
COMMONWEALTH OF AUSTRALIA

Patents Act 1952

CONVENTION APPLICATION FOR A STANDARD PATENT

XC/WE PEROXID-CHEMIE GmbH of D-8023 Hollriegelskreuth,
German Federal Republic c-i
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apply for the grant of a Standard Patent for an inventionhereby
entitled:
PROCESS FOR THE PREPARATION OF ARALKYL HYDROPEROXIDES

which is described in the accompanying complete specification.
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‘ Dated this 2nd day of November 1989.
PEROXID-CHEMIE GmbH
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Registered Patent Attorney
To: The Commissioner of Patents
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Commonwealth of Australir
The Patents Act 1952

DECLARATION IN SUPPORT

a.

In support of the (Convention) Application made by: PEROXID-CHEMIE GmbH of, 
D-8023 Hdllriegelskreuth, Federal Republic of Germany.
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for a patent for an invention entitled: "PROCESS FOR THE PREPARATION OF 
ARALKYL HYDROPEROXIDES

+ (We) Dr. Dieter Schmid and Dr. Werner ZeiB
of and care of the applicant company do solemnly and sincerely declare as follows:

or
b)4-afR (We are) authorised by the applicant(s) for the patent to make this declaration on its behalf.

Delete the ’ollowing if not a Convention .Application

The basic application^) as defined by section 141 (142) of the Act was (were) made

on 9 November 1988 in German Federal Republic
OH 3JX

oh irx

by PEROXID-CHEMIE GmbH
©

«' The basic application(s) referred to in this paragraph is iare! the first application(s) made in
a Convention country in respect of the invention the subiec: of the application.

Dr. Maximilian Dorn of Gist1strnssc 100 Λ, D-8023 Pullach, 
or West Germany; Dr. Eberhard Hagel of Eichendorffweg 26 a, 

» D-8021 Icking, West Germany; Dr. Werner Zeiss of Moosstrasse
15, D-8038 Grobenzell, West Germany

»(are) the actual inventor(s) of the invention and the facts upon which
The applicant company

is (ere) entitled to make the application are as follows:
the applicant is a person who would, if a 

patent were granted upon an application made by the said actual 
inventors, be entitled to have the patent assigned to it

Hollriegelskreuth

’’"‘Iwσ W. Diet 
Signed Managing

this

r Schmid 
Director

wentyseconc^ July

ppa Dr. Werner ZeiB
Status Research Manager
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(30) Priority Data
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(57) Claim

1. Process for the preparation of aralkyl hydroperoxides having 
the formula (I)

(I)

in which n = 1, 2 or 3, Ar means a phenyl group which can be 1
substituted with halogen or one or more branched or straight 
chain alkyl groups with 1 to 5 C-atoms, or a naphthyl group 
and each radical R^· and R2 means a low alkyl radical, 
the alkyl radicals R1 and R2 together having 2 to 4 ?
carbon atoms, by reaction of aralkyl carbinols having the I
formula (II)
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in which Ar, 
formula (I), 
characterised 
presence of an

R1, 
with 
in that the 
acid-combining

R2 and have
hydrogen 

that

n 
peroxide 
reaction
agent.

the meaning given for 
under acid conditions, 
is carried out in the



COMMONWEALTH OF AUSTRALIA

Priority

C Ο M
Patents Act 1952

PLETE SPECIF
(ORIGINAL)

Application Number
Lodged

Complete Specification Lodged
Accepted
Published

I cM T|I

Class Int. Class

9 November 1988

Related Art

1 0

* Name of Applicant
0

: PEROXID-CHEMIE GmbH

Address of Applicant : D-8023 Hollriegelskreuth 
German Federal Republic

4

Actual Inventor (s)

9 *
0 © 4

* * Address for Service
0

0 4 © ft 4
0

0 
¢4 4

4

: Dr. Maximilian Dorn 
Dr. Eberhard Hagel 
Dr. Werner Zeiss

: F.B. RICE & CO.,
Patent Attorneys 
28A Montague Street 
BALMAIN NSW 2041

Complete Specification for the invention entitled:
’ *· PROCESS FOR THE PREPARATION OF ARALKYL HYDROPEROXIDES

/ The following statement is a full description of this invention
including the best method of performing it known to us/iwu-
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Description

The invention relates to a
aralkyl hydroperoxides.

P‘ process for the preparation of

5
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Hydroperoxides are used 
and engineering, e.g. 
polymerisation reactions, 
and as intermediates 
alcohols of 
tert.aralkyl 
importance.

in

for 
peroxides and 
hydroperoxides

many ways in the chemical industry 
catalysts or curing agents in 

in blowing agents 
the corresponding 
In this respect, 
are of great

as
as sources of oxygen 

the preparation of 
peracid esters.

in particular

hydroperoxides

a O 0 o 
0 O ft

ft© 0

ft ft ft 
ft ft 0

ft ft ©

are generally prepared by oxidation 
corresponding hydrocarbons with molecular oxygen, 
rates of only 30 to 35% being obtained; at higher 
rates, the selectivity falls considerably, 

; are formed to an increasing degree.
must then be concentrated by distillation, 
or extraction, or separated from unreacted

Tert.aralkyl 
of the i 
conversion 
conversion 
by-products 
hydroperoxides 
crystallisation 
hydrocarbon starting product.

i.e.
The

ft 6 0 6
0 G β 
ft «

Two methods for the preparation of tert.hydroperoxides by 
reaction of tert.alcohols with hydrogen peroxide with acid 
catalysis are known from the literature, which processes operate 
with different 
R. Criegee and 
using 80 to
concentration sulphuric acid;
Soc. 60 (1938) 2434)
of a large quantity 
according to 
authors 
and it 
Harries

3o

concentrations and quantities of sulphuric acid: 
(1948) 135) operate 

presence of low 
Harries (J.Am.Chem.

H. Dietrich
95% Η2θ2

560 
the 
and

1I
t

(Annalen 
and in 

and Milas
operate using 30% H202 in the presence 

of 70% sulphuric acid. The process
R. Criegee and H. Dietrich is described by the 

themselves as unsuitable for relatively large batches, 
is admitted that the older process according to Milas and 
is cheaper and safer and is, therefore, the only one35



6

J
ί

-3

suitable for relatively large batches. The procedure according 
“ to Milas and Harries does, however, have disadvantages in the
' case of the preparation of tert.aralkyl hydroperoxides; these

hydroperoxides are very sensitive to strong acids and decompose 
.5 into ketones and phenols.

f·

* According to M. S. Belenkiy et al (The Soviet Chem.Ind. 1 (1972)
16), aryl-alkyl-carbinols contained in mixtures obtained from 
the oxidation of alkyl aromatics with air are oxidised with 

Io hydrogen peroxide to the hydroperoxides. High conversion rates
and, hence, good yields can be achieved only if high < t t r
temperatures and/or relatively high acid concentrations are

• used. The optimum conditions stated represent a compromise
between the formation and decomposition of the hydroperoxides.

9 β
(S. · ·«

*,,, A. Burghardt et al (Chemia Stosowana, Ser. A, Volume 13, No. 4 
(1969) 335-342) describe the reaction of methyl ethyl phenyl
carbinol with hydrogen peroxide in the presence of sulphuric 
acid and a solvent to sec.-butylbenzene hydroperoxide; due to 
the large quantity of non-polar solvent (four times the amount 
of carbinol), the hydroperoxide formed is protected from 

« ft <
* “ decomposition by acid.

c
114*44

* ‘ According to A. Burghardt et al (Zess.Nauk.Politech.Slask.,
* j*?—.* 4

* Chem. No. 60 (1972) 3-20), cumene hydroperoxide is prepared from
dimethylphenyl
a solvent.

C 4 t 4
4 4 €
4 4

carbinol and hydrogen peroxide in the presence of
Sulphuric acid and/or acid cation exchangers are

used as acid catalyst. With this processftoo. operations are 
not carried out without solvent and no pure hydroperoxide is
produced. If a solid hydroperoxide were prepared, separation
of the ion exchange resin would also be extremely difficult.
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hence,
5 towards 

of the 
aralkyl

Even in the applicant's own tests for the preparation of the 
hydroperoxides in the pure form from pure carbinols with 
H202/mineral acid, there was an insufficient reaction and, 

a low yield and purity of the product, or a tendency 
decomposition which leads to considerable discolouration 
product. The acid-catalysed decomposition of tert,
hydroperoxides is, moreover, highly exothermic and

therefore also represents a high safety risk.

s

t

Io The task of the present invention was, therefore, to provide a 
process for the preparation of tert.aralkyl hydroperoxides with 
which the above mentioned disadvantages can be avoided and with 
which it is possible to prepare the tert.aralkyl hydroperoxides 
in high yield and with high purity in a simple and safe 

0 I C?'M. manner. This task is solved with the process according to the 
invention.• « o «

9
«84«

The subject of the invention is a process for the preparation of 
aralkyl hydroperoxides having the formula (I).

(I)

y

3o in which n = 1, 2 or 3,
Ar means a phenyl group which can be substituted with halogen or 
one or more branched or straight chain alkyl groups with 1 to 5 
C-atoms, or a naphthyl group, and each radical R1 and R2 
means a low alkyl radical, the alkyl radicals R1 and R2 

together having 2 to 4 carbon atoms, by reaction of aralkyl 
carbinols having the formula (II).

<35
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in which Ar, R1, R2 and n have the meaning given for formula 
ft · « «
*\·* (I), with hydrogen peroxide under acid conditions, which is

• M
« characterised in that the reaction is carried out in the

presence of an acid-combining agent.
e © « ·

sees
»<■·· Advantageous developments of this process form the subject of 

”” Claims 2 to 10.

ft ft ft «
• ft ft 

ft β «
ft Oft 

ft 0 β
ft ft 0

ft« ft 0 O 0 0

¢05000
0 ) ft

0 0 0 ft
0 0 ft
0 0
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Surprisingly, it has become apparent that aralkyl hydroperoxides 
having formula (I) can be prepared in high yields and with very 
good purity by reaction of aralkyl carbinols having the formula 
(II) with hydrogen peroxide under acid conditions, if the 
reaction is carried out in accordance with the invention in the 
presence of an acid-combining agent. No spontaneous 
decomposition occurs, as a result of which the process can also 
be carried out safely.

Generally speaking, any acid-combining agent which does not 
affect the reaction, i.e. which is inert with respect to the 
reactants can be used as acid-combining agent. Such 
acid-combining agents are inorganic or organic compounds which 
can act as proton acceptors because of their dissociation 
equilibrium in the acid reaction medium. Representative 
examples of these are, for example, salts of inorganic or
organic acids with metals, particularly alkali metals or
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ammonium, or with organic cations such as, for example, tetra 
alkyl ammonium salts. Of these compounds, phosphates, e.g.
alkali phosphates or ammonium phosphates, borates, e.g. borax, 
carboxylates, e.g. sodium acetate or ammonium acetate, ureas 

S’ etc. should be mentioned in particular. Alkali sulphates, 
particularly sodium sulphate, ammonium sulphate, alkali hydrogen 
sulphates, particularly sodium hydrogen sulphate and/or ammonium 
hydrogen sulphate are particularly advantageous and should, 
therefore, be mentioned in preference. Mixtures of two or more 

IO acid-combining agents can also be used, e.g. a mixture of sodium 
sulphate and sodium hydrogen sulphate.ft ft ft9 « 4°γ·
It is preferable to operate in the presence of 1 to 5 mole 
hydrogen peroxide per mole of hydroxyl group of carbinol and in 

0 — 6
I Soo particular with 2 to 3 mole hydrogen peroxide per mole OH group. 0• 0 β ® 

ft ft ft 9

·“· The hydrogen peroxide concentration in the aqueous phase is 
preferably 10 to 35% by weight and in particular 15 to 25% by
weight. The aqueous phase is taken to mean the mixture
(solution) of hydrogen peroxide, acid, the acid-combining agent

• · <

“ * (e.g. alkali or ammonium sulphate and/or alkali or ammoniumft ftft
hydrogen sulphate) in water.

t
ft 9 9 a « c

« 4
4

ft ft ft ft ft ft 4 
ft ·

3o

The acids normally used in this field can be used as acid. 
Phosphoric acid, perchloric acid and sulphonic acid, for 
example, are suitable. Sulphuric acid is used in preference.

It is preferable to operate with an acid concentration in the 
aqueous phase of 1 to 10% by weight.

The temperature of the reaction is preferably between 15 and 
70°C and in particular 35 to 50°C.

I

ί

JL
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The most advantageous molar ratio of acid to acid-combining
agent is determined by the nature of the carbinol starting
product to be reacted and the other reaction parameters
(temperature, quantity and concentration of hydrogen peroxide

• and acid) and depends in particular on the nature of the
acid-combining agent. As a rule, good results are obtained
with a molar ratio of acid/acid-combining agent of 1/2 to 2/1. 
If a mixture of two or more acid-combining agents is used, e.g. 
sodium sulphate and sodium hydrogen sulphate, the ratio of the 

IO individual components of the mixture to each other can be 
important. For example, using a mixture of sulphate and
hydrogen sulphate, the acid strength of the mixture can be o 4

” varied if the ratio of sulphate to hydrogen sulphate is altered.
0 «
0 9 0«

A mixture of sulphuric* acid and an amount of a solution of ft ft
·;»· alkalihydroxyde or ammonia, which partly neutralizes said acid 

ft I 4 ft
.,.. can be used instead of a mixture of sulphuric acid, and alkali

9

"s‘ or ammoniumsulphate.
The aralkyl hydroperoxides having the general formula (I) 

'to prepared according to the invention · are generally solids at 

,··;«, ambient temperature. Consequently, in order to obtain a
certain consistency (stirrability) of the reaction mixture, it 

* 4’ can be expedient to carry out the reaction in the presence of an 
«..«.I inert diluent (desensitising agent) and/or in the presence of an 

ft 4
M5« inert solvent. The susceptibility to explosion can also be

I » « O 4 I

’ * reduced by the presence of a conventional desensitising agent
··«·. for such reactions.ft ft ft ft ft

) High boiling aliphatic or aromatic hydrocarbons or phthalates 
‘So such as dimethylphthalate or dibutylphthalate, for example, are 

suitable as inert solvents.

The quantity of diluent (desensitising agent) and/or solvent is __
chosen preferably in such a way that the hydroperoxide is 

35 obtained in the crystalline form and can readily be filtered;

the solvent remaining in the solid hydroperoxide can also act as 
a desensitising agent and thus increases the handling safety of 
the peroxide, as does the addition of an additional 
desensitising agent. As a rule, it is sufficient to add the

ψο solvent in a quantity of approximately 5% by weight, based on 
the carbinol starting product.
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The examples below are intended to explain the invention in more
" detail without restricting it thereto. Unless otherwise

stated, the temperature details given above and below relatet‘o'
the Celsius Scale and quantity details refer to parts by weight

. 5 and weight per cent.

Example 1

75 g ammonium sulphate are dissolved in 1350 g 18% hydrogen
Io peroxide. After the addition of 60 g sulphuric acid (72%),

0 OQ 
0 0 0 

βΧ0**
OO / 
ο O 
0 O0 0
00 «Ο 
0 0 0 
0 ο

«16« 
0

0 0 0 0
00 Ο 0

β
« «««

245 g l,4-bis-(hydroxyisopropyl) benzene are added in portions 
at 25°C, with stirring, the mixture is heated to 50°C and 
stirred at this temperature for 2 hours. After dilution with 
water, the mixture is cooled to 25°C, neutralised with dilute 
sodium hydroxide solution, the finished product is filtered and 
washed free of hydrogen peroxide.

703 g of a white, water-damped powder with a 
p-diisopropylbenzene dihydroperoxide content of 35.2%, 
corresponding to 87.5% of the theoretical, are obtained.

. < 0 <
β ¢6

9 ” Example 2
0

A000O0
0 00 15 g dimethyl phthalate are added to a mixture of 1000 g 21% 
9<=χο· hydrogen peroxide, 30 g 72% sulphuric acid and 30 g ammonium 

sulphate, and 245 g 1,4-bis(hydroxyisopropyl) benzene are then
• 0 . . Λadded in portions at 25°C, with stirring, the mixture is 

heated to 40°C and stirred at this temperature for 3 hours, 
the mixture becoming viscous during this operation. After 

3t> cooling to 25oC' fche reaction mixture is neutralised with 
dilute sodium hydroxide solution, the solid product is filtered 
and washed free of hydrogen peroxide.

640 g of a white, water-damped powder with a 
p-diisopropylbenzene dihydroperoxide content of 39.5%, 
corresponding to 89.4% of the theoretical, are obtained.
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Example 3

- -

245 g 1,4-bis(hydroxyisopropyl) benzene are added in portions to 
a mixture of 1000 g 21% hydrogen peroxide, 53 g sodium hydrogen 

5 sulphate and 15 g dimethyl phthalate at 25°C with stirring,
the mixture is heated to 40°C and stirred at this temperature 
for 3 hours. The viscous mixture is diluted with water, cooled 
to 25°C and neutralised with dilute sodium hydroxide solution.
The solid product is filtered off and washed free of hydrogen 

IO peroxide.
0 it

β G «
% ** 677 g of a white, water-damped product with a

e *»«. p-diisopropylbenzene dihydroperoxide content of 35.7%,
corresponding to 85.4% of the theoretical, are obtained.

I «
« « « «
*;·’ Example 4 (comparative example)

Operations are carried out as described in Example 2 except that 
no ammonium sulphate is added. Decomposition phenomena,
manifested by the development of smoke, occur repeatedly during 
the post-stirring time. In particular, splashes on the vessel 

* wall decompose with the development of smoke and brown 
discolouration. After the product is filtered by suction, the β 4

, « mother liquor is yellowish-brown in colour. 659 g of a grey,
water-damped powder with a dihydroperoxide content of 34%, 
corresponding to 79.3% of the theoretical, are obtained.

f
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Process for the preparation of aralkyl hydroperoxides having 
the formula (I)

0OO0 r 
a 

0 0 0 9

0 β s <
* «0 

«4 β

6 0 0
9 0 9

« 0 9

0
i 0 β S « β 

0 fl

0
0 ώοA00 

« ) o 

fl o o c 
* O
0 0

0

i 
in which n = 1, 2 or 3, Ar means a phenyl group which can be 1
substituted with halogen or one or more branched or straight 1
chain alkyl groups with 1 to 5 C-atoms, or a naphthyl group . 
and each radical R1 and R2 means a low alkyl radical, 
the alkyl radicals rI and R2 together having 2 to 4 
carbon atoms, by reaction of aralkyl carbinols having the 
formula (II)
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2.

3.

4.

5

6

in which Ar t 
formula (I), 
characterised
presence of an

Process 
alkali 
and/or
agent.

R1,
with

R2 and n have
hydrogen 

in that the 
acid-combining

according to Claim

peroxide 
reaction
agent.

the meaning given for 
under acid conditions, 
is carried out in the

1, characterised in that an 
sulphate, ammonium sulphate, alkali hydrogen sulphate 
ammonium hydrogen sulphate is used as acid-combining

Process
operations are 
particularly 2 to 
group.

according to Claim 
carried out

3 mole

1 or 2, characterised 
in the presence of 1 to 
hydrogen peroxide per

in that
5 mole, 
mole OH

Process according 
the hydrogen

10 to 35% by weight.

to one of
that 
phase is

peroxide
Claims 1 to 3, characterised in an concentration in the aqueous

Process
hydrogen

Process 
that

4, characterised in that theaccording to Claim 
peroxide concentration is 15 to 25% by weight.

according to one of Claims 1 to 5, characterised in 
the acid concentration in the aqueous phase is 1 to 10% 

by weight. κ

l a
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7. Process according to one of 
characterised in that sulphuric acid

the preceeding Claims, 
is used as acid.

*

<« « 
.««

8.

9.

10.

Process according to 
that the molar ratio 
2/1.

one of Claims
of acid/acid-combining agent is 1/2

1 to 7, characterised

one of Claims 1 to 7, characterisedProcess according to
that operations are carried out at a reaction temperature 
15 to 70°C, particularly 35 to 50°C.

in
to

in
of

according to one of Claims 1 to 9, characterised 
presence of an inert

Process
that operations are 
diluent/desensitising

carried out in the
agent.

in

11. Process according to 
that operations are 
solvent.

one of Claims 1 to 
carried out in the 

10, characterised in 
presence of an inert

I «”

« «

* 
» ♦

c 44

12. The process described in the examples for the preparation of 
aralkyl hydroperoxides having the formula (I) according to 
Claim 1.
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Dated this 2nd day of November 1989
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PEROXID-CHEMIE GmbH

Patent Attorneys for the Applicant 
F.B. RICE & CO. i
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