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Absgtract

Procegss for the preparation of aliphatic or
aromatic mono- or dicarboxylic acids of 4 to 22 carbon
atoms by oxidation of the corresponding aldehydes having
the same number of carbon atoms in a carboxylic acid from
the group consisting of formic acid, acetic acid, and
propionic acid or in a carboxylic acid/water mixture at
& temperature of 50 - 130°C and at 1 to 25 bar and in the
presence of an oxidizing agent.
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Process for the preparation of mono- or dicarboxylic,
acids from aldehydeg, from their full acetals or hemi-

acetals or from mixtures thereof

Mono- and dicarboxylic acids, egpecially
alpha,omega-alkanedicarboxylic acids, are valuable
preéursors in the chemical industry and are used, for
example, in the production of pharmaceuticals, cosmetics,
lubricants and the like.

The literature therefore reveals a large number of
preparation options for mono- and dicarboxylic acids.
For example, GB 2,034,310 describes the oxidation of
aldehyde acids or éialdehydes in acidic solution and in
the presence of a cobalt salt and/or an iron salt
catalyst.

GB 1,539,573 likewise requires a catalyst in order to
oxidize aldehyde acidas to the corresponding dicarboxylic
acids.

The disadvantage of all the hitherto described oxidations
in acidic sgolution, however, is a need for a catalyst
which must be removed from the reaction mixture once
reaction has taken place.

Processes which are carried out without the addition of
catalyst are likewise known but have the disadvantage

that the oxidation takes place in aprotic solvents, for
instance chlorobenzene. A further digadvantage of these
processes 1is that the aldehydes must not contain any
acetal.

The object of the present invention was accord-
ingly to find a procegs which provides monc- and di-
carboxylic acids in high yield and purity without the use
cf a catalyst and without using aprotic solvent, where
the precursors may also contain acetal.

Accoxdingly, the present invention provides a
process for the preparation of aliphatic or aromatic
mono- or dicarboxylic acids of 4 - 22 carbon atoms by
oxidation of the corresponding aldehydes having the same
number of carbon atoms, which comprises carrving out the
oxidation in a carboxylic acid from the group consisting



10

15

20

25

30

35

2157544

- 2 -

of formic acid, acetic acid and propionic acid, or in a
carboxylic acid/water mixture, at a temperature of 50 -
130°C and at 1 - 25 bar in the presence of an oxidizing
agent.
By the process of the invention, mono- or dicarboxylic
acids are ocbtained by oxidation of the corresponding
aldehydes.
Suitable aldehydes in this context are an aldehyde
itgelf, its full acetal or hemiacetal, or a mixture of
aldehyde and its hemiacetals and/or full acetals. Suit-
able mixtures of aldehyde and acetals may contain 1 -
99 % aldehyde and, respectively, 1 - 99 % acetal.
The aldehydes employed may therefore either be aliphatic
or arcmatic aldehydes having in each case one or two
aldehyde groups or hemiacetal or full acetal groups. An
aliphatic aldehyde is a straight-chain, branched or
cyclic mono- or dialdehyde of 4 to 22 carbon atoms,
preferably 6 to 15 carbon atoms, where the alkyl chains
may be unsubstituted or substituted by groups which are
inert under the reaction conditions. Examples of such
inert groups are aryl groups, such as naphthyl or phenyl
which is unsubstituted or substituted by alkyl which is
preferably of 1 to 6, particularly preferably 1 to 4,
carbon atoms, such as methyl, ethyl, isopropyl, butyl,
neopentyl or hexyl, or by alkoxy, preferably of 1 to 6,
particularly preferably 1 to 4, carbon atoms, such as
methoxy, ethoxy, butoxy, isopentyloxy or hexyloxy groups,
or are phenyl or naphthyl groups which are substituted by
halogen, or are alkoxy groups, preferably those of 1 to
& carbon atoms. Further examples of groups which are
inert under the reaction conditions are ester groups,
preferably with 1 ~ 4 carbon atoms in the ester moiety.
Arcmatic aldehydes are aldehydes in which one or
two aldehyde groups are bonded directly to an aromatic
carbon atom, for example in a phenyl, naphthyl or pyridyl
group, such ag benzaldehyde, phthalaldehyde, naphthyl-
aldehyde, pyridinaldehyde or pyridinedialdehydes.
It is preferred to employ unsubstituted, aliphatic mono-
and dialdehydes, especially dialdehydes, of 4 to 22
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carbon atoms.

A large number of processes are known for the preparation
of -aldehydes. According to US 4,607,126 or US 4,769,464,
aldehydes or dialdehydes can be prepared on an industrial
s8cale in a convenient manner, for example by ozonolysgis
and reduction of olefinic double bonds.

To carry out the reaction according to
US 4,769,464 for the preparation of the aldehydes, an
appropriate chemical compound having at least one
olefinic double bond is digsolved in an organic solvent
in which it is readily soluble, for example in a lower
aliphatic aleochol, preferably methanol, and the solution
is treated with the equivalent gquantity of ozone.
Ozonization is carried out at temperatures of from about
~30 to 0°C, preferably from about -20 to 0°C.

The catalytic hydrogenation of the ozonolysis
preducts which follows on from ozonization is carried out
in dilute solution, said hydrogenation preferably being
carried out while observing a controlled peroxide content
of not more than 0.1 mol/l. For this purpose, a suspen-
8ion of the catalyst in the solvent is introduced,
together with hydrogen, as initial charge, and the
czonolysis golution is fed in continuously. Keeping the
peroxide content of the reaction medium low in this way
avoids poisoning and a loss of activity of the catalyst.

| The hydrogenation ig carried out under conditions
which include wvirtually atmospheric pressure, il.e.
pressures of 1 to 3 bar, which are customarily emploved
in order to prevent the penetration of air inte the
hydrogenation reactor.
The reaction temperature during hydrogenation is from
about 20 to 40°C. The pH during the hydrogenation is kept
within a range from 2 to 7. Since during the hydrogena-
tion small amounts of acidic by-products may be formed,
the pH may if desired be maintained within the desired
range by addition of a base, preferably dilute sodium
hydroxide or potassium hydroxide solution.
Depending on the pH conditions, this reaction gives rise
to aldehydes, their hemiacetals, their full acetals or
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mixtures therecf. In order to isolate the aldehydes, the
catalyst is filtered off and the solvent is removed.
Aldehydes which can be prepared by the described process
are preferably employed in the process according to the
invention.

The appropriate aldehyde is oxidized in a carbox-
ylic acid as diluent or in a carboxylic acid/water
mixture, using an oxidizing agent, to the desired mono-
or dicarboxylic acid. Carboxylic acids suitable as
diluents in this case are formic acid, acetic acid,
propionic acid and the like. It is preferred to employ
acetic acid as solvent. The carboxylic acids can be used
either alone or as 4 mixture with water. It is preferred
to use the carboxylic acids as a mixture with water, in
which case the proportion of water can be about 0.1 -
25 % by volume, preferably 5 - 15 % by volume.

The concentration of aldehydes in the solution is of
little importance for the process of the invention. In
general, the aldehyde concentrations used are as high as
possible in order to save on sgolvent, although the
concentration should not be soc high that the aldehydes or
the carboxylic acids formed precipitate from the reaction
solution at the reaction temperature.

The oxidizing agent used is oxygen or air, preferably
oxygen.

Tﬁe oxldation is preferably carried out under pPressure,
with pressures of from 1 to 25 bar, preferably from 8 to
25 bar, being emploved. The reaction temperature is from
about 50 to 130°C, preferably 60 to 90°C.

After the end of the reaction the reaction solution is
cooled, preferably to 0 - 35°C, and worked up accordingly
depending on the reaction product.

For example, thermally stable monocarboxylic acids are
separated by distillation, whereas thermally unstable
monocarboxylic acids, on the other bhand, are - if not
soluble in water - isolated by washing the solvent out of
the reaction mixture with water. Dicarboxylic acids are
for example isolated, provided they are poorly soluble or
ingsoluble in the solvent under cold conditions, at
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0 - 35°C, are isoclated by cryvstallization and subsequent
separation of the solids. The mother liquor obtained in
this case can be topped up with the aldehyde component
and water and then recycled directly to the oxidation
process. The carboxylic acids isolated in this way may,
if desired, be purified additionally by conventiocnal
methods, such as recrystallization digtillation, or
chromatographic methods. The process accerding to the
invention can be carried out either batchwise or con-
tinuously.

In a preferred embodiment of the process of the
invention, aliphatic¢ and aromatic mono-or dicarboxylic
aclids of 4 to 22 carbon atoms are prepared by reacting a
corresponding chemical compound having at least one
olefinic double bond with ozone in the presence of a
solvent, subjecting the peroxide solution formed to
catalytic hydrogenation, and then oxidizing the aldehvde,
after separating off the solvent and the catalyst, in the
presence of a carboxylic acid from the group consisting
of formic acid, acetic acid and propionic acid, or of a
carboxylic acid/water mixture, without a catalyst, to
give the desired mono- or dicarboxylic acid.

In this context, the ozonization and subsequent
hydrogenation is preferably carried out by the method
described in US 4,769,464, and the oxidation is carried
o£1t under the conditions indicated above. Suitable
chemical compounds having at least one olefinic double
bond in this context are thosge compounds which lead to
the aldehydes indicated above.

Examples thereof are straight-chain, branched or cyclic
(C,-C,,) alkenes having at least one olefinic double bond,
which may if desired be substituted by the groups which
are inert under the reaction conditions and which have
already been mentioned, examples of the alkenes being
butene, pentene, hexene, isoprene, isobutene, isgsooctene,
butadiene, octadiene, hexadecene, cyclohexene, cycloocta-
diene, cyclooctene, cyclododecene, cyclododecatriene,
terpenes or aromatic compounds having at least one

olefinic double bond, for example styrenes,
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divinylbenzenes, diisopropenylilbenzene, naphthylstyrenes or

diphenylethylenes.

F

By the process of the invention, mono- and dicarboxylic acids

are obtained in high purity and with outstanding vyields. In

general, vyields of 90 to 98% are obtained without substantial
waste products or waste waters and environmentally polluting
waste gases. The mono- and dicarboxylic acids are obtailned

P

with at least 95% purity, and usually a purity of more than

98%, so that further purification of the end product 1s in

most cases unnecessary.

In another aspect, the present invention provides a

process for the preparation of aliphatic oraromaticmono- ox

P

dicarboxylic acids of 4 to 22 carbon atoms by oxidation of the

M—

corresponding aldehydes having the same number of carbon

atoms, which comprises carrying out the oxidation in a

carboxylic acid selected from the group consisting of formic

aclid, acetic acid and propionic acld, or 1in a carboxvylic

aclid/water mixture, wherein the carboxylic acid in said

mixture 1is selected from the group consisting of formic acid,

acetic acid and propionic acid, at a temperature of 50 to

—

130°C and at from 1 to 25 bar in the presence of an oxidizing

agent.

—_—

In another aspect, the present 1nvention provides a

process for the preparation of aliphatic oraromatic mono- or

dicarboxylic acids of 4 to 22 carbon atoms, which comprises

reacting a chemical compound having at least one olefinic
double bond with ozone 1n the presence of a solvent,

catalytically hydrogenating the resulting peroxide solution,

and then oxidizing the resulting aldehyde, after separating

off the solvent and the catalyst, 1in the presence of a

carpboxylic acid selected from the group consisting of acetic

acid, formic acid and propionic acid, or of a carboxylic

acid/water mixture, wherein the carboxylic acid in said

mlxture 1s selected from the group consisting of formic acid,

R

acetic acid and propionic acid, at 50 to 130°C and 1 to 25
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bar, 1in the presence of an oxidizing agent, to give the

desired mono- or dicarboxylic acid.

In another aspect, the present invention provides a

process for the preparation of aliphatic or aromatic mono- or

dicarboxylic acids of 4 to 22 carbon atoms by oxidation of the
corresponding aldehydes having the same number of carbon
atoms, which comprises carrying out the oxidation in .a

carboxylic acid selected from the group consisting of formic

p—

acid, acetic acid and propionic acid, or 1n a carboxylic

acid/water mixture, wherein the carboxylic acid 1n said

mixture is selected from the group consisting of formic acid,

acetic acid and propionic acid, at a temperature of 50° to

130°C and at from 1 to 25 bar in the presence of an oxidizing

agent, wherein the oxidation is carried out in the absence of

a catalyst.

ﬂ-

In another aspect, the present invention provides a

process for the preparation of aliphatic or aromatic mono- or

dicarboxylic acids of 4 to 22 carbon atoms by oxidation of the

corresponding aldehydes having the same number of carbon

atoms, which comprises carrying out the oxidation 1n a

carboxylic acid selected from the group consisting of formic

acid, acetic acid and propionic acid, or 1in a carboxylic
acid/water mixture, wherein the carboxylic acid 1n sald
mixture is selected from the group consisting of formic acid,

acetic acid and propionic acid, at a temperature of 50° to

130°C and at from 1 to 25 bar in the presence of an oxidizing

agent, wherein the oxidation 1s carrlied out 1in the absence of

a catalyst and an aprotic solvent.

In another aspect, the present invention provides a

process for the preparation of aliphatic or aromatlic mono- or.
dicarboxylic acids of 4 to 22 carbon atoms, which comprises

reacting a chemical compound having at least one olefinic

v

double bond with o©ozone 1in the ©presence of a solvent,

catalytically hydrogenating the resulting peroxide solution,

and then oxidizing the resulting aldehyde, after separating

off the solvent and the catalyst, in the presence of a



10

15

20

25

30

CA 02157544 2005-04-25

- 6 -

carboxylic acid selected from the group consisting of acetic

acid, formic acid and propionic acid, or of a carboxvylic

‘acid/water mixture, wherein the carboxylic acid i1in said

mixture 1s selected from the group consisting of formic acid,

acetic acid and propionic acid, at 50° to 130°C and 1 to 25

bar, 1in the presence of an oxidizing agent, to give the

desired mono- or dicarboxylic acid, wherein the oxidation 'is

carried out 1in the absence of a catalyst and an aprotic

solvent.

Example 1l: Octanedioic acid

110.2 g (1  mol) of cyclcoctene (purity 95%) were

dissolved 1in 1500 ml of methancl, the solution was cooled to
-20°C, and an 0,/03 mixture containing 4% by weight of ozone
was passed 1in until 1 mol of ozone had been introduced into

the solution. Subsequently, the ozonization solution obtained

was fed continuously via a metering vessel into a
hydrogenation reactor in which 2 g of Pd catalyst (Lindlar)
had been placed and which was filled with hydrogen, at a rate
such that the peroxide content did not exceed 0.02 mol/l. With
vigorous stirring and addition of hydrogen, hydrogenation was
carried out until peroxide sampling gave a negative result.

The catalyst was removed from the hydrogenation solution

oy filtration, the solvent was removed 1in vacuo and the
residue was dissolved in 920% strength acetic acid so that the
concentration of the aldehyde was 1 mol/l of solution.

The solution was oxidized with oxygen at a pressure of 10
bar and at a temperature of 80°C in an autoclave. After

'*

the end of the reaction the autoclave was let down and the

solution was cooled to 15 to 20°C. The precipitate formed

was filtered off and dried in wvacuo, at 20 mbar, at 80°C.

The mother liquor was brought to the required

concentration with water, solvent and crude aldehyde and
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recirculated to the oxidation stage. In this way, 125 -
152 g of octanedioic acid were obtained per cycle with a

purity > 98 %.

Example 2: Octanedioic acid

In analogy to Example 1, 108.18 g (1 mol) of
cyclooctadiene (purity 95 %) were supplied with ozone
until 0.5 mol of ozone had been introduced into the
solution, and the resulting ozonization solution was
hydrogenated as in Example 1.

The hydrogenation soclution thus obtained contained
octanedial and its ‘acetal.

The oxidation of the aldehyde/acetal mixture wasg
carried out in analogy to Example 1.

In this way, 125 g of octanedioic acid per c¢ycle were
cbtained with a purity of 96 %.

Example 3: Dodecanedicic acid

In analogy to Example 1, 166.4 g (1 mol) of
cyclododecene (purity 95 %) were ozonized to dodecanedial
which was subsequently subjected to catalytic hydrogena-
tion.

The. oxidation of dodecanedial was carried out likewise as

in Example 1.

220 g of dodecanediocic acid per cycle were obtained with
a purity of 98 %.

Example 4; Dodecanedioic acid

162.3 g (1 mol) of cyclododecatriene (purity
35 %) were dissolved in 1500 ml of methanol, the solution
was cooled to -20°C, and an 0,/0, mixture containing 4 %
by weight of O; was passed in until 0.33 mol of ozone had
been lntroduced into the solution. The hydrogenation

solution obtained as in Example 1 contained dodecanedial
and its acetals.

Cyclododecane formed was extracted from the acetic acid
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solution using petroleum ether prior to the oxidation.
The oxidation of the aldehyde/acetal mixture was
carried out as in Example 1 at 15 bar.

183 g of dodecanedioic acid per cycle were cbtained with
a purity of 98 %.

Example 5: Tridecanediocic acid

338.58 g (1 mol) of erucic acid (purity 95 %)
were ozonized in analogy to Example 1 and then hydrogena-
tion was carried out.

The hydrogenation solution obtained in this way contained
nonanal and tridecénealdehyde acid and was diﬁided by
distillation.

For oxidation, the corresponding aldehyde fraction was
employed and was oxidized at 14 bar in analogy to Example

l. 185 g of tridecanedioic acid per cycle were cobtained
with a purity of 95 %,

Example 6; Perlagonic acid

338.58 g (1 mol) of erucic acid (purity 93 %)
were ozonized in analogy toc Example 1, and then hydroge-
nation was carried out. The hydrogenation solution
obtained in this way contained perlagonaldehyde and
tridecanal acid.

For oxidation, the corresponding aldehyde fraction was
employed and was oxidized at 20 bar in analogy to Example
1.

132 g of perlagonic acid per cycle were cbtained with a

purity of 94 %.
Example 7: Pentadecanoic acid

224.4 g (1 mel) of hexadecene (purity 95 %) were
ozonized in analogy to Example 1, and then hydrogenation
was carried out to give pentadecanal.

The aldehyde was oxidized as in Example 1.

After the end of the reaction, the autoclave was let
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down, the solvent was removed in vacuo and the residue
was stirred in water with cooling.
The pentadecanoic acid obtained in this way is separated
off and dried.

5 Yield: 92 %
Purity: 93 %

In addition, the following products were prepared
by the process of the invention:

Ex. Pre D P T Y Pur
{(bar} (°C) (%) (%)
B 13-oxotridecan- " brassylic acid 14 64-30 92 85
oic acid methyl monomethyl
egtear ester
9 2-ethylhexanal 2-ethylhaxan- 20 80 S8 9%
olc aciad
10 l,12-dimethoxy- dodecanedioic 16 BO-85 95 85
1l,12-dihydroxy-~ acld
dodecane
11 1,1,8,8-tetra- octanedioic 10 80-85 90 90
methoxyoctane acid
12 heptanedialde- beptanadiocic 1% 80-85 g7 90
hyde acid
13 9 -oxonconanoic azelaic acid 10 80-83 92 94
acid methyl monomethyl
ester egter
14 benzaldehyde benzoic acid 12 80-85 98 98

The diluent employed was in each case acetic acid. The

following abbreviations have been usged:

Pre precursor for the oxidation

P product obtained by oxidation
5 P pressure

T temperature

Y vield

Pur purity
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CLAIMS:

1. A process for the preparation of aliphatic oraromaticmono—t

or dicarboxylic acids of 4 to 22 carbon atoms by oxidation of

—

the corresponding aldehydes having the same number of carbon

atoms, which comprises carrying out the oxidation in a

.

carboxylic acid selected from the group consisting of formic
acid, acetic acid and propionic acid, or 1in a carboxylic
acid/water mixture, wherein the carboxylic acid in said mixture

i
—

is selected from the group consisting of formic acid, acetic

acid and propionic acid, at a temperature of 50 to 130°C and at

from 1 to 25 bar in the presence of an oxidizing agent.

2 . The process as claimed in claim 1, wherein the aldehyde
employed 1s an aliphatic or aromatic aldehyde having one or two

aldehyvde groups, hemiacetal or full acetal groups or mixtures

thereof.

3. The process as clalmed 1n claim 2, wherein a mixture of

aldehyde and its full acetals and/or hemiacetals is emplovyed.

& . The process as claimed 1n claim 1, wherein acetic acid is

used as carboxylic acid.

5. The process as claimed in claim 1, wherein the oxidation
is carried out in the carboxylic acid/water mixture with a

water content of from 0.1 to 25% by volume.

5. The process as claimed in claim 1, wherein the oxidation

is carried out at a temperature of from 60 to 90°C.

7. The process as claimed in claim 1, wherein the oxidation

18 carried out at from 8 to 25 bar.

8. The process as claimed in claim 1, wherein oxygenis used

as oxidizing agent.
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9. A process for the preparation cf aliphatic craromatic
mono- or dicarboxylic acids of 4 to 22 carbon atoms, which
comprilises reacting a chemical compound having at least one
olefinic double bond with ozone in the presence of a solvent,
catalytically hydrogenating the resulting peroxide solution,
and then oxidizing the resulting aldehyde, after separating off
the solvent and the catalyst, in the presence of a carboxylic'
acid selected from the group consisting of acetic acid, formic
acid and propionic acid, or of a carboxylic acid/water mixture,
wherein the carboxylic acid in sald mixture i1s selected from
the group consisting of formic acid, acetic acid and propionic

acid, at 50 to 130°C and 1 to 25 bar, in the presence of an

oxlidizing agent, to give the desired mono- or dicarboxylic

aclid.

10. The process as claimed in claim 3, wherein the aldehyde

content is 1 to 99%.

11. A process for the preparation of aliphatic or aromatic

mono~ or dicarboxylic acids of 4 to 22 carbon atoms by

oxidation of the corresponding aldehydes having the same number

P

of carbon atoms, which comprises carrxying out the oxidation in

a carboxylic acid selected from the group consisting of formic
acid, acetic acid and propionic acid, or in a carboxvylic

acid/water mixture, wherein the carboxylic acid in said mixture

1s selected from the group consisting of formic acid, acetic

acid and propionic acid, at a temperature of 50° to 130°C and at
from 1 to 25 bar in the presence of an oxidizing agent, wherein

the oxidation is carried out in the absence of a catalyst.

12. A process for the preparation of aliphatic or aromatic

mono- or dicarboxylic acids of 4 to 22 carbon atoms by
oxidatilion of the corresponding aldehydes having the same number
of carbon atoms, which comprises carrying out the oxidation in

a carboxylic acid selected from the group consisting of formic
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acid, acetic acid and propionic acid, or 1in a carboxylic

acid/water mixture, wherein the carboxylic acid in said mixture

F
b

is selected from the group consisting of formic acid, acetilc

acid and propionic acid, at a temperature of 50° to 130°C and at
from 1 to 25 bar in the presence of an oxidizing agent, wherein
the oxidation is carried out in the absence of a catalyst and

an aprotic solvent.

13. A process for the preparation of aliphatic or aromatic
mono- or dicarboxylic acids of 4 to 22 carbon atoms, which

comprlises reacting a chemical compound having at least one

olefinic double bond with ozone 1n the presence of a solwvent,
catalytically hydrogenating the resulting peroxide solution,

and then oxidizing the resulting aldehyde, after separating off

the solvent and the catalyst, i1n the presence of a carboxylic

acid selected from the group consisting of acetic acid, formic
acid and propionic acid, or of a carboxylic acid/water mixture,
wherein the carboxylic acid in said mixture is selected from
the group consisting of formic acid, acetlic acid and propionic
acid, at 50° to 130°C and 1 to 25 bar, in the presence of an
oxidizing agent, to give the desired mono- or dicarboxylic
acid, wherein the oxidation 1s carried out in the absence of a

catalyst and an aprotic solvent.



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims

