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One process which forms the subject of various
patent applications comprises hydroxycarbonylating butadiene
in order to form pentenoic acids, and then
hydroxycarbonylating the latter acids in order to form adipic
acid. During the second hydroxycarbonylation reaction,
methylglutaric acid, ethylsuccinic acid and dimethylsuccinic
acid are also formed, in amounts which vary depending on the
conditions under which the process is carried out.

These various branched saturated aliphatic diacids
may be upgradable to a greater or lesser extent, but it is
important in all cases to separate them as much as possible
from the adipic acid, which remains, qualitatively and
quantitatively, the most important compound.

"It is possible to use processes for fractionating
the mixtures, for example by crystallization, in order to
separate the branched diacids from the adipic acid. However,
this technique does not allow a suitable, easy separation of
the adipic acid isomers due to the very close physical
properties of all these diacids.

The present invention provides a process for the
separation of at least some of one or more branched,
saturated aliphatic diacids having 6 carbon atoms, from a
mixture comprising said diacid or diacids and adipic acid,
which comprises at least partly converting said diacid or at
least some of said diacids into the corresponding anhydride
or anhydrides.

In the present text, the diacid mixtures to which
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of the invention are, for example, 2-methylglutaric acid

and/or 2-ethylsuccinic acid and/or dimethylsuccinic acid.

Anhydridization of the saturated aliphatic diacids
may, for example, be performed by heating the mixture
comprising them to a temperature equal to or above 60°C.

In order to facilitate the dehydration of the
diacids, it is generally preferable to separate, especially
by distillation or crystallization, the anhydrides formed or
the water formed, during the anhydrization or after it.
However, this is not essential and the anhydrides formed may
also remain in the reaction mixture and may be separated from
the adipic acid and from the other compounds present by a
known means such as, for example, a distillation or a
crystallization, only during a subsequent operation.

Since the heating and the possible distillation may
be carried out at a pressure equal to, above or below
atmospheric pressure, the temperature at which the
anhydridization will be performed may vary as a function of
this pressure, and as a function of the composition of the
mixture to be treated. _

However, as a guide, the process will generally be
carried out at a temperature of 80°C to 350°C. _

The process may advantageously be performed in the
presence of a homogeneous acid catalyst, that is to say one
which is soluble in the reaction medium, having a pKa below
or equal to 5 such as, for example, sulphuric acid, hydricdic
acid, para-toluenesulphonic acid, trifluoroacetic acid, or

" trifluoromethanesulphonic acid, or a heterogeneous acid
catalyst such as, for example, boron phosphate, zircomia or -
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for exanpl e, JOTOR AROSAE mdldF PUA P Tis from 0.0005:1 to 1:1. When a
sulphonated acidic resin is used, the molar ratio will be
considered between the sulphonic acid functions of said resin
and the diacids to be anhydridized. When an acidic clay is
used, an acidic clay/diacids to be anhydridized weight
proportion of at least 5% may be used, but it is obvious that
this proportion may be very variable, depending on the way in
which the process is performed. In particular, when a
continuous mode is used, the idea of weight ratio no longer
has meaning and is replaced by that of contact time.

Another advantageous variant of the invention
consists in working in the presence in the reaction medium of
at least one anhydride of an acid, such as the anhydride of a
monocarboxylic or polycarboxylic aliphatic acid, it being
necessary for the boiling point of these acids to be less
than that of adipic acid (that is to say about 265°C at
13.3 kPa) in order for said acids formed from the anhydrides
thereof to be separable by distillation. The anhydrides used
are especially the anhydrides of monocarboxylic or
polycarboxylic acids having from 2 to 8 carbon atoms, such
as, for example, the anhydrides of acetic acid, propionic
acid, succinic acid, wvaleric acid, 2-ethylsuccinic acid,
dimethylsuccinic acid, methylbutancic acids, methylbutenoic
acids or pentenocic acids, as well as the possible mixed
anhydrides of these acids.
"It is obvious that the choice of 2-ethylsuccinic

anhydride and dimethylsuccinic anhydride is not justified if
the diacids to be separated from adipic acid are not
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As indicated above, the diacid mixtures used in the

process of the invention may be mixtures coming from any
origin; they may in particular come from the recovery of the
diacids in recrystallization waters of adipic acid or _
alternatively from the diacid distillation residues, or they
may consist of more or less pure fractions derived from
crystallization, refining or distillation operations
performed in the context of the preparation of adipic acid.

They may also be derived directly from processes for
the synthesis of adipic acid. This is especially the case for
the mixtures of adipic acid with 2-methylglutaric acid and/or
2-ethylsuccinic acid and/or dimethylsuccinic acid, which are
obtained during the hydroxycarbonylation of the pentenocic
acids or, where appropriate, even during the
hydroxycarbonylation of butadiene or derivatives thereof.
These mixtures may also contain, depending on the development
of the steps in the synthetic process, larger or smaller
amounts of the catalyst used, such as, for example, iridium
or iridium compounds, rhodium or rhodium compounds and
palladium or palladium compounds, this last family of
catalysts being used more particularly for the _
hydroxycarbonylation of butadiene or derivatives thereof.
They may also include compounds used such as pentenoic acids,
possible solvents, and cocatalysts, as well as compounds
formed during the synthesis of adipic acid such as, in
particular, valeric acid, methylbutanoic acids,
methylbutenoic acids and gamma-valerolactone.

The presence of a catalyst, in particular of iridium
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monocar boxylic or polycarboxylic aliphatic acid, it—being necessary for the
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to say about [err] at 13.3 kPa) in order for "said acids formed fromthe
anhydrides thereof to be separable by distidlation. The anhydrides used are

especial ly t hsraab}m&hﬂleao%omagcamwhhc of’ rRRUNGA' BeikbifiaaChiia havi ng

from2 to 8 carbgn atons, such a for exanpl e, the anhydrides of acetic
acid, propionP& &éﬂ&“‘b&EbPﬁ#&aééPR °99P8PP@5aCPG “?1étH§I§H@cFﬁFPe&€PHe
dlﬁEthy|SUCCIBb&a&&&?stﬁEb&ybhbh@met@ aeldaesaebbthhybeeolﬁagcpdayoa

t t h bl e drid fosth 'd.
e o obvi ous CEREELERETCRETEe Lot LB ARV SRS AL ARE LG A, £ Stgotas. !
d|nethy!sy00|Wbethnhyﬁhadecpmen&tqpushafmedcmﬁonhazttacedsdeclbedsépamated
from adi pi aﬁkgc b8eRCor t%eehg&&%%&%hQEBngﬁh@;%Bd @Ekhﬁhgggﬁbﬁbcaiﬁhg

respectively or the above vari a Tount of optionally
added to the PZaefi bitaddiens.i eromwbetbes they rEst eP5ARPS AU'zééﬁénb@¢°FWe

diacids may vahk Wanhdridivaison oeaaaezaleaeraaa Bheserae ehtad _
conpound is not esseqtial, event h this cagnstit referre varlant

te
of the i nvent PERSTMIAYATERTEEERt NIt FOLeR O REL AN To3BE LY Ra L0 Fhee MOl o,
anhydri de: di acfdditeids zohpedr tteateéd)oifaom 8% €oc0R0], lpreféftablylifeom 0%

anhydride:diaggdiogoagﬁ even more preferably from 0% to 5%.

The amounts of the various compounds indicated above
in the reaction mixtures derived from the
hydroxycarbonylation of the pentenoic acids or of butadiene
or derivatives thereof are not critical. Illustrations of
the amounts which may be obtained may be found in the various
patents describing these processes'for the synthesis of
adipic acid, such as in EP-A-0,477,112, EP-A-0,478,472,
EP-A-0,493,273, EP-A-0,511,126 and EP-A-0,536,064.

In the context of the anhydridization process of the
invention, it is also possible to add a solvent to the
mixture of diacids to be treated. This solvent may be one of
‘the compounds mentioned above or may be different from the
compounds present in the reaction mixture derived from the
process for the synthesis of adipic acid and the diacids to
be anhydridized.

These solvents may be chosen in particular from
aliphatic or cycloaliphatic hydrocarbons, halogenated, in
particular chlorinated, aliphatic or cycloaliphatic
hydrocarbons, aromatic hydrocarbons, halogenated, in
particular chlorinated, arématic hydrocarbons, aliphatic or
aromatic or mixed ethers, carboxylic acids, in particular
aliphatic carboxylic acids, and halogenated carboxylic acids.

Example of such solvents are benzene, toluene,
xylenes, n-hexéne, dichloromethane, 1,2-dichlorocethane,
cyclohexane, chlorobenzene, diphenyl ether, dibutyl ether,
pentenoic acids, valeric acid, gamma-valerolactone, acetic
acid, propionic acid and trifluorocacetic acid.

These solvents are added for the aim of diluting the
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account of the much lower boiling points of the anhydrides

relative to their respective diacids.

The Examples which follow further illustrate the
invention.
EXAMPLE 1

A mixture containing 50 millimol (mmol) of
2-methylglutaric acid, 25 mmol of adipic acid and 50 mmol of
pentenoic acid (serving as solvent) is loaded into a 50 ml
glass round-bottomed flask, to which are added 2 mmol of
concentrated sulphuric acid.

The mixture is stirred, heated to 130°C and
maintained at this temperaturé for 30 minutes.

on distillation under reduced pressure (about
1000 Pa), 80% of corresponding anhydride is obtained relative
to the 2-methylglutaric acid charged.
EXAMPLE 2

Example 1 is repeated under the same operating
conditions, but the 2-methylglutaric acid is replaced by the
same molar amount of 2-ethylsuccinic acid. On distillation,
100% of corresponding anhydride is obtained relative to the
2-ethylsuccinic acid charged.
EXAMPLE 3

A mixture containing 34 mmol of 2-methylglutaric
acid, 39 mmol of 2-ethylsuccinic anhydride and 25 mmol of
adipic acid is loaded into a 50 ml glass round-bottomed
flask.

The mixture is stirred, heated to 120°C and
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The following are successively loaded into a 125 ml
autoclave:
' - 0.8 mmol of RhCl (cod)
{cod = 1,5-cyclooctadiene}
- - 8 mmol of HI (at a concentration of 57% in
water)
- 45 mmol of water (provided by the HI solution)
- 20 mmol of adipic acid
- 39 mmol of 2-ethylsuccinic acid
- 45 ml of acetic acid.
The mixture is maintained at 230°C and at 50 bar of
CO (total pressure at this temperature) for 5h, with
stirring.
On distillation as in Example 1, 3 mmol of énhydride
corresponding to 2-ethylsuccinic acid are obtained.
EXAMPLE 6 _
The following are successively loaded into a 125 ml
autoclave:
- 0.8 mmol of IrCl(cod),
- 1.6 mmol of HI (at a concentration of 57% in
water)
- 9 mmol of water (provided by the HI solution)
- 20 mmol of adipic acid
- 39 mmol of 2-methylglutaric acid
- 45 ml of acetic acid.
The mixture is maintained at 230°C and at 50 bar of
CO (total pressure at this temperature) for 5h, with
stirring.
On distillation as in Example 1, 3 mmol of anhydride
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67 mmol of pentenocic acid

- 23.6 mmol of adipic acid

- 6 mmol of 2-methylglutaric acid

- 1.8 mmol of 2-ethylsuccinic acid.
are successively loaded into a 50 ml glass round-bottomed
flask. _

The mixture is maintained at 130°C for 30 minutes
and then at 200°C for 2 h, with stirring.

On digtillation as in Example 1, 4.5 mmol of
anhydride corresponding to 2-methylglutaric acid and 1.8 mmol
of anhydride corresponding to 2-ethylsuccinic acid are
obtained.

EXAMPLE 8

10 g of a solution containing:

- 0.016 mmol of Ir in soluble form

- 28 mmol of pentenocic acid |

- 8.2 mmol of adipic acid

- 37.7 mmol of 2-methylglutaric acid

- 3.4 mmol of 2-ethylsuccinic acid
are loaded into a 50 ml glass round-bottomed flask.

The mixture is heated at 220°C for 90 min, under
reduced pressure (430 Pa).

' On assaying, it is observed that 23% of the
2-methylglutaric acid and 100% of the 2-ethylsuccinic acid
used were converted into their respective anhydrides, a
considerable part of which was distilled off during the
anhydridization reaction.

EXAMPLE 9
10 g of a solution containing:



the diactds. The diacids to be anhydridized generally represent from10%to
90% by weight, relative to the diacids/adipic acid total weight ratio.in
the fixture to be treated. The conversion of -the diacids into their

anhydri des makes it possible to be able-t® separate themnore readily from

the adipic acid, in parti IsgiJtatio a nt of the much
| ower boiling points of t(ﬁéﬂgér’]#rfa%és irxéllé% i%;%l‘%o&% ﬁtgolc?:%lrespect Ive
di aci ds. The Exanpl es whi%h nmod oof fpenttancid |lagid ate the i nventi on.

EXAMPLE 1 A mixture cont ajni Gt d¢!d id g@mlg of 2-nethylglutaric acid,
25 mol of adipic acid and 50 mm oé fd}rﬁlenoi c acid (serving as sol vent)

is loaded into a 50 m Tkl MRAL-otd ReIh¥IHEHMEaRIE 373 are added 2
mol of concentrated sul phir iginclC icE 2exhplduddidic ddid ed, heated to

[err] and maintained at thjs t erature for .30, mnhutes. On distillation
under reduced pressure '(a#g%lﬂm{]gp(ﬁ)é Iﬁaﬁe,tléf)%’g?y%’r‘feespondi ng anhydride is
obt ai ned r el atanee taaddik ihtretan\50)Ink aylassarahmddrapctbmddX/IRIEk 2 Exanpl e 1
i s repeated under the | | 14 , h - et tarlc
SPIE R " SORLY U rdbd Ykl 0 ) 260

acid is replaced by the sane succinic acid. On
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temperature of 220°C in the reaction mixture.

On assaying, it is found that 99% of the
2-methylglutaric acid and 99% of the 2-ethylsuccinic acid
used were converted and distilled off.

EXAMPLE 10
_ The following are loaded into a 500 ml glass round-
bottomed flask:

- 200 mmol of adipic acid

- 200 mmol of 2-methylglutaric acid

- 250 ml of meta-xylene

" - 10 mmol of sulphuric acid.

The mixture is heated, with stirring, at the reflux
temperature of the xylene for 4 h and the water formed is
distilled off in an azeotropic column (100% of the
theoretical amount).

The distillation carried out on the dehydrated
mixture made it possible to separate out the 2-methylglutaric
anhydride formed (950 mol% relative to the 2-methylglutaric
acid charged). '

EXAMPLE 11

A mixture containing 15 g (103 mmol) of
2-methylglutaric acid, 2 g (13.7 mmol) of 2-ethylsuccinic
acid and 10 g (68.5 mmol) of adipic acid is loaded into a
50 ml glass round-bottomed flask.

The mixture is stirred, heated at 120°C and
maintained at this temperature for 2 hours. It is then
maintained at 160°C under reduced pressure (1400 Pa) for 6
hours.

On assaying the distillate obtained, it is observed
that 2.2% of the 2-methylglutaric acid and 93% of the



2- et hyl succinic acid charged. EXAMPLE 3 A m xture containing 34 mmol of
2-nmethylglutaric acid, 39 mmol of 2-ethyl succinic anhydride and 25 nmol of
adipic acid. is loaded into a 50 nl glass round-bottoned flask. The m xture
is stirred, heated to [err] and -7-_mphntained at this tenperature for

h . On distillati i I ngb 2 l, .Qf. dr,i d
Cor roapondi ng T8 SRR AHE BAE FoEe ALRLAId R RipLE Fhe, S5 of | ¢
repeat ed undethelie seampesidvat iavyrespdnidimgs anhydrtildessul phuric acid is

repl aced by ZP?§§E§%%g%%boron phosphate. On distillation as in Exanple 1, 9
mol of anhyd ponding to 2-nethylglutaric acid are obtai ned.

EXAMPLE 5 The fol | owi nd &thre eesitpdmingdfed (303 mmedd @f aut ocl ave:
0.8 mmol of Rhch{etﬁg})l_g{l%iﬁela‘awc|20@ct(a@i.qneﬁno1) o£8 2R hyAfsudeitdlc a

Concentratlonaggdsgéﬁ Q6M§(?ab.5 mmol) of adipic acid, as well as 3 g of
sulphonated resin of trade name Nafion NR 50 (10-35 mesh) is
loaded into a 50 ml glass round-bottomed flask.

The mixture is stirred, heated at 120°C and
maintained at this temperature for 2 hours. It is then
maintained at 160°C under reduced pressure (1400 Pa) for 6
hours. '

On assaying the distillate obtained, it is observed
that 4% of the 2-methylglutaric acid and 99% of the
2-ethylsuccinic acid used were distilled off in the form of
their respective corresponding anhydrides.

EXAMPLE 13

A mixture containing 15 g (103 mmol) of
2-methylglutaric acid, 2 g (13.7 mmol) of 2-ethylsuccinic
acid and 10 g (68.5 mmol) of adipic acid, as well as 3 g of
' KSF montmorillonite acidic clay, is loaded into a 50 ml glass
round-bottomed flask.

The mixture is stirred, heated at 120°C and
maintained at this temperature for 2 hours. It is then
maintained at 160°C under reduced pressure (1400 Pa) for 6
hours. .

On assaying the distillate obtained, it is observed
that 24% of the 2-methylglutaric acid and 92% of the
2-ethylsuccinic acid used were distilled off in the form of
their respective corresponding anhydrides.

EXAMPLE 14

The following are successively charged into a 125 ml
autoclave:

- 0.9 mmol of PACl,

- 7 mmol of chlorobutene

- 92.5 mmol of water

- 92.5 mmol of butadiene

- 10 mmol of 3-pentenocic acid

- 34 mmol of adipic acid



- 45:mol of water (provided by the H solution) - 20 mmol * of adi pic
acid - ° 39 mmol of 2-ethylsuccinic acid - 45 m of acetic acid. The

m xture is nmaintained at [err] and at 50 bar of. CO (total pressure at this
t enperature) for 5h, Wthsﬂrﬂng Ordikt+llation as in Exanple 1, 3 mmol
of anhydri de correspondl go 2-§th I uccgﬂ ¢ ; Ld are ob?ained. EXAMPLE 6
The followi ng are succes LI RF IS uRbEFave: - 0.8
mmol of [err] - 1. 6Th#0hlutqu @atmalnbacaadratlbﬂooc Badern20at bay of
9 mvol of wat e Hi utj 0 0§ pad] acid -
39 mol of 2- ﬁgtggPe% ggfggg%?da? tﬁgh E#ﬁﬂéfagggffcfgngh %ﬂe k?%%ure i's
mai nt ai ned atBFéFF}nand at 50 bar of CO (total pressure at this

tenperature) for 5h, V\’Ohhdibltﬁ.'lﬂ.aﬂn.oﬁha@ $hi Ekakpo8 85 18 kwafpbe 1, 3 Mol

Of anhydrl de hy8 gsepggglrg pondgnet h gggli:ﬂyigichgr Leaggéa gd (VI 3 an
of anhydride corresponding to 2-ethylsuccinic acid are
obtained.



triadl hydr oxycar bonyl ation of 3-pentenoic acid a d C 0386
mmol of Ir in solubie form- 0.0907 mol__of=H

gamme- val erol actone - 67 nmmol of pent endiZ aci d - ° —6—ol—of adﬁ_L_C acid
- 6 mol of 2-nethylglutaric acid - 1.8 nol of 2-e acid. are
successively | oaded into a 50 m gl ass rmuom‘ HEI mﬁ xture is
mai ntained at [err] for 30 mnutes and then at [err

stirring. On distillation as in Exanple 1, 4.5 muol of anhy drlde
correspondi ng to 2-nethyl gl&tm%e%ﬁni:maﬁehq gepaatian Mﬁﬂllﬁast some
correspondi NG ¢ Grée %ﬁ)ﬁ&é@%f&ﬁclﬁ’é&d e il e ﬁﬁ?'@lé’cﬂ& Qhaﬁﬁ:.:?g 6

sol ution conta| %-9 0‘?6 mol Ir in solubleform- 28 mol
pent enoi ¢ aciP® Za‘iﬁmf r%l%l’%’-’é’ﬁ’@ -coppriging spid ‘H’;ﬂ'g?’ilt aric

acid diacids and adipic acid, which comprises at least partly

i somerization of the 2-nethylglutaric acid into 2- eﬁ,ﬁ;}gﬁ,&pﬁ&@@ def) -
EXAMPLE 7 50 nmol of 2- nmet hyl glutaric acid and 11. mﬂ“m i n froma

converting said diacid or at least some of said diacids into
the corresponding anhydride or anhydrides.

2. A process according to Claim 1 wherein the
diacid or diacids used are 2-methylglutaric acid and/or
ethylsuccinic acid and/or dimethylsuccinic acid.

3. A process according to Claim 1 and 2 wherein
the anhydridization is performed by heating the mixture to a
temperature egqual to or abowve 60°C.

4. A process according to Claims 3 which is
performed at a temperature of 80°C to 350°C.

5. A process according to any one of Claims 1 to 4
wherein the anhydride or anhydrides or water formed are
separated from the mixture either during or after the
anhydridization.

6. A process according to Claim 5 wherein the
anhydride or anhydrides or water are separated by
distillation or crystallization.

7. A process according to any one of Claims 1 to 6
which is performed in the presence of a homogeneous acid
catalyst which is soluble in the reaction medium, having a
pKa below or equal to 5, or in the presence of a
heterogeneous acid catalyst.

8. A process according to Claim 7 wherein the
homogeneous acid catalyst is sulphuric acid, hydriodic acid,
para-toluehesulphcnic acid, trifluorocacetic acid or
trifluoromethanesulphonic acid, or the heterogeneous acid
catalyst is a phosphate, zirconia or sulphonated resin, or an
acidic clay.

9. A process according to Claim 8 wherein the
acidic clay is a smectite.

10. A process according to Claim 9 wherein the
smectite is a montmorillonite; beidellite, nontromnite,



- 3.4 nol of 2-ethylsuccinic acid are |oaded into a 5___gJ_ass_—,—————

round- bottomed flask. The mixture is heated at [err] for 90 mn
reduced pressure (430 Pa). On assaying, it-is-observed '(t“ﬂ“ c‘w ”l“‘ l\
=l

2-nmethyl glutaric acid and 100% of the 2-1& hyl'succinic a
converted i ntpdtditd,CPeerdndi e s rdfffsni e consi der abl ' part of V\:hl ch

was distilled off duri t he anh dridizati n reaction. of a
sol uti on cont ai ni ng: 1%, RAFORFLING §9, Ay Ane ‘?gl-cﬁlai"lﬁ i of
pent enoi ¢ acikb wﬂe?réirmtﬂe cﬁm:mhipidf athel homdiyehevus orf Hetexidygdrpgousiri c
acid - 4.1 e G 0t ol are

| oaded into a a?t?efzigs/é rounéd'mo '?bdrrgat&%r}ékqg)ﬂ'ue a5 )Cflﬁ%%rswh%tl%g at
refl ux (aboutarfhyrdsi Jc#edaonqia:r raftiowefl G diosti0dlatdmmmiacigbies Pa, up to

a tenperat ur &iqfy Z{ﬂédld ned e ré‘xﬁﬁﬁdﬂhﬂéﬁ Wﬁq libn idf it Tragkk
t hat 99% of the met hyl glutaric acid and 99% the Z-ethyl succinic acid

12. A process according to Claim 11 wherein the
acid:diacid molar ratio is 0.0005:1 to 1:1.

13. A process according to any one of Claims 1 to 6
which is performed in the presence in the reaction medium of
at least one anhydride of an acid, said acid having a boiling
point which is less than that of adipic acid.

14, A process according to Claim 13 wherein the
anhydride is of a monocarboxylic or polycarboxylic aliphatic
acid or is a mixed anhydride thereof.

15. A process according to Claim 14, wherein the
anhydride is an anhydride of a monocarboxylic or
polycarboxylic acid having from 2 to 8 carbon atoms or is a
mixed anhydride thereof.

- 16. A process according to Claim 15 wherein the
anhydride is an anhydride of acetic acid, propionic acid,
succinic acid, wvaleric acid, 2-ethylsuccinic acid,
dimethylsuccinic acid, a methylbutanoic acid, a
methylbutenoic acid or a pentenoic acid or is a mixed
anhydride thereof.

17. A process according to any one of Claims 13 to
16 wherein the amount of the anhydride used is such that
there is an anhydride:diacids to be anhydridized molar ratio
of 0:1 to 10:1.

18. A process according to Claim 17 wherein the
anhydride:diacids molar ratio is 0.5:1 to 2:1.

19. A process according to claim 18 wherein the
anhydride:diacids molar ratio is 1:1 to 1.5:1.

20. A process according to any one of Claims 1 to
19 wherein the mixture used is a mixture coming from the
recovery of the diacids in recrystallization waters of adipic
acid, a mixture coming from the diacid distillation residues,
or a mixture comprising a more or less pure fraction derived
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mol” of 2-methylglutaric acid - 250 nml qf hAsta-xylene - 1
sul phuric acid. The m xture is heated,” WA stirring, at the reflux o
t enper at ure dramheTyataddization, spefining @ dimtiddation)ongnatdens f i n
an azeotr opi pexEditied Y%K dditdAe UL A pradfurttion B ddidild aAdid
carried out on the dehydrated m xture nade, it possible to separate qQut the
2-nethyl gl utari c anhydt de & ®FREPEDASHATAING £ i 1afe &mwﬁmt aric
aci d rc] h?r lged)nimlaﬁe’ldl s rd ﬁixtﬁzﬁ?m?ilﬁéwhf&ml a %d’é‘ﬂﬁéds Cﬁ‘odr 11:61e
2-met hyl gl ut arjg.aci 13 7 o of 2-ethyl succinic acid an g
(68.5 mMmol) (ﬁyrgt&"ferﬁics aoé %4?:‘[“'0&?&#1 nto a 50 m gl ass round-bottoned
flask. The m xture is 224 r Feddrdmmasecaoiding tonCledimn 2 vhersin Hike
tenperature e l_lpq{ét%d lis I dii@uLBRIdE a&dlﬁlg@z?gig Hig.ﬂ\der reduced

e di st

pressure (14 Pa) for hours. assayl ng stillate obtained, it is

observed t hat?-methykgkHarig@agid aad/an 2 -athylawedaicomqid and/or

dimethylsuccinic acid, which is obtained during the

used were converted and distilled off. EXAMPLE 10 The fol | ow
i'ntoa 500 m gl ass round- bottoned flask: - 200 mol of tﬁmmlﬂﬁﬂil ﬁ 'l')
* M s =

hydroxycarbonylation of at least one pentenoic acid or the
hydroxycarbonylation of butadiene or a derivative thereof.

23. A process according to any one of Claims 1 to
13 wherein a solvent is added to the mixture of diacids to be
treated.

24. A process according to Claim 23 wherein the
solvent is an aliphatic or cycloaliphatic hydrocarbon,
halogenated, aliphatic or cycloaliphatic hydrocarbon, an
aromatic hydrocarbon, a halogenated aromatic hydrocarbon, an
aliphatic or aromatic or mixed ether or a carboxylic acid.

25. A process according to Claim 24 wherein the
solvent is a chlorinated aliphatic or cyclocaliphatic
hydrocarbon, a chlorinated aromatic hydrocarbon or an
aliphatic or halogenated carboxylic acid.

26. A process according to any one of Claims 23 to
25 wherein the solvent is benzene, toluene, a xylene,
n-hexane, dichloromethane, 1,2-dichloroethane, cyclohexane,
chlorobenzene, diphenyl ether, dibutyl ether, a pentenoic
acid, valeric acid, gamma-valerolactone, acetic acid,
propionic acid or trifluorocacetic acid.

27. Adipic acid wherever obtained by a process as
defined in any one of Claims 1 to 26.

This Sheet Has Been Reﬂlaced
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- 10 - 2-ethylsuccinic acid used were distilled off in the formof their
respective correspondi ng anhydrides. EXAMPLE 12 A mi xture containing 15 ¢
(103 mml ) of 2-nethylglutaric acid, 2 g (13;7 nmml) of 2-ethylsuccinic
acid and 10 g (68.5 mmol) of adipic acid, as well as 3 g of sul phonated
resin of trade nanme Nafion NR 50 (10-351u%esh) is |loaded into a 50 ml gl ass
round- bottonmed flask. The m xture is stirrﬁgi Beated at [err] and

mai ntai ned at this tenperature for 2 ho - S then maintained at [err]
under reduced pressure (1400 Pa) for 6 hours. On assaying the distillate

obtained, |t i seQBetvedat bk §bRbakbENCORCARYOMLEIbEAREDD SR 0BGk
respective correspondi ng anhydr MAEEURES/ANETH ADRPICAQIRre containing 15 g
(103 mml) of 2-nethylglutaric acid, 2 g (13.7 mmol) of 2-ethyl succinic

acid and 10 %%(68.5 mmol| ) of adipic acid, as wel| as 3 g of KSF
nmont nori | | oni® PERFYFR £PEythe ssepaFREiIM}F A50leasly seme (of PR AT JHREe

flask. The nmibtanchéd, Séatlifdtedcal Bsh@ti¢ edidcidsl having 6 carbon atoms,
from a mixture comprising said diacid or diacids and adipic
acid, which comprises at least partly converting said diacid
or at least some of said diacids into the corresponding
anhydride or anhydrides.



mainta ned at this tenperature for 2 hours. It is then mai ntal ned at: [err
under reduced pressure (1400 Pa) for 6 hours. On assaying the dIStIEZWABp Bgs
obtatrned, it is observed that 24% of the 2- et hylglutaric acf.d--and-

the 2-ethylsuccinic acid used were distilled off in the formof their
respective correspondi ng anhydri des. EXANPLE 14 The following are
successively chggrgeg . 5 5 :
of chl or obut ene™= 9z i ' ~ o T [
3-pentenoic acid - 34 mol of aWA_QQS mml of
2-methylglutaric acid. The mxture is maintained at [err] under 200 bar of
CO (total pressure at this te rature) for 5h 30, with stirrin
distillation as in Exarpi®% PEeeERGFRVesR %fﬁa&@scé‘ﬂ &s FEREST % tfé’r the
2- met hyl gl ut asepaz@aticnd £l ofie loxomoateh wliiptha tder ddapdda, nErom mixtures

2- Ethy|SUCCInlcnggisfﬂgaadlplc acid. _
' Adipic acid is one of the two starting materials on

which poiyamides-GS'are based.

Various processesg exist for the preparation of
adipic acid, some of which are industrial and others of which
are at the research or development stage.

One process which forms the subject of various
patent applications comprises hydroxycarbonylating butadiene
in order to form pentenoic acids, and then
hydroxycarbonylating the latter acids in order to form adipic
acid. During the second hydroxycarbonylation reaction, B
methylglutaric acid, ethylsuccinic acid and dimethylsuccinic .
acid are also formed, in amounts which vary depending on the
conditions under which the process is carried out.

These various branched saturated aliphatic diacids
may be upgradable to a greater or lesser extent, but it is
important in all cases to separate them as much as possible
from the adipic acid, which remains, qualitatively and
quantitatively, the most important compound.

It is possible to use processes for fractionating
the mixtures, for example by crystallization, in order to
separate the branched diacids from the adipic acid.. However, -
this technique does not allow a suitable, easy separation of
the adipic acid isomers due to the very close physical
properties of all these diacids.

‘The present invention prov1des a process for the
separation of at least some of one or more
diacids selected from 2-methylglutaric acid, 2-ethylsuccinic.
acid and dimethylsuccinic acid, from a mixture comprising
said diacid or diacids and adipic acid, which comprises at
least partly converting said diacid or at least some of said
diacids into the corresponding'anhydride or anhydrides..

In the present text, the diacid mixtures to which



obt ai netl. - 12 - CLAIMS 1. A process for the separation. of at-least - -
some’ of one or nore diacids selected from2-methylglutaric acid .y 1 gh i 1996
nprisSthg™--

2-ethyl succinic acid and di met hyl succinic acyd, froma mxturg onp _
said diacid or diacids and adipic acid, which conprises. at |east partly

converting Saiﬁaéiﬁg&ﬁo@taé]ﬁfﬁés S&Y@oﬂaé@éé’ BSUAE S iy 1 siagdle
correspondi ng anhydride or anhydrides. 2. = A process_accordi ngafo Im1
wherei n t he afffBRIEithasefiacids rwith adipir Acid) and nixtunes f #everal

tenperature ewmflthen ohitabadips récic?, and Anafy,ocamoifé}qr,dida%ﬁzgs?e?sﬂnér

According to SRR o R 1t Srhor bt I’ dh e ol iRRad

or water fornek ditee ssuee dtiomk ftonedwher na xdingdl eidimridiur i m!;.:u.’u‘.lﬁxafftllyfral[1 ﬁliriiesde

o o s i NS0 SSEL i AT S Y

A process accERAINPASs AfiRiRe agidy aifnalln Theiopenadigw ffomdde n t he

presence of a R@FRGFIMNIORAKE diacids into corresponding anhydrides will
also be referred to as "anhydridization”.

The diacids used in the process of the invention
are 2-methylglutaric acid and/or 2-ethylsuccinic acid and/or
dimethylsuccinic acid.

Anhydridization of the diacids may, for example,
be performed by heating the mixture comprising them to a
temperature equal to or above 60°C. |

In order to facilitate the dehydration of the
diacids, it is generally preferable to separate, especially
by distillation or crystallization, the anhydrides formed or
the water formed, during the anhydrization or after it.
However, this is not essential and the anhydrides formed may
also remain in the reaction mixture and may be separated from
the adipic acid and from the other compounds present by a
known means such as, for example, a distillation or a
crystallization, only during a subsequent operation.

Since the heating and the possible distillation may
be carried out at a pfessure equal to, above or below
atmospheric pressure, the temperature at which the
anhydridization will be performed may vary as a functioh of
this pressure, and as a function of the composition of the

‘mixture to be treated.

However, as a guide, the process will generally be
carried out.at_a temperature of 80°C to 350°C.

The process may advantageously be performed in the
presence of a homogeneous acid catalyst, that is to say one
which is soluble in the reaction'medium, having a pKa below
or equal to 5 such as, for example, sulphuric acid, hydriodic
acid, para-toluenesulphonic acid, trifluoroacetic acid, or
trifluoromethanesulphonic acid, or a heterogeneous acid

catalyst such as, for example, boron phosphate, zirconia or

iy Sy



- . -
catal yst which is soluble in the reactlon nedlun1 havi ng a pKa‘belowtor
equal to 5, or in the presence of a heterogeneous acid cata

I |
process according to Claim6 wherein the hogogeneous acid ca}{aﬁ y%tiZ;AUGIggﬁ ;"!
sul phuric acid, hydriodic acid, para-toluenesul phonic acid, tTi frooroacetizc: 4_,1

acid or trlflﬁoéanylsaaeiﬂkahaaha aﬁaddlﬂéthi}ishehﬁﬁeeeaes;)asréepéce%ahyst

I s a phosphate, zircon g? s§ﬁgho ated resin an acid Cﬂ% %#

process according to C*8i ifP¥ ﬁVFhKaﬁéﬁﬁFc ngyapguat cBRB¥C réde A
process accordptfjjohallyaadd8dwber ehe rbacsient mbdium annopdepr tbl onite,

bei del lite, ensgi (o] [

process accorggééfggggﬁ QRE%SL ﬁgfaiigﬁ Q? Egewﬁégggﬁgtﬁgyaﬁ%ﬁ%t Fﬁ?ﬁ 2
honbgeneous ovehktwidgenange aindechbsl presepceucf shgh ahcemppundnis not

aci d: di aci d thQSnéﬂQidréGéﬁedhaﬁbﬁrtﬁﬁh'eoHEtQt&tEQ lo?}eférﬁadathhﬁnt
clay/diacid to_be anhyd I dii zed wei ght proportion_ of east 5% A

process accor 8fngheoiRyeRkien- whEpEi AMPHE a@?daBPXéFadﬁdPaY Ehppobpgsuch
0.0005:1 to ltRatlhereAiprafcanhpdeodd: 8gatedanyoobe ahhflieidizéd molar

ratio of 0:1 to 10:1. The anhydride:diacids to be
anhydridized molar ratio is preferably from 0.5:1 to 2:1, and

even more preferably from 1:1 to 1.5:1.

As indicated above, the diacid mixtures used in the
process of the invention may be mixtures coﬁing from any
origin; they may in particular come from the recovery of the
diacids in recrystallization waters of adipic acid or
alternatively from the diacid dlstlllatlon residues, or they
may consist of more or less pure fractions derived from
crystallization, refining or distillation operations
performed in the context of the preparation of adipic acid.

They may also be derived directly from processes for
the synthesis of adipic acid. This is especially the case for
the mixtures which are obtained during the
hydroxycarbonylation of the pentenoic acid or, where
appropriate, even during the hydroxycarbonylation of i
butadiene or derivatives thereof. These mixtures may also -
contain, depending on the development of the steps in the
synthetic process, larger or smaller amounts of the catalyst
used, such as, for example, iridium or iridium compounds, .
rhodium or rhodium compounds and palladium or palladium
compounds, this last-family of catalysts being used more
particularly for the hydroxycarbonylation of butadiene or
derivatives thereof. They may also include compounds used
such as pentenoic acids, possible solvents, - and cocatalysts,
as well as compounds formed during the synthesis of adipic
acid such as, in particular, valeric acid, methylbutanoic
acids, methylbutenoic acids and gamma-valerolactone. -

The presence of a catalyst, in particular of

iridium



to 5 which is performed in the presence-i m{, edi unr-of -at=least=
one anhydride of an acid, said acid havi ng Mmm ﬂi which:i's.1@ss’’ {
than that of adipic acid. 13. A process dccérdt ngn i m 12 V‘herf'Z‘AtU'i}e]SSb
anhydride is of a nonocarboxylic or polycarboxylic ali phat i C ackdzorsis a e
m xed anhydride thereof. 14. A process according to claim 13 wheTel n the
anhydride is an anhydride of a nnnocarboleF@ Or pol ycarboxylic acid having
from2 to 8 carbon atons or is a m xed angﬁﬂ e thereof. 15. A process
according to claim 14 wherein the anhydri i n anhydri de of acetic acid,
propi onic acid, succinic acid, Zapeocesacfdr fhet Agbasvatiomcoficatl, least

di met hyl succi %'o&ea%'fd ond B¢ Mz%”éﬂ%? %t%%eqefc%egetf%.b 4L ﬁaehglgih@ag c
pent enoi ¢ aci 'S a mxed anh e there rocess-accor di ng
to any one of agigl,m2 gzzhwdspsqmceaq:ndwenalrrd;metbwlsnecanhydapaé.u§@9m| a

such t hat the'ixﬂ.:ét%.z%n ApydIEide dia3d 8 el dPoraalydiidi 288 aa&a&cr akii@,of

0:1to 10:1. 17. A procCess according to Claim16 wherein,th
anhydri de: di adibdshrsoRpriges, ats lgast) pagtiy, °°I'8’ert1R9pP3éQs§"§€&5r @rndtt o

G ai m 17 wher giedsith@omiehyd isdddlidicicidsndnto thlel @oryespdntiing. dnhydiide A
process accord| ng‘#lgl‘?{elr[]%i one of Clains 1 to 18 wherein the mxture used is
a mxture conm® g &8 recovery of the diacids in recrystallization

wat ers of adipic A process according to Claim 1 wherein the

anhydridization is performed by heating the mixture to a
temperature equal to or above 60°C.

3. A process according to Claim 2 which is
performed at a temperature of 80°C to 350°C.

4. = A process according to any one of Claims 1
to 3 wherein the anhydride or anhydrides or water formed are
separated from the mixture either during or after the
anhydridization. '

5. A process according to Claim 4 wherein the
anhydride or anhydrides or water are separated by
distillation or crystallization.

_ 6. A process according to any one of Claims 1
to 5 which is performed in the presence of a homogeneous acid
catalyst which is soluble in the reaction medium, having a
pKa below or equal to 5, or in the presence of a
heterogeneous acid catalyst.

7. A process according to Claim 6 wherein the
homogeneous acid catalyst is sulphuric acid, hydriodic acid,
para-toluenesulphonic acid, trifluoroacetic acid or
trifluoromethanesulphonic acid, or the heterogeneous acid
catalyst is a phosphate, zirconia or sulphonated resin, or an.
acidic clay.

8. A process according to Claim 7 wherein the
acidic clay is a smectite.

9. A .process according to Claim 8 wherein the
smectite is a montmorillonite, beidellite, nontronite,

hectorite, stevensite or saponite.



_~_______*____~__~‘ [ e
- 14 - @acid, a mxture comng fromthe d| EJ, m&latlon re;sldues Coral s

m xture conprising a nore or |less pure fr qu .
crystallization, refining or distillation &pet rned |n {Lz AUQ_BQS

context of the preparation of adipic acid. 20. A process accordlng to
Claim19 wherein the mxture used is a mxture derived froma process for
the synthesis of adipic acid. 21. A procegs according to Claim20 wherein
the m xture used is obtained during the hydroxycarbonyl ation of at |east
one pentenoic acid or thelhydrokypaobesglacéondbﬁgbUOamupn@n@roﬁ.@kaimathe

thereof. 22 oAsp&ﬁgggana% gngo ofne! o@ég@h@bﬁﬁ értgelérgggﬁﬁbﬁsa

solvent is ad&ed tot m X ure 0 |aC| treat r ocess
accordi ng to @cdfincatajwsteis Fﬁéhs&hﬁénthﬁgeaﬁsaﬁppH&Fﬂedéﬁcé9cFGaPPphat|c

hydr ocar bon, Hﬁh?ﬁ%!iﬁ&%@d ﬁbuaba&helar otyel:9akbphaticobydhogaies, an
aromatic hydrocar Qn, enat ed aronatlcwegdrocarbon an al i_phat

0 or
aromatic or nfiey¥ QPHSFd0F°a €apBpYridized weaght proppgtion QECBFdhﬁasFo

Claim 23 whersgsn the solvent is a chlorlnated al i phatic or cycloaliphatic

hydr ocarbon, a chlorinategd,arongtic hydrocarb h
hal ogenat ed car boxyl i ¢ ac?a g procgss accogglgg € @iaﬂmaié witérein the

acid:diacid molar ratio is 0.0005:1 to 1: 1.

12. A process according to any one of Claims 1
to 5 which is performed in the presence in the reaction
medium of at least one anhydride of an acid, said acid having
a boiling point which is less than that of adipic acid.

i3. A process according to Claim 12 wherein the
anhydride is of a monocarboxylic or polycarboxylic aliphatic
acid or is a mixed anhydride thereof.

14. A process according to claim 13, wherein the
anhydride is an anhydride of a monocarboxylic oxr
polycarboxylic acid having from 2 to 8 carbon atoms or is a
mixed anhydride thereof.

15. A process according to claim 14 wherein the
anhydride is an anhydride of acetic acid, propionic acid,
succinic acid, valeric acid, 2-ethylsuccinic acid,
dimethylsuccinic acid, a methylbutanoic acid, a
methylbutenoic acid or a penténoic acid or is a mixed
anhydride thereof.

16. A process according to any one of Claims 12
to 15 wherein the amount of the anhydride used is such that .
there is an anhydride:diacids to be anhydridized molar ratio
of 0:1 to 10:1l.

17. A process according to Claim 16 wherein the
anhydride:diacids molar ratio is 0.5:1 to 2:1.

18. A process according to Claim 17 wherein ‘the
anhydride:diacids molar ratio is 1:1 to 1.5:1.

19. A process according to any one of Claims 1
to 18 wherein the mixture used is a mixture coming from the

recovery of the diacids in recrystallization waters of adipic



25. ., A process according to any one of Tains 22 to 24 V\,hef

S bepzene tol uene, a xyl ene, n-hexan
1, 2-di chl or oet hane, cycl ohexane, chl orﬂlll“mmu“mmlmmll ether

ether, a pentenoic acid, valeric acid, ganfa-val'®rd actone, i tfé—t-i-c---acj,.d,

propionic acid or trifluoroacetic aci d 26. Adipic acid \/\ﬁe ever-—otit-ai-ned:.:
by a process as defined in any one of C ai-masgl-to 25.

acid, a mixture coming from the diacid distillation residues,
or a mixture comprising a more or less pure fraction derived
from crystallization, refining or distillation operatioms
performed in the context of the preparation of adipic acid.

20. A process according to Claim 19 wherein the
mixture used is a mixture derived from a process for the
synthesis of adipic acid.

21. A process according to Claim 20 wherein the
mixture used is obtained during the hydroxycarbonylation of
at least one pentenoic acid or the hydroxycarbonylation of
butadiene or a derivative thereof.

22. A process according to any one of Claims 1
to 12 wherein a solvent is added to the mixture of diacids to
be treated. )

23. A process according to Claim 22 wherein the.
solvent is an aliphatic or cycloaliphatic hydrocarbon,
halogenated, aliphatic or cycloaliphatic hydrocarbon, an
aromatic hydrocarbon, a halogenated aromatic hydrocarbon, an
aliphatic or aromatic or mixed ether or a carboxylic acid.

24. A process according to Claim 23 wherein the
solvent is a chlorinated aliphatic or cycloaliphatic
hydrocarbon, a chlorinated aromatic hydrocarbon or an

'aliphatic or halogenated carboxylic acid.

25. A process according to any one of Claims 22
to 24 wherein the solvent is benzene, toluene, a xylene,
n-hexane, dichloromethane, 1,2-dichloroethane, cyclohexane,
chlorobenzene, diphenyl ether, dibutyl ether, a pentenoic
acid, valeric acid, gamma-valerolactone, acetic acid,
‘propionic acid or trifluoroacetic acid.

| 26. Adipic acid wherever obtained by a process

as defined in any one of Claims 1 to 25.



