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Abstract. According to the results of studying of kinetic
relationships and mechanism of the process of catalytic
oxidation of 4-aminotoluene with ozone in the liquid
phase, the basis of the technology of 4-aminobenzyl
alcohaol and 4-aminobenzal dehyde have been devel oped. It
has been shown that under the ozonation conditions in the
solution of acetic anhydride in the presence of sulfuric
acid, manganese(ll) acetate or its mixture with potassium
bromide it is possible to stop oxidation at the stage of
forming 4-aminobenzyl alcohol or aldehyde. The
technological parameters of the process have been studied
and the optimal conditions of the technological process
have been set.
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1. Introduction

The products of oxidation of amino toluene are
widely used in the production of synthetic dyes, medicinal
and aromatic substances and pesticides [1-3]. Most
classical methods of their production have no future
because of technological complexity, harsh synthesis
conditions and low coefficients of feed stock processing.
These problems can be solved by developing new
technologies of oxidation of 4-aminotoluene using 0zone,
which is an affordable and undiluted oxidant [4-6]. At
present, it is known that in the medium of acetic acid in
the presence of cobalt(ll) acetate methylarenes with high
selectivity are oxidized with ozone to the corresponding
aromatic carboxylic acids [4, 5], the oxidation at the stage
of forming corresponding alcohols or aldehydes being
impossible to stop. Therefore, the systematic research of
ozone reactions with 4-aminotoluene to develop the basis
of technological process of manufacturing aromatic
productsis an actual task.
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2. Experimental

For the experimental study acetic anhydride of
chemically pure grade, 4-aminotoluene of chemically pure
grade, 4-acetamidotoluene (white crystalline powder, m.p.
420K) after multiple recrystdization from water,
manganese(ll) acetate of pure grade, and potassium
bromide of pharmacopoeia grade have been used. All
reagents were purchased from Synbias Ltd (Ukraine).

2.1. Synthesis Procedure

Synthesis of 4-aminobenzyl alcohol (4-ABA). In
the reactor with a perforated bottom with the capacity of
500 ml at the temperature of 303K 200 ml of acetic
anhydride (AA), 220g (1.0 mol-I™") of 4-aminotoluene
(4-AT), 47.0g (24 mol-I™) of sulfuric acid and 10.0g
(0.24 mol-I") of manganese(ll) acetate tetrahydrate are
loaded. The solution obtained is thermostated at 303 K
and the ozone-air mixture with ozone concentration of
0.68vol % at the rate of 601/h is passed through this
solution. After oxidation (3h) the reaction mass is
analyzed for the presence of 4-acetamidotoluene (4-AAT).
When the analysis results are negative, the oxidation is
stopped and the reactive mass is poured into 1000 ml of
water and cooled to 278 K. The solution obtained is
extracted by 3x80 ml portions of diethyl ether.

The ether layer is separated and the ether is
distilled off. 4-Acetamidobenzyl acetate (4-AABA) is
dried to a constant mass in a vacuum desiccator. The dry
product is hydrolyzed. In the flask with areflux condenser
under constant stirring the obtained 4-AABA is dissolved
in the mixture, which contains 165 ml of ethanol and
60 ml of 10 % hydrochloric acid. In 20 min a precipitate
of 4-aminobenzaldehyde (4-ABA) is precipitated, which
is filtered off. The filtrate is boiled for 1 h, then cooled to
328 K and poured onto ice. In 1 h precipitated 4-ABA is
filtered, washed with water to pH 6 and dried. Thus, 1.5g
of 4-ABA are obtained, the yield relative to the theoretical
oneis 62.0 %; m.p. 333-335K.

Synthesis of 4-ABA. In the reactor with a
perforated bottom at the temperature of 303 K 200 ml of
AA (acetic anhydride), 220 g (1.0 mol1™) of 4-AT, 47 ¢
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(2.4 mol-I"™) of 98% sulfuric acid, 10.0 g (0.24 mol-I™") of
mangan@e(lll) acetate  tetrahydrate, and 4.8g
(0.24 mal-17) of potassium bromide are loaded. The
reactor is thermostated at 303 K and the ozone-air mixture
with ozone concentration of 0.68vol % at the rate of
60 I/h is passed through it. In 3 h of oxidation the reaction
mass isanalyzed for the presence of 4-AAT.

When the result of analyss is positive, the
oxidation is stopped, the reaction mass being poured on
1000 ml of water cooled to 278 K. The precipitate of
4-acetamidobenzylidengiacetate (4-AABDA) is filtered
off, washed with cooled water and dried. 4-AABDA is
hydrolyzed by mixing with 200 ml of ethanol and 60 ml
of 10% chloric acid. The mixtureisleft for 0.5 hat 303K,
then 200 ml of water are added, and it is extracted with
diethyl ether. The organic layer is separated in the drip
funnel and dried with an agueous magnesium sulfate. The
crude product of yellow color is recrystallized from the
methyl chloride—petroleum ether mixture and isolated as
hydrochloride by adding the calculated amount of 100 %
hydrochloric acid. 17.5 g of 4-ABA are obtained, theyield
relative to the theoretical one is 65.0 %; m.p. 345-347 K.

2.2. Methods of Analysis

Ozone concentration in the gaseous phase has been
determined by spectrophotometric method using SF-46
[7] spectrometer. The concentration of 4-acetyl-
aminotoluene and the products of its subsequent
transformation in solution has been determined by gas-
liquid chromatography with flame ionization detector on
the column of 3 m length and 4 mm diameter filled with
Inerton AW-DMCS carrier, treated with 10% solution of
NaOH and covered with the stationary phase Apiezon L in
the amount of 10 % relative to the carrier weight under the
following conditions: the thermostat temperature
according to the program is 373-513K for 15 min; the
rate of gas carrier (nitrogen) is 1.8; hydrogen 1.8, air
18 I/h. Nitrobenzene has been used as an internal standard.
The reaction rate constants of ozone with aromatic
compounds have been calculated by the method described
in[8g].

3. Results and Discussion

Earlier it was shown [9] that 4-AT in acetic
anhydride in the presence of sulfuric acid is quickly
acylated in the process of solution preparation for
oxidation and interacts with ozone in the form of 4-AAT.
The main reaction products are ozonides — the products of
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destructing aromatic system, and the selectivity of methyl
group oxidation does not exceed 28 %.

The reaction of oxidation of methylbenzenes with
ozone regarding the methyl group becomes preferable
only in the presence of catalysts — the compounds of
transition metals or their mixtures with potassium bromide
[6, 10]. Under these conditions ozone no longer destroys
the aromatic ring of 4-AAT but reacts with the metal to
form an active form of the catalyst which involves a
substrate into oxidation regarding the methyl group
(Scheme 1).

ArCH; + O;® ozonides @

Mn?+ Os+ H — Mn*" + HO + 0, %)

ArCH; +Mn* — ArCH, +Mn*+H* ©)
Scheme 1

In terms of catalysis by choosing temperature,
solvent, catalyst acylation, and selective oxidation, the
conditions for controlling the depth and selectivity of
methyl group oxidation of arenes are created.

The catalytic activity of various metals has been
studied.

Under the conditions of low temperature oxidation
(273-303 K) in the medium of acetic anhydride in the
presence of sulfuric acid the maximum catalytic activity is
demonstrated by manganese(ll) acetate. 4-AAT oxidation
selectivity regarding the methyl group achieves 85.5% in
its presence. Among the reaction products 4-AABA
(65.5%) and 4-AABDA (20.0%) have been found;
4-acetamidobenzoic acid (4-AABA) was accumulated
after the exhaustive substrate oxidation (Fig. 1).

0.4
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Fig. 1. Kinetics of 4-AAT (1) oxidation in acetic anhydride at
303 K in the presence of sulfuric acid and manganese(l1) acetate:
4-AABA (2); 4-AABDA (3) and 4-AABA (4)
[ArCHs]o=0.4; [Mn(OA),]o= 0.10; [H,SO,]o= 1.0;
[04]0=4.010"mol-I"; V,= 0.01 |
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Table 1
The Kinetic parameter s of catalytic cyclereactionsat 4-AAT oxidation
_ k, I'mol*s* . i
Reaction 278K 303K E, kJmol A, I'mol™s
4-AAT +Mn(l11) 2.710” 48107 22.1+2.0 8.0-10°
4-AAT +Mn(11)Br 0.08 0.15 31.4+3.6 6.0-10"
4-AABA +Mn(I11) 1.1:102 31102 31.6+3.0 2.6:10°
4-AABA +Mn(l11) 0.2:102 14102 33.5+3.3 2.810°
4-AABDA + Mn(11)Br 33107 0.09 32.8+3.0 6.5-10°
4-AABDA +Mn(11)Br 4.2:10° 0.06 37.5+4.0 2.910°
O3+ 4-AAT 0.56 0.85 16.9+2.0 8.4-10°
O; +4-AABA 0.26 0.48 18.742.0 1.640°
O; + 4-AABDA 0.23 0.36 20.9+2.0 3.140°
Mn(l1)+ O, 1851 36.45 22.8+2.4 4.410°
Notes: [ArCH3]o= 0.4; [Mn*Br]o= 0.08 mol-I™.
Table 2

The effect of manganese(11) acetate concentr ation
on the methyl group oxidation selectivity of 4-AAT

. Yied of the reaction products, % . L

Mn(OAc),], mol-* i Sdlectivity of methyl group oxidation, %
(Mn(OAC)] alconol aldenyde ty v grotp °

0.02 445 79 52.4

0.04 52.8 12.2 65.0

0.06 57.0 16.9 76.9

0.08 65.5 20.0 85.5

0.12 64.7 20.5 85.2

Notes: [4-AAT]o= 0.4; [Ogo= 4.0-10™ [H,S0,]o= 1.0 mol-I™; T= 303 K.

Sdlectivity for methyl group oxidation depends on the
ratio of reaction rates (1-3). As one can see from Table 1 the
rate constant of ozonolysis reaction is much higher than that
of Mn* substrate oxidation. Therefore, the selective methyl
group oxidation is possible only at the increased concen
tration of Mn*, which is observed in practice (Table 2).

The results of kinetics studies (Table 2) explain the
reason for stopping 4-AAT oxidation at the stage of
forming the  corresponding  benzylacetate  or
benzylidendiacetate, since the rate of substrate oxidation
with the oxidized metal form and ozone becomes slower
in the order: substrate > alcohol > aldehyde.

One can observe further deepening of oxidation
when potassum bromide is injected in the catalytic
system AC,O-Mn(OAg)—H,S0,. The process can be
stopped at the stage of forming the corresponding
benzaldehyde. While oxidizing 4-AAT, 4-AABDA

(69.5 %) and 4-AABA(15.2 %) have been found (Fig. 2).
It should be noted that obtained acetate and acelale
derivatives are readily hydrolyzed forming corresponding
alcohol and aldehyde with the yield of 90-95 %.

Deepening of the oxidation in the presence of
bromine ions is connected with the formation of
manganbromide radica (Scheme 2(6)), which is more
active than Mn(111) (Table 1), and what is more important,
it can involve into the oxidation aromatic alcohol to
corresponding aldehyde. This alows not only to deepen
oxidation, but amost twice reduce the optimal
concentration of manganese(l1) acetate.

According to the existing notions of oxidation
reactions of arenes with molecular oxygen and ozone and
the kinetic data obtained, the following scheme of
selective oxidation of 4-AAT in acetic and hydride
(Scheme 2) isto be expected:
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Mn®+Br— ® Mn* Br—
Mn?+ Os+ H — Mn*" + HO + 0,

Mn* Br~ +O;+ H'® (Mn* Br )« Mn*Br + HO + O,

ArCH; +Mn* — ArCH, +Mn*+H"*
ArCH; + Mn*Br  ® ArCH, +Mn? Br—+H"
ArCH, +0,® ArCH,O,

ArCH,O, + ArCH; ® ArCH,O.H + ArCH,
ArCH,0O, +Mn*+ H"— ArCHO + Mn*+ HO'

ArCH,O, +Mn* Br ~ + H — ArCHO + Mn?Br+ HO

ArCHzozl + 03 — AI’CHZO + 202

ArCH,O.H — ArCH,O +HO"

ArCH,O.H + Mn*— ArCH,O~ + Mn*" + HO'
2ArCH,O, ® 2ArCH,O + O,

AIrCH,O +Mn* ® ArCH,O~ +Mn*
AIrCH,O +Mn®Br —® ArCH, O~ +Mn* Br-
ArCH,O™ + Ac'® ArCH,OAc

2ArCH,O, ® ArCH,OH + ArCHO + O,
ArCH,OH + Ac,0 — ArCH,OAc + AcOH
ArCHO + Ac,0O — ArCH(OAc),

ArCH,OAc + Mn* — ArCH OAc + Mn* + H'
ArCH,OAC+Mn?Br ® ArCH OAc+Mn?Br +H*
ArCH(OAC), + Mn** — ArC (OAC), + Mn**+ H"

ArCH(OAC), + Mn?'Br ® ArC (OAC), + Mn* + Br —+ H'

Ac,0+H'® Ac'+ AcOH
ArCH; + O;® ozonides
Br—+0O;+H ® Br +HO;
Br +Br ® Br,

ArCH, + Br,® ArCH,Br + Br-
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If the system is catalyzed with manganese(ll)
acetate, the active form of catalyst is Mn(ll1), which
involves the substrate to methyl group oxidation with the
formation of benzyl radical (7). The introduction of
potassium bromide in the oxidation scheme leads to the
formation of manganbromide ion-radical (4, 6), which is
more active than Mn(I11); benzyl radical is formed mainly
according to the reaction (8). When [O;] >>[Og] = 20,

Fig. 2. Kinetics of 4-AAT(1) oxidation in acetic anhydride
at 303 K in the presence of sulfuric acid and manganbromide
catalyst: 4-AABA (2); 4-AABDA (3); 4-AABA (4)
and 4-acetamidobenzylbromide (5).
[ArCHs]o=0.4; [KBr] = 0.10; [Mn(OA.)3 o= 0.10;
[H.S0.]o= 1.0; [03]o=4.0-10*moal1%; V,= 0.01 |

benzy! radicals are transformed further mainly in peroxide
radicals (9). Their further transformation according to the
existing scheme is possible only if the chain length v =
=rpfri >> 1 (r; — initiation reaction rate, r, — chan
extension reaction rate). Under the experimental condi-
tions the limiting stage of selective oxidation is reaction (6)
and among the reactions of chain extension (10-13), in the
case of oxidation chain scheme, the highest rate has the
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reaction (12). The evaluation cal culations have shown that
chain length value obtained is less than 1, which means
that the oxidation process occurs mainly according to the
ion-radical non-chain mechanism. The formation of
aldehyde probably occurs according to the reaction
scheme (11, 12, 20-22). Aromatic alcohol, under these
conditions, is accumulated due to the reactions (16-21)
and further may be oxidized to benzyl radicals (23, 24)
with their subseguent transformation according to the
schemes mentioned above.

4. Conclusions

It has been identified that the catalyst —
manganese(ll) acetate (4-AABA-655%; 4-AABDA-
200%) and its mixture with potassum bromide
(4-AABDA-69.5 %, 4-AABA-15.2%) plays the decisive
role in achieving the required depth and selectivity rdative
to the methyl group oxidation of 4-AAT. It has been shown
that catalytic oxidation with ozone occurs mainly according
to non-chain mechanism. It has been found that ozone acts
asagenerator of the metal oxidized form, whichisinvolved
in the oxidation initiation reactions, bromine ions
accelerating electron transfer from the substrate to the metal
ion. From the experimenta results, the optimal conditions
for the preparation of 4-AABA and 4-AABDA have been
determined and the methods of synthesis of these products
have been proposed.
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JOCJI/UKEHHSA TPOLHECY PIIMHHO®A3HOI'O
CEJIEKTUBHOI'O OKMCHEHHS
4-AMIHOTOJIYEHY O30HOM

Anomauin. 3a pezyriomamamu 00CHiONCEHHsL KIHEMUYHUX
3aKOHOMIpHOCIEll | MeXAHI3MY npoyecy KamanimuiHo20 OKUCHEHHS
4-aminomonyeny o030HoM 'y pIOKili aszi, po3pobneno ocHo8U
mexnonoeii cunmesy 4-aminobenzunosozo cnupmy ma 4-amino-
bensanvoezioy. I[lokasano, wo 3a YMO8 O30HYBAHHA 8 PO3UUHI
oYmogozo  aueiopudy 6 HNpUCYMHOCHI CyIb@amuoi  KUCIomu,
manzan(Il) ayemamy abo 6020 cymiwii 3 Kaniti GPOMIOOM 3YRUHUMU
OKUCHEHHSL MOJCHA Ha cmaodii ymeopenHs A-aminobeH3uno8ozo
cnupmy abo amvoezidy. Bueueno mexnonociuni napamempu i
B8CMAHOBICHO ONMUMANLHI YMOBU peanizayii npoyecie.

Knrouosi cnosa. 4-ayemamioomonyen, kamanizamop, 4-
AMIHOMONYEH, OKUCHEHHS1, 030H.



