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By the oxidation of mesitylene by hydrogen peroxide in AcOH—Ac,0-H,SO, one can
obtain mesitol (2,4,6-trimethylphenol) (with a selectivity of 57-69% at a mesi-
tylene conversion of 22-16Z and the acetate of mesitol with a selectivity of
72-857 at 25-227% conversion. The peroxide responsible for the oxidation of
mesitylene in this system is in the form of peracetic acid, formed in situ.
Over the concentration range studied, the reaction is first order in AcOOH,
mesitylene, and H,S0,. Hydroxylation of mesitylene by AcOOH proceeds by an
electrophilic substitution mechanism, the limiting step being the formation

of the c-complex.

The hydroxylation of mesitylene (I) is of considerable interest, and it can be effected
with quite high selectivity on account of the stability of mesitol (II) to further oxida-
tion [1-3]. This reaction proceeds under the influence of CF,COOOH, H,0, + AlCl,, H,0, +
HF (1], H P05 [3], and other oxidants. It has been reported that H,0, in AcOH-H,SO, is an
effective hydroxylating system [2] but this system, which is so simple and convenient to
prepare, has been very little studied. The hydroxylation of arenes by highly active oxi-
dants in strongly acidic media (CF;COOCH + CF,COOH, H,0, + 80% H,SO,) takes place by an
electrophilic substitution mechanism involving the OHt cation which is generated by the oxi-
dant system [4, 5]. The present work is concerned with a study of the oxidation of the
aromatic nucleus (I) by H,0, in AcOH-Ac,0~H,SO,.

EXPERIMENTAL

Mesitylene (pure grade), acetic acid (chemically pure), and acetic anhydride (pure)
were purified by redistillation (AcOH was first treated at bp with CrO;). The remaining
reagents (chemically pure or analytical grade) were used without further purification. Hy-
drogen peroxide was a 307 aqueous solution. CgD,(CH,), was prepared by exchange of (I) with
80% D,S0, at 70°C over 5 days. The extent of exchange was 86% as monitored by mass spec-
trometry. The results of [6] show that only the ring protons are exchanged but we estab-
lished that the C;D;(CH;), obtained (identified by the molecular ion: m/z = 123) contained
107 deuteromesitylene with m/z = 124.

Oxidation of (I) was carried out in a flask provided with a stirrer, dropping fumnel,
thermometer and reflux condenser. A mixture of (I), AcOH, and H,SO, was stirred and a solu-
tion of H,0, in Ac,0 added dropwise. Concentrations: (I) [ArH] = 1.0 to 2.2, [H,0,] = 0.5
to 1.5, [H,S0,] = 0.05 to 0.75 mole/liter. The overall volume of the reaction mixture was
50 ml, reaction time 0.5 to 4 h, temperature 20 to 40°C. The method of isolating the products
is set out below.

Identification and analysis of the products was carried out by chromatography-mass spec-
trometry and by GLC as in [7]. The concentrations of H,0,, peracetic acid, and diacetyl
peroxide were determined by the method of {[8].

Method for the Preparation of Mesitol (II). 1In a flask of 2-liter capacity was placed
28 ml AcOH, 14 ml conc. H,S0,, and 280 ml (I). A solution prepared by mixing 140 ml 307
H,0, with 540 ml Ac,0 was added dropwise with stirring over a period of 2 h while cooling
to ~40°C. The reaction mixture was stirred for a further 1.5 h at 40°C and then diluted
with ~1 liter water, the organic layer separated and the aqueous layer extracted with 2 x
200 ml ether. The extract was washed with solutions of NaHCO,;, Na,SO;, and water (to give
a negative reaction with KI), dried over CaCl,, and the ether distilled off. The organic
phases were combined and extracted with 2 x 200 ml 10% NaOH. Unreacted (I) (209 ml) was .
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distilled from the residue and used again. The alkaline extract was cooled and neutralized with 107
HC1 and the crystals of (II) which separated were filtered off, washed with cold water, and
dried. The yield of (II) was 36.4 g (53% calculated 'on (I) reacted). Redistillation in

vacuum yielded white crystals with mp 69-70° (cf. [9]). The IR and PMR spectra of the (II)

so obtained were in agreement with those of a standard sample.

The kinetics of the oxidation of (I) by peracetic acid were studied in a thermostatted
(#0.1°C) glass reactor with a reflux condenser and magnetic stirrer at 20 to 50°C, [ArH] =
6.1 to 1.0, [H,0,] = 0.025 to 0.1, [H,S0,] = 0.01 to 0.7 mole/liter. 307 H,0,, AcOH, H,SO,,
and Ac,0 were mixed in advance, the latter being taken in quantity sufficient to react with
all the water present in the H,0, and H,S0,. Under these conditions, the H,0, is converted
to the extent of 98-997% into peracetic acid. The time taken to establish equilibrium depends
on the acidity of the medium: from 5 min with [H,S0,] = 0.7 mole/liter to 2 h with [H,S0,] =
0.01 mole/liter. After equilibrium was established, (I) was added and the decrease in per-
acetic acid content followed iodometrically. In the absence of (I), the rate of decompo-
sition of the AcOOH was lower by an order of mangitude. The rate constants were determined
from the initial rates using the equation w, = k,[ArH],[AcOOH],.

The isotope effect in the hydroxylation of (I) was determined from the rates and pro-
ducts of the reaction of C4D4(CH;); and C¢H;(CH;); by a kinetic method as the ratio of the
rate constants kzﬂlkzD and by mass spectrometry as the ratio of the molecular ions of
(I1)-D, (m = 138) and (II)-D, (m = 136).

RESULTS AND DISCUSSION

Preparation of Mesitol and Its Acetate. It was established that in the hydroxylation
of (I) by hydrogen peroxide in the system AcOH-Ac,0-H,SO, only the products of oxidation
of the nucleus are formed — (II) and its acetate (III) (Table 1) — which is evidence that
the reaction proceeds by an electrophilic substitution mechanism [1, 2]. Products of the
oxidation of the CH,; group are found only when [H,0,]1/[ArH] > 1. Tars are formed by secon-
dary reactions, probably by the further oxidation of the primary product.

TABLE 1. Oxidation of Mesitylene by H,0, in AcOH-Ac,0-H,SO,
([ArH] = 1.0 mole/liter, 30°C)

- [H:0.] {H,S0 ’ Conver-
’ ; sion of d Yield,
No. —PYRETT™ [Ac,01/(H,0,) | Time, h nesitylene Product| 7 "da
1 05 05 5,5 05 16 (11) 69 (11,0)
1 21 (11) 62 (13,0)
2 25 (11) 54 (13,5)
2 0,75 0,5 48 0,5 23 (11) 56 (12.9)
3 0,5 0,75 55 05 28 (D) 42 (11,8)
2 37 (11) 40 (14,8)
4 0,5 0,25 7,2 0,5 21 (111) 85 (17,9)
2 21 (11 83 (17,4)
5 0,5 0.05 7,2 0,5 19 (I11) 79 (15,0)
b 4 19 (I1) 80 (15,4)
6 0,5 05 7,2 36 - (111 0
(11) 0
7 1,1¢ 0,25 4,9 4 19 (11) 63 (12.0)
8 1,2¢ 0,1 50d 45 —e (10 Trace
£ ‘ (II1) Trace
9 0,5 0,5 21 1 9 (1) 38 (3,4)
10 0,25 0,25 14,4 1 - (11D - (4)
11 0,5 0,5 £, g 6 - (I1) — (4)
12 05 0,5 £, h - 36

- (I1) Trace

a) Yield calculated on mesitylene reacted (in brackets, on in-
itial mesitylene).

b) Solution of H,0, in AcOH added to mixture of Ac,0 + AcOH+
H,SO, + ArH.

c) [ArH] = 2.2 mole/liter.

d) H,0, added to mixture of Ac,0 + AcOH + H,SO, + ArH.

e) Conversion not determined.

f) System separated into aqueous and organic layers.

g) Reaction in absence of Ac,O.

h) Dioxane used instead of Ac,0 + AcOH.
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TABLE 2. Distribution of Peroxide Forms in the System H,0,-
AcOH-Ac,0-H,S0, with Variation in Process Conditions (30°C,
[H,S0,] = 0.25 mole/liter)

. Distribution-of i
No (H:04], /}%}%0]1 [ |vine, nb peroxide forms, %
- 1 202
mole/liter ' H,0; AcOOH AcOOAc

1 0,5 7,2 0,25 4 80 16

0,5 - 12 88

4 2,0 - 5 95

2 0,5 7,2 0,25°¢ - 2 98

3 0,5 55 0,5 2 9% 2

1,0 1 97 2

4 0,25 55 0,5 2 9% 2

5 1,5¢€ 39 0,5 12 88 -

1,0 7 92 1

6 1,2e 5,0f 1,0 - 26 74

a) Previously homogenized mixture of H,0, and Ac,0 added
dropwise over 0.5 h to solution of AcOH + H,SO,.

b) From beginning of H,0, addition.

c) Half of Ac,0 + H,0, mixture added.

d) Mixture of H,0, + AcOH added to solution of Ac,0 + AcOH +
H,S0,:

e) [H,80,] = 0.1 mole/liter.

f) H,0, added to solution of Ac,0 + AcOH + H,S0,.

The yield of (II) and (III) was dependent on the ratio [Ac,0]/[H,0,]. The Ac,0 combines
with the water present in the 307 H,0, and formed in the reaction of H,0, with AcOH

H,0; + AcOH = AcOOH +H,0
Ac;0 + H,0 —~ 2Ac0H

At a molar ratio [Ac,0]1/H,0,] = 3.9 to 5.5, the main product of the reaction is (II).
Here, all the Ac,0 is consumed in combining with H,0. With [Ac,0]/[H,0,] = 7.2 to 7.6 (an
excess of Ac,0 relative to H,0) the main product becomes (III). With [Ac,0]/[H,0,] between
5.5 and 7.2, a mixture of (II) and (III) is formed while with [Ac,0]/[H,0,] < 3.9 the reac-
tion mixture separates into two layers and the yield of (II) is greatly reduced. The selec-
tivity of the process for (III) reaches 85% and for (II), 69% at conversions of (I) between
16 and 257 (Table 1).

We employed an iodometric method [8] to study the distribution of the forms of oxidant
as the process conditions varied (Table 2). With [Ac,0/[H,0,] = 3.9 to 5.5 the H,0, in the
presence of H,S0, is rapidly and practically completely converted to AcOOH, which is in agree-
ment with the results of {10, 11}. Small amounts of H,0, and AcOOAc are also present. One
can assume that under these conditions, the active form of peroxide in the reaction for the
preparation of (II) is AcOOH. In fact, when (I) is added to previously prepared AcOOH, mesi-
tol (II) is formed in good yield. H,0, is considerably less active, since on replacing AcCH+
Ac,0 with dioxane, in which the formation of AcOOH is not possible, the yield of (II) falls
by an order of magnitude (Table 1, No. 12). For effective hydroxylation by H,0,, consider-
ably greater acidity is necessary, for example, a medium of HF [1], or 80% H,0, [5].

With [Ac,0]/[H,0,] > 7.2, the main peroxide form becomes diacetyl peroxide (Table 2).
The formation of AcOOAc can be expressed by the equation [11]

Ac,0 + AcOOH = AcOOAc 4 AcOH

However, equilibrium is not attained under the conditions of our experiments, the ratio of
AcOOH/AcOOAc depending on the conditions of mixing of the reagents. One might suppose that
AcOOAc would participate in the formation of (III) but we have established that diacetyl
peroxide does not react with (I). Hence one should not add H,0, to a mixture of Ac,0 with
the other reagents because under these conditions the inactive AcOOAc is preferentially
formed (Table 1, Nos. 6 and 8; Table 2, Nos. 2 and 6). On gradual addition of a mixture

of H,0, and Ac,0 to a solution of (I) in AcOH and H,SO,, the hydroxylation process proceeds
more rapidly than the conversion of AcOOH to AcOOAc. Under these conditions one can expect
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TABLE 3. Kinetics of the Oxidation of Mesitylene by AcOCH

[ArH] [AcCOH] [H:S0.]
T,C k105 liter/

mole/liter mole*sec
05 0,025 0,1 30 2,00£0,20
05 0,055 0.1 30 1,860 14
0,5 0,050 01 30 1,94::0,09 »
0,5 0,106 0,1 30 1.92+0,08
0.5 0,054 0,4 30 1,02+0,08 P
0,35 0,065 0.1 30 1,83+0,14
0,25 0,053 041 30 2,102
0,4 0,055 01 30 2.2:0.2
1,0 0,059 0.1 30 1,40%0.08
0,5 0,053 0,01 30 1,040,12
05 0,046 0,05 30 1,84=0.10
0,5 0,055 0.2 30 28+0.2
0,5 0,050 - 04 30 44203
0,5 0,051 0,7 30 7.2£0,3
05 0,053 0,1 40 45+0,3
0,5 0,057 01 50 144242
0,5 0,057 0,1 20 0,48+0,08
05 0,054 0,1 30 1,56:0,12 €

a) Reaction with C¢D;(CHjz)s.
b) Without addition of Ac,0; system contained 0.5 vol. Z H,0.
c) CH,COO0D used instead of CH,COCH.

conversions of (I) of the order of 23-25% and this does not increase further. An excess

of Ac,0 over the specified limits is to be avoided since AcOOAc is then formed almost in-
stantaneously and the reaction does not occur. Consequently, with [Ac,01/[H,0,] = 7.2 to
7.6 the AcOOH which is formed in situ is also an active form and (III) is formed by esteri-
fication of (II).

Kinetics of Mesitylene Hydroxylation. Detailed studies have been carried out on the
kinetics of the hydroxylation of alkylbenzenes by such oxidants as H,0, + 80% H,SO, [5],
CF,COO00H [4], and H,PO,; [3]. There are few kinetic data for the system AcOOH + AcOH: only
the kinetics of the oxidation of naphthalene and anisole by peracetic acid in CH,Cl1CH,Cl—
AcOH (2:1) with [AcOOH] » [ArH] [12] have been studied. We have investigated the kinetics
of the hydroxylation of (I) by AcOOH in AcOH in the presence of H,S0, (Table 3).

With [ArH] = 0.1 to 0.5, [AcOOH] = 0.025 to 0.1, [H,80,] = 0.0l to 0.7 mole/liter, the
reaction obeys the equation

w = k, [ATH][AcOOH],

where k, = k, + k,[H,S0,] (Fig. 1)." At 30°C, [ArH] = 0.5, [AcOOH] = 0.05 mole/liter, k, =
1+107%, k; = 8.8:107° liter/(mole-sec). The same kinetic equation is obtained for the sys-
tems H,0, + 80% H,S0, [5] and CF,COO0H [4, 13]. 1In the case of the oxidation of (I) by H,PO,
in MeCN a linear dependence of log k, on the Hammett acidity function H, was found [3].

With [ArH] > 0.5 mole/liter the order of reaction in (I) is reduced, apparently on account

of a reduction in the polarity of the medium. The reaction is greatly retarded by the presence

ky [ArH]-10% sec”? [H,504]» (mole/liter)

o 62 03 04 05 06 07

T T T T
40
3,00
" Fig. 1. Variation of rate constants for the
2,0k oxidation of mesitylene by AcOOH with [ArH]
([H,80,] = 0.1 mole/liter) and with [H,S0,]
101 ([ArH] = 0.5 mole/liter) at 30°C and [AcOOH] =
0.05 mole/liter.
1 L

L H i
81 02 03 0% 0,5[ArH] (mole/liter)
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of water. The activation energy over the temperature range 20-50°C amounts to 81 * 7 kJ/mole
which is close to the value obtained for other arenes [12].

We have established the absence of any isotope effect on the rates and products of the
reaction. For the hydroxylation of (I)-D; and (I)-D, we found k, H/k,D = 1 (Table 3).
In a concurrent oxidation of an equimolar mixture of (I) and (I)-D,; the ratio of the yields
of (II)-D, and (II)-D, was equal to 1. Apart from this, there is a weak solvent isotope
effect: k,ACOH/k, AcOD = 1.2 (Table 3). It has been shown previously that there is no kinetic
isotope effect for the hydroxylation of toluene by H,0, + 80% H,S0, [5] nor by CF;COO0H [4].

The results obtained are in agreement with a hydroxylation of (I) in the system AcOOH—
AcOH-H,S0, by an electrophilic substitution mechanism involving an H atom of the aromatic
nucleus and an OH' cation generated from a molecule of peracid [4, 5, l4].

AcOOH 4 H+ === AcOOH,*
fast -

H  OH OH

5t | X~
+ HL.X = @ o + HX
slow fast-

5+
HO...X—AcOOH;* or AcOOH.

The absence of any isotope effect shows that the limiting stage is the formation of the

o complex. Thus, one can conclude that hydroxylation of (1) by AcOOH takes place in a sim-
ilar manner to the reactions of alkylbenzenes with such highly active oxidants as H,0, +

807 H,S0, [5] and CF,COO0H [4, 14].

The authors express their thanks to L. V. Efremova, G. M. Maksimov, and V. D. Chinakov
for their assistance in this work.
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