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KATAJIMTUYECKASA CUCTEMA HA OCHOBE TEMPO/I;
JJIsA CEJIEKTUBHOI'O OKUCJIEHUA CIITUPTOB
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JloHCKO# TocyaapcTBeHHBIN TexHmdecknii yauBepcuteT (T. PoctoB-Ha-Jlony, Poccuiickas @enepartist)

[IpencraBneH aHaM3 COBPEMEHHON OMOIMOTpaduu O CEIEKTUBHOM OKHCICHUU CIIMPTOB pa3HBIMU KaTa-
JUTUYECKUMH CHCTEMaMHM Ha OCHOBE OKCOAaMMOHHEBBIX COJIEH M HHUTPOKCHJIBHBIX PaJUKaJOB psla
2,2,6,6-TeTpaMeTHIINUINIEPUANHA. Y CTAHOBJICHO, YTO KaTalUTHYECKas CUCTeMa HUTPOKCHIIBHBIN pajuKal
— 1o B KOMOWHAIUY C MUPUAUHOBBIM OCHOBAHHEM YCKOPSIET OKHCIIEHUE CIIUPTOB U SIBJISIETCS Haubosee
3¢ (exTUBHOMN, TaK KakK 10 COCTaBY MPOCTa, UMEET HU3KYI0 CTOMMOCTb, B HE OTCYTCTBYIOT TOKCUYHbBIE
METaJUIbl U OKHCIIUTEIbHBIE peareHThl. BakHOE TeopeTHyecKkoe U MPaKTUUYEeCKOE 3HAUCHUE UMEET TTOUCK
HOBBIX ITyTCH CHHTE3a KapOOHMIILHBIX COSAMHCHHUI U MPOU3BOIHBIX KapOOHOBBIX KHCIIOT C HCITOJIb30Ba-
HUEM JIOCTYIHBIX PEarcHTOB, a TAKXKE IKOJOTHICCKH Oe30MacHBIX MeTOOB. Llenbio JaHHOH paboThI sIB-
JISIETCSI aHAJIU3 COBPEMEHHBIX MPEICTABIICHUN O MTPOBEICHUH PEAKIIUN CEJICKTUBHOTO OKHCIICHUSI CIIUPTOB
B ycloBUsX karanuza cuctremoit HP psana 2,2,6,6-rerpamernnnunepuanna (psina TEMITO) — iton.
Knrouesvie cnoea: katanmuTudeckas CHCTEMa, CENEKTUBHOE OKHCIEHUE, COupTel, 2,2,6,6-
terpametwinunepuann-1-okcun (TEMIIO), fion, nupuauHOBbIE OCHOBAHHUS.
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CATALYTIC SYSTEM BASED ON TEMPO / I, FOR SELECTIVE OXIDATION
OF ALCOHOLS
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The analysis of a modern bibliography on the selective oxidation of alcohols by various catalytic systems
based on oxoammonium salts and nitrox radicals of the 2,2,6,6-tetramethylpiperidine series is presented.
It has been established that the catalytic system of the nitrox radical — iodine in combination with the pyr-
idine base accelerates the oxidation of alcohols. This catalytic system is most effective because it is sim-
ple in composition, low in cost and does not contain toxic metals and oxidizing reagents.

Keywords: catalytic system, selective oxidation, alcohols, 2,2,6,6-tetramethylpiperidin-1-oxyl (TEMPO),
iodine, pyridine bases.

BBenenue. CtaOunpHble CBOOO/IHBIE paauKallbl HUTPOKCUIIBHOTO THUIA OOpamaroT Ha cels Bce-
BO3pacTaoIlee BHUMAHUE M3-32 MX BOKHOCTH BO MHOXKECTBE Pa3BUBAIOIIMUXCS O0JIACTEH COBpEMEHHOM
HAyKHW ¥ TEXHUKH, OCOOCHHO B HAIPABJICHUU Pa3pa0OTKH BHICOKOTEXHOJIOTHYHBIX MAaTEPHAIOB U KaTalH-
THYECKHUX cucrem [1-3]. Cpenun Pa3TUIHBIX HUTPOKCHUITHHBIX panukanos (HP) 2,2,6,6-
TeTpameTuinunepuaut-1-oxcun (2,2,6,6-TMII-1-okcuin, TEMIIO) u ero poJICTBEHHbBIC COCTUHCHUS
MPEJICTaBISIIOT 0COObI nHTepec. OHM HAILIU MUPOKOE MPUMEHEHHE B Ka4eCTBE PeareHTOB U KaTallu3a-
TOPOB B OPTaHUYECKOM CHHTE3€, aHTUOKCHIAHTaX, MaTepraax i paJuKaabHbIX OaTapell, MarHUTOAK-
TUBHBIX MaTepualiaX, MHruOUTOpax (HOTO- U TEPMOJCCTPYKIIMHU M KaTaau3aropax noaumepusammu [2—8].

B obnacty XxuMHUUYeCKHX TEXHOJIOTUH opranndeckoro cuutesa paaukan TEMIIO u ero nmpousBo-
HBIC SIBJITFOTCSI XOPOIIIO 3apEKOMEH/IOBABITUMH CeOs KaTaIM3aTOpaMH IS TIPOIECCOB OKHCIICHUS opra-
HUYECKUX COCAMHCHHM, MPEXK]IC BCETO CITUPTOB, 10 KAPOOHMIBHBIX COCTMHEHUHN U MPOM3BOIHBIX KapOo-
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HOBBIX KHCIIOT. OCOOEHHO 0O0JIbIIOE 3HAUCHHE UMEET BO3MOXHOCTh POMBIIIITIEHHOr0 puMeHenus: HP B

KaueCTBE YMEPEHHOH, 0e30IacHON M 3KOHOMHYHOM aJbTEpHATUBbI OKUCIMTENSIM M KaTajlu3aTopaMm Ha
OCHOBE TSDKEJIBIX METAJUIOB B IMPOLECCAX BBICOKOCEIEKTHBHOIO OKHCIEHHs crniupToB [3]. JlaHHbIA dakT
00ycJI0BJI€H BOCTPEOOBAHHOCTBIO KapOOHUIIBHBIX CTPYKTYpP M (DYHKIMOHAJIBHBIX IPOM3BOJHBIX KapOo-
HOBBIX KHCJIOT, UX PEaKIMOHHON CHOCOOHOCTBIO, BO3MOYKHOCTBIO IOJYYEHHs HAa UX OCHOBE LIMPOKOIO
Kpyra LEHHbIX OPraHUYECKUX MPOAYKTOB, CHHTETMUECKHX BOJOKOH, HOHOOOMEHHBIX CMOJ U (papmarieB-
TUYeCcKuX npemaparos [1, 3, 7-10].

OcHoBHas1 yacTb. PazpaboTansl pa3nuyHbIe peareHThl U KaTAIUTHYECKUE CUCTEMBI JUIs OKHCIIe-
HUSI CIIUPTOB JIO aJibJIETHI0B U KeToHOB [2—3, 10—13]. OgHako MHOTHE M3 3TUX CUCTEM OTJIMYAIOT BBICO-
KM€ PAaCXOIbl PEareHTOB, UX HECTAOMIIBHOCTB, MCIIOJIb30BAaHHE OMACHBIX METAUIOB WJIM OKHCIIHTEIEH,
YKECTKHUE YCIIOBUSI UJIU CJIOKHOCTD ITPOBEIECHUS PEAKIIMH.

Oxwucnennsle npousoHbie HP psma TEMITO — okxcoammonuesbie cosm (OC) moayduan mumpo-
KO€ NPUMEHEHHE B PEaKIMsIX OKHCICHUS NMEPBUYHBIX U BTOPHUYHBIX CIIUPTOB /10 allbJETUIO0B WU KETO-
HOB [12, 14]. B To Bpems kak OC ObUIM yCHEUIHO MPUMEHEHBI B KAY€CTBE CTEXHOMETPHYCCKUX OKHCIIH-
TeJIed, UX OTHOCUTENIbHO BBICOKAs LieHa MOOyAuiIa K pa3padoTKe MHOTOUMCIIEHHBIX MPOLIECCOB, OCHOBAH-
HBIX Ha MPUMEHEHUH KaTanuTudyeckux koianuecTB OC nnm ux npeamectseHHUKOB HP ¢ ncnonb3oBanuem
pa3IMYHBIX HEJOPOTHX BTOPHYHBIX OKuciuTenei [2, 11-19].

K TakuMm okucnuTensM, He COJEpKalM MEPEXOIHBIX METAJIOB, OTHOCSTCS THIIOXJIOPUT HATPUS
WJIY TaJIOTeHbI, OHU OBUTH YCHEITHO MPUMEHEHBI K Katanu3upyemomy HP okucnenuto cnuptoB 10 kapoo-
HUIIBHBIX coenuHeHui [2, 18-21].

Cpenu oxuciuTeneil Ha OCHOBE T'aJOI€HOB IEMEHTHbIN HOJ MPUBIIEKAeT BHUMAHUE KaK MATKU,
CTaOMIIbHBIN U HEAOPOroi okuciuTens [19-20, 22-23].

Panee Obu10 omucano karanuzupyemoe HP okucieHue cnupToB 3J€MEHTapHBIM HOAOM B JIBYX-
¢asznoii cucreme CHCl,/KOH, xoTopoe npoTekano ¢ HU3KMMHU BBIXOJAaMH LIEIEBbIX MPOAYKTOB [24]. O
0ojiee CENEKTUBHOM OKHCIIEHHM pPa3M4HbIX crnupToB B cucreMe Tonyos/NaHCO3 (BogH.) coobumnu
Munnep u Xépuep [20]. Takke onucaH 3J€KTPOXUMHUUECKHUH cIoco0 OKUCIEHMS CIUPTOB B IByX(pa3HOM
cucreme CH,Clo/NaHCO43/KI [23]. Ha B3ruisag aBTOPOB CTaThHM, HUTPOKCHI-KATAITU3UPOBAHHOE OKHUCIIE-
HUE CIHUPTOB HOJOM B JBYX(a3HOW CUCTEME «OpPraHMYECKUH pPacTBOPHUTENL/BOJHBIM pacTBOpP OCHOBA-
HUS» UMeeT MOTEHIMall JJIs UCMOJIb30BaHUS B KaueCTBE YHHUBEPCAIbHOIO OOIEro Meroaa Juid jJadopa-
TOPHOT'O U MEIKOMACIITaOHOTO MPOMBIIIJICHHOTO CHHTE3a pa3IMYHbIX alibJeruI0B U KeToHOB. IIpoBene-
HUE PeaKLUi OKUCIIEHUs] CHUPTOB J0 KapOOHWIBHBIX COEAMHEHUH B IBYX(a3HBIX BOJIO-OPTaHUYECKUX
cucTteMax OJaronpusATCTBYET MPOCTOMY pa3elieHHI0 OPraHWYeCKUX MPOJYKTOB OT HEOPraHMYECKUX BO-
JIOPacTBOPUMBIX peareHTOB U 0TX010B [22—23].

B kauecTBe > PEKTUBHBIX KaTaaU3aTOPOB JJISl CENEKTHBHOIO CTEXHOMETPUUYECKOIO OKHCIICHUS
CHUPTOB B aIbJETHbl WIM AUMEpHbIE 3(upbl ¢ ucnonab3oBanueM OC psjgoMm HccienoBaTeneid Obun
NPE/UTOKEHBI MUPHINH U €ro ajJKWI3aMelleHHbIe Tpou3BoaHbIe [15, 25-26]. OmHako MUPUANHBI HE H3Y-
YaJIMCh KaK COKaTaJn3aTopbl Ui cenekTuBHoro HP katannsumpyemoro OKHCIEHUS pa3iMuYHBIX THUIIOB
CIIUPTOB B &JIbJIETU bl UJIM KETOHBI C HCIIOJIB30BAHNUEM HOJIA.

HP karanusupyeMoe OKHMCIIEHHE MEPBUYHBIX M BTOPUYHBIX CIIUPTOB HOJIOM B OTCYTCTBHE MUPHU-
JMHOBOTO COKAaTaJM3aToOpa MOKa3ajlo, YTO OCOOEHHOCTH PeaKIUHU OBbUIM CXOAHBI C HEKATAIUTHUYECKUM
cTexuoMeTpuieckuM okuciieHueM cruptoB OC [27-28]. Takum 00pa3oM, CTEpUYECKH HE 3aTPYIHCHHbIC
OEH3WJIOBbIE CIIUPTHI U BTOPUYHBIE aNU(aTUYECKUE CIIUPTHI OKUCISITUCH C YMEPEHHOU CKOPOCTHIO, B TO
BpeMsl KaKk MEPBUYHBIM adu(aTHUYECKUM CIUPTaM Ui OKUCIEHUsS TpeOOBaJloCh AJIUTENbHOE Bpems. B
JMarna3oHe rOMOJIOTOB JIMHEHHBIX MEPBUYHBIX aTu(paTHUYECKUX CIUPTOB CKOPOCTh OKUCIIEHUS MOCIENO-
BaTEJIbHO CHUYKAJIACh C YBEJIIMUEHUEM JUIMHBI YIIIEBOJOPOAHON Lienu. MHTEpecHOo, 4TO 3TH pe3yabTaThl B
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3HAQUYUTEJILHOM CTEIICHU OTINYAIOTC OT Pe3yJbTaToB aHaIornuHblx HP karanmsupyemeix peakiuil okuc-
nenus cnuptoB ¢ NaOCI (nepBuunbiii okuciaurenb) B aByxdasuoit cucreme CH,Cl,/NaHCO;3 (Boan.). B

3TUX YCJIOBHUSAX OKHCJICHHE NMEPBUYHBIX CIUPTOB MPOMCXOIMIO C 0ojiee BBICOKUMH CKOPOCTSIMH, YeM
OKHCJICHHE BTOPHUHBIX [29].

VY auBuTeNbHO, HO MpH KatanuupyemoM HP okxucienun nepBUYHBIX anu(paTHYECKUX CHUPTOB
Ho/10M HaOIIOAAUCEH JOCTATOYHO BBICOKHME BBIXObI AUMEPHBIX A(PUPOB. DTH Pe3yNbTaThl OTIIMYAIOTCS OT
CTEXHOMETPUYECKOTO0 OKHUCIEHUS MepBUYHBIX anudarnyeckux cnuptoB OC, 11si KOTOPBIX 00pa3oBaHue
JMMEPHBIX 3(UPOB OBLIO 0OHAPYKEHO TOJILKO C He3HAUUTEIbHBIMU Bhixogamu (3-5%) [27-30]. Hekara-
JUTUYECKOE OKHCIICHHE CIHpPTa HOAOM BHOCUT 3HAUUTENbHBIA BKJIaJI B OONIYI0 PEakKlHIo, Hampumep,
OKHCIUTENbHAs dTepuUKAIU CIUPTOB HOJOM SBIISIETCS XOPOIIO M3BECTHOH peakiueii [31]. Oxnako
OKHCJICHHE PA3JIMYHBIX CIIUPTOB HoaoM B aByxdaszuoit cucteme CH,Clo/NaHCO; (BoaH.) mokasaiio, 4to B
orcyrctBue HP psima TEMIIO okucnenue npoTekaeT MeIJICHHO M BBIXO/IbI KApOOHUIIBHBIX COCTMHCHUH B
5-10 pa3 Hmxke no cpaBHeHuto ¢ HP kaTanusupyembiM OKHCIIEHHEM B TeX ke ycloBusix. MHTepecHo OT-
METHUTh, YTO O0pa30BaHHE NUMEPHBIX 3(UPOB B KAYECTBE OCHOBHBIX MPOJYKTOB B KaTaM3HPyEeMOM
TEMPO/CaCl;, okuciaeHn#u nepBUYHBIX CIIUPTOB OKCOHOM B IIPUCYTCTBUH BOJIbI OMHUCAHO B [32], 0HAKO
3Ta OKUCIUTENbHAS CUCTEMA CHIIBHO OTJIMYAETCsl OT PACCMOTPEHHOM 3/1€Ch KaTaIUTUUECKON CUCTEMBI.

[loaTomMy, HECMOTpsI Ha HEKOTOPOE CXOACTBO CO CTEXHOMETPUUYECKUMH pEaKLUUsSMU OKHCIIEe-
uust OC [27-28] xaranusupyemoe HP okucnenue crmptos iogom B CH,Cl,/NaHCOj3 (BoaH.) oTiinyaercs
110 CKOPOCTH M CEJIEKTHBHOCTH OT OOJBIIMHCTBA Katanu3upyembix HP peakumii oxucnenust B qyxgas-
HBIX cucTemax [2, 21, 29, 33-34].

J1J1 TIOBBIIIEHUSI CKOPOCTU OKUCJICHHS M CEIEKTUBHOCTH, OCOOCHHO B CiIy4yae NEpBUYHBIX ajuda-
TUYECKUX CIHUPTOB, OBLI UCCIIEOBAH KaTallu3 C Pa3IMYHbIMH MHUPUIMHOBHIMH OCHOBAaHUSMU. bbu1o 00-
HapYXEHO, YTO J100aBlIeHNE MUPUAUHOBBIX OCHOBAHUN YCKOPSIET OKHCIIEHHE B JOCTATOYHOM CTENEHH IO
CPaBHEHMIO C HKCHEpUMEHTaMHu Oe3 J00aBlieHUs] MUPHUIUHA, B YaCTHOCTH JUIl OKHCICHMS MEPBUYHBIX
anudarnueckux cnupToB. HezaMemeHHbI TUPUIUH CIOCOOCTBYET 00pa30BaHUIO AUMEPHBIX A(PUPOB, B
TO BpeMs Kak 2,6-In3aMelieHHble TUPUANHBI TPOIYyIUPYIOT ambaeruabl. [Tomo0Has celeKTUBHOCTD ISt
OKHCIICHHSI TIEPBUYHBIX AIM(ATHUECKUX CIIUPTOB B MPHUCYTCTBUU MUPUAMHOBBIX OCHOBAHUH COTIIACYETCS
C JaHHBIMH O BJIMSHUHM CTPYKTYp NMUPHUIMHOBBIX OCHOBAaHWW Ha CEJIEKTUBHOCTH CTEXHOMETPHUYECKOTO
OKHUCIIeHHUs cupTOoB ¢ ucnonb3oBanuem OC [15].

3akui0ueHue. AHaTU3 COBPEMEHHBIX JaHHBIX JINTEPATYPhbl O IPOBEICHUH PEaKIMil CEJIeKTUBHOTO
OKHCIICHHsI CIIMPTOB MOKa3ail, 4To Hanbosee 3(pPpekTUBHOI sABIseTCA KaTAIMTHUECKasi CUCTEMa Ha OCHO-
Be HP psana 2,2,6,6-rerpamerunnunepuanta (psaa TEMIIO) — iion — nupuanHOBOE OCHOBaHUE.

KitoueBbiMH 0cOOEHHOCTSAIMU 3()D(PEKTUBHOTO OKUCINUTENBHOIO METOAA SBJSIOTCS MCIOIb30BaHHE
nByxdasnoii cucrembl CH,Cl,/NaHCOj3 (BosH.), 371eMEeHTapHOTO HO/a B KauecTBE CJIA00T0 OKHCIUTENS
(IpenoTBpaIIaIero raJoreHupoBaHue CyOCTpaTOB), MPUMEHEHUE KaTaJUTUYECKONW CHCTEMBI, BKIIIO-
yatomeir HP psna TEMITIO B koMOMHaMu ¢ MAPUANHOBBIM OCHOBAHUEM.

Karanutuueckas cucrema HP psna TEMIIO/I; ¢ mpuMeHeHHEeM MUPHUIMHA HE TOJIBKO YCKOpSET
OKHCIICHHE CIMPTOB, HO U MPEJOTBpaliaeT 00pa3zoBaHie AMMEPHBIX A3PUPOB U3 COOTBETCTBYIOLIUX Mep-
BUYHBIX alM(aTHUECKUX CIHUPTOB. 3aMeIlleHHbIe MUPUANHBI B YCIOBUSAX KAaTAIUTHYECKOTO OKUCIICHUS
CIOCOOCTBYIOT 00pa30BaHUIO CHMMETPUYHBIX CIOXKHBIX 3(UPOB C BEICOKUM BBIXOOM.

[IpeumymectBamu katanutuyeckoit cucreMbl HP psga TEMIIO/I; Takxke siBisitoTcs €€ mpocToTa,
HU3Kasi CTOUMOCTh, OTCYTCTBHE B COCTABE METAJNIOB M TOKCHYHBIX OKUCIUTEIHHBIX PEareHTOB.

http://mid-journal.ru




Monogoun nccneposarens [JoHa [ITY m
N/

Bbubanorpadguyeckunii cnucox

1. Ludger, T. Studer T. Nitroxides. Applications in synthesis and in polymer chemistry.
Angewandte Chemie International Edition. 2011. Vol. 50. Ne.22, 5034-5068 pp.

2. Bobbitt, J.M., Bruckner C., Merbouh N. Oxoammonium and nitroxide catalyzed oxidations of
alcohols. Org. React. 2009. Ne.74. 103-424 pp.

3. Ciriminna, R., Pagliaro M. Industrial oxidations with organocatalyst TEMPO and its deriva-
tives. Organic Process Research & Development. 2009. V. 14. Ne. 1. 245-251 pp.

4. Volodarsky, L.B., Raton B. Nitroxides: Applications. Florida: CRC Press, Inc. 1988. V. 2. 162
p.

5. Caron, S., Dugger R.W., Ruggeri S.G. Large—Scale Oxidations in the Pharmaceutical Indus-
try. Chem. Rev. 2006. V.106. 2943-2989 pp.

6. Marino—Gonzalez, A. M., Dijksman, A., Sheldon J. Efficient and Selective Aerobic Oxidation
of Alcohols into Aldehydes and Ketones Using Ruthenium/TEMPO as the Catalytic System. J. Am.
Chem. Soc. 2001. Vol. 123. 6826-6833 pp.

7. Hawker, C.J., Bosman A.W., Harth E. New Polymer Synthesis by Nitroxide Mediated Living
Radical Polymerizations. Chem. Rev. 2001. V. 101.. 3661-3688 pp.

8. Pozannes, D. I'. HuTpokcuibHbIe paguKaibl: CUHTE3, XuMmus, npuioxkerus / J. . Po3aniies,
P. 1. XnanoB. — Mocksa : Hayka, 1987. — 271 c.

9. Wang, T., Jiao N. Nitrogenation Strategy for the Synthesis of Nitriles. Springer. 2017. Ch. 4.
63-109 pp.

10. Bobbitt, J.M. Oxoammonium Salt Oxidations of Alcohols. TCI Chemicals. 2009. Vol. 146. 2—
10 pp.

11. Sheldon, R.A. Recent advances in green catalytic oxidations of alcohols in aqueous media.
Catal Today. 2015. Vol. 247. 4-13 pp.

12. Kopylovich, M. N., Ribeiro A.P.C., Alegria E.C.B.A., Pombeiro A.J.L Chapter three — cata-
Iytic oxidation of alcohols: recent advances. Academic Press. 2015. Vol. 63. 91-174 pp.

13. Ciriminna, R., Pandarus V., Beland F. Heterogeneously Catalyzed Alcohol Oxidation for the
Fine Chemical Industry. Org Process Res Dev. 2015. Vol. 19. 1554-1558 pp.

14. Kelly, C.B., Mercadante M.A., Hamlin T.A., Fletcher M.N. Oxidation of a—Trifluoromethyl
Alcohols Using a Recyclable Oxoammonium Salt. J Org Chem. 2012. Vol. 77. Ne.18. 8131-8141 pp.

15. Bobbitt, J.M. Oxoammonium Salt Oxidations of Alcohols in the Presence of Pyridine Bases. J
Org Chem. 2014. Vol. 79. 3. — P. 1055-1067.

16. Miller, S.A. Oxidation of terminal diols using an oxoammonium salt: a systematic study. Org
Biomol Chem. 2017. Vol. 15. 2817-2822 pp.

17. Badalyan, A. Cooperative electrocatalytic alcohol oxidation with electron—proton—transfer
mediators. Nature. 2016. Vol. 535. 406410 pp.

18. Okada, T., Asawa T., Sugiyama Y. Sodium hypochlorite pentahydrate (NaOCI-5H20) crys-
tals; An effective re—oxidant for TEMPO oxidation. Tetrahedron. 2016. Vol. 72. 2818-2827 pp.

19. Méndez—Sanchez, D. Mangas—Sanchez J. Chemoenzymatic Deracemization of Secondary
Alcohols by using a TEMPO-lodine—Alcohol Dehydrogenase System. ChemCatChem. 2015. Vol. 7.
4016-4020 pp.

20. Miller, R.A., Hoerrner R.S. lodine as a Chemoselective Reoxidant of TEMPO: Application to
the Oxidation of Alcohols to Aldehydes and Ketones. Org Lett. 2003. Vol. 5. 285-287 pp.

http://mid-journal.ru



Monogoun nccneposarens [JoHa [ITY m
N/

21. Anelli, L.P., Biffi C., Fast and selective oxidation of primary alcohols to aldehydes or to car-
boxylic acids and of secondary alcohols to ketones mediated by oxoammonium salts under two—phase
conditions. J Org Chem. 1987. Vol. 52. 2559-2562 pp.

22. Kashparova, V.P., Klushin V.A. Selective Synthesis of 2,5- Diformylfuran by Sustainable
4- acetamido- TEMPO/Halogen- Mediated Electrooxidation of 5- Hydroxymethylfurfural. J. Chem —
Asian. 2016. Vol. 11. 2578-2585 pp.

23. OKuCJIeHUE CIIUPTOB ANEKTPOXUMHUUECKH TEHEPUPYEMBIM HOJIOM B IPUCYTCTBHH HUTPOKCHITb-
Horo pamukana / B. Il. Kammaposa [u ap.] / Kypuan npuknannoit xumun. — 2010. — T. 83, Ne 4. —
C. 693-695.

24. Cottier, L., Descotes G. Oxidation of 5- hydroxymethylfurfural and derivatives to
furanaldehydes with 2,2,6,6- tetramethylpiperidine oxide radical - co- oxidant pairs. J Heterocycl
Chem. 1995. Vol. 32. 927-930 pp.

25. Abramovich A., Toledo H., Pisarevsky E., Szpilman A.M. Organocatalytic oxidative dimeriza-
tion of Alcohols to esters. Synlett, 2012. Vol. 23. Ne 15. 2261-2265 pp.

26. Ray, R., Jana R.D., Bhadra M. Efficient and Simple Approaches Towards Direct Oxidative Es-
terification of Alcohols. J. Chem — Eur. 2014. Vol. 20. 15618-15624 pp.

27. Bailey, W.F., Bobbit J.M., Wiberg K.B. Mechanism of the Oxidation of Alcohols by
Oxoammonium Cations. J Org Chem. 2007. VVol.72. 4504-4509 pp.

28. Qiu, J.C., Pradhan P.P. Selective oxoammonium salt oxidations of alcohols to aldehydes and
aldehydes to carboxylic acids. Org Lett. 2012. Vol. 14. 350-353 pp.

29. Anelli, L.P., Banfi C. Oxidation of diols with alkali hypochlorites catalyzed by oxammonium
salts under two—phase conditions. J Org Chem. 1989. Vol. 54. 2970-2972 pp.

30. Merbouh, N. Oxoammonium Salts. 9. Oxidative Dimerization of Polyfunctional Primary Al-
cohols to Esters. An Interesting 3 Oxygen Effect. J Org Chem. 2004. Vol. 69. 5116-5119 pp.

31. Mori, N. Facile oxidative conversion of alcohols to esters using molecular iodine. Tetrahedron.
2005. Vol. 61. 5915-5925 pp.

32. Hackbusch, S. Oxidative esterification of primary alcohols with TEMPO/CaCl2/Oxone under
hydrous conditions. Tetrahedron Lett. 2016 Vol. 57. 2873-2876 pp.

33. Fukuda, N. Safe and convenient nitroxyl radical and imide dual catalyzed NaOCI oxidation of
alcohols to aldehydes/ketones. Tetrahedron Lett. 2015. Vol. 56. 3905-3908 pp.

34. Moriyama, K. Direct and Selective Benzylic Oxidation of Alkylarenes via C—H Abstraction
Using Alkali Metal Bromides. J Org Chem. 2014. Vol. 79. 2414-2417 pp.

06 asmopax:

Ilyouna Enena HukosaeBHa, acCUCTEHT Kadeapsl «XUMUYECKHE TEXHOJIOTUHU He(PTErazoBoro
KoMIUIeKca» JIOHCKOro rocynapcTBeHHOro texuuyeckoro ynusepcurera (344000, PO, r. Poctop—Ha—
Hony, . arapuna, 1),

AjekceeB MakcuM AJleKCaHIAPOBHY, CTYISHT J[OHCKOTO TOCYIapCTBEHHOTO TEXHUYECKOTO
yauBepcureta (344000, PO, r. PocroB—na—/lony, mu. ["arapuna, 1), alexeevm8@gmail.com

I'onyOoenko EBrenmii BuranbeBud, maructpanT J[OHCKOrO rocyJapCTBEHHOIO TEXHHYECKOTO
yauBepcureta (344000, PO, r. PoctroB—na—/{ony, . ['arapuna, 1), spu—58.3@donstu.ru

http://mid-journal.ru


mailto:alexeevm8@gmail.com
mailto:spu-58.3@donstu.ru

Monogoun nccneposarens [JoHa [ITY m
N/

Pomamenko Uiabs AjlekcaHAPOBUY, MAarucTpaHT J{OHCKOr0 rocyIapCTBEHHOTO TEXHHUYECKOIO
yauBepcureta (344000, PO, r. PocroB—na—/ony, 1. ['arapuna, 1), spu—58.3@donstu.ru

Kykosa Upuna FOpbeBHa, 3aBenyromas kageapoi «XUMUIECKHE TEXHOJIOTHH HEPTEra30BOTO
KoMIuIeKkcay JIOHCKOTO rocyaapcTBeHHOro TexHudeckoro yHupepcurera (344000, PD, r. PoctoB—Ha—
Homny, 1. arapuna, 1), J0KTOp TEXHHUECKUX HayK, mpodeccop, iyuzh@mail.ru

Authors:

Shubina Elena Nikolaevna, Assistant, the Department of Chemical Technology of Oil and Gas
Complex, Don State Technical University (344000, Russian Federation, Rostov-on-Don, Gagarina sq. 1),
Elenapapinal995@mail.ru

Alekseev Maksim Aleksandrovich, student of Don State Technical University (344000, Russian
Federation, Rostov-on-Don, Gagarina sg. 1), alexeevm8@gmail.com

Golubenko Evgeniy Vitalievich, master student of Don State Technical University (344000,
Russian Federation, Rostov-on-Don, Gagarina sg. 1), spu—58.3@donstu.ru

Romaschenko lliya Vitalievich, master student of Don State Technical University (344000, Rus-
sian Federation, Rostov-on-Don, Gagarina sg. 1), spu—58.3@donstu.ru

Zhukova Irina Yurievna, Head of the Department of “Chemical Technologies of the Oil and Gas
Complex”, Don State Technical University (344000, Russian Federation, Rostov-on-Don, Gagarina sg. 1),
iyuzh@mail.ru

http://mid-journal.ru



mailto:spu-58.3@donstu.ru
mailto:iyuzh@mail.ru
mailto:Elenapapina1995@mail.ru
mailto:alexeevm8@gmail.com
mailto:spu-58.3@donstu.ru
mailto:spu-58.3@donstu.ru
mailto:iyuzh@mail.ru

