PROCESS FOR THE HYDROXYCARBONYLATI ON OF LACTONES The present | ”Veﬂ‘ﬁifm%
relates to a process for the hydroxycarbonyl ation of |actones, nore

preci sely of various val erol actones and of their 5 isonmers, by reaction

wi th carbon nonoxide and water, to formthe correspondi ng diacid. The

hydr oxycar bonyl ati on of pentenoic acids toiprepare adipic acid al ways | eads
to the formation of greater or |esser anmounts of gamra-val erol actone, as a
10  by-product of RRGCESS®ORTHE /EYDRONWIARBINYITSIOND 08N LANTONES

gama- val erol actone (or 4-nethyl butyrol actone) thus represents an inportant
problemto be solved, w tHie pheséntinbwoektioin arelatthsttd & prrassess for the
15 preparation of adipic acid by hydroxycarbonyl ati on of pentenoic acids.
I n Patent JP- A-5¥ oo ihydrexyraRonylafeion pbddgionafs Mmaksarati on of

di carboxylic acids b dr oxycay bonyl ati on of |actones, in_the presence of
a 20 rhodi um%?%%%fya?]ﬁ TiPM8 SR IEAUMAH TR And of dfredr

EP- A- 0, 395, 038, , published a f ) .aft th dj tent, d ib
a simiar pfoccbROmMET ndve TOATEASR (RS (ATRS, MOPPERGRI Wahffer v e
and of carbon @M'%epﬁ%?%ﬁ%’%%?’f%ﬁ&%@fd-by a rapid 25 term nation of

t he reaction as soon as car bon nonoxi de rapidly

di mi ni shes, which all ows, - - ,
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to prepare adipic acid always leads to the formation of
greater or lesser amounts of gamma-valerolactone, as a
10 by-product of the reaction.

The commercial development of
gamma-valerolactone (or 4-methylbutyrolactone) thus
represents an important problem to be solved, within
the framework of an industrial process for the

15 preparation of adipic acid by hydroxycarbonylation of
pentenocic acids.

In Patent JP-A-54/092913 a process is
described for the preparation of dicarboxylic acids by
hydroxycarbonylation of lactones, in the presenée of a

20 rhodium catalyst and of an iodinated promoter.

Patent EP-A-0,395,038, published a few years
after the preceding patent, describes a similar process
characterized by the choice of a region of temperature
and of carbon monoxide pressure, as well as by a rapid

25 termination of the reaction as soon as the absorption
of carbon monoxide rapidly diminishes, which allows,
according to the patent in question, better yields of

linear dicarboxylic acid to be obtained.



| i near dicarboxylic acid to be obtai ned. 2 The present invention is
characterized by the use of iridium a different catalyst to that which was
described previously for this reaction. Mre specifically, it consists in a
process 5 for the hydroxycarbonyl ati on of at |east one | actone having 5
carbon atons by carbon nonoxi de and watery characterized in that the
procedure is carried out in the presence of an effective quantity of an
iridiumcatal yst and of The prdeeatetintenbion hat eHapaotertted 1Py thee
pronoter/Ilr nolar ratio being between 0.1:1 and 20: 1. The | actones which
may be used i nsehefpierddismef at Héfifarenti catalgstiote phatiwhiech|was
gamma- val er ol act one (or 4-nethyl butyrol actone), delta- 15 val er ol act one,
2- met hyl but yr degcrihed Brevhipupglyptorathbsere@ctibntpropi ol actone and

2, 3-di et hyl propi ol actone. Anmong these_| actones, gammua-val erol actone is the
most interesting on accHake sperifirsiiiri bk rFAneREtS0in prBERdeEs for the

nydroxycaLbony ot g Bl a3 BeIonolC 2614, 9,0V 8t Guah deell' o

having 5 carbon atoms by carbon monoxide and water,
characterized in that the procedure is carried out in
the presence of an effective quantity of an iridium
catalyst and of an iodinated or brominated promoter,

10 the promoter/Ir molar ratio being between 0.1:1 and
20:1.

The lactones which may be used in the process
of the invention are more particularly
gamma-valerolactone {(or 4-methylbutyrolactone), delta-

15 valerolactone, 2-methylbutyrolactone, |
3-ethylpropiclactone, 2-ethylpropiolactone and
2,3-dimethylpropiolactone.

Among these lactones, gamma-valerolactone is
the most interesting on account of its formation in the

20 processes for the hydroxycarbonylation of 3-pentenoic
acid to give adipic acid.

It is possible, where appropriate, to use
mixtures of the lactones indicated earlier; the
lactones used may contain a quantity, which is not

25 critical, of other compounds such as pentenoic acids,
valeric acid, adipic acid, 2-methylglutaric acid or
2-ethylsuccinic acid.

Various sources of iridium are capable of



m xtures of the lactones indicated earlier; the |actones used may contain a
quantity, which is not 25 critical, of other conpounds such as pentenoic
acids, valeric acid, adipic acid, 2-nethylglutaric acid or 2-ethylsuccinic

acid. Various sources of iridiumare capable of 3 being used for the
I ridiumcatal yst necessary in the presen8 process. By way of exanples of
such sources of iridium there nay be nentioned: 5 - nmetallic Ir;
IrJerr]; |r[eeihd used; for| the[ tridiuhrGritalyst Hfeesddry -in rths;
lrBr3.3H2C, - Irl[err]; - Ir[err](CO[err]dferr]; Ir[err]((I)[err]I[err];
10 - | PFefeRt(PEPress}; Ir[err](CI»[err] - 1r(CO
[P(C[err]Herr])[err]][err]l; - _1r(CO FKé}err]F{err])[err%][err](ﬂ -
|'r [P(C[err]H[err])[err]?YeW?YI° -expppleey of gl r99y1e8% 195 err] (CO; 15
- Ir(acac) ( IrCl (cod)][err cac = acetylacetonate; cod =
1, 5- cycloocta }£gluk tere msy bL Lentlonégi
5 - metallic Ir; IrO,; Ir,0,;
- IrBry; IrBr,;.3H,0;
10 - Ir,(CO)g: Ir, (CO);,;
- Ix(CO) [P(C¢Hs)41,1:
- HIr[P(CgHg);15(CO);
15 - Ir(acac) (CO),;

[IxCl(cod)],:
(acac = acetylacetonate; cod = 1,5-cycloqcta-
diene).
The iridium catalysts which are more
20 particularly suitable are:
{IrCl(cod)],, Ir,(CO),, and Ir(acac) (CO),.
The quantity of catalyst to be used may vary
within wide limits.
In general a quantity, expressed in moles of
25 iridium metal per litre of reaction mixture, of between
10"% and 1 leads to satisfactory results. Smaller
quantities may be used but a slow reaction rate is,

however, observed. Larger quantities are only



diene). The iridiumcatal ysts which are nore 20 particularly suitable

are: [Ird(cod)[err], Ir[err](COTJerr] and Ir(acac) (COf[err]. The quantity
of catalyst to be used may vary within wide limts. In general a quantity,
expressed in noles of 25 iridiummetal per litre of reaction mxture, of

between 10[err] and 1 leads to satisfactory results. Snaller quantities may
be used but a slow reaction rate is, however, observed. Larger quantities

are only 4 'W%ﬁtff%tﬂ%%}%ﬂfc W iRy, Preferably, the
iridiumconcentration in the reaction mxture is between 5x10[err] and 10-1

ol /litre. lodinated or bpfeF&pdsTy PrEHOtFidiSmDd dedntiradd o0 ifEdhe W thin
the context of the process, hydrogen iodide, hydrogen brom de and

or ganoi odi ne anfled s hifiixet uhce Cnmhmrwkien/\mm‘érandamab’r analdl / et At | Ng -
respectively hydrogen iodi de and hydrogen brom de under the reaction
conditions; these organo-Taodinmteddn bromingtesh pommedegodpounds are nore
parti cul arI y al kyl iodides and brom des having 1 to 10 carbon atons, anong
whi ch et hy i omdersiredetnyhean oWitdin £he dontext of the process,

hydrogen iodide, hydrogen bromide and organoiodine and
organobromine compounds which are capable of generating
respectively hydrogen iodide and hydrogen bromide under
the reaction conditions; these organo-iodine and

10 organobromine compounds are more particularly alkyl
iodides and bromides having 1 to 10 carbon atoms, among
which methyl iodide and methyl bromide are preferred.

The promoter/Ir molar ratio is preferably
between 1:1 and 10:1.

15 The reaction is carried out in the liquid
phase. The temperature at which the procedure is
carried out is generally from 100°C to 300°C §nd
preferably from 150°C to 250°C.

The total pressure at the reaction

20 temperature may 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.

The carbon monoxide used can be substantially

25 pure carbon monoxide or technical-grade carbon
monoxide, such as are found commercially.

Water is necessary for the

hydroxycarbonylation of the lactones. Generally the



The pronoter/Ir nolar ratio is preferably between 1:1 and 10:1. 15

The reaction is carried out in the |iquid phase. The tenperature at which
the procedure is carried out is generally from 100[err]C to 300[err]C and
preferably from 150[err]C to 250[err]C. The total pressure at the reaction
20 tenperature may vary within wide limgs. The partial pressure of
carbon nonoxi de, neasured at 25[err]C, is generally fromO0.5 bar to 100 bar

and preferably Jd#ue Al dtodd i1 Harrathite 1GFH Vo tiiRReXiod@1USSd GdN be
substantially 25 pure carbon nonoxi de or technical-grade carbon nonoxide,

such as are foundiaarerrqiaidity 4 alot deEdcabiad Wl @cc@it of the
hydr oxycar bonyl ati on of the |actones. Cenerally the 5 water/| actone
nolar ratio |i exbdmstwestnldsd ofarhtblytdd acgdvidgyan Thiey wiatexgtl adesineabl e on
account of the observed |oss of catalytic activity. The water/| actone nol ar
rati o can be mRRRmAatie san hemementanidiymhewer thanydhiendiiodmeh
earlier, for exanple if_a continuous injection of water is perforned,
rather thar it oA sattedrarlinr wifior eramplieed fcRacgasipaosse t he
injection of water is performed, rather than its
complete introduction with the other charges before the
hydroxycarbonylation reaction.

Preferably, the water/lactone molar ratio is

10 between 0.05 and 2, the above comment relating to the
minimum value being equally wvalid.

Another parameter is also of importance: this
is the water concentration in the reaction mixture.

This concentration is preferably maintained at a wvalue

15 of 0.01 mol/litre to 3 mol/litre and for better
efficiency of the reaction at a value of 0.01 mol/litre
to 2 mol/litre.

As indicated earlier, this concentration can
at a given moment be less than the lower limits

20 indicated, if a continuous injection of water is
performed.

The hydroxycarbonylation reaction of the
lactones is carried out either in the lactone itself as
the liquid reaction medium, or in an independent

25 solvent.
As independent solvent, it is possible in

particular to use saturated or unsaturated aliphatic or

aromatic carboxylic acids containing not more than



hydr oxycarbonyl ation reaction. Preferably, the water/lactone nolar ratio is
10 between 0.05 and 2, the above comment relating to the m nimum val ue
being equally valid. Another paraneter is also of inportance: this is the
water concentration in the reaction mxture. This concentration is
preferably maintained at a value 15 of 001 nol/litre to 3 nol/litre and
for better efficiency of the reaction at a value of 0.01 nol/litre to 2

mol /1itre. As i2udiceaibth @Adnes! .indtfarC AR ehelAhiran1¢3Riat uiadkV ghemONENt
be less than the lower Iimts 20 indicated, "if a continuous Injection of

water is perfonrresttibe dopdticdypear.bamy lexiaimpl esc 2€! B@BhOEakbexiagtones is
carried out either in the lactone itself as the |liquid reaction nedium or
in an i ndepend&sid®s thegiesanay. bis memddpnedeacetdevantd, i propipasei ble in
particular to use saturated or unsaturated aliphatic or aromatic car boxylic
aci ds cont ai ni A§ifot bwSaacdisapcid, s vaderichegidy omdipinsetad,as they are

I qui d under the reaction conditions. As exanples of such carboxylic
liquid % pentenocic acids, benzoic acid ggd phenylacetic acid.

Other classes of solvents can also be used,
especially saturated aliphatic or cycloaliphatic
hydrocarbons and their chlorinated derivatives, insofar
as they are liquid under the reaction conditions. As

10 examples of such solvents, there may be mentioned
benzene, toluene, chlorobenzene, dichloromethane,
hexane and cyclohexane.

Mixtures of solvents may be used.

When it is present in the reaction mixture,

15 the solvent represents for example-from 10 % to 99 % by
volume relative to the total volume of the said
reaction mixture and preferably from 30 % to ?0 % by
volume.

The hydroxycarbonylation process according to

20 the reaction enables the commercial development of
lactones bearing 5 carbon atoms, especially gamma-
valerolactone which is formed in greater or lesser
amounts during the hydroxycarbonylation of pentenoic
acids. This allows an increase in the overall yield of

25 a process for the preparation of adipic acid starting
from butadiene via pentenoic acids, adipic acid being
one of the starting materials in the preparation of

polyamides 6-6.



aci ds, there may be nentioned acetic acid, propionic acid, butanoic acid,
val eric acid, adipic acid, 5 pent enoi ¢ acids, benzoic acid and

phenyl acetic acid. O her classes of solvents can al so be used, especially
saturated aliphatic or cycloaliphatic hydrocarbons and their chlorinated

derivatives, insofar as they are liquid ungler the reaction conditions. As
10 exanpl es of such solvents, there may be nenti oned benzene, tol uene,

chl orobenzene, di chl or omep@nginde xese: tidh eyiadtlrexde tridatiedr es of
solvents may be used. When it is present in the reaction mxture, 15 t he
sol vent repr esedcofding xaodenverdm drta Doner 3@ s)/iped dinu phemd|sfrivye imo t he
total volunme of the said reaction mxture and preferably from30 %to 90 %
by vol ume. The dndemxye menanata i the praxions scomayinds forred apge theact i on
enabl es the conmerci al devel opnment of | actones bearing 5_carbon_atons,

especi al | y ganmeactene whigh #rs Bt reactedmdde dafteR being |

anount s during the hydroxycarbonyl ation Qf pentenoic acids. This allows an
i ncrease i 1P t o EHEI¢ctRL kP A Lurther %%i‘é??"fadﬁbw A5 &r ati on of

adipic acid starting from,butadi ene via pentenqic .acids di pi cikd bei ng
one of the starting nmatertaf PTFTHE IFE ‘fiﬁq ot 0 ep(ﬁéfé%l es?%a- 6>

implemented continuously or non continuously. When the
process is performed continuously, the relative ratios
of the reagents, catalyst, promoter and solvent can be
10 fixed at an optimal value by those skilled in the art,
whereas generally, in a process implemented non-
continuously, these various ratios change as a function
of the gradual conversion of the reactants.
The following examples illustrate the
15 invention.
EXAMPLE 1
3

Into a 50 cm® glass bulb, purged beforehand

with argon, there are introduced successively:

- gamma-vaerolactone (VAL): 20 mmol
20 - water 20 mmol
- acetic acid (AcOH): 10 cm?

- hydrogen bromide (in aqueous
'solution at 47% concentration
by weight) 2.1 mmol
25 - IrCl,: | 0.23 mmol
The glass bulb is placed in a 125 cm’

autoclave, purged beforehand with argon. The autoclave

is closed, placed in an oven incorporating agitation



7 The final reaction mxture is treated according to conventional nethods
used in chemstry, in order to separate the various conpounds fornmed and
t he | actone which has not reacted, the latter being able to 5 be

subj ected to a further hydroxycarbonylation. The process according to the
reaction may be inplenented continuously @r non continuously. Wen the
process is perfornmed continuously, the relative ratios of the reagents,

catal yst, prompharcanfeatbd®ib €RE BEpply ofi ¥6%uibe R pPRLsRRL. VRhLE DY
those skilled in the art, whereas generally, in a process iInplenented non-

continuously, ghgeemVvasi puscedt 1f8esh8nNBLrast acd UREL 299 pfahdiel 1 el

conversion of the reactants. The followi ng exanples illustrate the 15

i nvention. EXARPhted tot220°80 Theeprésghaesidladjuptededabetwighand with
argon, there are introduced successively: - gamma-vaerol actone (VAL):

20 mmol 20 temperattiee, to 100 bar with the aid of CO (Wiemvol - acetic
acid (AcOH): 10 cnferr] - hydrogen brom de (in agueous
sol ution ab 479proaseandat tenSeybari gitpartial pressure of CO 2.1
ol

measured at 25°C) and this pressure is maintained for
11 hours at 220°C.
The autoclave is then cooled and degassed and
the reaction mixture is analysed by gas chromatography
10 (6C) and by high performance liquid chromatography
(EPLC) .
The following results are cobtained:
- degree of conversion (DC) of VAL: 97 %

- yield of adipic acid (Al) relative

15 to VAL charged (RY): 43 %
- RY of 2-methylglutaric acid (A2): 15 %
- RY of 2-ethylsuccinic acid (A3): ) 3 %
- RY of valeric acid (PA): 19 %
EXAMPLE 2
20 Example 1 is repeated with the following
changes:

- total pressure at 220°C of 28 bar (which
corresponds to partial pressure of CO at 25°C of
11 bar) instead of 100 bar;
25 - holding period at 220°C of 2 hours instead of
11 hours.
The following results are obtained:

- degree of conversion (DC) of VAL: 68 %



25 - 1rd 3: 0.23 nmml The gl ass
bulb is placed in a 125 cnB autocl ave, purged beforehand wth argon. The
autocl ave is closed, placed in an oven incorporating agitation 8 and
connected to the supply of CO under pressure. The systemis placed under 5
bar of CO at 25[err]C, and is then heatedgto 220[err] C. The pressure is
adjusted, at this tenperature, to 100 bar with the aid of CO (which 5
corresponds to 54 barrpfopasdipicpaesau(ripf CO neasured at £Ap[err] C) and
this pressure is maintained for 11 hours at 220[err]C. The autoclave is

t hen cool ed and degasR¥dofin2-méchybgbataniei aéid e(AZ) anal ysed® Iy gas
chromat ography 10 (G0 and by high performance |iquid chronmat ography
(HPLC). The fol | owi ngRY eafll 2 sethylohcaimbd: acide(EIe: of conve¥ sk on (DC) of

VAL: 97 % - yield of adipic acid (A) relative 15 to VAL
charged (RY): - RY of valeric/zcid. (Pd of 2-methyl gluta¥4 cdacid (A2):
15 % - RY of 2-ethylsuccinic acid (A3): . 3 %- RY of valeric acid
(PA): 5 - qegnpe@fplinsarity (ratio of

adipic acid formed/total of diacids
formed) : : 77 %
- space time yield of adipic acid
formed: . 58 g 1"1h?
10 EXAMPLE 3
Example 2 is repeated with replacement of
acetic acid by gamma-valerolactone itself: 11.8 g in
total. The partial pressure of CO at 25°C (PCO25°) is
16 bar.
15 The following results are obtained:
- degree of conversion (DC) of VAL: 11 %
- yield of adipic acid (Al) relative

to VAL converted (CY): 26

%

- CY of 2-methylglutaric acid (A2): 10 %

20 - CY of 2-ethylsuccinic acid (A3): 14 %
- CY of valeric acid (PA): 15 %

EXAMPLES 4 TO 9

Example 1 is repeated, with the changes shown
in the table below.
25 The results obtained are collated in the
table below.
The abbreviations used in the table are those

which have been shown previously in the examples.



20 - Exanmple 1 is repeated with the follow ng changes: - total
pressure at 220[err]C of 28 bar (which corresponds to partial pressure of

CO at 25[err]C of 11 bar) instead of 100 bar; 25 - hol ding period at
220[err]C of 2 hours instead of 11 hours. _The followng results are
obt ai ned: - degree of conversion (DC) of VAL: 68 % 9 - RY of
adi pi ¢ acifd (A )" a0 % - HY of g-netnylglutaric acid (A2):
9 % - RY of 2-ethylsugcipic,ac|d (A3: . .. 3 %- RY of valeric acid
(PA) : % 14 % 5" " -l degrge Sf i ngarijty (ratio of adipic
acid formgd/fatal @f diagids fhroed)f 77 % -
space ti yilel d of adipjc acif forngd: 58 ¢
1[err]hfefr] |30s EXAWPLE 3~Expnpte R i6 rlepéatgd with replacenment of
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15 The follow ng results are obtained: - degree of conversion
(DC) of VAL: 11 % - yield of adipic acid (Al) relative to VAL
converted (CY): 26 % - CY of 2-methylglutaric acid (A2):
10 % 20 - CY of 2-ethylsuccinic acid (A3): 14 % - CY of
valeric acid (PA): 15 % EXANPLES 4 TO 9 Example 1 is
repeated, with the changes shown in the table bel ow. 25 The

results obtai naakaMprL.Edl0 ated in the table bel ow The abbreviati ons used in
the table are those which have been shown previously in the exanpl es.

[err]

EXAVMPLE 10 Exanm@BExamiple I cpeategriateid, h wilvh fthlel Fwldgwingr ges and

operating conditions: - ganmma-val erol actone (VAL): 110 mmol 5
total water charges and operatimngp gppslitions:
- gamma-valerolactone (VAL): 110 mmol
5 - total water 12 mmol
- hydrogen iodide (in aqueous
solution at 57% concentration
by weight) 0.384 mmol
- IrCl(cod)],: 0.156 mmol
10 The initial water concentration is
1 mol/litre.

The temperature is 200°C; the total pressure
at this temperature is 50 bar (equivalent to a partial
pressure of CO at 25°C of 30 bar); the duration of the

15 reaction at this temperature is 1 hour.
The following results are obtained:
- degree of conversion 16 % (equiyalent to
(DC) of VAL: 100% conversion of
the water)
20 ~ yield of adipic acid (Al) relative
to VAL converted (CY): 52 %
- CY of 2-methylglutaric acid (aA2): 10 %
- CY of 2-ethylsuccinic acid (aA3): 3 %
- CY of valeric acid (PA): 8 %
25 - CY of pentenoic acids: 15 %
- CY of 2-methylbutyric acid: 1l %
- space time yield of Al: 118 gl-lh-?

- degree of linearity of Al: 83 %

10



- hydrogen iodide (in aqueous solution at 57% concentrati on by wei ght)
0.384 mml - 1rd (cod)]2: 0.156 mol 10

The initial water concentration is 1 nol/litre. The tenperature is
200[err]C the total pressure at this tenperature is 50 bar (equivalent to
a partial pressure of CO at 25[err]C of 3@gbar); the duration of the 15
reaction at this tenperature is 1 hour. The following results are obtained:

- degree of coreIN 11 16 % (equivalent to (DC) of VAL:
100% conversi on of the water) 20 - yield of adipic acid (Al)
rel ati ve to VAL convertedEfdmfle 10 is repeated, wifh %4 m@wlofof water
2-nmethylglutaric acid (A2): 10 % - CY of 2-ethylsuccinic acid (A3):
3 % - CY of valiisteaticf (FA)mmol. 8 % 25 - CY of '
pent enoi ¢ aci ds: . ... .15 %- CY of 2-nmethylbutyric acid:
1 % - space time yield ofThg :initial watem gopqentTAia 18 degree of
linearity of Al: 83 % 12

5 2 mol/litre.

The reaction time is 3 hours.

The following results are obtained:

- degree of conversion (DC) of VAL: 17 %
- CY of Al: 48 %
10 - space time yield of Al: 40 g 1-1h-1
- degree of linearity: 74 %

COMPARATIVE TEST 1
Example 2 is repeated with replacement of
IrCl, by the same molar quantity of RhCl,; the test is
15 maintained for 11 h at 220°C in order to obtain an .
degree of conversion comparable tc that of Example 2.

The following results are obtained

- degree of conversion (DC) of VAL: 79 %
- RY of adipic acid (Al): 51 %
20 - RY of 2-methylglutaric acid (A2): 21 %
- RY of 2-ethylsuccinic acid (A3): 3 %
- RY of valeric acid (PA): 2 %
- space time yield of Al: 14 g h™ 1171
- degree of linearity: 68 %
25 It is noted that the degree of linearity is

greater with iridium (Example 2) than with rhodium
(77 % as opposed to 68 %).

In addition, the test with rhodium, despite a



EXAMPLE 11 Exanple 10 is repeated, with 24 mol of water instead of 12
mmol . The initial water concentration is 5 2 mol/litre. The reaction tine

is 3 hours. The following results are obtained: - degree of conversion (DC
of VAL: 17 % - CY of Al: 48 % 10

- space tine yield of Al: 40 g1derr]h[err] - degree of
linearity: 74 % COVPARATI VE TEST 1 Exanple 2 is repeated

wi th repl acenembchbf Longekereachbyonhbisantlhoh aas (ppprsed e RHN3; the test
is 15 mai ntained for 11 h at 220[err]C in order to obtain an degree of
conver si on conpeads| tota shaceotimgayibedd 0f RALRHT |3t hFReuI® are

obtai ned - degree of conversion S.DC) of VAL: 79 % - RY of, adipic acid
(A): quite clgarlyogmaller thapyiniExampie, 4 Gy 3ty (A2)

21 % - RY of 2-ethylsuccinic acid (A3): 3 %- RY of valeric acid
(PA): 2 %- space tinme yield of Al: 14 ¢
h[err]1l[err] - degree of linearity: 68 % 25

It is noted that the degree of linearity is greater with iridium (Exanple
2) than with rhodium (77 % as opposed to 68 % .



In addition, the test with rhodium despite a 13 nmuch | onger reaction
time (11 h as opposed to 2 h), leads to a space tine yield of adipic acid

which is quite clearly smaller than in Exanple 2 with | M5 1.
Process for the hydroxycarbonylation of at |east one '"{ I rigm& Il
carbon atons by carbon nonoxide and wateri4 characteri 2e Nc

procedure 5 Is carried out in the presence of an effectlve quantlty of an
iridiumcatal yst and of an iodinated onjﬁﬁﬁﬁﬁnated pronDter t he
pronoter/Ilr nolar ratio being between 0.1:1 and 20: Process

according to Gaim1, chBFaeeesiseqn the hY#?’ﬁﬁa‘fl?@XJa’cft’d?Tb afsétf i s chosen
fromgama- v erolacton , delta-val erol act qQne, 2 net | but yro- | actone, .
3- et hyl propi ol 22 Bheone. g?ﬁ??ﬁ?gﬁ?ﬁ+%%t %% i ol act one

ol act.one. rocess a cordlng

d f bI
P one Pf o n oA E R and gl O M RO c fer 2l ﬁeﬂm AR PEe s

I's 5 ig carried out in the presence of an effective quantity

of an iridium catalyst and of an iodinated or
brominated promoter, the promoter/Ir molar ratio being
between 0.1:1 and 20:1.

2. Process according to Claim 1, characterized

10 in that the lactone used is chosen from gamma-
valerolactone, delta-valerolactone, 2-methylbutyro-
lactone, 3-ethylpropiolactone, 2-ethylpropiolactone and
2,3-dimethylpropiolactone and is preferably gamma-
valerolactone.

15 3. Process according to one of Claims 1 and 2,
characterized in that the iridium catalyst used is
chosen from:

- metallic Ir; IrO,; Ir,04;
- IrCl,; IrCl,;.3H,0;
20 - IrBr,; IrBr,.3H,0;
- IrIy;
- Ir,(CO),Cl,; Ir,(CO),I,;
- Ir,{CO)q; Ir,(CO).,;
- Ir(cO) [P(CgH:)31,1;
25 - Ir(CO) [P(C.Hg) 31,C1;
- Ir[P(CgHg) ;151
- HIr[P(CgH;);315(CO);

- Ir(acac) (CO),;



chosen from - netallic lr; Irderr]; Ir[err]gerr]; - Irdferr];

IrCJerr].3Herr]Q 20 - IrBr3; 1rBr3.3H20; - Irlferr]; -
Ir[ferr](CO[err]d[err]; Ir[ferr](COJferr]l[err]; [ty 1;
ir[err](CO[err]; - Ir(CO [P(C[err]H[err])[err]]yH(I!I]r”m"l IT"[ L ir(co
[P(C[err]Herr])[err]][err]d; - Ir[P((Jets]H err]x - Hr [P
(dJerr]JHerr])[err]][err] (CO; - Ir(acac) (CO [err]; 15 -

[IrA(cod)][err]. 4- [IrCl(cBddtgss according to one of Clainms 1 to 3,
characterized in that the quantity of catalyst, expressed in noles of
iridiumnetal fer |itre Bfo8essraacordingi kourme ¢f Ghaimenl 10¢e3r] and 1
and preferably between 5x10[grrL and 10[err] nol/litre. 5. Process
accordi ng to ofBasRrckeriRgdiinothatchheaguantityl ¢ eatalyse: i odi nated or
brom nated pronoter is_chosen fron1h¥drogen i odi de, hydrogen 10 brom de

and the or ganof¥BF REEERJ1Br BAhEBr BFi HEILLHPARERT REELIEEE? YEnerati ng

respectlvegy h¥g£8 ggn mixture, is between 10°% and 1 and preferably

between 5x10°% and 10! mol/litre.
5. Process according to one of Claims 1 to 4,
characterized in that the iodinated or brominated
promoter is chosen from hydrogen iodide, hydrogen

10 bromide and the organoiodine and organobromine
compounds capable of generating respectively hydrogen
iodide and hydrogen bromide under the reaction
conditions.
6. Process according to one of Claims 1 to 5,

15 characterized in that the promoter/Ir molar ratio is
between 1:1 and 10:1.
7. Process according to one of Claims } to 6,
characterized in that the reaction is carried ocut in
the liquid phase at a temperature of 100°C to 300°C and

20 preferably from 150°C to 250°C and at a partial
pressure of carbon monoxide, measured at 25°C, of from
0.5 bar to 100 bar and preferably from 1 bar to 80 bar.
8. Process according to one of Claims 1 to 7,
characterized in that the water/lactone molar ratio

25 lies between 0.01 and 10 and is preferably between 0.05
and 2.
9. Process according to one of Claims 1 to 8,

characterized in that the reaction for the



i odi de and hydrogen broni de under the reaction conditions. 6.

Process according to one of CQains 1 to 5, 15 ' il t hat the
pronoter/Ir nolar ratio is between 1:1 and 101Lﬂm‘m@\“‘““ﬁr“ﬂ SS
according to one of ainms 1 to 6, characterizedincthat the reaction is
carried out in the liquid phase at a tenpawsature of 100[err]C to 300[err]C
and 20 preferably from 150[err]C to 250[err]C and at a partial pressure
of carbon nonotiydeoxyraaitony latt i25] erfr |the dfactomms0is karriedl@0tban and
preferably from1l bar to 80 bar. 8. Process according to one of
Clains 1 to 7, thearlacttenie dddelf lna thee Jaudd reecsionnBedivmat i o 25

lies between 0.01 and 10 and is preferably between 0.05 and_2. 9.

Process accordilfy to one Bfoqgss mscording thanec o Crad™sn 1t 2t 8rhe
reaction for the 16 hydroxycarbonyl ati on of, th%r?:rac ones is carried out

in the | actone ShaFaqterizad in fhat e G5F e Process
SECOL 00 0 OBl eyl i SR SR 4 BB SRR
sol vent chosen aT rt%rgrs@ﬁtsl“gﬁ}e%q: OJhoque%?tfiro% es%turated or unsaturated
aliphatic or aromatic carboxylic acids containing not
more than 20 carbon atoms, saturated aliphatic or
cycloaliphatic hydrocarbons and their chlorinated
10 derivatives which are liquid under the reaction
conditions.
11. Process according to Claim 10, characterized
in that the solvent represents from 10 % to 99 % by
volume with respect to the total volume of the reaction
15 mixture, and preferably from 30 % to 90 % by volume.
12. Process according to one of Claims 1 to 11,
characterized in that the water concentration_in the
reaction mixture is maintained at a value of
0.01 mol/litre to 3 mol/litre and preferably from

20 0.01 mol/litre to 2 mol/litre.



o

al i phatic or aromatic carboxylic acids containing not nore than 20 carbon
atons, saturated aliphatic or cycloaliphatic hydrocarbons and their
chlorinated 10 derivatives which are liquid under the reaction conditions.
11. Process according to Caim 10, characterized in that the sol vent
represents from10 %to 99 % by volunme with respect to the total volune of
the reaction 15 m xture, and preferably from30 %to 90 % by vol une. 12.
Process according to one of Clains 1 to 11, characterized in that the water
concentration in the reaction mxture is maintai ned at a value of 0.01

mol/litre to 3 nol/litre and preferably from 20 0.01 nmol/litre to 2
mol /litre. 17

PROCESS FOR THE HYDROXYCARBONYLATION OF LACTONES

;a9 rUR 288 BIDROXYCARBONYLATION OF LACTONES

ABSTRACT

The present invention relates to a process
for the hydroxycarbonylation of lactones, more '
précisely of various valerolactones and of their
isomers, by reaction with carbon monoxide and waterxr, to
form the cérresponding diacid.

It consists more precisely in reacting carbon
monoxide and water with at least one lactone containing
5 carbon atoms by operating in the presence of an
effective quantity of an iridium catalyst and of a
jodinated or brominated promoter, the promotér/Ir molar
ratio being between 0.1:1 and 20:1.

This process makes it possible especially to

convert gamma-valerolactone profitably to adipic acid.



