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Pat ent . EP- A- 0, 374, 687 descri bes a process for

of pentenoic

the isonerization of satThetpfesenboiyvésticn dSeldbes to a lfpRdddws under a

pressure of carbon nonoxide, in the presence of a rhodi um cat al yst

and of an iodifier the isometizationoof beaubaveylinntscidsg nomweot er.
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precisely of saturated, branched carboxylic acids, to
give corresponding linear acids.

~The hydroxycarbonylation of pentenocic acids

. to prepare adipic acid always leads to the formation of

larger or smaller quantities of branched diacids, as
by-products of the reaction.

Exploiting these branched diacids therefore
represents, in particular, a major problem to be
solved, within the context of an industrial process for
the preparation of adipic acid by hydroxycarbonylation
of pentenoic acids. | .

Patent Ef-A-O,374,687 describes. -a process for
the isomerization of saturated carboxylic acids, by
heating under a pressure of carbon mdnqxide, in the
presence of a rhodium catalyst and of an iodine-
containing or bromine-containing promoter.

The present invention is characterized by the

use of iridium, a cataiyst which is different from that

which has previously been described for this reaction.

More specifically, it consists of a process

for . the isomerization, by heating, of at least omne

saturated, branched carboxylic acid, characterized in
that the process is carried out in the presence of an

effective quantity of an iridium catalyst and of an



20 o The present invention is characterized by the use of
Iridium a catalyst which is different fromthat whi ch has previously
been described for this reaction. More specifically, it
consi sts of a process for the isonerization, by heating, of at |east
one 25 saturated, branched carboxylic a& d, characterized in t hat

the process is_carried out in the presence of an, |, effective quantity of
an iridiunlcatéP9§Peaﬁ8n5Pi&ﬁn9 or bromine-containing promoter, the 2

i odi ne-cont ai ni. ng_or br,om nezcontainin ronpter, th r er/lr

nol ar ratio bePﬁamBgFﬁégﬁ BoipT ﬁﬁhlgogfgngngegween 6.1/1 ﬂﬁgngazgfurated
branched carboxylic acid t he.branched, di.aci .t h t -
advant ageous ones to 5§§?BPOF?tPr8ﬁ?gng58§ﬁgggc8%g?ﬁ%§§%gvgg&?§6n account

O on of e, | 8hECHRUARILY 83aL0RICE-AUELAInbRE MHOAKUGEEHR Kby o

ation of pentenoic acit _ e preparation o ( _
More preci gel yexpbligi 8Cedem! Anddeshbfic2p8intlof ¢16W, hphohdbauhe 8¢l d.

2-ethyl succinic acid and their m Xtures with one another and/or wth
ot her carboxyl the large quantities formed during the hydroxycarbonyl-
ation of pentenoic_acids for the preparation of adipic
acid.
More precisely, the acids in question are

10 2-methylglutaric acid, 2-ethylsuccinic acid and their
mixtures with one another and/o; with other carboxylic
acids or lactones formed at the same time as these
acids, such as for example adipic acid, the pentenoic
acids, valeric acid and gamma-valerolactone.

15 In the above mixtures, the compounds other
than 2-methylglutaric acid and 2-ethylsuccinic acid may
represent up to 50% by weight of the total weight of
the mixture.

Various sources of iridium are capable of

20 being used in order to obtain the iridium catalyst

necessary in the present process.
By way of examples of such sources of
iridium, there may be mentioned:
- Ir metal; IrQ, ; Ir,0, ;
25 - IrCl; ; IrCl;.3H,0 ;

- IrBry ; IrBry.3H,0 ;



aci dssor lactones forned at the same tine as these aci ds, such as for
exanple adipic acid, the pentenoic acids, valeric acid and
gamma- val erol actone. 15 In the above mi xtures, the conpounds
ot her than 2-nmethylglutaric acid and 2-ethyl succinic acid may
represent up to 50% by wei ght of the totaP weight of the m xture.
Vari ous sources of |r|d|un1are capabl e of 20 being used in order to
obtain the iridium catal ¥82{(C0) g ;i JudSPng #n the present process.

By way of exanples of sugh(egyﬁégééggﬁﬂ@é iridium there may be

nent i oned: 7 1r28 ; 25 - lrd 3 ;
Ird 3. 3H20 : . tBL3. 3H20 | - a3

L Ir2(c0ac12 ; Fz(coIféCﬂ {[F‘g 5?5’3] E‘?t } r

5 112 (00 g, iptEMGn 42, _ I

[P(C[err]C[err])3]2I
HIr[P(CzHs),15(CO) ;

- Ir(acac) (CO), ;

- [IxCl(cod)], ;
(acac = acetylacetonate ; cod =
1,5-cyclooctadiene).

10 The iridium catalysts which are most
particularly suitable are: [IrCl(cod)],, Ir,(CO),, and
Ir(acac) (CO),.

The quantity of catalyst to be used may vary
within wide limits.

15 In general a quantity, expressed in moles of
iridium metal per litre of reaction mixture, of between
10"% and 10" leads to satisfactory results. Smaller
quantities may be used, but it is observed, however,
that the reaction rate is slow. Larger quantities have

20 no disadvantages other than from the economic
viewpoint. -

Preferably, the iridium concentration in the
reaction mixture is between 5x10°* and 5x10°2 mol/litre.
Iodine-cbntaining or bromine-containing

25 promoter is understood to mean, within the context of
the process, hydrogen iodide, hydrogen bromide and the
organoiodine and organcbromine compounds which aré

capable of generating, respectively, hydrogen iodide



S (CO P(C6H5) 3] 2C1 Ir[P(Cerr]Herr])3]3l ; 5

4

_ Hr[P(Cerr]Herr])3]3(CO _ I r(acac) (CO 2 ;

-*vy, [Irdd(cod)[err] ; (acac = acetyl acetonate ; cod =

1, 5-cycl ooct adi ene). 10 The iridiumcatal ysts which are nost
particularly suitable are: [Ird (cod)][errd, Ir4(CO) 12 and

I r(acac) (CO 2 The quantity of catalyst tqQ be used may vary
within wde IlﬁPﬁshYdEBQen bramlde “Pae§eﬁéFaFeécﬁbSﬁtFP? 1§%BP§ssed in

nol es of i um et re of reaction m xture, of_ between

10-ferr] and 18 stegﬁgaP8g§ggP§f3890?§9P5?§FF§1 niPPRpunds EGUARE Pt es
may be used, bgkrkﬁchiaQEgeE1ﬁ§6 QBWiﬁglsa nd b o&QﬁEs ﬂgvi CEE H pate is-

sl ow. Larger antitres a es ot ron1the

economi ¢ t&'ibpghgbon atoms, among whEEﬁfﬁEEH&! 158§dbfhﬁaum
concentration in the reaction n1xture I's between 5x10[err] and

5x10[err] Bol/ieth§l bromide are prefek@ddne-containing or -
brom ne-contai ning 25 pronoter is understood to nmean, within the context

of The promoter/Ir molar ratio is preferably

between 1/1 and 10/1.
The reaction is carried out in the liquid
phase. The operating temperature is generally from

10 120°C to 300°C, and preferably from 150°C to 250°C..

Although the isomerization according to the
process of the invention may be carried out in the
absence of carbon monoxide, it is preferable to operate
in its presence.

15 The total pressure at the reaction
temperature can thus vary within wide limits. The
partial pressure of carbon monoxide, measured at 25°C,
is generally from 0.5 bar to 100 bar, and preferably
from 1 bar to 80 bar.

20 The carbon monoxide used may be substantially
pure carbon monoxide or technical grade carbon
monoxide, such as are found commercially.

The isomerization reaction of the saturated
branched carboxylic acids is carried out either in the

25 acid itself as liquid reaction medium, or in a
dissolving intemediary.

As dissolving intermediary, it is possible,

in particular, to use saturated or unsaturated



t he process, hydrogen iodide, hydrogen bronide and the or ganoi odi ne

and or-ganobrom ne conpounds which are capabl e of generating,
respectively, hydrogen iodide 4
and hydrogen brom de under the reaction conditions; t hese

or ganoi odi ne and or ganobr om ne conpounds 8re nore particularly al kyl
| odi des and brom des having from 1 to 10 caybon atons,_annqg whi ch

met hyl i odi de ZhtPhatie R ATRRLEq carkeprlic g3etds containing not Tye
ter/| | tio ) f er abl bet 1/ d 10/1, .

Bhe Teacti on 1aSte fhan 40, Sbohrten din 25 L5 ad thild g Tiqw

t t i ] 0 0 fer abl

from 100 er ] CHE0EAe rodllon Ccond LKL ] B Ryath UF Gtnp B HE S FEO1Y

according 10 theen carb@PLecsalad NOAE P hEWelts GLd | £bO1 11 the

absence of car n NONOXI IS prerera (0] Operate . Ini1ts
presence. 515 a3cid, propiocdi€ 4&i&! PUESNHE #idSvdFeFid Meid,

tenperature can thus vary within-wde limts. The
adipic acid, the pentenoic acids, benzoic acid and
phenylacetic acid.

Other classes of solvents may also be used,
especially saturated aliphatic or cycloaliphatic

10 hydrocarbons and their chlorinated_derivatives, in so
far as they are liquid under the reaction conditions.
By way of examples of such solvents, there may be
mentioned benzene, toluene, chlorobenzene,
dichloromethane, hexane and cyclohexane.

15 Mixtures of solvents may be used.

When it is present in the reaction mixture,
the solvent represénts for example from 10% to_99% by
volume relative to the total volume of the said
reaction mixture, and preferably from 30% to 90% by

20 volume.

Water is very often present in the reaction
mixture. Generally, it represents from 0 to 20% by
weight of the reaction mixture, and preferably from 0
to 10%. |

25 When the isomerization reaction is carried
out in a solvent, an advantageous variant consists in
operating in a water/water-miscible solvent mixture,

such as for example water/acetic acid. On such an



,partial pressure of carbon nonoxide, neasured at 25[err]C, S

generally fromO0.5 bar to 100 bar, and preferably from1l bar to 80
bag. 20 The car.bon nonoxi de used may be substantially

pure carbon nonoxi de or technical grade carbon nonoxi de, such as are
found commercial ly. The i6someri zation reaction of the

sat ur at ed branched carboxylic acids_is carrieg out ei per in the 25
acid itsel f a3sErEBtdcReathRoNatEgsykPTothe PEOPOTE °ﬂFs§§I& fig

n-parti cul ar WAEST(¥BteR miarOR 16, SRATARY, Biakore in the bactiBRSIDIC

5 al i phatic_or ' Lc agi Lol -

Chan 20 car boRSAEERE, F8 SBoPs, WRioH) b Befh AgtToeBIslibe for DT,

condi ti ons. B¥hga$°§ge§&ggﬁbsg_of such carboxylic acids, there may be
aci d,

menti oned acetic propi oni c acid, butanoic acid, valeric acid,
adi pi ¢ acigd, the pentengine 3gotieri2atient pRecdsadNdccordingheey kaeet i c acid.
invention makes it possible to exploit, in particular,
the saturated branched carboxylic diacids which are
obtained in greater or lesser quantities during the
hydroxycarbonylation of pentenocic acids. This enables
10 an increase to be obtained in the overall yield of a
process for the preparation of adipic acid from
butadiene via the pentenoic acids, adipic acid being
one of the starting materials in the preparation of
polyamides 6-6. |
15 The final reaction mixture is treated
according to standard methods used in chemistry, in
order to separate the various compounds formed_ and the
unreacted saturated branched acids, it being possible
for the latter to be subjected to a repeat isomeriza-
20 tion.

The process according to the invention may be
implemented in continuous or discontinuous fashion.
When it is carried out in continuous fashion, the
relative ratios of the reactants, catalyst, promoter

25 and solvent can be fixed at an optimum value by a
person skilled in the art, whereas, generally, in a
érocess which is implemented in discontinuous fashion,

these various ratios change in accordance with the



Ot her.~cl asses of solvents may al so be used, especially saturate
al'i phatic or cycloaliphatic 10 hydrocarbons and their chlorinated

dery vati ves,
condi ti ons.

in so far as they are liquid under the reaction
By way of exanples of such solvents, there may be

ment i oned benzene, toluene, chl orobenzene? di chl or onet hane, hex
and cycl ohexane. 15 - _ M xtures of solvents may be used.
When it is prcReegressivie fRaversieniof fhe reactagtg. 5ol vent represents

for exanple from10%to 99% b volune_relatiyve to the tatal vol
the-said reaction ﬂ#ﬁtﬁ¥%$p%ﬁﬂ whig rgﬁiiperih%ﬁﬁg?Efg ¥ by 2

vol une. . & Water is very often present in the reaction

m xt ure. Gbnerﬁ?Y?? ??nfepresents fromO to 20% by wei ght of the
reaction m xt ugeay@d preferably fromoO to 10% 25

the isonerizatTon reaction is carried out in a solvent, an
advant ageogs variant conghgdsSai 25 cm’ éﬁ%ﬁéﬁdﬁ&bﬂ d'ABSHd MR fla M S
sol vent m xture, such as for exanple water/acetic acid. On such
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with argon, the following are successively introduced:

[IxCl(cod)], : - 0.84 mmol
- hydrogen iodide (in aqueous

solution at a concentration of

57% by weight): 1.2 mmol
- 2-methylglutaric acid : 35 mmol
- acetic acid : 40 cm®

The autoclave is closed, placed in an oven
incorporating agitation, and connected to the supply of
CO under pressure. 5 bar of CO are applied at 25°C and
the system is then heated to 230°C. The pressure is
adjusted at this temperature to 25 bar using CO (which
corresponds to a partial pressure of CO of 17 bar '
measured at 25°C) and this pressure is maintained for 5
hours at 230°C.

The autoclave is next cooled and then
degassed, and the reacfion mixture is analysed by gas
chromatography (GC) and by high performance liquid
chromatography (EPLC).

The following results are obtained:

- degree of conversion (DC) of
2-methylglutaric acid : - 18 %

-  molar yield (RY) of adipic acid relative

d

ane

ume of

0

When

cible
an



6 .~ assunption, the values for the proportions of the

wat er fwat er-m sci bl e solvent m xture in the reaction m xture are those
whi,ch have been nentioned above for t he solvent alone. 5

The i sonerization process according to the i nvention makes it
possible to exploit, in particular, 8the saturated branched carboxylic
di aci ds-which are - obtained in_greater, or l.esser qu ntigiea dq;ing t he
hydr oxycar bonyl ati on of HetBenFethydadutanics ags F@?J%ﬁied dn Pcrease to

be obtained in the overal| yield.of .a ..:process for the preparat on of
adipic acid from = b%tya(ﬂyée ée\ﬁggwcﬂé‘rﬁceﬁ&lc%séci ds, adi pic asgiwd bei ng
one of the starting matejyJ al 'g ;Q rSRA Y qf pol yam ¢ges, 6-6.
15 The fi naﬁﬂr g’af(s:é on mﬁrxa{iuere |a?t!t°(ryeéat ed according to

standard nethods used i yh@MStdahtddbic acidl:der to separate tlge arious
conmpounds fornmed and the unreacted saturated branched acids, it being

possible g for the It F GhdthBBtitRGicE taeid repeat i sonerdeza 20
tion. The process according to the invention nay be
i npl enented in contd nuowy @f Ailsyiid i f ashi on. 16 %
EXAMPLE 2.
Example 1 is repeated under the same
conditions and with the same quantities of the same
10 reactants, but using 2.5 mmol of hydrogen iodide and
0.42 mmol of [IrCl(cod)],.
The following results are obtained:
DC of 2-methylglutaric acid : : 36 %
RY of adipic acid : 28 %
15 EXAMPLE 3.
Example 1 is repeated under the same
conditions and with the same quantities of the same

reactants, but using 2.5 mmol of hydrogen iodide and

operating at 200°C.

20 The following results are obtained:
DC of 2-methylglutaric acid : 13 %
RY of adipic acid : 30 %
EXAMPLE 4.

Example 3 is repeated under the same
25 conditions and with the same quantities of the same
reactants, but without connecting the autoclave to the
carbon monoxide supply.

The following results are obtained:



Mhen it is carried out in continuous fashion, the relative ratios of
the reactants, catal yst, pronoter 25 and sol vent can be fixed at an

opti mum val ue by a person skilled in the art, whereas, generally, in
a process which is inplenmented in discontinuous fashion, t hese
various ratios change in accordance with 2he
7 progressive conversion of the reactants. , TE?
exanpl es whi ch fol | ow i BGQRE A-wethylglutariq aaidy i, exaf® 1. s
Into a 125 cnB aut ocl ave purged, bef or eh,aé]d wi th argon, thq_]]‘gsl | owi ng
are successively introd £ adipic acid ¢ ||, (cod)\V2 :
0. 84 mol - hydr ogen § qdide (i .
solution at a concent rat%%rf‘sof&w %q‘aq-’ 4 &I%qé%%%ey qv"\"/eaing%lt‘-)y of
1. 2 mmol - - y] glut arl o N : JTEY 4
. acet i c aci Cﬁnoac:l.ds c&t{ﬁ:ﬁ}ﬂ@ g ﬁfl'%)d?gdnl%ms (espec:.allyBQr A% ic
autocl ave § s ¢l npethe ) AARhAdLATaME) is obtained.

EXAMPLE 5.

Into a 50 cm® glass ampoule, purged beforehand
with argon, the following are successively introduced :
- [IrCl(cod)], : 0.21 mmol
10 - hydrogen iodide (in aqueous
‘solution at a concentration of 57%
. by weight): 0.54 mmol
- 2-methylglutaric acid : 78 mmol
The glass ampoule is placed in a 125 cm®
15 - autoclave, purged beforehand with argon. The autoclave
is closed, placed in an oven incorporating agitation
and connected to the supply of CO under pressure. 5 bar
of CO are applied at 25°C, then the system is heated to
230°C. The pressure is adjusted at this temperature to
20 100 bar with the aid of CO (which corresponds to a
partial pressure of CO of 59 bar measured at 25°C) and
this pressure is maintained for 2 hours at 230°C.
The autoclave is next cooled and then
degassed, and the reaction mixture is analysed by GC
25 and HPLC.
The following results are obtained:
DC of 2-methylglutaric acid : - 20 %

RY of adipic acid : 37 %



L ncor.porating agitation, and connected to the supply of 15 CO under

pressure. 5 bar of CO are applied at 25[err]C and the systemis then
heated to 230[err]C. The pressure is adjusted at this tenperature to
25 bar using CO (which corresponds to a partial pressure of CO of 17
bar measured at 25[err]C) and this pPessure is maintained for 5 20
hour s at 230[err!C. : The autocl ave is next cool ed and then
degassed, and lron m xture i s anal ysed by gas chr omat ogr aphy

(G0 and by high performance Liquid chr.omatography (HPLC). 25
The-following results argxaﬂpiand?s repeated “Faeg ggﬁrﬁ 8f conversion
(DC) of sy 2-methylglutaric acid ;. ... 18 %
- mol ar yieI8°Fﬁ?fl8Psa8g§ig¥§gighfefaPFvguantltles of the same to
t he net hyl gl ut aL| iLd c e ' 9 Y, @f
Z_ethylsuccini%eggfgﬁ%g, BU¥ Ebggatéﬁé)éf a Co pressureRggo?g bar at
gamra- val egol agh@ke instead of 100 Ba¥. RY of 3-pentenoic
acid : 10 % '

The following results are obtained :

DC of 2-methylglutaric acid : - 39 %
RY of adipic acid : 35 %
EXAMPLE 7.
10 Example 5 is repeated under the same

conditions and with the same quantities of the same
reactants, but operating at a CO pressure of 25 bar at
230°C instead of 100 bar and allowing reaction to

proceed for 30 min at this temperature instead of 2 h.

15 The following results are obtained :
DC of 2-methylglutaric acid : 9 %
RY of adipic acid : i 52 %

EXAMPLE 8.
| Example 5 is repeated under the same
20 conditions and with the same quantities of the same
reagents, but operating at a CO pressure of 10 bar at
230°C instead of 100 bar.
The following results are obtained :
DC of 2-methylglutaric acid : 62 %
25 RY of adipic acid : 20 %
EXAMPLE 9.
Example 5 is repeated under the same -

conditions and with the same quantities of the same



5 T - RY of 2-nmethyl butanoic acid : 26 %

RY of ‘valeric acid : 16 % EXAMPLE 2.

Exanple 1 is repeated under the sane conditions and with the sane
gquantities of the sane 10 reactants, but using 2.5 nmmol of hydrogen

| odi de and 0.42 mmol of [Ird (cod)]¥k ‘The foll ow ng
results are obtained: ) DC of 2-nmethylglutaric acid :

36 % reagentsgy byt a??ﬁ%t’aﬁg @t a temperature of 200% o, 15
EXAMPLE 3. . nple 1 is repeated under the sane
conditions andRFF9RS HRE s%@%hant ities of the same reactants, but

using 2.5 nmmol of hydrogﬂgei gif&vdﬁ@ resultgpﬂgtég%?gop[err]c 20

The followi ng results are obtalne 2-nethylglutaric

acid : 13 % pc of 2-methy1%<\(1£grfgi£ﬂa‘?i d: 3 9%
30 % EXAMPLE 4. anple 3 1s repeated under the sane

25 condigions and wi t hg¥ hef sedipiiaddidi £s of the sane repog ant s,
but w thout connecting the autoclave to the car bon nonoxi de supply.
EXAMPLE 10.

Example 6 is repeated under the.same
conditions and with the same quantities of the same
reactants, but operating at a temperature of 200°C

10 instead of 230°C.

The following results are obtained :

DC of 2-methylglutaric acid : 5%

RY of adipic acid : 73 %
EXAMPLE 11.

15 Example 8 is repeated under the same
conditions and with the same quantities of the same
reagents, but operating at a temperature of 200°C
instead of 230°C.

The following results are obtained :

20 DC of 2-methylglutaric acid : 6 %

RY of adipic acid : 83 %
EXAMPLE 12,

Example 6 is repeated under the same
conditions and with the same quantities of the same

25 reagents, but additionally charging 7.25 mmol of water
initially.

The following results are obtained :

DC of 2-methylglutaric acid : 15 %



. Thes f~o| | owi ng results are obtai ned:

9 DC of 2-nmethylglutaric acid : 60 %

R¥ of adi pic acid : 11 % It is noted
that a very large quantity of nonoaci ds contai ning 5 carbon atons
(especially valeric 5 and methyl but anoi¥? aci ds) i s -obt ai ned. EXAMPLE

5. Intoa 5 ass oul e, purged beforehand wth
argon, the foll owing ar® %gc%€§§8%|§°+ P?oduced ; 4l %

[IrC(cod)] 2 . LE 13 0.21 mmol 10 - hydr ogen
lodide (in aq%%———' solution at a concentration of 57%

by wei ght): . I -nmet hyl glutaric
acid : 78 E’fulple 5 is Peééaé%eu%?’%zs.st%enp% s pl aced in a

125 cmB 15  oShd Pl NS akd wEeh PELOT £0R0 Al £ A 89 o Thife A4HRE! aVe

I's closed, placed in an oven i1 ncorporating agitation and connected to
the supply Of réd2 titles, BES SHEF1La@IiHTI with Of . 510 &l app el ¢ £5[err] C

then the systemis heated to
concentration of 47% by weight in water.
The following results are obtained :
DC of z-ﬁethylglutaric acid : 7 %
RY of adipic acid : 53 %
10 EXAMPLE 14.
Example 6 is repeated under the same
conditions and with the same quantities of the same

reactants, but replacing HI with 0.54 mmol of HBr at a

concentration of 47% by weight in water.

15 The following results are obtained :
DC of 2-methylglutaric acid : 17 %
RY of adipic acid : X 25 %

EXAMPLE 15.
Example 8 is repeated under the same
20 conditions and with the same quantities of the same
reactants, but replacing HI with 0.54 mmol of HBr at a
concentration of 47% by weight in water.
The following results are obtained :
DC of 2-methylglutaric acid : 24 %
25 RY of adipic acid : 18 %
EXAMPLE 16.
3

Into a 50 cm glass ampoule purged beforehand

with argon, the following are successgively introduced :



e

.230[err]C. The pressure is adjusted at this tenperature to 20 100 bar

with'the aid of CO (which corresponds to a partial pressure of CO of
59. bar neasured at 25[err]C) and this pressure is maintained for 2
hours at 230[err]C. The autoclave is next cool ed and then
degassed, and the reaction mixture is anBtysed by GC 25 and HPLC.

The following results are ob%ainef: DC of 2-net£%Iglutaric
acid : 20 o L[IrCl(eod)l; : Ry of adipic acid ;: 9-21 mmo

37 % iodide (4 10 EXAMPLE 6.
Exanple 5 is repeafed JP¥EFOgRR igddde (in agRRPYPons and with the sane

quantities of the sane L ea t ing at a CO pressure of
25 bar at 5 230[err]C§?%gP%é§ %#a€0€0%§§$t9Q§£§ﬁ The foll ow ng

results are obtained : of 57 g b wei%hPP of 2-nethy|g|uta5[§%aﬁ&g1:

39 % RY of adipic acl 5 %
EXAMPLE 75 - 2-ethylsuccinic acid : _ 10 mmol
- acetic acid : 10 cm®

The process is carried out as in Example 5,
with a CO pressure at the operating temperature of 25

bar and maintaining the test at 230°C for 5 hours.

10 The following results are obtained :
DC of 2-ethylsuccinic acid : 26 %
RY of adipic acid : 47 %

RY of 2-methylglutaric acid : 19 %



10 - Exanple 5 i s _repeated under the sane conditions and
with the sane quantities of the sane reactants, but operating at a CO
pressure of 25 barmggheemasseeﬁ:?@ﬁﬁﬂ] C instead of _100--bar—and-al ewing

rlgactlon to ) pi “ﬁ“‘“ﬁ\“ﬁ nmn at this tenperature instead of 2 h.
2-met hyl gl utari -(I:--:mm. s are th o ned H“l“l “llﬂ\'““‘“llilcl“mc[)gc?g :

52 % ~ EXAMPLE 8. ta._tggﬂ_ge 5 is Fepeat ‘ed"under "t he sane
20 conditions and with the sane quantrtres of the same reagents,
but- operating at a CO pressulgg-difestl £2' thle isomerZ2f@kebn] Coynstead of 100
bar . The following results are obtained :

DC of  2- ”EthYMHdH£E§J3d£Ndi least one sat@iza¥ed?Sbranched carbBXydficadi piic
acid : 20 % EXAMPLE 9. Exanpl e 5

|”s] repeat ed urddid,t haxmoterized dmndhiaitokbeapdonesh thecexnmieduantiti es of
° s 5 in the presence of an effective quantity of an iridium
catalyst and of an iodine-containing or bromine-
containing promoter, the promoter/Ir molar ratio being
between 0.1/1 and 20/1.

2. Process according to claim 1,

10 characterized in that.the saturated, branched
carboxylic acid used is chosen from 2-methylglutaric
acid, 2-ethylsucciﬁic acid and their mixtures with one
énother and/or with other carboxylic acids or lactones
formed at the same time as these acids, such as adipic

15 acid, the pentenoic acids, valeric acid and gamma-
valerolactone.

3. Process according to claim 2,
characterized in that; in the mixture used, the
compounds other than 2-methylglutaric acid and

20 2-methylsuccinic acid represent up to 50% by weight of
the total weight of the mixture.

4, Process a&cprding to one of claims 1 to
3, characterized in that the iridium catalyst used is
chosen from :

25 - Ir metal; IzO, ; Ir,0; ;

- IrCl, ; IrCl,.3H,0

e

- IrBr, ; IrBr,;.3H,0

e



,reagents but operating at a tenperature of 200[err]C |nstead of _
230[err] C. The following results are obtained™

DG-of 2-methylglutaric. acid : 3 % TmsSheetHa&éelpﬁePﬁ‘dddp' c

acid : 64 % EXAMPLE 10 npl e
6 is repeated under the-sane condi Bons and with t\mu mum tles
of the sane r eact ants but operatl négo at_a tenperat

10 instead of 230]err]X2(C0)Cl; ; Ix,( following results are

obt ai ned : of 2rre glutaric acid : 5 %
RY of adipic acid :~ ENCORPE 0D 3 % EXAMPLE 11.

Exanple 8 is repeated unde condi tions

quantities of the sane "t (cc;)h@g%%%?' But? operatl ng aﬂmm"u“mmmgmf
ggtog:i ned : ! ggt ead of 2%_(}[@’6]5(% ﬁe?kﬁgl utaric agl ];IO'H oulrig resalts a(r%e
RY of adipjc acid :-  1z[p(C ; 83 % EXAVPLE 12.

Exanple 6 is repeated under tﬁe s%m% conditions and with the sane

quantities of the same HIr[P(CgH;);];(CO) ;

- Ir(acac) (CO), ;

[IrCl(cod)],.
5. Process according to one of claims 1 to
10 4, characterized in that the quantity of catalyst, |
expressed in moles of iridium metal per litre of
reaction mixture, is between 10™% and 10°!, and is
preferably between 5x10"¢4 and 102 mol/litre.
6. Process according to one of claims 1 to
15 5, characterized in that the iodine-containing or
bromine-containing promoter is chosen from hydrogen
iodide, hydrogen bromide and the organoiodine and
organobromine compounds which are capable of generating
respectively hydrogen iodide and hydrogen bromide under
20 the reaction conditions.
7. Process according to one of claims 1 to
6, characterized in that the promoter/Ir molar ratio is
between 1/1 and 10/1.
8. Process according to one of claims 1 to
25 7, characterized in that the reaction is carried out in
the presence of carbon monoxide, at a partial pressure
of carbon monoxide, measured at 25°C, of 0.5 bar to 100

bar, and preferably from 1 bar to 80 bar.



st o AR %

12 RY of adipic acid : * 49 %
EXAMPLE 13. Exanpl e 5 i slfepeat ed under t he same
conditions and with the sane quantities of_the sane react nts but

replacing H with 0.54 ol Graggss@egording &6, ons Pft i

\gecl gpt 2' rnre\tl\ﬁ;l Eﬂ Lﬁl-xgﬁacctgaztfed in -Il-:q'xat Q:l | OWI n trleosnu :|.tsS caa.rr?r:.O%alu léidi pi
acid :

S rebeat ed uné‘er ]T:T%l l?ehase t (J:agn(ﬁnﬁ%?lrg;ﬂ‘%n%%vﬁ t oot‘,ﬁe tsoar?eoo(;uanﬁ?rglseof
tcgﬁcz(rj\l{nrsat I on acz){ Z%A) V\hiel%thftzrﬁll\;\aﬁd;? e ﬂd% 054 mmol T?\L ?Elrl g;[NI ﬁg
results arge obtained 10. Process accordlng to one of claims 1 to
9, characterized in that the isomerization reaction of
the carboxylic acia is carried out in the -carboxylic
acid itself as liquid reaction medium.
11. Process according to one of claims 1 to
10 9, characterized in that the isomerization reaction of
the saturated branched carboxylic acid is carried out
in a dissolving intermediary chosen from saturated or
unsaturated aliphatic or aromatic carboxylic acids
containing not more than 20 carbon atoms, saturated
15 aliphatic or cycloaliphatic hydrocarbons and their
chlorinated derivatives which are liquid under the
reaction conditions.
12. Process according to claim 11,
characterized in that the solvent represents from 10%
20 to 99% by volume relative to the total volume of the
reaction mixture, and preferably from 30% to 90% by
volume.
13. Process according to one of claims 1 to
12, characterized in that the reaction is carried out
25 in the presence of water.
14. Process according to one of claims 1 to

13, characterized in that the water represents from 0

to 20% by weight of the reaction mixture, and



DC of «2-nmethyl glutaric acid : : 17 % RY of adipic

acid-: 25 % EXAMPLE 15. Exanpl e 8
i s*r.epeated under the same 20 conditions and with the sanme quantities of
t he sane reactants, but replacing HH with 0.54 mmol of HBr at a
concentration of 47%by weight in water. 17 The fol | owi ng
results are obtained ;- DC of 2-nmethylglutaric acid :

24 % 25 preferaply,from & to,d0F-: 18 %

EXAMPLE 16. Into a 50 cnB gl ass arrpoul e purged beforehand
wi th argon, the follow ng are successively introduced :

13 - [IrC (cod)] 2 : 0.21 mol

- hydrogen i odide (in aqueous soI ution at a .
concentration T Tof 5?*%—-by weight) . 0. 30 mmol
5 - 2- et hy| gHis SheBi 165 ARG 10 nmol -

mmu i I I



The process is carried out as in Exanple 5, with a CO pressure at the

oper at'i ng tenperature of 25 bar and maintaining the test at 230[err]C

for 5 hours. 10 ~— .- _The following results are obtained

DC of 2- ethylsuc0|th acid : 26 % RY of adipic
IS Sheet Has Bagp RY of 2-nmethylglutaric

acid :
acid : eum,”vy" 1. Process for the
i somerization, by h east one saturated, br anched

carboxylic acid, characterized in that the process is carried out inthe 5
presence of an effectlve quantity of an iridiumcatalyst and of an

i odi ni e-cont ai ni ng or br omi ne-cont ai ni ng pronoter, the pronoter/Ir
mol ar ratio being between 0.1/1 and 18 20/1 and the saturated, branched
carboxylic acid used is chosen from 2- _ nethylglutarlc aci d,

2-et hyl succinic acid andrthelr S JT O al: hS W t.h
ot her car boxyl i cEROCE Aty FEG e—Sart Bse aci ds,
such 10 as adipic aC|d the penten0|c aC|ds val eric acid and

ganmma- val er ol act one. 2. Process according to claiml,
characterized in that, in the mxture used, the compounds other than
2-methylglutaric acid and 2-ethyl succigusgpgerd represent up to 50% by
wei ght of the total weight of the m Xture. 3. Process
according to claim1 or 2, characterized in that the inidium 15 catal yst
used i s chosen from - lr metal; Irgerr] ; Ir[ferr]derr] ;

- lrd[err] [; |;C1thérir8kﬁﬁt invention relatédrto alpis¢ess]3Herr]O .
;20 - Iriferr

for the isomerization of carboxylic acids, more
precisely of branched acids, to give corresponding
 linear acids. |

More specifically it\éonsists of a process
for the isomerizétion of at least one éaturaﬁéd,
branched carboxylic acid by.heafing, characterized in
that éhe process is carried out in the presence of an
effective quantity:of an iridium catalyst and of an
iodine-conﬁaining or bromine-containing promoter, the
promoter/Ir molaf.ratio being between 0.1/1 and 20/1.

| This précess,makeé it possible, in

particular, to expioit the methylglutaric and

ethylsuccinic acidsg in the form of adipic acid.



b 37742 0 ?¥

N drferr](COferr]derr] ; 1r2(CO)[err]|[err ' RE " SHEET, =
’lf‘r E r ; ]( I(D (CCO:% [er ]r L[ ; F[ err ] [ % L?fiiif;gifﬁﬁg;gecs;? _Jtlos paggf

r err err T ] M Cleini(s)  : paced . to naaed i
oo TPCorriH err il ) »hn\‘u : paged .. to paged .i3.
HEREHHEHL. L1 TR
(0O | r(acac) (CD) > ) . to paged .x..

Process according to one of clains 1 towﬁaracterl_g_ed i n that t he
quantity of catalyst, expressed in moles of iri dijufP4EE PF RECEIRT E.,‘b'f{!—f......
reaction m xture, I's between, 10[err] and 10[err], and 15
preferably between bx10[Broesss fordhsisomprngativpn,bylheating of at least one saturated, 5.

00t no- cont ai nPRA Bt R b B St erisﬁc%@ﬁ#%?w%tyﬁfogen

i odi de, 5 BPaléfpRtigle l?dﬁﬂtytdl‘in idiaa Qb dPen RIJHRABRTERTM,
conpounds which are 5 capable of "generating reéespectively hydrogen |od|de

and hydrogen bbreminecentaining pramoter, thepmnmmmodwm;thtbw@etweenﬂlll and 6.
ot onoter /11 oRdld and esseitet biadhed sesboxplis spiuped s chodentrom 21 "5 MCp
according to opg ﬂ@f glsthAé #dd '%étﬁyl&ccﬁi@icﬁ?&ﬁ&h&ﬁﬂlﬂuﬂeé\bﬁﬁ ohdholtr &L i on 1S

carried out int presence of ‘carbon nonoxide, at a partial pressure of
car bon nonoxi dwjth othes carboixydic aeﬂﬂ er laytonescfonmdat ﬂwarsam@ume@s thesesacidepgiich
preferably [from Process accordi ng

to one of dP%i ]dipuegcu} ﬁﬁﬂﬁﬁﬂ’@f%‘?""?‘{f%ﬂﬂ? ﬁc{,gaﬂndlgﬁxgma-valcr?lgg(%q on is carried
out in the liquid phase g, éﬁolﬁlﬁmqf cgmzéaﬁm&ﬁqggﬁq@,g and 15

preferablyfroml50[err]Cto 2 O er Process
according to owsedghe cdampmmdaoﬁmr than z-lrmaﬂt;dglenam mid amﬂz-la&ylsudmuc acid

i somerization reaction oé d r%e ca aci, car.r ed out in the
carboxyl i ¢ aci {gpresent upa 3% é(s?”q@’gﬁf F%t?sl]c‘i"’r’ imjxfure 10.
Process according tp OHQ’rQEeSEh&Joinng]iotc&lﬁl&Wﬁ?&c@eﬁ‘k@@ﬁthﬂtﬁéﬁE idni’e 20

i someri zation reaction of the saturated branched carboxylic acid is carried
out in a 15 chtalgtueddigchoserfoni ary chosen from saturated or unsaturated

s:f

al i phatic or aromatic carboxylic acids containing not nore than 20
carbon atons, saturat ed al [ phati.c or .
Ir met a&p ? b Ir,0, ¢

- Ircl, ; IrCl,.3H,0 ;
- IrBr, IrBr,;.3H,0 }
20 - Iri, ;
- Ix,(CO) L, § Iry(CO)(I2 i
- Ir,(CO), 3 Ixr (CO)y ¢
- Iz (CO) [(P(CeHs)alal i
- Ir(CO) [P(CeHs)s)CL ¢

25 -
- Ir{P(CeBs)alal 7
- HIC[P(CeH;)a)a(CO) ¢
- Ir(acac) (CO), ; o
- [IxCl(cod) la
30 4. Process according to one of claims 1 to Zi, cha_racterized in that the

quantity of catalyst, expressed in moles of iridium metal per litre of reaction mixture,

REPLACEMENT SHEET
17 MAY 2000

A6 03t T4~
1 s leo




i quid under the reaction conditions. 25 11. Process
according to cl ai ;”"ﬂl”‘ﬂﬂ"m mged in that the sol vent represents
from10%to 99% b m'm”nrto the total volume of the reaction
m xture, and preferabfy frotm 30%*to 90% By vol une. ' 12.
Process according to { characteri n that the

one of ¢l ai 1to 11, ed J
reaction is Cdppmezbl}pgppﬁilﬂta@%mfggblgiem%ﬁxl%‘@nd%x%dmg itre. process
according to one of¢ cl ai ' [ . wat er
represents fromoO tsc‘) 20%?%;&&&%1#@1%?@%@%%??%& %?%Erlzeé,dn‘grt\hcfxg}eeferabl y

fromO to 10%jodine~containing or bromine-containing promoter is choset: froththydrogen iodide,
9. Process according to one of clains 1 to .8, characterized in that
the reaction ilydegen pespide and the organciodinand ogggngbsoming.compoynds 8icur e of

10, Procest ebBleptermpsiht i inobiguiotletiioan Gt fidstfie, .,

t he | soneri zatredition eaditicng. of the carboxylic acid is carried out in
t he- car boxylic acid itself as liquid reaction nmedi um

11. Process accordifag t &reness aseordingitoreneioficlaimg d to § chameterizeddn thatthei n t hat

the isonerizatjon reacti . e rated branched carboxylic acid
is carried Outpromgter in%olgrnraﬁég(hew%aﬁhnafngﬁh@di ary chosen from saturated or
unsaturated aliphatz c oPrévesyREIdingdd S80fIclaima L kclS, characterifedria thapthieg not

more than 20 carbon_ atons, saturated ] .
10 reaction is carried out in the presence of carbon monoxide, at & partial pressure of

carbon monoxide, measured at 25°C, of 0.5 bar to 100 bars, and preferably from 1

bar to 80 bars.

8. Process according to one of claims 1 to 7, characterized in that the
reaction is cartied out in the liquid phase at a temperature of 100°C to 300°C, and

15 preferably from 150°C to 250°C.
| 9. Process according to one of claims 1 to 8, characterized in that the

isomerization reaction of the carboxylic acid is carried out in the carboxylic acid
itself as liquid reaction medium,

10.  Process according to one of claims 1 to 9, characterized in that the

20 isomerization reaction of the saturated branched carboxylic acid is carried outin a
dissolving intermediary chosen from saturated or unsaturated aliphatic or aromatic
carboxylic acids containing not more than 20 carbon atoms, saturated aliphatic or
cycloaliphatic hydrocarbons and their chlorinated derivatives which are liquid under
the reaction conditions.

25 11.  Process according to claim 10, characterized in that the solvent
represents from 10% to 99% by volume relative to the total volume of the reaction
mixture, and preferably from 30% to 90% by volume,

12,  Process according to one of claims 1 to 11, characterized in that the
reaction is carried out in the presence of water.

30 13.  Process according to one of claims 1 to 12, characterized in that the

water represents from 0 to 20% by weight of the reaction mixture, and preferably

from 010 10%. | REPLACEMENT SHEET

17 MAY 2000




15 al i phatic or cycloaliphatic hydrbcarbons and their chl ori nat ed

derivatives which are liquid under the reaction conditions.

12. Process according to claim11, characterized in that the sol vent

represents from10% 20 to 99% by volunme relative to the total volune of

t he reaction mxture, and preferably from30%to 90% by .  volune.
13. Process according to one of clains 1 to 12, characterized in that
the reaction is carried out 25 in the presence of water.

14. Process according to one of clainms 1 to 13, characterized in that
the water represents fromoO ' to .2Pgo by wei ght of the reaction mxture,
and . 17 preferably fromO to 10%

PROCESS FOR THE ISOMERIZATION OF CARBOXYLIC ACIDS

ABSTRACT

The present invention relates to a process
for the isomerization of carboxylic acids, more
precisely of branched acids, to give corresponding
linear acids.

More specifically it consists of a process
for the isomerization of at least one éaturaﬁéd,
branched carboxylic’ acid by heating, characterized in
that éhe process is carried out in the presence of an
effective quantity of an iridium catalyst and of an
iodiné-ééntaining or bromine-containing promoter, the
promoter/Ir molar ratio being between 0.1/1 and 20/1.

This précess_makeé it possible, in
particular, to expioit the methylglutaric and

ethylsuccinic acids in the form of adipic acid.




