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PoGota  mpucBsueHa akTyalbHIA 3aJadi — JOCHIDKCHHIO KIHETUYHUX
0COOJIMBOCTEH peakIliii piquHHO(A3HOTO OKMCHEHHS 4-0pOMETHIOCH3CHY Ta HOTO
OKCUT€HBMICHUX MOXIJTHUX O30HOM B JBbOJSHIN aleTaTHI KHUCIOTI Ta po3pooii
HOBOTO METO/y CUHTE3y 4-OpomarieToeHOHY, SIKHM XapaKTepi3yeThCs BUCOKUMU
BHUXOJIOM 1 CEJIEKTUBHICTIO, M SIKHMHA YMOBAaMH BEJICHHS IPOIIECY O30HYBaHHS 4-
OpoMeTHJIOCH3€HY Yy PO3YMHI JIbOJSHOI alleTaTHOI KHUCIOTH B MPUCYTHOCTI
KaTaJi3aTopiB Ha OCHOBI coJieit nepexiguux metams (CIIM).

[IpoananmizoBaHO JiTepaTypHI JpKepena Ta MaTeHTHa 1Hdopmalls I[0A0
peakiliii Ta METOJ/lIB OKHUCHEHHsS apeHiB B pAly alKUIOGH3EHIB PI3SHUMUMU
OKHMCHUKAMH, PO3IJISTHYTO CYYacH1 YSBJIEHHS 3 KIHETUKM Ta MEXaHI3My peakiii
pIAMHHO(A3HOTO OKHCHEHHS MOXIJIHMX €TUJIOEH3eHY Ta HaBEJACHO OCHOBHI
npenapatuBHi MeTonu cuHTe3y 4-Opomaretodenony. [lokaszano, mo mpouecu
OKHCHEHHSI O30HOM JIOCHUTbH JI€TATHHO BHBYCHO B PALY TOJIYEHY, pOOOTH MO0
JOCIIIJIKEHHSI PEeaKIlii O030HYBaHHA TOXIJHUX €TUIOCH3EHY TIIbKU TMOYaJIH
3’SBIIATHUCS B JITEpATypl 1 HE MArOTh MEBHOI CUCTEMHOCTI. Po3risHyTi mMeTomu
cuHTe3y 4-OpoMarieToeHOHY XapaKTepu3yIOThCs MIABUIICHUMU TEMIIEpaTypaMH,
YTBOPEHHSIM TOKCUYHUX CTIYHUX BOJ Ta HU3BKMUMH BHUXOJaMH. Tomy OUIbII
NEPCHEKTUBHUMH € €KOJIOTIYHO YMCTI 030HHI TEXHOJIOTI, AKi BiAOYBalOThCS MpHU
HU3BKUX TEMIEPATYypax 1 BUCOKOIO CEJIEKTUBHICTIO 3a I[IIbOBUMH MPOAYKTaMHU.

Ha mizmcraBi 371HCHEHOTO JITEPAaTypHOTO OIJISIAY 3alpONOHOBAHO OCHOBHI

HaIPSIMKH JTOCHI/I)KE€Hb, C(OOPMYIBLOBAHO METY 1 3aBAaHHS POOOTH.



HocnimkeHHss  peakiii  030HyBaHHS  4-OpoMeTHIOCH3eHYy Ta  HOro
OKCUTEHBMICHUX MOXIJTHUX MPOBOJWIM B CKISHUX PEaKTOpax THUIY «KaTaliTUYHA
KauKay Ta «KOJIOHKa» 3 mep(opoBaHUM THOM JIsl TUCTIEPTYBAHHS 030HOBMICHOTO
raszy 3a yMOB, 1[0 JIO3BOJISUIM TpaIfOBaTH B KiHETWYHINM obsacti. [1ix gac mocmiiais
KUIBKICHUH BMICT O30HY y Ta3l Ha BXOIi 1 BUXOAI 3 peaktopa (QikcyBamu
CEKTPOPOTOMETPUIHNM MeTosIoM. 4-bpoMernnOeH3eH, HOro OKCHUTEHOBMICHI
MOXiAHI Ta MPOAYKTH iX MepeTBOpeHHs iAaeHTu(dikyBamu Mmetomamu [PX, Y-
cnektpockomnii. KiapKicHU# CKJIaay peakiiifHOT Macu BHU3HAYaJld 3a JOTIOMOTOIO
I'PX. KoHueHTpalit0 MEePOKCUIHUX CIOJYK Ta OKHUCHEHOI (GopMH MeTainy B
peakxiiitHiil Maci BU3HA4Yalu HOJIOMETPUYHUM METOIIOM.

Bnepmie Ha npuknaal peakiiii 030HY 3 4-OpoMeTHIOCH3€HOM B arleTaTHIN
KHUCIIOTI OyJ0 BCTAHOBIICHO, IO BBEJCHHS B apOMAaTHYHE KUIbIE E€THJIOCH3EHY
JIe3aKTUBYIOYOTO 3aMicHHMKa (-Br) xoda 1 miJBUINY€E CENEKTUBHICTh OKHCHEHHS
cyOcTpary 3a OIYHHUM JIQHLIOTOM, ajieé O30HOJIITHYHA JEeCTPYKIi OEH3€HOBOIO
KUIBIISI 3QJIMIIAETHCS MEPEBAKAIOUUM HAMPSIMKOM PEaKIIii.

BuBueHO KiHETHKY OKHUCHEHHS 4-OpoMeTWJIOCH3EHY O30HOM Yy piakiil asi.
[TokazaHo, 110 peakilis nepedirae mepeBa)xHO 3a APOMATUYHUM KUIbLIEM CYyOCTpaTy
3 yTBOpeHHsM amidarnyHux mnepokcuaiB (50%) 1 3a €TWIBHOK TPYIOK 3
YTBOPEHHSIM Ha paHHIX cramisx 1-(4-OpomdeHin)eTaHody, a MPU BUYCPITHOMY
okucHeHHi 10 40 % 4-0pomarieTodheHony ta 8% 1-(4-OpomdeHin) eTaHomaleTary.

3HaiiieHo, 10 030HYBaHHA 1-(4-OpoMdeHin)eTaHoy MPOTIKAE JHIIE 3a
OIYHMM JIaHIIFOTOM 3 YTBOPEHHSAM BIAMOBIAHOTO areToeHoHy. [Hima KiHeTHyHa
KapTHHA CIIOCTEPITaeThC MPH OKUCHEHH1 4-OpomarieTo)eHOHY: O30H aTaKye 3a
OCH3E€HOBUM KUIBIIEM 3 YTBOPEHHSIM amiaTUYHUX TMEPOKCUIIIB, Yy PO3UMHI
(bIKCYIOTBHCSI TAKOXK CII1JI0OBI KUTBKOCT1 4-OpOMOEH30MHOT KUCIIOTH.

BcranoBneHo, 1m0 B mponeci OKUCHEHHsS 4-OpOoMETHJIOEH3€HY O30HOM B
npUCYTHOCTI KatamTuuHux gomimok CIIM, 3okpema manran(Il) aneraty, 3HauHO
MJBUIIYETHCSI CEJICKTUBHICTh PEAKIlii 3a €TWJIBHOI TPYIOI 3 yTBOPEHHSAM 4-

OpomanieTopeHoHy, BUX1j Horo aocarae 95,6%, mo Ha 20% Bulle, HXK Y BUMAIKY



KaTATTUYHOTO O30HYBaHHsS eTWUIOEH3eHY. TakoXX cepea MNpPOAYKTIB peakiii
inentudikoano 4,2 % 1-(4-6pomdenin)eraHosamnerary.

BuB4YeHO OCHOBHI CTajili KaTaJiTHYHOTO IHKITY. 3’SICOBAHO POJIb KOXKHOTO
KOMITOHEHTa OKUCHIOBAJIBHOI CUCTEMU. BcTaHOBIIEHO, IO KaTaMITHUYHE OKHCHEHHS
4-OpoMeTHIIOEH3CHY 3MIMCHIOETHCS O30HOM, WOTO POJIb TIOB’sI3aHA 3 TEHEPAIIEI0
aKTUBHOI (QopMH KaTamizaTopa, SKa IHIIIIOE CEJICKTUBHE OKWUCHEHHS 4-
OpomeTuinOeH3eHy 3a OIYHHMM JIAHLIOTOM, a MOJEKYJSIPHUM KHUCEHb MpHiiMae
y4acTh JIMIIE Ha CTajalli TPOJOBXKEHHS JIAaHLIOTY 3a paxyHOK B3aeMOJIl 3
AKTUBHUMH PaJIUKAJIAMHU.

3anpornoHoBaHa XIMIYHA CXeMa peakiliii KaTaJiTUYHOTO OKUCHEHHS 4-OpoMm-
eTWIOEH3EHY Ta MOro MOXIJIHUX, SIKA MOSCHIOE OJEp’KaHl eKCIEPUMEHTANIbHI J1aH1
Ta TOTJHOIIOE TEOPETUYHI YSABJICHHSA IIOJ0 peakiii O030Hy 3 IOXITHUMHU
eTWIOEH3eHy Yy piakiid (a3l 1 J03Bossie OOIPYHTOBAHO MIAXOAMTH JO BUOOPY
KarajizaTopa i YMOB OKHCHEHHS Il CEJICKTUBHOTO YTBOPEHHS BiAMOBIIHOTO
areToeHoHy.

[loka3aHo, 110 O30HOJITUYHUI cUHTE3 4-OpomalleTo(pEeHOHY, MOPIBHSIHO 3
ICHYIOYUMHU TEXHOJIOTIIMH MOTO OJIEpXKaHHS, Ma€ CYTTEBI IepeBard, 30KpemMa
3HMKEHUN TemnepaTypHuil pexxum (288-293 K), BiCyTHICTh TOKCUYHUX CTIYHUX
BOJI Ta CHPOIICHE anapaTypHe oOpPMIICHHS MPOIIECY.

Ha ocHOBi ojep»)aHUX EKCIEPUMEHTAIBHUX JaHUX PO3pOOJIEHO OCHOBU
TEXHOJIOT1i cCUHTE3y 4-OpomalneTo(peHOHY HU3bKOTEMIEPATYPHUM OKHUCHEHHSM 4-
OpoMeTHIIOCH3€HY O30HOM Yy PO3UHMHI JIBOJSHOI arneTaTHOI KUCIOTH. Pe3ynbpratu
JUCEePTaIliitHOT poOOTH BIPOBA/KEHO y HAaBYAIBHUH Tpoliec B [HCTUTYTI XiIMIYHHX
texnosorid CHY im. B. Jlans (M. PyGixne).

JlocsiTHYTI  pe3ysibTaTh MOXYTh OyTH TIACTaBOI JUISl  MOJABIIOTO
MOIIMPEHHS TPAaKTUYHOTO BUKOPUCTAHHS O30HY B pEaKIlisfaX OKHCHCHHS
aNKUIOeH3eHIB Yy piakid (a3l 3 METO CTBOPEHHS HOBHX CYYaCHUX METOJIB
CUHTE3y BaXJIMBUX U1 XIMIYHOT Ta (apManeBTUYHOT TPOMHUCIOBOCTI

OKCUT€HBMICHUX apOMaTUYHUX MPOAYKTIB.



Kmouosi cnosa: 4-6pometnnoensen, 4-opomarieroderon, 1-(4-0pomdpenin)-
€TaHOJ, O30HOJI3, O30HYBaHHS, OKHMCHEHHS, IEPOKCHI, alleTaTHa KHUCJIOTa,

KaTaji3aTop, KIHeTHKa.

ABSTRACT

Skorokhod K.S. Reactions of 4-bromomethyl benzene and its oxygen-
containing derivatives with ozone in acetic acid solution. - Qualifying scientific
work as a manuscript.

Thesis for a Doctor’s Degree in Philosophy, speciality 102 "Chemistry". -
Volodymyr Dahl East Ukrainian National University, Severodonetsk, 2021.

The work is devoted to the urgent task - the study of the kinetic features of
the reactions of liquid-phase oxidation of 4-bromoethyl benzene and its oxygen-
containing derivatives by ozone in glacial acetic acid and the development of a
new method for the synthesis of 4-bromoacetophenone. the acetic acid in the
presence of catalysts based on salts of transition metals (STM).

Literature sources and patent information on reactions and methods of arene
oxidation in several alkylbenzenes by different oxidants have been analyzed,
modern ideas on the kinetics and mechanism of reactions of liquid-phase oxidation
of ethylbenzene derivatives have been considered and the main preparative
methods of 4-bromoacetophenone synthesis have been given. It has been shown
that the processes of ozone oxidation in the toluene row have been studied
considerably, and the reteaches on the study of ozonation reactions of ethylbenzene
derivatives have only just begun to appear and do not have a certain systematicity.
The considered methods of 4-bromoacetophenone synthesis are characterized by
elevated temperatures, toxic wastewater formation and low yields. Therefore,
environmentally friendly ozone technologies, which occur at low temperatures and
high selectivity for target products are more promising.

Based on the literature review the basic directions of the research are

offered, the purpose and the tasks of the work are formulated.



The studies of the ozonation reaction of 4-bromoethyl benzene and its
oxygen-containing derivatives were performed in glass reactors such as "catalytic
duck" and "column" with a perforated bottom for dispersing ozone-containing gas
under conditions that allow working in the kinetic region. During the experiments,
the quantitative amount of ozone in the gas at the inlet and outlet of the reactor was
recorded by spectrophotometric method. 4-bromomethyl benzene, its oxygen-
containing derivatives and products of their conversion were identified by GRCh,
IR spectroscopy. The quantitative composition of the reaction mass was
determined by GRCh. The concentration of peroxide compounds and the oxidized
form of the metal in the reaction mass was determined by the iodometric method.

For the first time on the example of the reaction of ozone with 4-bromoethyl
benzene in acetic acid, it was found that the introduction into the aromatic ring of
ethylbenzene deactivating substituent (-Br) although increases the selectivity of
oxidation of the substrate by the side chain, but ozonolytic destruction of the
benzene ring remains.

The kinetics of oxidation of 4-bromoethyl benzene by ozone in the liquid
phase has been studied. It is shown that the reaction proceeds mainly behind the
aromatic ring of the substrate with the formation of aliphatic peroxides (50%) and
behind the ethyl group with the formation of 1- (4-bromophenyl) ethanol during
the early stages, and when exhaustive oxidizing up to 40% of 4-
bromoacetophenone and 8% of 1 - (4-bromophenyl) ethanoacetate have been
produced.

It was found that the ozonation of 1- (4-bromophenyl) ethanol proceeds only
along the side chain with the formation of the corresponding acetophenone.
Another Kinetic picture is observed while oxidizing 4-bromoacetophenone: ozone
attacks the benzene ring with the formation of aliphatic peroxides, trace amounts of
4-bromobenzoic acid are also noticed in the solution.

It was found that in the process of oxidation of 4-bromoethyl benzene by
ozone in the presence of catalytic impurities SPM, in particular manganese (I1)

acetate, the selectivity of the reaction on the ethyl group with the formation of 4-



bromoacetophenone is increased significantly, its yield reaches 95.6%, which is
20% higher, than in the case of catalytic ozonation of ethylbenzene. 4.2% of 1- (4-
bromophenyl) ethanoacetate was also identified among the reaction products.

The main stages of the catalytic cycle have been studied. The role of each
component of the oxidation system has been clarified. It has been established that
the catalytic oxidation of 4-bromoethyl benzene is carried out by ozone, its role is
related to the generation of the active form of the catalyst, which initiates the
selective oxidation of 4-bromoethyl benzene along the side chain, and molecular
oxygen participates only in the chain.

A chemical scheme of catalytic oxidation reactions of 4-bromoethyl benzene
and its derivatives is proposed, which explains the obtained experimental data and
deepens theoretical ideas about the reaction of ozone with ethylbenzene derivatives
in the liquid phase and allows a reasonable approach to the choice of catalyst and
oxidation conditions for the selective formation of the corresponding
acetophenone.

It is shown that the ozonolytic synthesis of 4-bromoacetophenone, in
comparison with the existing technologies of its production, has significant
advantages, in particular reduced temperature (288-293 K), the absence of toxic
wastewater and simplified process design.

Based on the obtained experimental data, the basics of the technology of
synthesis of 4-bromoacetophenone by low-temperature oxidation of 4-bromoethyl
benzene by ozone in a solution of glacial acetic acid have been developed. The
results of the thesis have been introduced into the educational process of the
Institute of Chemical Technologies of Volodymyr Dahl East Ukrainian National
University (Rubizhne).

The achieved results can be the basis for the further practical use of ozone in
oxidation reactions of alkylbenzenes in the liquid phase to create new modern
methods of synthesis of oxygen-containing aromatic products important for the

chemical and pharmaceutical industry.
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