0050/ 50548 Preparation of carboxylic acids by carbonylation of olefins

The presenpoﬁﬁlgﬁﬁﬂ§n relates to a process for preparing 5 carboxylic acids
agr their esters by reacting an olefin with carbon nonoxide in the presence
of water and a hal ogen-free catalyst system conprising a m xture of

rrhodi umor a rhodi um conpound, a nitrogen-containing conpound, an al kal
netal carboxylate or alkaline earth netal carboxylate and a glycol 10

ether at fPoep@tation] §Ccarkbxylicessids hyf chrbepBation1gf otgfins| n

I ndustrielle Organi sche Chem e, 1994, 4th edition, Verlag Cheme, pp. _
153- 154, \Wehssgrdddntetindbnt 15 Tl BEed o GALRBBYSA N prepapl®f i NS by the
reppe P §CEaPbod 1AL ol 1hel-CBRLANd WY 8Cadoidy AN BRLEsR G LN M O

et hyl ene, car@g nmonoxi.de, aq_T water 10 the  pr esentfeal g\alcatlg_%stes. The
catal yst uSBEPPS AL pHBPIEhEEE=UFT I e BE A e 8 RES HI kel car bony!
under t he FeheiY®h SYSSARI SPRRTLSIATGNR JRIEHUTR R e RN OF oft Thadiym y

achi eved atompgind pree 9dbreger-200ta40inagompphnde aradkadh wekal tions

requi re theazboXyiEdite/ ot0askdlitie earth metdlakheboegldter andna glyded to the

corrosi i@ Behef Catdferlope 387 e8lUdoceneled of PRebs@Rd i reeRdsd I1a50 BRECI al and
expensive materials of construction. Carbonyl ations of ol efins can be

carried out _at pressures of 25 about 100 r.. Usj l,e al, catal ysts.
Thus, EP- ATRQSMEUET &ish‘gggw@?ﬁsegﬁmﬁt glg%f s&%jercbﬁgc‘ﬁﬂﬁr 39 pal | adi um
source an§hsniRntRR-c 190kt feiprgamrls etidhe vEpscrihe, thet gasRanylation
frequent | yofieatefirat &y bhe Rempieppratess, dormexanple tiel pacparationt of a

short rascpropidnite;acid Podi ictilydene ) heayoms pbhoeidd gaddeatér uedhar e not
stabl e undgfetdfcd ¥ calal PR .| PReCOlth Iyt 8sed Dis -ficke268rdgiond@ecr i bes
the car bonyhgbhofl QordbplLassR8°hicRel WBRLECLAIAdIAT 0hction

I ridiumconta St s . the enc o? eno 5er| at|l

{ hi ophenol CHER HLEIR a8 PLO SHIVIEPE CMVEreIPR0RS| ST, A RESVEd, B BBy | i ¢

aci ds or. sBFessixes 42005244 Rar)er ThesR nefckiph gonditipngyrequire the

unsat i sffceosyly WONFELr8ebion difsshbtable reachrbongnditt gueotogthe i ns at
30- 100 bar coaneissikf) nAE0fe 0w rthea phaducte uridetethai xéeitioantendi tignsat-al yst

40 system wpbetal Wridhekpediid sateflatsl Gt conatri@i@n.and also a tertiary
or quaternary nitrogen, arsenic or. phosphorus conpound or a

ni trogen- cqntai ni-ng .heterpcycli.c co und. _The.catal yst - systemis so

Rctive cyennibotiiptidhs oF Alesinp ook B carrifa Fuf ol preRfirat ot [0 o

car boxy|%5c aBeRtsl GhPeR Reing okdechetahcatalystsy ']I‘}E'&! ERah 4 &%n in the

react or outpacheditdhedyant afcatalystaarhiahs capprisey aPalhadiyntsaurgey

ammoni um cengobittentatet prosplgine ligands. However, such catalysts are
frequently deactivated by precipitation of metallic palladium
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30 used are not stable under the desired reaction conditions.

DE—A 2 263 442 describes the carbonylation of olefins over
halogen-free rhodium- or iridium-containing catalysts in the
presence of phenol derivatives or thiophenol derivatives or
35 fluorinated carboxylic acids, thiocarboxylic acids or sulfonic
 acids. However, the catalytic activity is unsatisfactory.

WO 98/37049 discloses the carbonylation of olefins at 30-100 bar
and 100-270°C over a halogen-free, nickel-containing catalyst

40 system which further comprises an additional metal and also a
tertiary or quaternary nitrogen, arsenic or phosphorus compound
or a nitrogen-containing heterocyclic compound. The catalyst
system is so active even at low water concentrations that it is
possible to prepare carboxylic acids which have a water content

45 of less than 1% even in the reactor output. Disadvantages are the
instability of the quaternary ammonium compounds at the high
temperatures necessary and also the high volatility and toxicity



t enperatures necessary and also the high volatility and toxicity 0050/50548
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b) at least one nitrogen-containing heterocyclic compound,
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c) at least one alkali metal salt or alkaline earth metal salt
of an aliphatic Cy-Czp-carboxylic acid and

. d) at least one glycol ether of the formula I

30 '

where R! and R? are independently C;-Cyp-alkyl or R3CO where R3
is hydrogen or C;-Cjp-alkyl, or R! and R2 together form a
C1-Czpo-alkylene chain, and n is from 1 to 30.

35 The process of the present invention enables the activity and the
selectivity to be considerably improved compared to the catalyst
system described in EP 759 420, particularly at low pressures of"
up to 100 bar and low water concentrations. In addition, the '
catalyst system used according to the present invention is stable

40 under the reaction conditions. Deposition or decomposition of
catalyst components, which is particularly disadvantageous in
industrial processes, does not occur. Even at low water
concentrations of from 0.5 to 2 mol of water per mol of olefin,
the catalyst system used in the process of the present invention

45 is so active that it makes it possible to prepare carboxylic
acids which have a water content of from 0 to 5%, preferably
below 1%, even in the reactor output, which considerably



aci ds which have. a water content of fromO to 5% preferably below 1%
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carboxylic acids 35 having a water2content of fromO to 5% particularly
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l-butene, 2-butene and the isomers of pentene and hexene as well
25 as cyclohexene, among which ethylene is preferred.

The abovementioned starting materials are reacted with water and
carbon monoxide (CO) with the latter béing able to be used in
pure form or diluted with inert gases such as nitrogen or argon.

30 The molar ratios of the starting compounds olefin and water can
vary within wide limits, but at least an equimolar amount of"
water is generally used. However, preference is given to using
from 0.5 to 2 mol, particularly preferably from 0.9 to 1.5 mol,
of water per mol of olefin in order to obtain carboxylic acids

35 having a water content of from 0 to 5%, particularly preferably
from 0 to 1%, in the reactor output. - '

The molar ratio of olefin to carbon monoxide can also vary
greatly, in general from 5:1 to 1:5, with a molar ratio of from

40 0.5:1 to 1.5:1 mol of olefin per mol of carbon monoxide being
preferred.

In the process of the present invention, the halogen-free

catalyst system comprises a mixture of

45 ' '
a) rhodium or a rhodium compound,



45 a) rhodium or a rhodi um conpound, 0050/50548 4 b) at |east one

ni t r ogen- cqyysd /Moxadet erocyclic compound, c) at |east one alkali netal
salt or alkaline earth metal salt of an aliphatic C2-C20-carboxylic acid
and 5 d) at l|least one glycol ether of the formula |l Rk, ~) 10 O R2 where
R1 and R2 are independently Cl-C20-al k%/l or R3CO where  R3 is hydrogen or
Cl- C20- al ky#), @t Reaghdom niggegerrcdanfiaining GletexOcyrkif HRPONAAN, and n is
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propi onat®s, acetyl acet onates, oxides, hydroxides or_ carbonates are
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conpounds are carbonyl conpounds, in 25 particular dicarbonylrhodium
acetyl acetonate, bis(dicarbon hoetyum pr opi onate), bi s(di carbonyl rhodi um
acetate), Rh4(CO' 12, %6(6@% gf the anign [Rh12(CO) 30]2- or

netal coppounds stabilized by® or—j §&nds such as nitrogen bases or by
ol ef i ns. pending on the solubilities, rhodiumis 30 present either in

di ssolved formor in §uspen§i on in the reaction mxture. The,formation of
the active cat dfe¥e Ro &t axg indepgadentlw Cirzffaeqa by} Arr BACR (ST eof
hydrogen into tRfe ieddregenndxiGu-€20-Pl&kydct ¥Ry ond(RT dosebbay| faim®) of
this catal yst @ogpprakiylens elaim,bandan risedromt 1ito B0separate reaction
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Compounds. ofid |SSEALPE Bstbhod: he Driinbolpecitith b Yrdeably kitd
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oxi de, zircRlNSPRLBRPde and silicon 40 oxi de. The rhodi um content of the
reaction solution (calculated as nmetal) is generally fromO0.001 to 1% by
wei ght, poefreroakiey to enable the formation of the catalytically active

rhodium-containing components, soluble rhodium compounds such as
acetates, propionates, acetylacetonates, oxides, hydroxides or
carbonates are advantageously added to the reaction mixture.
Further suitable rhodium compounds are carbonyl compounds, in

25 particular dicarbonylrhodium acetylacetonate, '
bis (dicarbonylrhodium propionate), bis(dicarbonylrhodium
acetate), Rhy(CO)12, Rhg(CO)16, salts of the anion [Rh;2(CO)30]2- or
metal compounds stabilized by donor ligands such as nitrogen
bases or by olefins. Depending on the solubilities, rhodium is

30 present either in dissolved form or in suspension in the reaction
mixture. The formation of the active catalyst component a) can be
accelerated by introduction of hydrogen into the reaction
mixture. The activation (precarbonylation) of this catalyst
component can also be carried out in a separate reaction space by

35 reaction with CO and water or with CO and hydrogen at from 50 to
150°C and pressures of from 50 to 150 bar. Rhodium or the rhodium
compouhds of the catalyst component a) can also be used on '
organic or inorganic inert supports, for example activated
carbon, graphite, aluminum oxide, zirconium oxide and silicon

40 oxide. The rhodium content of the reaction solution (calculated
as metal) is generally from 0.001 to 1% by weight, preferably
from 0.01 to 0.5% by weight.

Suitable nitrogen-containing heterocyclic compounds b) are
45 pyridine, pyridines bearing from one to three C;—Czp-alkyl, aryl
- or arylalkyl groups as substituents, quinoline and isogqguinoline,
pyrimidine, pyridazine, pyrazine, pyrazole, imidazole, thiazole



fromO0.01 to 0.5% by weight. Suitable nitrogen-containing heterocyclic
conpounds 905Q/508Ayri di ne, pyridines bearing fromone to three
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preferably from 5 to 30% by weight. It is also possible to

prepare the alkali metal salt or alkaline earth metal salt c) in

25 situ from the appropriate precursors, for example from alkali
metal or alkaline earth metal hydroxides, hydrogencarbonates,
carbonates or oxides, by'reaction with the corresponding
~ carboxylic acid.

30 The further catalyst component d) used is at least one glycol
ether of the formula I :

RL\G/EE\’QE}; R2 | | (1) »

where R! and R? are independently C;-Czp-alkyl, or R3CO where R3
is hydrogen or.C;-Czp-alkyl, or Rl and R2 together form a -
Ci1-Czo-alkylene chain, and n is from 1 to 30. The compounds in

40 which R! and R? are independently C;-Cjg-alkyl, in particular
ethyl, propyl, pentyl or butyl, and n is 2, 3 or 4, for example
diethylene glycol diethyl ether, diethylene glycol dimethyl
ether, diethylene glycol dibutyl ether and triethylene glycol
diethyl ether, are preferred. The amount of glycol ether of the

45 formula I present in the reaction solution is generally from 1 to
70% by weight, preferably from 5 to 50% by weight.

35



Cl- C20- al kyl ene chain, and n.is from1l to 30. The conpounds in 40 which Rl
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heated to I:ne reac ure1s set by

i nj ection Pt & Gﬁmé);éo Cor PERESTERI °§h%9t ‘tﬂ& Prcol3 ns, by
i nj ecti?h R?Teséuﬁﬁ(mfr Exom 30 hte 150%brr. preferabdy From40Ee TP bataction is
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conti nuousihe etabeimd\Wompounds arleifdn; Watdr amd tReksatdlyzll eyseémigan t ube
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or, when using short-chain olefins, by 1njectlon of a mixture of
this olefin and. carbon monoxide.

The reaction is generally complete after from 0.5 to 3 hours. It
30 can be carried out continuously or batchwise in reactors such as
tanks, bubble columns, tube reactors or loop reactors.

To isolate the process products,'the reactor output is, in a
preferred embodiment, depressurized. The liquid phase of the

35 reactor output, which comprises the process product together with
soluble or suspended catalyst, is worked up by distillation so as
to isolate the process product, if appropriate after a subsequent
fine distillation. The catalyst-containing distillation bottoms
are returned to the reaction. Likewise, any catalyst constituents

40 separated off prior to the distillation and also volatile '
catalyst constituents separated off as low boilers or as a
sidestream in a distillation can be returned after appropriate
work-up.

45 The process of the present invention allows the preparation of
the process products in high space-time yields with high
selectivity at low water concentrations, low temperatures and



sol ubl e or suspended catalyst, is worked up by distillation so as to

| sol ate t h@oowoysosagroduct, if appropriate after a subsequent fine

distillation. The catalyst-containing distillation bottons are returned to

the reaction. Likew se, any catal yst anstituents 40 separated off prior to
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the distillation and also volatile al yst. constituents separated off as
| 'ow boi | er moderate Jpregsuass, Whing @veidiag Vqlatidh  cEoXife AP HRP af t er

appropri at enetadr kewpount’s akecatralwsts coRponrntys-cDepesitiamoron al | ows t he
prepar at i OrieRompbB et D OFS 8aPa DERC icompandnts), sidch- s npantiiehdariy t h hi gh
sel ecti vi t yj3laab ANt ¥GdSls SANERS I TRidsePSal | D llcREREAioH &F PRECOHSEY 50548 7
moder at e ffa%%autﬁf L B4 B B@t EhE pletht LhAON {diORalaB! Al

|5°

d . t f | yst
Corponen s PARFERe) £ TAFREE, SHAPAIIRE-AGAIR 00308 TR TR PRGNSt (o

i npl ement ateVeR 4R Bhe CRRSEOr SUERIHS angdt this Rakepndt ‘b%%’sb&eo Forpkfeftesent
i nvention nwesderabposwistl eavings epatbecmmmtnenaemistmavpnlg—mt er
contents of <1% even in the reactor output and thus makes it possible to
effect gfonsidenabl e cost savings in the preparation and the work-up. 10
Exanpl es Exanpl'es 1 to 6: Batchwi se experinments on the preparation of

propionic acid 270 ave provided with netic sti.rrer_bar was
charged wi%t EsAﬁD%tJﬁof %ﬂg‘ﬁk BhPE ed‘c?eatlmﬁﬁYsérmhﬁ%ngfﬁ?a eﬁglnygf“
systemindicated in Table 1. rsepieRie I3} the initial pressure indicated
in Tabl e-1 was set using, unless otherwise indicatedin Table 1, a gas
m xture p§ Htobplvehtorlave pebeidbd ¥ thymagietie 20infertdar eas, clarhedhe
reaction Mt endesmd\Gal 8¢ bPopithict GBRET Abdter andi fev&r datalghte 1. After
the reaction #%gpiagiﬂéd 180:LORD o, e%ﬁiaggﬁéﬁg&e@ E'Pxﬁﬂaﬁ ISBHLSate

specified i

e, and was
mai nt ai ned * Wciaﬁ]egcﬁ\(,)f? (}F ﬁ %/shesr aM5 e s 1H’fletsh"'e naé%aéﬁﬁt '
25 After 1 Tadde lehd 9af GEP‘&VE‘EV%% 5980 PEdve e G FEn?;%‘F a‘i%r eyaml“%nt ed
and t he 2@axft iecb‘-hyﬁwwucﬂnd/v&beamm pixtiaxe wasr bpatedrtpithe The
exper i ment alenpexdkise aindixatpdetn rabdeblacaiali nhet peddiciB0 tpmperature

i nvention affy waﬁafémd ntﬁabfaaclbm}ihp;é@aﬁ% telsMBp¥t £f tbd (RTYEMYe i1
cal cul at ed nsOprw e% afik dod¥ QHlucade ShdIviRImRYntdfne! UME

of the reacbl OJ.rr]Ue?: J.(l)JIEI Cprillrg e amou nts’ o Ehe CO/ethene gas mixture.

25 After 1 hour, the autoclave was cooled to room temperature and
vented, and the reaction product was analyzed by gas
chromatography.

The experimental results of Examples 1 to 6 according to the

30 present invention are summarized in Table 1. The space-time yield
(STYpa) is calculated as the amount of propionic acid produced
divided by the volume of the reaction solution used (100 ml). The
propionic acid selectivity (Spa) is based on ethylene as starting
compound. The conversion of the water is shown as Cyxyo in Table 1.

35 The catalyst activity is reported as turnover frequency (TOF).
The rhodium compound (catalyst component (a)) used was
dicarbonylrhodium acetylacetonate (Rh(acac)(CO)2) in all examples.
In the table, diglyme = diethylene glycol dimethyl ether, PA =
propionic acid and DEGBDE [sic] = diethylene glycol di-n-butyl

40 ether. The catalyst component c) used was potassium propionate,
abbreviated as KO,CEt in Table 1.

Comparative Examples A to E
45 The comparative experiments A to E were carried out as described

above for Examples 1 to 6, but the catalyst components (c) and
(d) were left out in Experiments A and B. Experiment C was



propionic acid selectivity (SPA) is based on.ethylene as starting
conpound. 00®0L50548si on of the water is showm as CH20 in Table 1. 35 The
catal yst activity is reported as turnover frequency (TOF). The rhodium
conmpound (catal yst conponent (a)) useg was dicarbonylrhodi um

acetyl acetonate (Rh(acac)(CO2) in all exanples, In the table, dig
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descri be t %5& I and
(d) vveregl e outV HviPle o%%a}né (}%E ﬁé@td}‘ Xﬁ ir/]va &58% E%fs%
carried outo WY nl%‘ﬁ &a;aah?it gf‘& eafﬁe("ﬁs‘%%f{ g?‘?‘ﬂ% % Ib] E were
carried olRCSATHBE: tRthe ﬁFSEBFrpH?Wt’-PE) The resul ts of the conparati ve
experinments are sumari zed in Table 1. The conparative experinents show -
that | ower space-tine yields and 5 selectivities are obtained in the

absencej@f one or both catal yst components (c) and (d) than are achi eved-
in Exanples 1 to 6 according to the present invention. 10 15 20 25 30
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Ln W4 cd 40563 ?5 a 2" 10ti N o'l 0050/50548 This Sheet Has
Been Replacea i LI 1L a1t lllii__ME;E%ELﬂl_%txA process
f.or preparing carboxyllc acids fromolefins and . 5 carbon D ide in the
presence of water, in which a hal ogep;free Cﬁtl%ﬂhyﬁsHasSBé&[ rrprl sing a
m xture of a) rhodiumor a rhodium coﬂ‘bound 1 )

ni t rogen-cont ai ni ng heterocyclic conpound ;c) I“E kall net al
salt or alWele¢keimarth netal salt of an allpha boxyllc acid

and 15 d) at |east one glycol ether of the formulal ~OR2 R 20 where R1

and R2 are;i ndgpgrsteids ¥ofkl Q{Q{ﬁ'ﬂ@%&ﬂ%xﬁa@oacwrﬁo%oﬂ.éfmgréiﬁen or
C1- C20- a'sky' 8 fmo de' eé%eprégéﬁuﬁa&lwggra'w%ee chain, and nis

from1l to ess arln carboxylic acids as
claimed in cI ap °9_en'ﬁ§fee?‘*r‘lt? c%ﬁﬁg?f&n‘iqé“p&f" 1%1'3%? stem are
present 30 in a nolar ratio of a):b):c):d) of from 1:10:10: 20 to

1: 10, 000: 10, 008) 10rbodiunB orAapredisu comppergari ng car boxylic aci ds as
claimed in claim 1 or 2, wherein the catal yst conponent b) is selected

from 334the %Eupaeomas%t lone QitﬁgéndbaﬁtaﬂviﬂgdIheeér@@féhragcaﬁgaﬁme to
t hree Cl1-C30-al , aryI or ary al Kyl groups as subs ents, quinoline

hiazol o and  Bkazhreioony #heeBitRb 3Rl sBi B e Rlad Shrin ol fic o

claimed in any of salt of an aliphatic C;-Cz¢~carboxylic acid

15 d) at least one glycol ether of the formula I

RKO/E/ﬂ: R2 (1) ,

20
where R! and R? are independently C;-Czg-alkyl, or R3CO
where R3 is hydrogen or C;-Cyg~-alkyl, or Rl and R2
~ together form a C3~Czpo-alkylene chain, and n is from 1 to
30,
25
is used. -

2. A process for preparing carboxylic acids as claimed in claim
1, wherein the components of the catalyst system are present
- 30 in a molar ratio of a):b):c):d) of from 1:10:10:20 to
1:10,000:10,000:10,000.

3. A proéess for preparing carboxylic acids as claimed in claim
1 or 2, wherein the catalyst component b) is selected from
35 the group consisting of pyridine, pyridines bearing from one
to three C;-C3g-alkyl, aryl or arylalkyl groups as
substituents, quinoline and isoquinoline, pyrimidine,
pyridazine, pyrazine, pyrazole, imidazole, thiazole and
oxazole.
40
4. A process for preparing carboxylic acids as claimed in any of
claims 1 to 3, wherein the catalyst component c) is a sodium
or potassium salt of an aliphatic C;-Cyp-carboxylic acid.

45 5. A process for preparing carboxylic acids as claimed in claim
1 or 2, wherein the catalyst component d) used is a glycol
ether of the formula I, in which R! and R? are identical or

* [4 L M s *
e




carboxylic acids as clainmed.in claim 1 or tal yst
conponent d) used is a glycol .et he‘rﬁé)f the formula I, in which R and R2

are identical or_111111! 11111,1 ]I 11111 11 L1l 0050/ 50548
1_1111111111111‘%1- rFRI%*a’Ef}La% efﬁi‘a‘!ﬁﬁc@% Y42 ¥ &1%tbral kyl and n
is 2, 3 or 4. 6. A process for preparing carboxylic acids as clainmed in any
of «clainséd ti groosier fon prieparéngt¢anboxylitci acidsompr cieimdél 5n agy2ofinl of
wat er per nol .@faigdselli 8o ¥, whepredfietle fraciopagolidioar bomyrtisesaol. As-as

claimed §n anys Gfo1 GraliBerl de? RolWErSlidEihhe reaction is carried out at
from30 to 1500C and pressures of from30 to 150 bar. 10 8. A process.for

preparing carboxylic acpds as clainmed in agy of ,¢clains_1,to, 7, whereLn

car bon nonbxi db BRAFEEREOR AORALIES SRARPNYAILE AGidR AEariaingd daoARE: 9f (o
1:5. 15 9. A Phtidss i 6P ©r siherehp the geagtienats paraied it alsfzpen 3Q
claimed i n anytofl5@°gi ad pressiresinf dinomt Be b efSonbased is et hyl ene. 10. .
A hal oggo-free catal yst systemas defined in at |east one of 20 clains 1
to 4 whichgls gsulilake £&F HRAVAYIAG SdMbdXyA3ES8ERs TaRl cPh SR 'i@xg_aﬁﬁrbf’xw IC
acids or their £fstery gs i’,efda{éﬁgih”ca:%or{ %ﬁﬁ&?&? Ha %hg'&'f i §rd- 11. The
use of a catalys s%stem‘aﬁas ef I,ned |ﬂ_§a ?as one o 5°¢T al ns to 5 for
preparing carb i gcrotan ki) ef i tremRd! EQrbitt nonoxide in the
presence of water. 30 This Sheet Has Been Replaced Il ITIIH 11111111t

11111 3% 940 A4xocess for preparing carboxylic acids or their esters as

claimed in any of claims 1 to 7, wherein the olefin used is
ethylene. ' '

clainms 1 tgoso/5684¢€i n the catal yst conpon is 3 dium or pot assi um
salt- of an aliphatic C2-C20-carboxylic acielill leﬂlﬁﬁﬁﬁs for preparing
| .

10. A halogen-free catalyst system as defined in at least one of
20 claims 1 to 4 which is 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
25 claims 1 to 5 for preparing carboxylic acids from olefins and
ca;bon monoxide in the presence of water.

T
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