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0050/ 47747 The preparation of carboxylic acids or their esters by
carboxyl ation of olefins 5 Description The present invention relates to a
process for preparing carboxylic acids or their esters by reacting an
olefin with carbon nonoxide in the presence of water or alcohols and a 10
hal ogen- f r eerheapabystatipnt 66 carbBxillitca®iddicikehedf &stEregkbly conpound, at

| east one nRRgo@FiAidY ot 1&pmouUNd, and a nonnetallic nitrogen, arsenic
or phosphorus conpound, at from 100 to 270[err] C under from 30 to 100 bar.

15 Weissernel et al, describe, in Industrielle O ganische Cheme, 2nd
edition, 1OPESCHAPFIRP Chenie, page 132 the carboxyl ation of ol efins by the
Reppe process, for exanple the preparation of propionic acid from ethyl ene,
car bon nonoxihéepaesematiewentidherglageente @ fproakakyfds.pridpakdéhg pr opi onat e

is enployed c&&bsayﬁidsaclag 3P0t heiC@BYEES 68 iddlaetihgkal qarehanyieninder the
reaction congl n{’%?z@%eﬂf’:etgf Hly! speaiSomahi g¥gds only under

condltlo S .requlre.

hi gh pressy ggn@ g react| on at
Lechni cal h&@s SPTEHITY FORLYED AKGEY | B BTG PALP A I SCoP ORAPL 0w ng
to the corr(?é’F‘*PPP?dofatt H@aﬁFoﬁ%&tn%euﬁﬁ'é‘? tFe t8aEPTRAF N EPEi dNns -

speci al and roogetglhig avitzbgen GRysehigcar cilospihoris seempdvads aabofadmtliofn of
ol efins wthonzochet wmdércobahticaboaligstisat.n the presence of boric aci d.

Hi gh pressures and terrperatures are al so necessary in this case

Car boxyl ca [ri; 0, Jsts
under )altbgiuét q%ésgérﬁéf tn%l i%:;% §45&§'|‘ss€glte§1§ &l' gﬁz&ﬂh con5| st
of a source 'uﬁ‘n gﬁd 3 ﬁ
catal ysts of°113ﬁF-§st13/¥)é=h&r BeBP? e?Fq}Fi—SPma ?17 v%?ﬁaé'tl’l&f the EF%H?GPFW%&R:@ ion tine
by depositi gropfionit addiidc fpainl etthyilenei, ncashben awnaxidé hamdphasphi e thegands
enpl oyed ar @r@égknce of catalysts. Nickel propionate is employed as catalyst
20 and is converted into nickel carbonyl under the reaction
conditions. High conversion of the ethylene is achieved only
under high pressures (200-240 bar). These reaction conditions
require great technical elaboration in the construction of
suitable reactors and - owing to the corrosivity of the product
25 under the reaction conditions - special and costly materials.

GB-A 1 063 617 discloses the carboxylation of olefins with nickel
and cobalt catalysts in the presence of boric acid. High
pressures and temperatures are also necessary in this case.

30
Carboxylations of olefins can be carried out with noble metal
catalysts under about 100 bar. Thus, EP-A 1 495 547 discloses
catalysts which consist of a source of palladium and bidentate
phosphine ligands. However, catalysts of this type are often

35 inactivated after a short reaction time by deposition of metallic
palladium; in particular, the phosphine ligands employed are not
thermally stable under the required reaction conditions.

DE-A 4 424 710 describes the carboxylation of olefins with a

40 mixture of nickel or a nickel compound and a noble metal or a
noble metal compound as catalyst system. However, the described
process is still unsatisfactory in respect of the selectivity and
activity for the products to be prepared, especially under
pressures below 100 bar.

45
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thermal |y stable under the required reaction conditions. DE-A 4 424 710
descri bes the carboxylation of olefins wwth a 40 m xture of nickel or a
ni ckel conpound and a noble netal or a sobl e net al conmpound as cat al yst
system Howdikeis emeokiesdr pfethemyesenti snwentionyheaprafigdet or progeesedpsct

of the sel edhevcaybaxyd axdbnvof yoXeffinshehpeloiyetigst bthéeahpvepanetioneaspeci al |y
under pressgigadbeheye)@nhalis fproved0dR/ Adsffebtlott séTectiivabjeaiq of the
present i nveRtl oD qlrg{é}v?ggsgudlcgdé)(hESQOf P6o tag .car boxyl ati on of ol efins

e a | one | sadva

whi ch avoids t ovenen ntages and is inproved in respect of

selectivity and activity under pressures up to 100 bar. 5 W have found
that this oBﬁeeéP"Psf%‘H’rﬁi &hal BYrs, abogst AR PShisvedely @ oved #BE preparing

carboxyl i c dopdoved prusiesseforrprepaging| ed¥boxydid saidmremibheit destiarst he
presence of fiwaheolefimd a@dobariodn o1 i théOpeesddcadirdewatenn30 to 100
bar, preferahlcpndds fLOBr3R 100 8b Rrc Widdr ¢2BRMIG &S A0B! BYE NHragetably VSt
system a {j %;neBBftc?)%d“bﬁg‘elwﬁ):{cli’i&hégggego %gﬁn 1o B) ta&&ske étteﬁxng.
metal from the group_of chrbédm uUm  no enum ‘tungsten, Thenrum T uthenium
osm um r hodt r?r‘?%i um palladium platinum silver, gold or a conmpound
of these nmetals and 20 c) at |east one nonnetallic conpound fromthe group
of tertiary ar auskelnar\a mickederompghvasiphor us or arseni ¢ conmpounds and of
ni t rogenous hetereocyclic conmpounds.
15 b) at least one metal from the group of chromium, molybdenum,
tungsten, rhenium, ruthenium, osmium, rhodium, iridium,
palladium, platinum, silver, gold or a compound of these

metals and

20 c¢) at least one nonmetallic compound from the group of tertiary
or quaternary nitrogen, phosphorus or arsenic compounds and
of nitrogenous hetereocyclic compounds.

It was possible by the process according to the invention to

25 improve considerably the activity and the selectivity by
compérison with the catalyst system described in DE-A 4 424 710,
especially at low pressures of up to 100 bar. In addition, the
catalyst system in the process according to the invention is so
active, even with low water concentrations of from 0.5 to 5 mol of

30 water per mole of olefin, that it is possible to prepare
carboxylic acids which even in the discharge from the reaction
have a water content below 1%, which considerably simplifies the
workup of the reaction product.

35 The following reaction equation illustrates the process according
to the invention for the example of the conversion of ethylene
into propionic acid:

catalyst
40 CH;=CH+CO+H0 . _...._.... - CH3CH,COOH

Suitable starting materials for the process according to the
invention are aliphatic and cycloaliphatic alkenes having,
preferably, 2 to 20, particularly preferably 2 to 7, carbon

45 atoms. Examples which may be mentioned are ethylene, propylene,
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I't was possible by the process according to the invention to 25 inprove
considerably the activity and the selectivity by conparison with the
catal yst system described in DE-A 4 428 710, especially at |ow pressures of
up to 100 basebhtenaidil-buhene he -battahy sand yrhiee isomert dve penteres astording to
the inventi agxefiesp sl cyelokysadne) b WiolehRithiylendciantpretteonsdof from 0.5
to 5 nol of 30 water per nole of oI efin that it is possible to prepare

car boxylic | h even | n fromthe react have wat er
content bel %\?’V %ﬁ/ ‘\M]v% OF 2bRst an &ﬁ PHEPWoT car §3t i on

pr oduct . %@h@l%%lﬁlﬁﬁhﬁésr*é%cﬁ‘i%ré ﬁ%\’EIPW%"FI ﬁ§??%ﬁe§hFﬁ3 i')]r
accordi ng t 6omhriseaddphahi¢ ;ang wca;gahmleat@# rhepeundse hevdndof et hyl ene

i nto propi opreferaksly,cat abyst ciibon atoms, @drefchi&Hyeprefeuh]eapOngerr ]
CH err] CH enr 180 a3Wchaltms} asrdcmnas NRéEHdrd1S ECRaddls RLPESSancacCOrding to

2o %e”t'q@"@*???'iejﬁ%% ‘Zﬁ*’rog th%lca§&§°§’ erﬁ%gsl@aggga afee which”
0

may be 1915 3 t ene,

1- but ene, 2°Baiehgxansd ralre ﬁ%ﬂ?%s TRREeHESEhaRd diestsrE BR¥xene,
of which et lrgl ebtainedor éﬁecm@'dzg Te the othddans sipichomstydowratiamt eritho
prepare car hbhrydicl amddshbé olefin bedhgodnmpdloyied pnefis amclatrbpxylse @festers.

These al coh%éueom It%e ng‘lab&f@tdﬁas%agsCY&?A@Q:'h'epB%i CoiHYP P ISy \hinn g,

preferably 1 L9540, ?E ggg%gyl arly preferabl’y having 1 to 6
carbon atons, such a an ano n- pr opanol , isopropanol,

tert-butanol, stearyl alcohol, diols such as
Said starting compounds are reacted with carbon monoxide, which

may be employed in pure form or diluted with inert gases such as
nitrogen or argon. '

20
The molar ratios of the olefin and water or alcohol starting
compounds may vary within wide limits but, as a rule, at least an
equimolar amount of water or alcohol is employed. It is possible
in the preparation of carboxylic acids to employ from 0.5 to

25 10 mol of water per mole of olefin, preferably 0.5 to 5 mol.

The molar ratio of olefin to carbon monoxide may also be varied
greatly, a preferred molar ratio being from 5:1 to 1:5 mol of
olefin per mole of carbon monoxide.

30
The halogen-free catalyst system employed in the process
according to the invention is a mixture of

a) nickel or a nickel compound,
35
b) at least one metal from the group of chromium, molybdenum,
tungsten, rhenium, ruthenium, osmium, rhodium, iridium,
palladium, platinum, silver, gold or a compound of these
metals and
40
c) at least one nonmetallic compound from the group of tertiary
or quaternary nitrogen, phosphorus or arsenic compounds and
of nitrogenous hetereocyclic compounds.

45 For it to be possible for the active nickel compounds to form, it
is expedient to add to the reaction mixture compounds which are
soluble therein, such as acetates, propionates, acetylacetonates,
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10 éthylene gl ycol, 1, 2-propanedi ol and 1, 6- hexanedi ol , and cycl ohexanol .
If diols are reacted, nonoesters and diesters may be obtai ned, dependi ng on
t he chosen stoichionmetric ratios, with4he diol and the ol efin being

enpl oyed i nhydeoxiaies andt carlminaxiesudr Imxturepr epatlest esmposndsand t he di ol
bei ng enpl ojedever,l3teX6€85sd DaeeBRE CLd NMLABROES L6 (T0) PAanl HHetalilig

conpounds apg-kSAGHRY Whi e &AARR E@ﬁ@&‘r} €, WMRk Cla MR uR G r SPPLRE e YT €
formor dil utgd %II(;[ tgnert )&ses such as. nlttrhro en ore arg n. Oh'léhe nol ar
ratios of tRB-BTEIGSh SRR UETEr CSPPRehot® P& FPHY FoRBoiRdRT el vary
within wi GeCpFhe¥Elisuacids tpymede ingthe eactiftequi nol ar anount of water or
al cohol is enployed. It is possible in the preparation of carboxylic acids
to enpl oy frben fedord cdbalPst@ompbnent aisdieisnat eledstoloati 6f tHeehmetabsy 0.5
to 5 nmol. The A0ddHpdudli 8f OfhddeLbal® HUMRRNBPoIE &F BRYomi &R, be varied
oreatly. a RoghEsdiith TLALsidl! SaIRLRG. TEORE dn! CocistallObndds of I 1 per
mol e of égr on’, NoNOoXI ﬁ.d Fﬁ\? a ogeh-, ree ca al%ls% sistem eg:{\l ed in
the procé%s htdbPYy R8Ty NSRS FEIVETHRARE (9L OF) WAL Tk hogiun
ni ckel conp8Rfdealbmdipmapre prafegrednetnd muthapive apdbRpabineh AR um
mol ybdenum pauhiptlarlyr heeferned.uThesé ungtadsnicam be hodirodpcedi diaxm
pal | adi um pkahpXeirds selilyeras galddcated dsyeoudod pickdlgsante! e raadt46ncC)
at | east ongoN@MiBi,alikl. Cad OARAMIds] I BROS a8y Pad 18k 8hY L&Y, quat ernary
nitr 096”115%23%&%&% QL g&%&'&e Q”R?é’é‘dﬁiacﬁﬂlgfapé tJaQ%‘S”SEScé‘n?to%r qgeyclic
COﬁpOUﬂdS. d or | t0 Bbe possi bl e Tor % actlve ni C %P CcO ungs fo
form it in particular chromium hexacarbonyl, molybdenum hexacarbonyl,

tungsten hexacarbonyl, dirhenium decacarbonyl, triruthenium

dodecacarbonyl, triosmium dodecacarbonyl and carbonyl compounds

which have other ligands, such as rhodium dicarbonyl

20 acetylacetonate or metal compounds stabilized by donor ligands

such as phosphines, arsines and nitrogen bases, and olefins.

Platinum can also be employed as dibenzalacetoneplatinum.

Ruthenium is preferably employed as acetylacetonate. The metals

are present either in solution or suspension in the reaction

25 mixture, depending on the relative solubilities. The metals or

compounds of these metals in catalyst component b) can also be

used on inert organic or inorganic carriers such as active

carbon, graphite, alumina, zircon [sic] oxide and silica.

30 The third catalyst component used is at least one nonmetallic
compound from the group of tertiary or quaternary nitrogen,
phosphorus or arsenic compounds and of nitrogenous heterocyclic
compounds.

35 By quaternary nitrogen, phosphorus or arsenic compounds are meant
the quaternary ammonium, arsonium and phosphonium salts.

The third catalyst component c) preferably contains as quaternary

nitrogen, arsenic or phosphorus compound a compound of the
40 formula (I)

45
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is expedient to add to the reaction mixture conpounds which are sol uble
therein, such as acetates, propionates,_ acetyl acetonates, 0050/ 47747 4
hydr oxi des and carbonates or mixtures of these compounds. However, it is
al so possible to introduce N CO[err] a @etallic nickel into the
reaction mxture. It is partjcularl Elpreferred to introduce the nickel

conponent in the formof salfts of the 5 carboxylic acids fornmed in the
reaction. The second catal yst conmpohent usjed is at | east one of the netals
or a conpound of these netalsgiram ghe ggoup of chrom ung, nol ybdenum
tungst en, ? heni um rutheniu osm u rhodi um 10 iridi um pal | adi um

pl ati num silver and gold, whi ch! rhodi um afd pal | adi um are preferred,
and ruthenium and platinumare partREularlly preferred. These netals can be
i ntroduced, for exanple as salts as indi cated above for nickel, into the
reaction solution, ie. as acetates, propionates, acetyl acet onat es 15

hydr oxi def Qr, Gar Qonate Al‘go S}lill t%lt&lre aLe car bonyl r%oouPl D free
particul ar c"ﬁrom um hexacarnony? BeRunt nexa ony ? en

hexacar bony|2nigm RBER (38 (fe(?érf?’é;*b% n °Fr Briy n‘}fé?ﬁ EIB’EIe IPB‘G §/‘Fu arly

tri osm um dRfefesabbyran amiencef mhwlcaébﬁﬁﬁh*m?qmu éarmed/ dnother | i gands,
such as rhodtestitdonaraahi!, 282 st ghd R4 amet el iphatdcakadixgieusdehsaabil i zed

by donor Ii gaark@a §H&HpAS WHIEPH rémaha@sweé BR% Nigt £2866h RASAS, afdthre
(I;{Jtemazlsum | s g‘e‘%a%}iﬂé%rbsﬁg&&yeg’g?é aceto Qg% %%té-é?é‘gléc %r esent
either in sd ulpgn s?fs%%ﬁg)égh %ﬁ‘ e rBﬁ%IfX nn2'§ Fﬁ’ t &gﬂiéndl ng on

the relative solubilities. The nmetals or conpounds of these netals in
cat al yst corfonBhi BF) andrR4imay béso be a cycloaliphatic radical such as

cyclopentyl or cyclohexyl, an aromatic radical such as phenyl or
20 an aromatic radical substituted by alkyl groups, such as tolyl or
an araliphatic radical such as benzyl.

0

The third catalyst component c) preferably contains as tertiary
nitrogen, phosphorus or arsenic compound a compound of the
25 formula (II)

Rl
|

30 E— R? L

R3

where E, R!, R2 and R3 have the meanings mentioned above for
35 formula I.

Suitable as nitrogenous heterocyclic compound as third catalyst
component c¢) are pyridine, mono- to tri-C;-Cs-alkyl-substituted
pyridine, quinoline, isoquinoline, pyrimidine, pyridazine,

40 pyrazine, pyrazole, imidazole, thiazole and oxazole, preferably
unsubstituted or mono-C;-Cg-alkyl-substituted pyridine, guinoline,
isoquinoline, pyrimidine, pyridazine, pyrazine, pyrazole,
imidazole, thiazole and oxazole, and their N-C;~Cs-alkylated or
N,N-C;-Cy-dialkylated salts with halogen-free anions X-, where X-

45 has the abovementioned meanings, preferably pyridine,
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used on inert organic or inorganic carriers such as active carbon,
graphite, alumna, zircon [sic] oxide and silica. 30 The third catal yst
conponent used is at |east one nonnetal®ic conpound fromthe group of
tertiary or Nguetkykwridinivmgealtsphénpdarale @pdar seni ¢ conmpounds and of
ni t r ogenous Nhg+éimehhylliinideaghiurisasn s85t8y quat ernary nitrogen, phosphorus
or arseni c conpounds are neant the quaternary anmoni um arsoni um and

s g nan i d o sty s isnab skl

for mul 055 thd Giradyss avsten 1o 5§51 5%

pg(r)sr,rghgrfjs 5F°§r§e%|gmiﬂfep??$}1;i;ﬁ§¥%@éh 100s %ﬂlzl“!o?@cﬁ glgh%l iﬁtﬁlgte i on
hyd caatenh o epaatad ypaetfisteaegads agmpofiente 1ap. |

ggi 3 fgr ;rg)o(lbi)nlﬁ hehe e:mt:'iman :&ndzfﬂﬂaz ER fAdh amg t R:byah'epbntj C ?adi )c(gl !sc

such as al k)éhleﬁpawd a8hineBa DI ety abh¥r NS ol olfOt i idKedN i At SblpoHedtare 15

3? (r)ﬁ:oghtsu% & r% %&Qﬁd Bf?éé&l‘i‘ilca{:éé’aﬂsetf Eﬁg&y el Pc”lls %%lﬁ%yl

R4 may al sof58 gyt ooe}l PB a‘?ﬁ%‘#&g% }: £Lﬁf’n a of cycl ohexyl

an aromati c 2PAHE Jﬁjé’ﬁtﬁéyﬂ"lmoﬁ?n?fp hﬁ%ﬁbﬁ'&??@q’m éalug%tﬁst ut ed by

al kyl groupgromuthtasidobyl weighkin aral i phatic radi cal such as benzyl. The
third catal yst conponent c) preferably contains as tertiary

15 The reaction can be carried out without or with a solvent.
Suitable for this purpose are solvents such as acetone, ether,
dioxane, dimethoxyethane, tetraethylene glycol dimethyl ether,
aprotic polar solvents such as N-methylpyrolidone [sic] and
aromatic hydrocarbons such as toluene. It is preferred to carry

20 out the reaction to prepare carboxylic acids in the 20-95% by
weight, preferably 50-80% by weight, aqueous carboxylic acid.

Preparation of the carboxylic esters by the process according to
the invention is preferably carried out in the relevant alcohol,
25 which may contain from 1 to 5% by weight of water, as solvent.

The use of aqueous propionic acid as solvent is preferred for
preparing propionic acid.

30 The reaction is usually carried out at from 100 to 270°C,
preferably from 170 to 250°C, under from 30 to 100 bar, preferably
30 to 80 bar, particularly preferably 40 to 60 bar.

The olefin and water starting compounds, and the catalyst system,
35 can be mixed, with or without a solvent, in a reactor before the
reaction. They can then be heated to the reaction temperature,
adjusting the reaction pressure by injecting carbon monoxide or,
when short-chain olefins are used, by injecting a mixture of this
olefin and carbon monoxide.
40
The reaction is usually complete after 0.5 to 3 h. It can be
carried out continuously or batchwise in reactors such as tanks,
bubble columns, tubular reactors or circulating reactors.

45 The products of the process are isolated in a preferred
embodiment by decompressing the discharge from the reaction. Then
nickel carbonyl is driven out of the liquid by passing gases such
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ni trogen, phosphorus or arsenic conpound a conpound of the 25 formula (I1)
[err] where E, R err], Rerr] and R err] have

t he meani ngs nentioned above for 35 fofnula I. Suitabl e as ni t rogenous
het er ocycl i escaimpaumaiasogén rchroaghl st Niokedneatbanylacenphe i shpeeatedno- to
tri-derr]- ekehrdhedlibgkt sydstdid i woeked nigliveea fidxsi id@ﬁ\poﬁﬁ@qmlruml cas,
pyrim di ne, tH¥ﬁ'1§@7:‘e‘E‘ﬁrn49 & ' BSacP:‘z’&@Z%@ 1151 dPzflge &Pi@wp! e and
oxazol e PrgLgLARlaL WISHDBIL LLed:8h s greglde%gt o pabde Suskiug od
pyri di ne, it

byrazol o, 5 APUIBYR OF EhPRoReS maaxa*zowé wrkef g by distillacion Eo
N-Clerr]-C ésplatg I@}lleapéddiéﬁtrNMhe@[BeWE}rQB[relﬂFF af gk yprgrégiem| ts with
hal ogen- f r ediati et i¥per The adtalgskfesntaidingabottmm girodecenfrandte

meani ngs, paeéeiﬂmtmoayag di¥arned eem&m&«tﬁoﬁk et Ryl PYkévidH Wossabls,
i m dazol e apg Pbé\#cfi'enﬁwyéééﬂl%zc%bﬂéeﬂ 2&31 e%féa{ﬁ& of the

second cabarbEFtishistenend Vatsehys etaty 5 e bt FERevSl i 18811 10

50, 000: 1. TH@l%?ﬁ%ﬂ°rC6ﬁt%H@eﬁﬁrﬁﬁﬂe EaR A %%E&PF? i @étﬁﬁt%PEFQHrla e
conponents uprkeel b) in the reaction solutionis from0.1 to 5% by wei ght,
calcul ated as netal. The nolar ratio of the nickel in conponent 10 a) to

the third “QHSE;%PAJe's% Qé&ﬁi—&’ﬁ{g CtQ”PHQe{Hve(h)tlbﬁ fﬂ%é"t'h% brodi&s! +h0b é 20

f bI ?
Phe T oactPoReEBIRT R P iAo SR IE00Y B et ahi & HPrig ?tsa*%f DYl oe |
carried outEﬁg$£ng or wwth a sol vent.

Example 1: Batchwise experiments on the preparation of propionic
20 acid

A solution of 2.13 g of basic nickel carbonate and 12 mg of
ruthenium acetylacetonate in a mixture of 90 g of propionic acid
and 10 g of water was introduced into a 300 ml autoclave with

25 magnetic stirring bar. Then 20 g of a 40% strength aqueous
tetrabutylammonium hydroxide solution ([NBu4s]OH) were added. An
initial pressure of 30 bar was then set up with a gas mixture
consisting of 50% by volume CO and 50% by volume ethylene, and
the reaction solution was heated to 200°C. After the reaction

30 temperature was reached, the final pressure was set at 60 bar, and
maintained at this by injecting the CO/ethene gas mixture every
guarter hour. After one hour, the mixture was cooled to room
temperature and decompressed, and the discharge from the reaction
was investigated by titrimetry and gas analysis. The result is

35 shown Table 1.

Example 2
The experiment was carried out as described in Example 1, but
40 10 g of triethylamine (NEt3) was employed in place of

tetrabutylammonium hydroxide. The result is to be found in
Table 1.

45
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Suitable for this purpose are solvents such as acetone, ether, dioxane,
di met hoxyet hane, tetraethylene glycol dinethyl ether, aprotic polar
sol vents such as N-nethyl pyrolidone [s8c] and aronatic hydrocarbons such as
tol uene. | tExasnpdeeferred to carry 20 out the reaction to prepare carboxylic
acids in the 20-95% by wei ght, preferably 50-80% by wei ght, aqueous

carboxylic mgd an BE%H&E@R}&” cQEri&P FAT REXYbs&rBRleEA BYandl@ RF BGESS
according_tg é %B' B8N 9 21i3:B0E] UM TS LB ¢ s LU gY AN
al cohol , IC Y0 by Wei of water, as sol vent .

The use o S propronrc acrd as solvent is preferred for preparing
propionic acid. 30 The reaction is usually carried out at from 100 to
270[ err] C, ExadpdeaBly from 170 to 250[err]C, under from30 to 100 bar,
preferably 30 to 80 bar, particularly preferably 40 to 60 bar. The olefin

&”?h""gﬁer Sfr?ef té::%g iﬁé‘ﬂ?@%@%a@?ﬁecﬁ *bt%(;ccﬁ & ¥§érl%é%1t ?Hla%:t?ién @1b§§mcgﬁdt hen
be heat e# D%r?é‘ 8aEYY ﬁughﬁg‘rafﬁft T’a‘&, u%?lﬁrf:g ltshggo‘erécﬂ gﬁggfe Sure by

i njecting carbon nonoxi de or, when short-chain ol efins are used, by
injecting aEx¥Ampler € of this olefin and carbon monoxide. 40 The reaction is
usually conplete after 0.5 to 3 h. It can be carried out continuously or

bat chwi se i1hd @Xpkelfiest Glasd a2 outuBB| BeSO 1BEAS int BRAhFe NEBGEOr S OF
circul at 55"‘:%0 Itt%snbérﬁe T*&%tai GUC D ekg so%%%r% afg pafiledhed in a

preferre ment econpr ssing t |sc arge romthe reactron Then
ni ckel carbonyl is driven out of the liquid by passing gases such
0050/ 47747 7
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as air or nitrogen through it. N ckel carbonyl can be separated fromthe
inert gas and worked up to a nickel conmpound which can then be returned to
the reaction. The |iquid phase of the digcharge fromthe reaction, which,
besi des the product, suspended catal yst, is worked up
by distillation to ijsol gte t ere appropriate after precision
distillation. The c ﬁaL &t - gont 3j4nfil ng [bot tfom product fromthe distillation

is returned to the fedfqison. @ de possible to recycle any
O distillation, and volatile

catal yst constitueni& ré¢nmoved b
catal yst constituents reénovégd ag oil grs or as sidestrean1fron1a
distillation, after jappfoprifate rkug. THe process according to the
i nvention all ows thP,produc st He 19 prgpared with high selectivity and
with a high space-tipEeyTel d, B il eqoExgnpl e 1: Batchw se experinents on
t he preparation of )mdvlﬁnl 2014gi d A solfution of 2.13 g of basic nickel
carbonate and 12 ngjof futheénium gcet\l acqtonate in a m xture of 90 g of
propionic acid and ¥ g uf)fﬂfh s—Hrat+qduced into a 300 m autocl ave
wi th 25 magnetic st mr|1g bar. Thgn 20 g 4qf a 40% strength aqueous
t et rabut yl ammoni um é D1 desol ytlion [( Ngu[err]] OH) were added. An initial
pressure of 30 bar £L1{Hen|=et |mgwni t|m a{gas m xture consisting of 50% by
vol une CO and 50% by2volune|et hyl dne, |and |t he reaction sol ution was heated
to 200[err]C. After|[®fhelreagtioh 30 tdnperjature was reached, the final
pressure was set at|60 bar, |and|ngintdined at this by injecting the
CO et hene gas nixtU'géf erylguaftqr hqur. |After one hour, the m xture was
cooled to roomtenpg il e %Qd H8dOnpr|&s¢d, and the discharge fromthe
reaction was invest|8alFd by"ti{7i|fet ¥ and gas analysis. The result is 35
shown Table 1. Exanple
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The experinment was carried out as described in Exanple 1, but 40 10 g of
triethylamne (NEt3) was enployed in place of tetrabutylannnnlun1hydrOX|de
The result is to be found in Table 1. 48 0050/ 47747 Exanple A The
experinment was carried out as described in Exanple 1 but w thout adding a
ni trogen compowas.pddiinvlestht Exdémpikewn aid 2 Bbeding b rghkee ifvdiigion to
experi ment %saﬁarﬁ&qn@e&yaﬁlafécr EQ@Q tﬂnﬂa@@hs dndWe 1Bt Wi HUY Ath

rut heni um C%t a¥§i¥st eg%l}l% of n-lS %E}:xe%}lm E%qirg%fgbut}rgmm{onéum

experlnent was

ni ckel cat5alh;Y§F°x’f‘I’% qreé‘ﬁllﬁt#‘% fg??d\ﬁn“f‘ﬁefra% ar than s SEMBETARLVE;
0050/ 47747 @xpgr;@eqtyﬁﬂylth the two metallic catalyst components alone.

Comparative Examples B and C illustrate that addition of
tetrabutylammonium hydroxide to one of the two catalyst metals
does not result in an active catalyst system. Experiments 1, 2, A

10 and C show that the added nitrogen components in particular speed
up the carboxylation reaction, but far less the formation of the
byproducts ethane, propionaldehyde and diethyl ketone.

Example 3

15
A solution of 2.13 g of basic nickel carbonate and 12 mg of
ruthenium acetylacetonate in a mixture of 60 g of propionic acid
and 40 g of a 40% strength aqueous tetrabylammonium [sic]
hydroxide solution was introduced into a 300 ml autoclave

20 equipped with a gas-introduction stirrer (1000 rpm). An initial
pressure of 30 bar was then set up with a gas mixture consisting
of 50% by volume CO and 50% by volume ethylene, and the reaction
solution was heated to 200°C. After the reaction temperature was
reached, the final pressure of 75 bar was set up and kept

25 constant by a continuous injection of the CO/ethene gas mixture.
After two hours, the mixture was cocled to room temperature and
decompressed, and the discharge from the reaction was
investigated by titrimetry and gas analysis. The result is shown
in Table 2.

30
Example D

A solution of 2.13 g of basic nickel carbonate and 12 mg of
ruthenium acetylacetonate in a gas mixture consisting of 50% by

35 volume CO and 50% by volume ethylene in the autoclave described
in Example 3 was adjusted to an initial pressure of 30 bar, and
the reaction solution was heated to 200°C. After the reaction
temperature was reached, the final pressure was adjusted to 75 bar
and kept constant by continuous injection of the CO/ethene gas

40 mixture. After two hours, the mixture was cooled to room
temperature and decompressed, and the discharge from the reaction
was investigated by titrimetry and gas analysis. The result is
shown in Table 2.

45
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[err] [err] [err] [err] 0050/ 47747 10 It was possible in Exanples 1 and
2 according to the invention to obtai nlgisti nctly higher space-tine yields
and selectivities with a catal yst consi*sting of nickel, ruthenium and

t et rabut yl a4 8 hydroxi de or triethyl amine under 60 bar than in
Conparative Experinent Awith the two netallic catal yst conponents al one.
Conpar ati ve Theamzbesitetdras chkdsdd ud tabaae&ciweuomnoéx&@lrea@uw{ amoni um

hydroxi de t qufiee 85 bie, tie %é&&ii/sis @%B%S % 105 result in an active
catal yst system Experl ments 1, 2, 10 and w fhat the added nitrogen

conponent s IOE%‘%‘P gul ar speed up the carboxyl ation reaction, but far Iess
the formati byproducts et hane, propional dehyde and d| et hyl ket one.
Exanple 3 15 A solution of 2.13 g of basic nickel carbonate and 12 ng of
rut heni um acBtey lexpet imanite vias aant dédiroatohs 6fegrribefr 0pi BxtnplacBdo@ndrid® o
of a 40% st rengt bfapw@zmleeaw@ylmmaf W 403 Ql:r&Y@El‘P’Qq@@oﬁQl ution was

L?H?SEC?% bﬂ(%att‘ri'aﬁ i;%éﬂlu%“ /E Hga ycibada! BRAT M 0nd £ R o G
T g‘ﬁer?i?]a%d'%ﬁ%‘ﬁ% %ITﬁﬁéee? hyl ene, and

gas m xture COI’ISI stl ng o
the reaction solution was heated to 200[err]C. After the reaction
t enper at ur e B#PleaBhed, the final pressure of 75 bar was set up and kept
25 constant by a continuous injection of the CO ethene gas m xture.

15 The experiment was carried out as described in Example D but

under 55 bar. The result is shown in Table 2.
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' A_ft'er two hours, the m xture was cooled to roomtenperature and
deconpressed, and the discharge fromthe reaction was investigated by
titrinetry and gas analysis. The resultiss shown in Table 2. 30 Exanple D A

solution of 2.13 g efbasicnickelcarbaonate and 12 ng of ruthenium
acetyl acetonate injla gas|m x{urle cgnsi gtijng of 50% by 35 vol une CO and 50%
by vol ume et hyl ene |éh~t h¢oaufadlwave degerfi bed in Exanple 3 was adjusted to
an initial pressurqf 3Qsbal. |ahd |t'he |sqaction sol ution was heated to
200[err]C. After tH [ enpdrat yrg was reached, the final pressure
was adjusted to 75 coHst-agt—by continuous injection of the
CO et hene gas 40 m twd hodrg, the m xture was cooled to room
tenperature and deqqdrer egeed{odrd tike dingcharge fromthe reaction was
i nvestigated by tit/gy8ety and |ghs |ahal yss#is. The result is shown in Table
2. 45 0050/ 477474 11 EXanple |4 THe expdri nent was carried out as
descri bed i n Exanplje—3—byt—tHpeegF—4—bat—The result is shown in Table 2.
Exanmpl e 5 The experfiyrent |was|cgrrigd ogt jas described in Exanple 3 but with
60 g of propionic g %:;:tﬁ_- g|eflea 4600 geriengt h aqueous 10 tetrabyl ammoni um
[sic] hydroxide solju kor|andjd3wg Qin wgtedr as sol vent and under 55 bar. The
result is shown in|tablel2. Exgnplgq E
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- I5 The experinment was carried out as described in Exanple D but under 55
bar. The result is shown in Table 2. 20 25 30 35 40 45 0050/ 47747 [err]
[err] [err] [err] [err] [err] [err] 13050/47747 13 Exanple 6 A solution
of 2.13 g of basic nickel carbonate and 12 ng of 5 ruthenium

acetyl acet opaspid & m xture of 80 g of propionic acid and 20 g of a 40%
strengt h aqueous tetrabutyl anmoni um hydroxi de solution ([Herr]Q =12 g) was

i ntroduced | 300 | i  h L Stirri An initial
oressur e of PSBCBEFALER Aek SR BRI AERENC CHTRTIAE BBRsFLrihtor 505 by

vol ume COSaRBtBeRAYR afstybrgsieretyinme ® renef (8h & PEnPERIATIEN aGAS
heated to 280fe2¢|oCof a 40% strength aqueous tetrabutylammonium hydroxide

solution ([H20]=12 g) was introduced into a 300 ml autoclave with
magnetic stirring bar. An initial pressure of 30 bar was then set
up with a gas mixture consisting of 50% by volume CO and 50% by

10 volume ethylene, and the reaction solution was heated to 200°C.
After the reaction temperature was reached, the final pressure
was set at 60 bar, and maintained at this by injecting the
CO/ethene gas mixture every half hour. After two hours, the
mixture was cooled to room temperature and decompressed. 126 g of

15 liquid discharge were obtained from the reaction. Analysis by gas
chromatography and titrimetry revealed the composition shown in
Table 3.

Example 7

20
A solution of 2.13 g of basic nickel carbonate and 12 mg of
ruthenium acetylacetonate in a mixture of 90 g of propionic acid
and 10 g of water and 10 g of triethylamine was introduced into a
300 ml autoclave with magnetic stirring bar. An initial pressure

25 of 30 bar was then set up with a gas mixture consisting of 50% by
volume CO and 50% by volume ethylene, and the reaction solution
was heated to 200°C. After the reaction temperature was reached,
the final pressure was set at 60 bar, and maintained at this by
injecting the CO/ethene gas mixture every half hour. After two

30 hours, the mixture was cooled to room temperature and
decompressed. 134 g of liquid discharge were obtained from the
reaction.'Analysis by gas chromatography and titrimetry revealed
the composition shown in Table 3.
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After the reaction tenperature was reached,
and nmai ntained at this by injecting the CO ethene gas m xture every

After two hours,

6Q bar,
hal f hour

the final pressure was set at

the m xturejyas cooled to roomtenperature and

deconpressed. 126
Anal ysis by gas c
shown in Table 3.
carbonate and 12

propi onic acid an
into a 300 mM aut
of 30 bar was the
and 50% by vol une
200[err]C. After

was set at 60 bar
m xture every ha

tenperature and d
the reaction. Ana
conposition shown

g——-=5. ""“- di scharge were obtained fromthe reaction.
nr omat pgr hy and titrimetry reveal ed the conposition
&xanpl.e 7[-20 |A solution of 2.13 g of basic nicke
g *f pgith 'iqn1acetylacetonate in a mxture of 90 g of
10 ¢ of tgr and 10 g of triethylam ne was introduced
bcl avel wi thh nggnetic stirring bar. An initial pressure 25
n set up Wwthla gas mxture consisting of 50% by vol ume CO
et hyllene,| and the reaction solution was heated to
éé:reé&tldﬁ tlenperature was reached, the final pressure
8 and ﬁhlﬁﬁhlned at this by injecting the CJO et hene gas
f hour|. Affter {two 30 hours, the mixture was cooled to room
buup.coobd. 434 g of liquid discharge were obtained from
ysi s by das ghromatography and titrinetry reveal ed the
i A~ Tghl e 35 40 45 0050/ 477 47 14 [err] [err]
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[lerr] [err] 0050/ 47747 15 Exanples 6 and 7 illustrate that the catal yst
system consisting of a nickel conmpound, a ruthenium conpound and a
ni t rogenous conpound such as triethyldﬁrmaor t et rabut yl amoni um hydr oxi de
5 has a high activity even with a very |ow water concentration. 10 15 20 25
30 35 40 ASExamfl@s064ddd 77 M lulsgrate thatAtpe oc®ssl str spsegareaangicaihgxyl i c

acids or thgfra asicked &6MEBund, a ShelddihimABEm xtmranmoaoma%gehohbe
presence of %ﬂndoguéh ? ‘%ﬁe%yi ﬂel%% EQ. ralnﬁon{?rhgfé{r% id to 100

bar, whi c r.se an_actl vat bed,
2o hal ogon- KA A3l GEE-CYSE SHPD Y o SSGF 46 watez, copfalEatipRa 1 cyel
conpound, b) at least one netal fromthe group of chrom um nolybdenum
tungsten, rhenium ruthenium osn um

10
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rhodium iridium palladium platinum silver, gold or a 15

conpound of these netals and c) at |east one ound fromthe
group of tertiary or quaternary nitrogen, Emmla“ “Hﬂaml c conpounds
and of nitrogenous heterocyclic conpounds. 2 prrocess*for preparing

carboxylic #eidsaimi: their esters as clainmed in claim1, wherein the
conponents of the catal yst systemare present in an a):b):c) nolar ratio of

from1l:1:0.5 to.1 000: 1. 200.000.. 25 ocessfor earln car lic
actds or tharr BsPEReean Yok BrdRein ce bl B3R Lg0 e MR sPlo S i

cat al yst stem §hpPs Ad & aaawvm Eot "Eﬂf‘dPGFSFH‘éef‘%frr‘ﬁ?ltﬁr ?15 30 R1
[err] 35 where Elfshels afgdromphd sieord8°6 rungdesefrem mtORéool%a%nd’hR@h40
are an al i phati compyisermlemplaying ar dlalphab+fre® catahpst sysaemcal miiohrd- | s
a hal ogen-free @& on. 4. A process for preparing carboxylic acids or their
esters as clainmed in any of clains 1 to 3, wherein the catal yst system 45
conpri se}}p tertlar}/l.cggﬁound of. }c f forrrul (') AMENDED SHEET
0050/ 47747 [ err P[ ePrFR%h e SEPEERR tcf°6'§’é’ﬁn phosphorus or arsenic, and
Rlerr], Rerr] and R err]
b) at least one metal from the group of chromium,
molybdenum, tungsten, rhenium, ruthenium, osmium,
rhodium, iridium, palladium, platinum, silver, gold or a

15 compound of these metals and

c) at least one nonmetallic compound from the group of
tertiary or quaternary nitrogen, phosphorus or arsenic
compounds and of nitrogenous hetereocyclic compounds.

20
2. A process for preparing carboxylic acids or their esters as
claimed in claim 1, wherein the components of the catalyst
system are present in an a):b):c) molar ratio of from 1:1:0.5
to 100,000:1:200,000.
25
3. A process for preparing carboxylic acids or their esters as
claimed either of claims 1 and 2, wherein the catalyst system
comprises a quaternary compound of the formula (I)

30 — —_ ®
Rl
l
R4 — E— R2 I,
35 | x-
R3

where E is nitrogen, phosphorus or arsenic, R!, R?, R3 and R%
40 are an aliphatic, cycloaliphatic, araliphatic or aromatic
radical and X~ is a halogen~free anion.

4. A process for preparing carboxylic acids or their esters as
claimed in any of claims 1 to 3, wherein the catalyst system
45 comprises a tertiary compound of the formula (II)
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10 are an aliphatic, cycloaliphatic, araliphatic o adlca
5. A process for preparing carboxylic acids or their 0& |n
either of claims 1 and 2, wherein the €ontent of 15

conpound c) in the reaction soluti is fromlto 50@6by melght
process for preparing carboxylic agids or their esters as clalned I n any of
clains 1 to 5 wherein the reaction 20 solution conprises 0.5 - 10 nol

of water per nole of olefin. 7. A procefs for preparing carpoxylic acids or
their estgrs as clainmed in any of qlains 1 to 6, wherein the reaction is
carried olit at from 170 to 250[err]C under from40 to 60 bar. 25 8. A
process for preparing carboxylic a®ds or their esters as claimed in any of
claims 1 to 7, wherein carbon nonoxide and the olefin are enployed in the
nolar ratio fron15:1 to 1:5. 30 9. A process for preparing carboxylic

acids or their ggdd % a% ﬁk.'ﬁ’i‘ ’XE h&HuL o3 H’fsénj’:'d) Gnd"Rel §i2naph hyd ene
'S e”p|0¥8d as S%é#&ﬂla ghach, phatﬂ%, araliphatic or aromatic
radical.

5. A process for preparing carboxylic acids or their esters as
claimed in either of claims 1 and 2, wherein the content of
15 nonmetallic compound c) in the reaction solution is from 1 to
50% by weight.

6. A process for preparing carboxylic acids or their esters as
claimed in any of claims 1 to 5, wherein the reaction
20 solution comprises 0.5 - 10 mol of water per mole of olefin.

7. A process for preparing carboxylic acids or their esters as
claimed in any of claims 1 to 6, wherein the reaction is
carried out at from 170 to 250°C under from 40 to 60 bar.

25

€. A process for preparing carboxylic acids or their esters as

-claimed in any of claims 1 to 7, wherein carbon monoxide and
" the olefin are employed in the molar ratio from 5:1 to 1:5.

30 9. A process for preparing carboxylic acids or their esters as
claimed in any of claims 1 to 7, wherein ethylene is employed
as olefin.

10. A halogen-free catalyst system as defined in at least one of
35 claims 1 to 4, suitable for carrying out processes for
preparing carboxylic acids or their esters as defined in at
least one of claims 1 to 9.

11. The use of a catalyst system as defined in at least one of

40 claims 1 to 4 for preparing carboxylic acids or their esters
from olefins and carbon monoxide in the presence of water or
alcohols.

45
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