tak
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