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BUTADI ENE lnventlon relates to the o
hydroxycarbonylatlon y reaction with carbon " nonoxi de
and water, in order to prepare pentenoic-agids. 5 One of the
possi bl e routes of access to adipic acid, which is one of the two
basi c constituents of nylon 6-6, |ies i n the doubl e carbonyl ati on of
but adi ene. Al though it is possible to envisage performing the
two hydroxycarbonyl ation reactions |eading frombutadiene to 10 adipic

acid in a single Stg%oaﬁgs%eat rhE ginérdﬂ&n%%hﬁhﬁon oF ARESEEMO
reactions nust be p eas I'n_par T it is
desired to obtain sel eqﬁevt;késsnu\hw&bzm@n relagubfteiemé |y hi gh to all ow
an industrial process which is - econonically viable. 15

US- A- 3, 579, 55 hythsonyidagboaypabies sof drutiddd.ene, byonee¢94qn|Wﬁthing#pﬁund
containing at |east one ethylenic doubl e bond into a carboxylic aC|d
by reaction wineneidsornd Watﬁﬁnowo%"%ﬁfd ‘WatpéPPaFﬁ PRREFRRIG A5 a

| rigium conpound - 30d. a1 g4 B, AN &I PLETREELes o AR e
which is one of the two basic constituents of nylon 6-6, lies
in the double carbonylation of butadiene.

Although it is poésible to envisage performing the
two hydroiycarbonylation reactions leading from butadiene to

10 adipic acid in a single step,. in practice it turns out that

' theée two reactions must be.performed ;ucceséively; at least

in part, if it is desired to obtain selectivities which are
sufficiently high to allow an industrial process which is
economiéaliy viable. |

15 US-A-3,759,551 describes a proﬁess for the
COnversion of a édmpound containing at least one ethylenic
double bond into a carboxylic acid, by reaction with carbon
monoxide and water, in the presenée of an iridium compound
.énd an iodine-containing promoter, at.a temperature of 50°C

20 to 330°C and under a‘partial pressure of éarbon monoxide of
about 0.3 to 210 bar.

In the process described, it would appear that any
iridium coﬁpound can be used and.vérious types of - |
iodine-containing compounds are mentioned; the iodine;iridium '

25 mo}ar ratio may vary within a very Qide range, from 1:1. to
2,500:1 and preferably from 3:1 to 300:1. '

The reaction medium may contain any solvent

\'-.u. e

T H s BééNr;

FACED %




20 to 330[err] C and under a partlal pressure of carbon nongxisig
tﬁIsBeenR 1
about 0.3 to 210 bar. In the process describe cplaced
appear that any i ri di um conmpound can be used and vario II g II
i odi ne-contai ni ng conpounds are nentioned; the iodine:iridiu
ratio may vary within a very w de range, ‘fr'fbml lto 2,500:1 and
preferably from3:1 to 300: 1. The reacti rrq_y
contain a%y SO?Q@pﬂtlble with the catalytlc system. Pre errgg solv s are
conpatible with the thé:t t ol,ye
2% 3 gw;% £ & 30,4°8h3 aﬁea
nonocar boxyl i c AR °x\y e Fr %érﬁh 2ﬁ 0 carbon at grés ¥ congy as S;ccéltlc
aci d, propioni Qsa&\ééltlé"e&.@.@' r@%hgnlge&é’:{@) ha@Endic ac1dpd@6@e&€b£‘c &C‘d:.dl
naphth0|c acid, oleic acid an t rans- 9- oct adecenoi ¢ aci d.
The Exanpl es Oﬁoh5b£h6h55ﬂu581nabhuhbhataéhb prledesscid ands defined | eads
predom nantly to branched carboxylic acids. - Thus the .
~hydr oxycar b@nytaan6ﬂ90¢cifﬁdﬁgﬁme raidty gives | sobutyric aci d
(Exanmpl e 1) whereas the hydroaé&/car bogyl atlogl 3. f hex e nl ves
branched (Jerr] acids (B& 7 9'%1h ggngﬁ 8‘5’: ¥ 1 he
same inventors asdefn.ned leads predomlnantly to branched carboxylic a01ds.~
Thus the hydroxycarbonylation of'propylene mainly gives
isobutyric acid (Example 1) whereae the hydroxycarbenylation
10 of l-hexene mainly gives brenched C, acids (Example 19).
In US-A-3,816,489, by the same inventors as
US-A-3,759,551 and which follows directly therefrom, it is
proposed to use an lodlne 1r1d1um ‘molar ratio of 3:1 to 100:1
so as to attempt to ‘obtain predominantly a llnear carboxylic
15 acid. When applied to monoolefins éuch as l-hexene,
l-pentene, 2-pentene and 1-dodecene, this technique appears
to lead to the desired result. No Example is performed with
a diene.
If, however, the process according to US-A-3,759,551
20 is.carried out in order to hydroxycerbonylate a diene such as
butadiene,_it is observed that the selectivity towards
pentenoic acids, the intended products, is very low or else
zero and that the eorresﬁonding saturated acids, that is to
say valeric acid and methylbutyric acid, are essentially
25. obtained. .
EP-A-405,433 relates to the hydroxycarbonylation of
butadiene into pentenoic acids, in the presence of a rhodium
catalyst and a bromide or iodide promoter, in a car.boxylic'

acid s_elvent. This process uses a catalyst based on rhodium,
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US- A- 3, 759,551 and which follows directly therefrom it is proposed to

use an iodine:iridiumnmolar ratio of 3:1 to 100:1 SO as to attenpt to
obtain predominantly a linear carboxylic 15 acid. When applied to
~nmonool efins such as 1-hexene, - 1-pentene, 2-pentene and 1-dodecene,
this techni que appears to lead to the 8gesired result. No Exanple is
performed with a di ene. | f, however, the process.
according to Ushiel By mtlmluaﬂvapxpe@%m Il‘#a!ir der to -

hydr oxycar bonyl ate a d| ne su di ene, |s Qbseryed that the
Sl ect Lvity tovar ds < RO SERhsRy ofc the. BYRECFHAARATY JBEOARCPE PRt

| ow or el se . elgacg‘%gjo.tguaa H% rx%gr Eﬁagngt(rpeégtéglq,tegd ?‘CH; t hat | S

to say vaferl and ne utyric acl are essentrally 25

obt-ai ned: economcauﬁ%a%l%cé%%yr phahes bp the dudindyiear Besyt abéon
of but adi ene into pentenoic acids, in the presence of a rhodium
catal yst ansl aibr thederiberiaxdi.de pronoter, in a carboxylic , acid
solvent. This process uses a catal yst -based on rhodi um

-3- - which is a partThkelRFesend javenFdopeprpposes a S°1ut1°n Faethbi®bl em

oflthe hydroxyggggggm[atlon of butgdqene

The present invention provides a process for the
hydroxycarbonylation of butadiene, by reaction with carbon
10 monoxide and water, at a temperature above 30°C, under a
partial pressure of carbon monoxide, measured at 25°Cf of
equal to or greater than 0.5 bar, in the presence of an
iridium-based catalyst and an iodine-dontaining or
brémine-cqptaihiné ?romoter,_iﬁ a.solvent medium, wherein the
15 iodine or bromine:iridium molar ratio is less than or equal
to 20:1 and wherein the concentration by weight of water in
the reaction mixture is less than or equal to 8%.
The cdncentration by Weight of water in the reaction
mixture is preferably from 0.00001% to 5%.
20 Even more preferably, the concentration by weigﬁt of
water .in the reaction mixture is from 0.01% to 2%.
An advantageoué variant of.the procéss of the
. invéntion consists.in injecting ﬁater.progréssively as the
reaction proceeds, therébyfailowing its concentration in the
_25 reaction mixture to be maintained at a very low value, while
at the same time allowing the hydro*ycarbonyiation reaction
to take place.
The lower limit of the water:coﬂceﬁtration is thué.

given as'a'guide, since it may be very low at any given



i nto pentenoic acids has thus not been solved in an econom cal |y

sati sfactory manner by the techniques described 5 in the prior art. .
‘The present invention proposes a solution to this pr obl em

The present invention provides a process for the ~ hydroxycar bonyl ati on
of butadiene, by reaction with carbon 10 - monroxide and water, at a

t enperature above 30[err]C, under a partial pressure of carbon

nmonoxi de, nmeaswomengt 28] partiZuldr in theghipotbesis nvitaagedhabovesoban,
in the presence of .an . iridjum based catal yst and an i odine-containing
or br omi nEFTHPECHEN R pEORRROF i”f?t&rsof"%?gﬁ? hedtRFR SN the 15
| odi ne or brom&%;’erzjt idum mol ar ratio is less than or equal to 20:1
and wherein the concentration by weight of water in the reaction

mxture is less than or re@ualbbr$h used, butadiene]Nfaf VWrAiRAL RAnBY
wei ght of water in the reaction " mxture is preferably from 0.00001%to

5% 20 5 amountepindeeipeédf§esmidundd h€Eozorranplat adliyhic weitghblef
water in the reaction mxture is fromO0.01%to 2% _ An
advant ageous va#udhtasof -basepricels Hfbutirn-1-ol ppdenixepresridienesti.n
~injecting water progressjvel t he reaction proceeds, thereb
.allowing its concentrat inﬁ%F\#agiga bae hubadiens FERFEPEDED e IRGSH %ioﬁeﬁyat

a very |ow val g il | cne puthallife AABIAIR ALLOVLEO L ixture ood,
hydr oxycar bonyl ation reaction to take place. : The I oner
limt of the Wwaégdn GRS Riredbir@Blys d4OUBeast 90%.

10 o The concentration of butadiene in the mixture is
also an important parameter to take into account when
carrying out ;he proceés 6f the invention. It is preferably
maintained at a value less or equal to 16% by weight relative
to the total weight of the reaction.miXture. '

15 '. The concentration of butadiene may be
instantaneously ﬁery low, in parﬁicular in the case of N
continuous injection of butadiene, which is then converted
very rapidly. There is thus no critical lower limit for this
concentration, which depends in particular on the mode of

20 introduction of the butadiene.

| Preferably, tﬁe.concentrafion of butadiene in the
reaction mixture is less than or'eqﬁal to 11% on a weight for
lweight basis and, even more preferably, ;ess than or equal to
5.5% on ; weight for weight basis.

25 _ For the iridium catalyst‘neqessary in the preseﬁ£
process, various sourceg of iridium may be used.

| Examples-éf such.souxces of iridium which'ﬁay 5e
mentioned are:

- Ir metal; Ir0,, Ir,0,;



givenras a guide, since it may be very |low at any given

-4- nmonment, in particular in the hypothesis envisaged above of a
continuous injection of water, which is then rapidly converted.

The substrate used, butadiene, may contain a mnor 5 anount of derived
conpounds, for exanmple allylie butenols - 5 -such as 3-buten-2-ol
2-buten-1-ol and m xtures thereof. Pref erably, the butadiene
represents at | east 80% ByCls: Ingdhy#H:08f t he but adi ene/ but adi ene

derivatives m xture and, _ . even preferably, at least 90% 10
The concentration of but éﬁpéﬁeeﬁrﬁrﬁ%%’xture S al so an inportant

paraneter to take into_aqﬁgaghmm@g@ides;.carryfng out the process of the
invention. It is preferably mal ntai ned at a value |less or equal to 16%

by weight relative - i@ikhamt ehfbox¥l {Hs,0fint barctaalanrmrriadeatiate o5
The concentration of butadi ene may be I nstant aneously very low, in
particul ar 5 n Ihepossmate; continuous injection of butadi ene, which is
"then converted - very rapidly. There is thus no critical lower limt for
this concentrati o, THiER Fdpentie (FRYpaéticul ar on the node of

Ir,(C0),; Ir,(CO)y,;
- Ir(CO) [P(CH,),1,1;
- Ir(CO) [P (CeHy),1,C1;
10 . - Ir[P(CH)],I;
- HIz[P(CHy),1;(CO);

- Ir(acac) (CO),; and

[TrCl(cod) ],;

(acac - acety1acetonate; cod = 1)5-qyclooctadiene).

15 : The ;mount of catalyst to be_used may vary within a
wide range.

In general, an amount, expréssed as moles of iridium
_ metal per litre of reaction mixture, of from 10™* to 107 leads
to satisfactory'reéulté. Lower amounts may be uéed but it is

20 observed, however, that the reaction rate is low. Larger

. amounts have no drawbaéks other than from the economic point
of view. |
The concehtration of iridium in the reaction mixture
is preferably from 5 x 10 to 5 x 10" mol/litre.

25 | | In the context of the process, the é#presSion
jodine-containing. or bromine-containing promoter is
understood to refer to hydrogeh-iodide, hydrogen bromide and.
orgaﬁoioaine and organob:dmine compounds capable of

generating hydrogen iodide and hydrbgen bromide respectively



20 iﬁtroduction of the butadi ene. Preferably, the

concentration-of butadiene in the reaction mxture is less than or
equal to 11% on a wei.ght for wei ght basi s and, even nore preferably,

| ess than or equal to 5.5% on a weight for weight basis. 25 _
For the iridiumcatal yst necessary in the _pigesent process, various
sources of iridiumnmay be used. Exanpl es of such sources of
dridiumwhich nmdelpethe rea¢minn(nunﬂunmens, these. organoiodine pmdal ;
Irerr], Ir[ferr](err]; -5-

- |rc|[err] |p€gF§pprog+P@rq?qpounds are more part}gq}ﬁqyw]alkyl iodides
IrBr[err].3H[err

YLl om Gan bow ik BHYE PR Ies BAVinG £TePate s, 0 OaTPW ACSRSar BRonS

I CO I
;L?;rigi»%£5§$dég LQE%%l i&?fﬁé]éégldéﬁﬂyh L@Eﬁlde are prﬁﬁsfred.

C[err]H[Grr])[err]][ﬁﬁbhb the promoters, 1od1né£66§3a1n1ng promoters ére
Cerr]Herr])[err]][err]d; - 10

[P(C err] H eraeneradiy] peefdtred.

The iodine or bromine:iridium molar ratio is

—_— A~ —

preferably from 1:1 to 10:1. -
More preferabiy, the iodine or bromine:iridium molar

10 ratio is from 1:1 to 5:1.

The lower limit indicated for the iodine or
-bromiﬁe:iridium molar ratio is not a critical feature for the
reaction. This ratio may be less than 1:1. However, in sucﬁ
a case there are eéonomic drawbagks, since some of the

15 iridium is not activated and has almost no cataiytié role.
| Another characteristic of the presént_process lies
in' the use of a solvent which is liquid under the conditions'
of the hydroxycarbonylaﬁion reaction of the butadiéne.

This soivent may be'very varied in natﬁre,

20 Carboxylic acids, aliphatic hydrocarboﬁs, cycloaliphatic
hydrocarbqns, aromatic hydrocafbons, chlorinated aliphatic
hydrocarbons, éhlorinatea cycloa;iphatic hydrocarbons,
chlorinated aromatic hfdrocarbohs, aliph;tic,ethers, aromatic
ethers, mixed ethers or mixtures.of several of these solvents

- 25 ‘'may be in particﬁlar'chosen.
The carboxylic acidé.which may be used as solvents
in the process of the invention are, in particular, monoacids
or diacids such as aliphatic acids, which are saturated or .

unsaturated, and aromatic acids, having a maximum of 20



and

= 1, 5-cycl ooct adi ene). 15

- Hfrf[P(C[err]H[err])[err]][errj(CI»;'

- [Ird(cod)][err];
The amount of catal yst to be used

_ - Ir(acac) (CO2;
(acac - acetyl acetonate; cod

~may vary within a wi de range. I n general, an anount,
expressed as noles of iridium metal -p@r-litre of reaction mxture, of
from10[err] to 10[err] | eads to satisfacfory results. Lower anpunts

may be used bufaFrPopsatoms. aaafaggashsheyerret it gnAg 3 P B nCP ST 118

| ow. Lar ger

poi nt _ _ e .concentration of rridiumin the
reaction m xtUg@id, propiéni¥ &{&@PMthheMSa&id[Wwirdriloarid, 10[err]
mol/litre. 25 In the context of the process, the expression

of

cgpgagggﬂg§ r&&gﬁﬁ¥%sd%@“?ﬁgﬁsc£4£§§¥ffﬁa%é&%%”kkgeaggpﬂgn1C

i odi ne-.cont ai Nmeghelblhtandixe-o0id aiadipdcpacid; enetlsylglutariendeidt ood to

refer to hydrogen iodide, hydrogen brom de and -
organobroni e cdiydandsinipattid ofdiimethylsyeninieiagidy deddenciodrdédand

or ganoi odi ne and

hydr ogen broni de-respecti ve

L vel . . . -
under _tl_’r‘Fé‘zPégcf"Fbﬂ' c%lh%ﬁ‘f]'rad"r?st,mt Redg BF gRiETHRHLTaffveral of

-6-

10

15

20

25

these acids. It may be advantageous to use carboxylic acids

which are formed in the reaction for the hydroxycarbbnylation

of butadiene, in particular pentenoic acids, methyl-
2-butenoic acids, valeric acid, methylbutanoic. acid, adipic.

acid, methylglutaric acid, ethylsuccinic acid and

" dimethylsuccinic acid, especially in the case'of'the

recycling of the reaction produqts and of the catalyst.

3-Pentenoic acid or mixtures of 3-penten§ic acid
with 2-penténdic acid and/or 4-pentenocic aéiq and/oxr other
reaction by-products are more particularly used.

Examples of the_hydrocarbons, chlorinated
hydrocarbons and ethers which may be used aré_beﬁzene;
toluene, xylenes, chlorobeﬁzenés, dichloromethane,
dichloroetﬁané,_hexane, cyclohexane and diphenyl ether.

In'thé context.of an industrial use of the process,
recfclings of the catalyst, of the promofer and of the
unreacted butadiene may lead to the introduction.into the
reactiop medium of'larger or smaller amounts of other
compoﬁnds, in particular by-products formed dﬁiing the
hydrbxycarbonylation reaction, which are different from the
carboiylic.acids mentioned above. Thus, there may also be

butenes and gamma-valerolactone in the reaction mixture.

Within the context of the invention, these compounds will be



brgahobrom' ne conpounds are nore particularly alkyl iodides and al kyl

br.om des having from1l to 10 carbon atons, anong whi ch net hyl iodide.
-and nethyl brom.de are preferred. 5 Anong t he pronoters,
i odi ne-containing pronoters are . general ly preferred. .The
:ngi ne o][ bromne:iridiumnmolar ratiois - .8 'prefe'rabl y from1:1 to 10: 1.
re preferabl y the i odine _or hromne;ir ratio Is from1l:1
L_o 5: 1. considereg, 25 &Wlflﬁr'r??rfn‘?j‘%%ﬂ Ventthgyl 6dl he or
rom ne:iridium nol ar fealdise th 4§ |on
This ratio may be |ess 1?#1 l}d%fgk%a\%géir’iégﬁénsuc aﬁégsegct’?\e?’fa argé
econoni ¢ draWb?@K@raﬁl o ariell bhe atdbaitédmferaturenot @ebmved vrl tand has
al nrost no catalytic ro . Anot her characteristic of the '
present procesg3bres preferacheEr@sIeSO?CatgoZ%m which js liquid under the
condi tions of the hydroxycarbonyl ati on reaction of the butadiene, '

;I]'hljs sol \t;en’é may be ver";'h%aﬂa}@dailnﬂﬁ”&ﬁﬁPEe °§0°T%h‘t¥bi‘§ﬂ"1°€“&€r dReagpred A% ¢
ydr ocar bons, gloali phat i C ro bon t| c drocar
chlorinated al Féhgtl ts g og‘zfr‘%‘ nga%ﬁfogl nﬁ{d) yel Oglll pﬂa??erasbly
hydr ocar bons, frﬁm ShLQE! Q@tf@b LT8G Q¥Gﬁoﬁ@f@%f&la'bﬁgat EGoRt BebSr

aromatic . thers, m xed ethers or m xtures of several of these solvents
25 may be in Q@rtllsoubaf,c_hosen. : The carboxylic acids which

may be used as sol vents _ :
' As has been mentioned, the process of the invention
10 may be carried out in a continuous or batchwise manner.
Accérding to the implementétion chosen, it will thus be
necesgary to adapt the various operating'conditions deﬁined
above. | . _
It is known, in particular from.EPJA—511,126 and
15 EP;A-536,064, to hydroxycarbonylate pentenoic acids into
adipic aéid, in the presence of an iridium-based catalyst and
an iodine-containing or brominé;COntaining proﬁoter. By
_édaptation of the operating conditions to those described for
this second cérbonylation, it is possible to use the final
20 reaction mixture, after it has been made to undergo optional
treatments, for the preparation of adipic acid.
Thg'Examples.which.follow illustrate the inQention.'
EXAMPLE 1
The following are loaded into a 125 ml éutoclave:

25

[IrCl(cod)], 0.42 mmol of Ir

HI (aqueous 57% golution) 0.84 mmol

butadiene ' 2.56 g (47 .4 mmol)

water . 0.88 g (48.9 mmol)

dichloromethane 66.25 g



in the process of the invention are, in particular, nonoacids. or
di acids such as aliphatic acids, which are saturated or unsat ur at ed,
and aroratic acids, having a maxi mum-of 20

- 7 - . carbon atons, insofar as they are liquid under the operating
condi tions. Exanples of such carboxylic aei®ls-are acetic aci d,
propi oni ¢ acid, butanoic acid, valeric acid, nmet hyl but anoi ¢ aci d,

adi pi'c acid, nethylglLﬂ?hq(9W£9Faave51se?h??%ﬁuﬁﬂ4NQ9na@FéeddF?m&rﬁﬁ%hﬂﬁn nlc
“acid, penten0|c acid

d t t
several of TOR R éafc“lp(fgy rﬁﬁfﬁ%ﬁ%\g ace Ig’rﬁgg a?%org@(#%”e} ds
whi ch are forngg Lig A1l 9k ﬁggtgad&ﬂ%%ﬁﬁkponylatlon

but adi ene, in partlcu ar pentenoi c acl ds 10 2-butenoic aC|ds

val eric acid, methyl butzoinisA®ethpeddtikté, the pﬁﬁ‘éikur@txbylagﬁﬁﬁﬁéd Ct@\Ci d,
ethylsuccinic acid and di met hyl succinic acid, especially in the case

of the 5reé9tl bag kyf ¢dnbareacnpshdpr andctize rrbtofist kentanuegsfor 4 h -
3-Pentenoic acid_or mxtures of 3-pentenoic acid 15 wth 2-pentenoic acid
and/ or 4- pent eHBABT atRY¥FE & RAMSH tHORSEr reaction. by-products are nore

par i ou arly used. - or A, s, S ReCEe 8k, e MRGAR0RE BBl s Lgk ot
hydrocarbons and ethers Whi'Cc e Used®8re benzeh

the reaction mlxture is assayed by gas chromatography. The
final reactlon mixture is homogeneous.and has a light orange

10 colouf. It céntains no tarry cpmpdunds.

Tﬁé yieidS-(RY) obtained correspond to the number of
moles of compound formed per 100 mol of butadiene emp;oyed.
The following were obtained: ‘ |
- - RY of 3-pentenoic acid: 25%
© 15 - RY of valeric acid: 6%
- RY of methylbutanoiclacid; . 2%
- RY of methylbutenoic acids: 1%
- RY of butenes: 9%
EXAMPLE 2 .

20 Working as in Example 1, a test waé performed in
3-penténoic acid as solvent, at 140°C and under a pressure of
50 bar. | |

The HI:Ir molar ratio is 2.5:1; the initial water
‘concentration is 1.8% weight/weight.

25 : After maintaining the témperature for 4 h, cooling
the reaction mixture and assaying (homogeneous,
orange-coléured final reaction mixture, with no presence of
tarry compoundsz), the following were'obtaiped:

- RY of 3-pentencic acid: 45%



tol uede, xylenes, chlorobenzenes, dichl oronethane, 20 di chhorRet BARL.. Renl

hexane, cycl ohexane and di phenyl ether. . : In thé 1 %R aced
i ndustrial use of the process;, recyclings of the catal ys|mﬂim”imll l '
pronoter and of the unreacted butadi ene may lead to the :
into the reaction nedium of l'arger or el | er amounts of other 25

conpounds, in particular by-products -formed during the

hydr oxycar bonyl ati on reacR¥ ?f weliesticapeidifferent fromthe 2%
carboxylic acids nentioned above. Thus, there nmay also be . ,butenes and
gama- val erol actone in theY rRb ST HRAEERPES 2229 Wthin the cOoAtext of

the invention, these conpgyngs ¥!l|ajy%lerolaftone: 43

- 8- considered as formng part of the solvent system o The

hydr oxycar bonyl ati on reackyosf "@dacidy chRERhEng 6 cardiielatlog:hexcarried
out at a tenperature of from60[err]Cto 230[err]C, preferably from

90[err] C t 0520¢xaMPL.E. 3 5 The partial pressure of carbon
nonoxi de, mneasured at 25[err]C, is generally from0.5 bar to 300 bar
1t is preferably -  fHerkingads tin F@mpde dnda EORh WA PFEOFELIOER, from
> b-a-r _tO %Q%e%%ghqic acid as solvpésntrlasétbggg°gegrt1ci Otpneéjér tah%r%rscs)%gzsogf
t he invention _ .
200 bar. ‘ '
The HI:Ir molar ratio is 2.5:1; the initial water.
10 concentration is 1.8% wéight/weight._
After maintaining the temperatuié for 4 h, codling
of the reaction mixture and assaying (homogeneous,

orange-coloured final reaction mixture, with no presence of

tarry compounds), the following.were obtained:

15 ' - RY of 3-pentenoic acid: . 40%
- RY of valeri&lacid: 2%
- RY of methylbutanoic acid: 2%
- RY of gamma-valerolactone: 5%

- RY of diacids coﬁtaining_s carbon atoms:22%
20 COMPARATIVE TEST A ~
| This comparative test is performed according to.
Example 10 of US-A—$,759,551;“ |
| The followin§ are loaded intoc a glass bulb placed in
a 125 ml autoclave:
25 - - (NH,),IrCl, | 0.0478 g
- . (0.108 mmol of If)
- HI (aqueous 57% solution) 2.74 g (12.2 mmol)
- butaéiéne - : | 5.78 g (167 mmol)

- water , - 0.65 g (36 mmol)

THIS SHEET HAS BEEN
REPLACED.




10.may be carried out in a continuous or batchw se manner. Accor di ng
to the inplenentation chosen, it will thus be necessary to adapt the
various operating conditions defined above. It is known,
in particular fromEP-A-511,126 and 15 EP-A-536,064, to . _
hydroxycarbonyl ate pentenoic acids into - 11 adipic-acid, in the presence
of an iridiumbased catal yst and an iodi ne-cont ai ni r ' o
br oni ne- cont ai ni ng pronot¥Fetiy acid zdaptation of 2t°hé’mopg%]a'tq ﬁ@ condi tions

to those descrlbed for cond arbony i.on, ol S|ble to
FRO A2 APOeTarPEF1 T8 He Dot dBS BT R &

-use the final reac has beertta un ergo

. optional _ f f adipic acid. .

The Exanpl es whi %EQ%EFF%%’?I%S% :]Jgat Weq%g&?ﬁl\a/g%?on - EXAMPLE 1

The following are | oadeflftét 017 Kl 2k mlesagt agliayes2 Bir of carbon monoxide,
[IrC (cod)][err] . 0.42 mol of Ir - H (aqueous
57% sol uti of)" &h&4f¢nal reaction mixture iputdadk dpeeown w1th a 1arge amouisty g
(47.4 mol) - wat er g (48 9 mmol )

M dlCthfOﬁEth&ﬁetarrY deposifg %E;S? of these tars are 1solate

-9- ligquid part is assayed by gas chromatography.

- The following were obtained:

- RY of C; acids: 0.47%
10 ' including: '
- RY of 3-pentenoic acid: 0.05%

" The amount of pentenoic acid formed is very low; the
other C, acids are essentially valeric acid and

methylbutanoic acid.



The autoclave is closed and connected to a carbon’ ‘nonoxi de supply
ci.rcuit. The pressure I S brought to 60 bar of CO and the autoclave is
heated to™I60[err] At this tenperature, the pressure is

ander these| HEHM mu I oon o, R en ot “Fhe Test " he-aut oct ave

is cooled and ¢ ‘“th% reaction mixture is assayed by gas chronat ography.
The " final reaction mxture is honbgeneous and has a |ight orange 10
colour. It contains no tarry conmpounds. CLATHS The yi el ds (RY)
obt ai ned correspond to the nunber of -of conpound formed per 100
nol of butadi ene enpl oyed. : The foll owi ng were obt ai ned: '
- RY of 3-pentenoic acid: 25% 15 - ‘RY of valeric acid:
6% Ry of reidedsBufapothe abydioxyditbonylation of - RY of
met hyl but enoi c aC|ds 1% - RY of butenes: 9%
EXAMPLE 2 20 butadiene, \By l@mtasm wikkasptieon m@‘?’@site Rad HEF?F)r nde ¢ n
3-pentenoic acid as solvent, at 140[err]C and under ressur e _of

bar . temPer?ﬁ%rFﬂa?9V?nﬂ° r ¥PHETI & EafFﬁ?lt ES5REE; 8F ﬁ%f%?n
concentrati IS ht/me f g oD fter L.nt.a t he

t enper at ur e fonE i éé asure qn:?ﬁe%(eggtegﬁa%1?$ﬁ%§ gggt%gsggéﬂg
(honogeneous, 0.5 bar, in the presence of an iridium-based catalyst and an

iodine- contalnlng or bromine-containing promoter, in a
solvent medium, wherein the iodine or bromine:iridium molar
ratio_is_less than or equal to 20:1 and wherein the

10 concentration by weighﬁ of water in the reaction-migpufe is
less than or equal to 8%.

- 2. Process accérding to Claim 1 wherein the
concentration by weight éf-water in the reaction mixture is
from 0.00001% to 5%. |

15 _' 3. Process according to Clgim 2 wherein the
concgntraﬁion is from 0.01% to 2%.

4, Process according to any one of Claims 1 to 3
wherein the concentration of butadiene in the reaction
mixture is maintained at a valué of less than or equal to 16%

20 by weight relative to the_total weight'of.the reaction
mixture. | |

5. . Process according te any'oné of Claims 1 to 4
wherein the concentratioﬁ of butadiene iﬁ the reaction

mixture is less than or equal to 11% on a weight for weight

25 basis.



brange-col ou_r,e_d_j_LnaJ——rLeac‘t‘r‘o”m xture, with no presence of

canpounds) ,
aci d:

i

- RY of nethyl but anoi c aci d: -

ganmma- val er ol act one:

containing 6 carbon atons: 19%
Exanple 1, a test was perfornmed in
140[err]C and* under a ;5;

wei ght / wei ght .

m‘ mobt ai ned:

wakerfc acid:

ressBFECgFs aceo
nmol ar ratio I Sc3n<,5erﬂtré[€1%n'

4%
5 EXAMPLE 3

131%

?giap rLt e%q.alm

@%ggsw@a&gﬁ ozl%qd‘aqn%n%r 3ki 6R & Swdr % for

tarry

" - RY of 3-pentenoic-

2%

- RY of

- RY of diac

i ds

Working as in

as_sol

where:.n 11%1‘1ent

at
e H:

mal ntai nihg the tenperature for

cool i ng Ofeidiee iaadild .on N xture and assayi ng (honpbgeneous,
orange-col oured final reaction mxture, wth no presence of
conpounds) ,
aci d: 40% -
2% 5 wherein the .iridium catalyst is chosen from:

- Ir metal; Ir0,; Ir,04;

- IrCl,; IrCl,-3H,0;

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

10

15

20

wherein the amount of catalyst,

metal per litre of reaction mixture,

10

25

of catalyst is from 5 x 10™* to 5 x 107

8.

9..

10.

iridium iodides;
iridium carboxylates;
Ir,(C0),Cl,; Ir,(CO) ,'1;;
Ixr,(CO)q; Ix,(CO)yp;
Ir (CO) [P (CeHy) 51,15
Ir(CO) [P (CeH;),1,C1;

Ir[P(C.H;);]1.I;

‘HIr(P (CGHs) 3] 3 (Co) ;

Ir(acac) (CO),; and

[IxCl(cod)],.

tarry

Process according to Claim 7 wherein the

mol/litre.’

iridium catalyst ig Ir acetate or Ir pentenoate.

is from 10" to

mol/litre.

Process according to any one of Claims 1 to 8

expressed as moles of iridium

Process according to Claim 9 wherein the amount

10

the fol | owihg werecebsaanedrdindg to any one of Ryayfs 3L gentéenoi c
RY of val eric acid:



© RY of et hyl but anai ' ' '2% - - RY of
ganmma- v ctone 5% RY of diacids

cont ai ni ng ‘ KM\“Z% 20 COVPARATI VE TEST A Th| S
conparativ orrmed according to Exanpl e 10 of

US- A- 3, 579, The foll ow ngr@re | oaded into a glass bul b -

pl aced in a 125 m autoclave: 25 -

(NH err])[err]lrd[err] 0.0478 g -

(0.108 nmol of 1Ir) - H (aqueous 57% solution) A 2.74 g 12.2
mol ) - Bﬁtad?%?ﬁ?ss a°°°rd1n9 to any ome P GPifFol) to

.- water

acetic acid wherein the lo%tP%ﬂﬁéhﬁ 1ﬁﬁ?§ g% ?romlne conta1n1n¥hgrﬂFoFer

molar ratio is ljsl%h%’sehh@rbﬂ' *@i‘oﬁ’@{ e.‘Lrod:Lde KOAEEGER %fcﬁlﬁ.des a%.dS%).Lk 1l
wei ght / wei ght . 17 "hat 165[err]C under 42 bar of carbon

monoxi de, 5 tih@ifdedabnaeatky Dbréndadse Haviaal Exrbinonntsii 1 dardbamnga tameunt
of tarry deposit. 2.1 g of these tars are isolated. The - liquid part is
assayed by Gas aoh¥ ovicbgraphyapable of generating hydrogen iodide and
. hydrogen bromide-respectively undor the reaction coﬁditions.
12. Process'according;to any one of Claims 1 to 11
wherein the iodine or bfomine:iridium molar ratio is from 1:1
ﬁo_lO:l.
10 | 13. Process according to Claim 12 wherein the ratio
is from 1:1 to 5:1. |
- 14. Prooess accordingiﬁo any one of Claims 1 to 13
wherein -the solvent, which is liquid.under_the reaction
conditions, is chosen fnom carboxylic acids, aliphAtio
15 *hydrocarbons, cycloaiiphatic'hydrocarbons, aromatic
hydroca?bons, chlorinated aliphat;c hydrocarbons, chlorinated
cycloaliphatic hydrocarbons, chlorinated aromatic -
hydrocarbons, aliphatic ethers, aromatic ethers, mixed
ethers, or.mixtures thereof. |
20 _ _ 15. Process-according to any one of-élaims 1 to 14
R wherein the reaction io corried.out at a temperature of from
60°C to 230°C. |
| 16. Procéss'according to Claim 15 wherein the
temperature is from go?c.to 200°C.
25 - 17. Process acco;ding to any one of Claims 1 to 16
wherein the reaction is carried oﬁt under a partial pressure

of carbon monoxido, measured at 25°C, of 0.5 bar to 300 bar.



The W ng were obtain , - RY of (Jerr] acids:
0. 47% - Illll"”"l"" lll - RY of 3-pentenoic acid:
0. 05% t of - pent enoi c acid forned is very low, the
other C[err] aci ds are 'essential | y val eri c acid and . met hyl but anoi ¢
aci d. -12- 15 - - CLAIMB .
1. Process for the hydroxycarbonyl ation of but adi ene, by reaction wth
carbon nonoxi de and water, at a tenperature above 30[err]C, under a
‘partial pressure of carpgn FrodiR0%LUBrafRASE & Al 25 ghelCinOfneaual to
or greater than 0.5 bar, in the presente of an Iridiumbased catal yst
and an IOdbaetﬁﬁﬂtiﬁerﬁkﬁEa RLueNMuAGe £ Ot Fa it D Pre@Feuee, of Ncd@rbon
sol vent nedium wherein the iodine or brom ne:iridiumnolar ratio is
| ess than or efgeabxide20f 12 har Woe2@0nbahe 10 concentration by wei ght of
water in the reaction mxture is - | ess than or equal to 8%

19. Process according to Clalm 18 whereln the

5 reaction is carrled out under a partlal,pressure of 5 bar to
150 bar.
20. A pentenoic acid obtained by a process as

defined in any one of Claims 1 to 19.



2. _Process according to aim1 wherein the concentrati on by wei ght

of-water in the reaction mixture is fromO0.00001%to 5% 15

3. -Process according to Cl-aim2 wherei'n the ‘concentration is from
0.01%to 2% 4. Process accorging to any one of Clains 1 to
3 " “wherein the concentration of butadieh® in the reaction m xture
is maintained at a value of |less than or equal to 16% 20 by weight
relative tothe total weight of the reaction ‘m xture. 5.
.Process according to any one of O ains lakgTdacT wherein the
~concentration of butadiene in the reaction m xture is | ess than or
‘equal to 11%on a weight for weight 25 basis.

- 13 - - , 6. Process accordlng to C|a|n15 wherein the

concentration is | esssi¥he - : A
basi s. 7. Process accordlng to any one- of Clalns 1to6
S5 wherein the |r|d|un1catalyst is chosen from

Process for ‘the hydroxycarbonylatlon of butadlene,'
by reaction with carbon monoxide and water, at a temperature
5  abbvé.30°c, under a partial pressure of carbon monoxide,
measured at 25°C, of equal to or greéter than 0.5 bar, iﬁ thé
. presence of'én iridium-based catalyst and an
iodine-containing or bromine-¢ontaining promoter, in a
solvent medium, wherein the iodine or bromine:iridium molar
10 ratio is less than or equal to 20:1 and wherein the
concentration by weight of water in the reaction'mixﬁure is

legs than or equal to 8%.




metal ;
errl,

; ;Q[

3Herr] O
“iridiymiodides;

Irerr];

IrCI[err];

.Ir[err]qerr];

rBrferr]; IrBr[err]. IREEEGE e

10 i ridi um carboxyl at es;

- Ir[erJr] (CO)[err]O[err]; Ir[ferr](COferr]l[err]; "

Ir[ferr](COferr]; Ir[err](COJferr]; - 1r(CO
[P(Clerr]Herr])[err]][err]l; . _ 1 - 1r(CO 12 JUN 1999
[P(Cerr]H err])[err]][err]d; 15 -
Ir[P(CJerr]Herr])[err]][err]l; ) - Hr :
[P(Cerr]Herr])[err]][err](CO; - Ir(acac)_ (COJerr][;

- [Ird(cod)][err]. 8. Process accordi ng to daim?7
wherein the 20 iridi catal st L r acetate on b PSRLEnoat e,

Q. Process accordif P CRET e 5 Frer et tthe anount
of catalyst, expressed @s, Q_f 1h~fréx§’é£8ﬂ Felate {,_gl lpgr litre of
reaction mxture, is from err err Iitre 25

10. Pr ocess

from5 x 10[err] to 5 x 10[err]

-14 -

10

15

20

25

angatdxﬁgafmoxﬂlaﬂﬂxba Wﬁelﬁxﬂtam:itéiﬁ aBSQUIBéact:Lon wmh eai:nbzyst is

mol/litre.
in order to prepare penteno;c acids.

monoxide and water,

One of the possible routes of access to adipic acid,
which ie one of the two basic constituents of nylon 6-6, lies-
in the double carbonylation of butadiene.

Although it is possible to envisage performing the
two hydroxycarbonylation reactions leading from butadiene to
adipic acid in a single step, in practice it turns out that
. these two reactions must be performed successively., at least
in part, if it is desired to obtain selectivities which are
sufficiently high to allow an industrial process which is
economically wviable.

US-A-3,579,551 describes a process for the
eonversion of a compound containing at least one ethylenic
double bond into a carboxylic acid, b& reaction with carbon
monoxide and water, in the presence of an iridium compound
and an iodine-containing promoter, at a temperature of 50°C
to 330°C and under a partial pressure of carbon monoxide of
i@bput 0.3 to 210 bar.

In the process described, it would appear that any
iridium compound can be used and various types of
iodine-containing compounds are mentioned; the iodine:iridium
molar ratio may vary within a very wide range, from 1:1 to
2,500:1 and preferably frem 3:1 to 300:1.

The reaction medium may contain any solvent



11. " Process according to any one of aims 1 to 10 wheréi REPXCEMENT SHEET
I odi ne-cont ai ni ng or brom ne-containing pronoter I s chosgn from

hydr ogen i odi de, hydrogen broni de and al kyl i odi des and 3l Kyl B;ﬁmgsﬁ
having;from1 to 10 carbon atonms 5 and which are capabl e of gen@ '
hydr ogen i odi de and hydr ogen brom de respectively under Jthe reaction
condi tions. 12. Process -according to any one off Cainms 1 to
11 - wherein the iodine or bromnesjiridiumnolar ratio is %+emt—+

to 10:1. 10 compatible idth Phecessaliade dysgeno Obrefark@drMseleerntshareatio

is from1l:1 to 5: 1. ] . 14. Process according to apy .one of Cains
1to 13 meeeearbamdisopedfe  haring from 2q4Pd29RFPThEPESet FBAR

diti , h f boxyl | i dsty ali tiCigl ; ,
conditions, is_chosen rcg_rg carboxyli ¢ agl ,S‘ﬁa}?%ahgkf@ d&ia, C%mcgylgggcgé_‘b_gps

: ! S
cycl oal i phat i 8°h§F ocartfore, PAPBratTc rocar bons, or i nat e

al i phatic hydgggeseddiec QM hlgheloic aci@),Cloddkiicphaid cadydrocar bons,
chlorinated aromatic hydr ocar bons, aliphatic ethers, aromatic ethers,
m xed S5et heass-droctiadamedpitheebdf. 20 15. Process
according to any one of Clains_1 In the reaction is

carried.out at a tenpeff Lﬁ’?n‘?ﬂ'eﬁf’ gﬁlés""%'d[\ggﬁ:s]%é £BoY 3T e process
égter;fg?fz g%%ﬁég%?%?é(hégég %E%éo%@&é&%i&tJHEbranche&eE$¥%éﬂyﬂ§%i&%i%%@”‘
Thus the hydroxycarbonylation of propylene mainly gives
isobutyric acid (Example 1) whereas the hydroxycarbonylation
10 of l-hexene mainly gives branched C, acids (Example 19). |
| In US-A-3,816,489, by the same inventors as
US—A—3,§59,551 and which follows directly thereffom, it is
proposed to use an iodine:iridium molar ratio of 3:1 to 100:1
so as to attempt to obtain predominantly a linear carboxylic
15 acid. When applied to monocolefins such as l-hexene,
l-pentene, 2-pentene and l-dodecene, this. technique appears
to lead to the desired result. No Example is performed with
a diene.
If, however, the process according to uUs-a-3,579,551
20 is carried out in order to hydroxycarbonylate a diene such as
butadiene, it is observed that the selectivity towards
pentenoic acids, the intended products, is very low or else
zero and that the corresponding saturated acids, that is to
éay valeric acid and methylbutyric acid, are essentially
25 obtained.
EP-A-405,433 relates to the hydroxycarbonylation of
butadiene into pentenoic acids, in the presence of a rhodium
catalyst and a bromide or iodide promoter, in a carboxylic

acid solvent. This process uses a catalyst based on rhodium,



. R '
25 17. Process according to any one of Clains 1 tjo fgLACEMENT SHEET

wherein the reaction is carried out under a partial pressure of =
carbon nonoxi de, measured at 25[err]C, of 0.5 bar to 300 bar]. 12 JUN 1999

-15 - 1 18. Process according to Caim17 wherqgin_the
reaction is carried out under a partial pressure of carbon nonoxi de of :
2 bar to 200 bar. 19. Process;gaccording to O ailm-l18 - wherain |
the 5 reaction is carried out under a partial pressure of 5 bar to
150 bar. 20 RYAOECRhEEPLE asdigd obtai ned by a process as
defined in any one of Clains 1 to 19. _ o

- RY of methylbutanoic acid: : 1%

- RY of gamma-valerolactone: 4%

- RY of diacids containing 6 carbon atoms:19%
5 EXAMPLE 3

Working as in Example 1, a test was peéformed in
3-pentenocic acid as solvent, at 140°C and under a pressure of
200 bar.

The HI:Ir molar ratio is 2.5:1; the initial water

10 concentration is 1.8% weight/weight.

After maintaining the temperature for 4 h, cooling
of the reaction mixture and assaying (homogeneous,
orange-coloured final reaction mixture, with no presence of

tarry compounds), the following were obtained:

15 - RY of 3-pentenoic acid: 40%
- RY of valeric acid: 2%
- RY of methylbutanoic acid: 2%
~ RY of gamma-valerolactone: 5%

- RY of diacids containing 6 carbon atoms:22%
20 COMPARATIVE TEST A
This comparative test is performed according to
Example 10 of ys-a-3,579,551
The following are loaded into a glass bulb placed in
a 125 ml autoclave:
25 - (NH,),IrCl, 0.0478 g
(0.108 mmol of Ir)
- HI (aqueous 57% solution) 2.74 g (12.2 mmol)
- butadiene 5.78 g (107 mmol)

- water 0.65 g (36 mmol)



