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PPF54046 1 Fl exi bl e method for thé joint production of
(I') formc acid, (Il) a carboxylic;acid conprising at

| east two carbon atons and/or the derivatives thereof

and (111) a carboxylic acid anhydride. The present
invention relates to a process for the joint
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a carboxylic anhydride, and (iii) a further carboxylic
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PERBSIyNtAdster B6a caxboxglicnfdred, ARd (i) AurthdXddrtioRyile ahhydridd t he

textile and | eather industry and as synthetic building

bl ock in the chem cal industry. The nobst inportant

p F orerdssoirsis B0 importagd aompagynl ehich basacwide aarietyl of dsesalt is dsdak fooexample,
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Atbeltextilerand teather ipgusiry andasTyeih¢tisduiingi MCK jn th@@temmblormsam
process for preparing formc acid is hydrolysis of

formate and subsequent concentration of th ,
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V\,Enq/nlopm;a dfénduetrisliohemidtry 68 etiben, K&00i diextrbréorRRask, ChamesBORMIC

&ﬁ§§1frocess. A great disadvantage of these
processes I'S the formation of an aqueous formc acid
solution as a result 20 of the hydrolysis step, which
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and has to be separated and concentrated in a

c GAFENtEated 8”"'?1% er. This process, too, suffers from
t he di sadvantage of an extractive rectification of the
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oveman I one t ages res romt
wﬁf@lﬂ% Whieeineludss fefmic aeidapd BF%@@ﬁtsePagﬂeq ?P%?"'Eﬂ"&%‘fed in a complicated
pmﬁ&smé Erocase, t6x; isGifdrSirem thaidizadlahtagd yicin@hdystige @ttification of the

[uﬁa Par?mc acmgﬁ% aﬁ gl'ﬂrak%%r ge?&ganeggs%arg%?gp ﬂ%lnyo%ﬁ dggdvantages

neans
C maultlefr@'u theu@mgorﬁent plarg elso pigkentand wat er .

Di sadvant ages of this process are the undesirable

f ?r[ g’a élclieorr;])ro%ess ¥or mic aclcri'n is obtained by hydrolysis of formamide, which can be obtained

by ammonolysis of methyl formate by means of ammenia. Hydrolysis is carried out using sulfuric

acid and water. Disadvantages of this process are the undesirable formation of ammonium
suifate as coproduct and the presence of water, which leads to the abovementioned

disadvantages.
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SpPFfsapep as coproduct and the presence of water, which

| eads to the abovenentioned disadvantages. PF 54010 2
Carboxylic acids such as acetic acid and its higher
honol ogues and t he correspondigg anhydri des are

i nportant and versatile conmpounds. They are used, for
exanple, for the preparation of esters, carboxylic

a . .
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~ Production” and Chapt er " CARBOXYLI C ACI DS, ALI PHATIC
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[CHAREY be nmentioned are the BASF process and the
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ares reacti on an
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xtensive construction
t ﬁ@noWg@tFugmrﬁp@n@ highy energydnRy is M8$§SERY ithe work-up by dlstlllatlon

Pﬁ@éa@%fbméerfo@ﬁteﬁxm;ﬁﬁblﬁorﬁmb @rwes{:hbyhﬁmemsuﬁeaﬁm high capital and
orns. a broad range ,of . products conpris

SPeRuR oS8t BRYNR Hinale Bl ShEPl S B e B R pfu B e
sepductbediantand concentrated in a conplicated manner.

The abovenenti oned di sadvantages resulting from the

wat er content al so apply. 30 The synthesis of

c dhpexidatip ofdwragarwsdgi AP Eiane. DHENRSAT NBRI Ay a broad range of
a|pﬁﬂbét§jﬁﬁlcl$écﬁhﬁﬁri§e swnc Adi®and mgny]sughea hemebduas aad have to be separated

b)en %nggr{ rasﬁgrﬂrgg b%'[] é mggﬁe{ ﬁ'g vrﬁr% qr rﬁ%dcéésgas vaa trt]%;eg tesxmng from

u@mmmwmomeMquesmare obt ai ned by hydrofornylatlon of

ethene, propene, etc. These processes therefore have

an economcally unattractive raw nmateri al s basis

cdppynesis of carepalic apis pePsdatien %{ﬁheriefrﬁimn%iw'%éd%éfags out from

[ WntlmbieMS\tewsmck Vaud) ybetaldm\ydﬁ ie pieparad indystridiipby oxidation of ethene
lﬁaqk%fﬁro&'sé §|®JI ﬁé' aC et at Séé éﬂé gﬁ%n&{ tg t]ydroformylﬂlon of ethene,

ose 1S U
propene etc. These processes therefore have an economically unattractwe raw materiais basis.

Carboxylic esters, in particular methyl acetate, are important solvents. Methyl acetate is used,
for example, for dissolving nitrocellulose or acetylcellulose. Vinyl acetate is used widely in the
preparation of polymers and copolymers.
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PPEB30eY i on of pol ymers and copol ylL‘ers. PF 54010 3

There is a great variety of processes for preparing

carboxylic esters (cf. Ul mann's Encycl opedia of

Industrial Chemistry, 6" editign, 2000 electronic

rel ease, Chapter "ESTERS, ORGANI C - Production").
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| 6f eXxPerisivid @liMetyt etbatnt het i ¢ bui |l di ng bl ock in the

chemcal industry and is used, for exanple, for

preparing acetyl cellul oses, acetylsalicylic acid,
aeeetianhmyidd@ is g Infroriantisyhdhetio building Slatkin treREhsdical Thdustryand is used, for
s %é&gogm BY, SBaANdNGiCSs], 'aEetéIﬂB)!CHlf&ﬁnﬂfﬁ itamin
i ndi cat ed be?rgcgv (c osnan%a% %r%cyc I'opedi a ou s or vitami
| BBustri al Cheni stry, 6"' edition, 2000 electronic

rel ease, Chapter "ACETIC ANHYDRI DE AND M XED FATTY
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water from acetic aci sadvant ages of I'S process

are the very high energy consunption caused by the

t bae mabstrighy Ii’tip%ﬁfﬁt lpmessfforl@épaﬁﬁg avatk dihgdride gdhd Radtion af azetic acid
| i TRy R PR sy setme ) Rpp b o i norpopge s
aDispdivantdges ofthiherncdss ate theovenehigheshergy gonsumptidndauseddy gedghermal
ﬁreﬁ%ﬁlﬁraf k@bAddhdatFheas tianfib GRtdPandoRic kétesd step and

I'S Is carbonylated in a second step to produce
acetic anhydride. 35 A further process for preparing
atred futthexiaystrialigl @npostaiitipeockssofon paleqainng scetx arthgdridemethanol is converted

aﬁ% r%tqﬁ QXQSIE bf‘carbonylation and esterification in a first step and this is carbonylated in a
second step to produce acetic anhydride.

A further process for preparing acetic anhydride is the liquid-phase oxidation of acetaldehyde. A
disadvantage of this process is the use of expensive acetaldehyde which is obtained industrially
by oxidation of ethene in the Wacker process. This process therefore has an economically
unattractive raw materials basis.
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dpsadgapt age of this process is the use of expensive
acet al dehyde which is obtained industrially by

oxi dation of ethene in the Wacker process. This process
therefore has an economcally ,unattractive raw
material s basis. PF 54010 4 A further process for
preparlng acetic anhydrlde is the carbonyl ati on of
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A(;Qfm'tellllﬁc m@mydarlaca' aatnedrdplemnetbPdcabsyP tignhydride, are important
etrac

( 5%‘1'8%3 en%‘l Eor gﬁwye&a ﬁ :g"(y§1¥at-re5|sqan€tl res%g,rfiord e%cample polyamide or epoxy

3re8ins4, 4' - benzophenonet etracar boxylic di anhydride, are
important starting materials for the preparation of
heat -resi stant resins, for exanple polyan de or

r ¥afiqys meshods gl Arenaang earhaxdic aghydpdes s kneyn C@yqygryyw,o&the){hree
aﬁfhcﬁkl Qﬁmet&f rSutBszme f&ﬁhd@fbﬁ‘émw oddet the kéywore" Saureanhydrlde" in CD
'8511&: Pﬁ mréeg%or%a\lfé:rgéo ée'%h?ar Naw on%UEE%g tI'&emg )\(/ar?g% 1%95 In the

Lésst s«omeuweuts i tognparerd carexytia apids afeN\isad mwater@@mgnaﬁﬁ hynaee of
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g G O A AR X N
PéfEperatian requjretia gteatpal dflenergy (@rgnP o) ahe the sorivationl of andeSirable

Eﬁﬁfgtfdcgg? g?hﬁ?ﬂ%%aﬂﬂﬂ%n@gﬁ) b vﬁ% @yﬂhgr o ar%eo 3tltHe tAdrfhal elimination

B Ss  rh € e o e hatie e St o B el compositon

f of thebécdRd SYnthetick@tie! atitl dhlorides, for example acetyl chloride or benzoyl chloride, are
reacted with the alkali metal salts of the corresponding carboxylic acids. A process of this type is
described, for example, in WO 95/32940. Disadvantages of this synthetic route are the use of an
acid chioride which is a starting material whose preparation requires a great deal of energy and

the formation of alkali metal chloride and the alkali metal salt of the acid chloride used as
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cpprsagygts (e.g. phosphoric acid \/\ljnen P4010 is used). A
di sadvantage of the thermal elimnation of water is
the risk of formation of undesirable by-products as a
result of thermal deconpositi og In the second
synthetic route, acid chloride for exanpl e acetyl
c bmdelsra[bte a@probiens dythe itk eyritidtic roaiteethd pareataatrodyivkadidy drée
I I ' xylic .
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exa , 3168
2 sensyeiion-pf the pland possiple UQW Cép'ﬁaéﬁﬂﬁéﬁ%taﬂ@@s Wfdef'ﬁb!? bg}PfﬂdH‘gﬁ pga result
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f iratridis ef&ﬁmnén%sm@ Qﬁ"d ésrkgrewob% %&e‘? c@frdsaﬁy AU a higher

derivatives thereof which no | onger

aBeares ﬁ?IeHn%'%Pfhﬁf bjes} isrip Arpbar Pf°1ﬁ§ which, @am WeraéIK/ H2ket Rossible to
apdpagarwa Vadibtly uf dartiokylic bhhy@ridea)in partiUldr ahsatbsted Garbaxgilcemhydrides

s REEBTARTaC &S8R o' undesi rable.

by products as a result of coproduction and has a | ow

e I

7 U bl RRRFHERNS 0ot sch BT S oSO P i RB0 B

it possible to prepare anhydrous carboxylic acids if
rgpui ksphicie@ (ujus mekes the handling of |ess corrosive
nmedi a and the use of |ess expensive nmaterials of
construction possible and as a result of the | ower

C @iy r 0% carboyylia hddhavirigat Ragt o Gifteh aldmsdepane@r aérivativee thereof, and
Anot her object is to find a process which, quite
generally, nmakes it possible to prepare a wide variety
ofii)c arsasbgkilic aniyyde(VBes, in particul ar unsaturated

car boxylic anhydrides such as acrylic anhydride or
ne%hacnévlc anhydri de. We have found that this object

i ¥NGRAYBRVESS by a process for the joint preparation of
20 (i) formc acid (II1); (ii) a carboxylic acid having

a agl e?l?ﬁse‘ﬁwgfyﬁgék?%m %Irﬁ) \(u{th caﬂ:}&%@ acaﬁ ﬁg\h%zél Ieé%stﬁ carbon atoms
\/\,hl ch ('é)d?rfﬁrm é‘é@'c(aébd (W %E%@%@PWP'H@ Cﬁbq’%ﬁﬁsﬁf Xk er (1)

with a carboxylic acid having at |east two carbon atons

bbb ety fesd RiCor B Skt kPl IegRel R ERID Yy e
o; t hesoreapbring dacbowgic anhydiidg) (VI endred i n st ep (a) to form
t he

(c) transanhydriding at ieast part of the carboxylic anhydride (V) formed in step (b) with a
carboxylic acid (V) to form a carboxylic anhydride (VIl} and the carboxylic acid ().

In step (a), a formic ester (1) is reacted with a carboxylic acid having at least two carbon atoms
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cPrsgpaondi ng carboxylic anhydride (V); and 35 (c)

transanhydriding at | east part of the carboxylic

anhydride (V) formed in step (b) with a carboxylic

acid (VI) to forma carboxylic anhydride (VI1) and the

carboxylic acid (Il). In step (a), a formc ester (1)

I $ilntemoh éamisiatid () areirtiootylesmnaing carbayiicregteaflv) east two

carbon atons PF 54010 5 6 (Il) to formformc acid

(1'1'l1) and the correspondi ng carboxylic ester (1V). The

f dhedasmisgalerusgd das hadormwa(Formula (1) O HAO' Rl where

the radical RL is an organic radical. The organic

radical is preferably an unsubstituted or substituted,

al i phatic, aromatic or arafiphatic r%jl cal which has

from1l to 12 carbon ato Rmay conpri se one or nore

het eroat ons such as oxygeéen, mitrogen or sulfur, for

exanple -0-, 10 -S, -NR, -CO and/or -N=in aliphatic

or ar st ens, and/ or be substituted by one

B RIEH R ATAE RHRRL Ao RGP eire Py a8 apippaited or

gxymmednalbmg eamomaticlof analiphiatit radical hfmbm@ﬁ'frog; Dio 1@xatsph 8toms and
[ and/ or .a

o soRisB e 61t b Broalhl HL s ot Y 8ot -

ba%e Nt -& 0y arddor chir firoaiphatic |00af0!matlctay€em@ ﬁnéfsllchﬁﬂdlbﬁgdtedllﬁ! one of

a'nﬁ:@@fﬁhéuoﬁél@rdﬂ? s PRéHEhEY édﬁv’bhéé) For efcan’im@ oﬁ@Eﬁ %ﬁ:l%&é}{j smr and/or
al coholg}{vvlth Enc edi a

oS Bt PP e gioree S, S S SRS <
rel ease, Chapter "FORMC ACID - Derivatives"). The

Si r £

Fm f@ét%rﬁ rgr% g%ﬁ@rgﬁg%la@%gllg r%g f]t:g& g?éds aﬁonﬁ%ﬁﬂ SR8 Borresponding
calca nétbw@ﬁtew’tcavﬂ@toﬁﬁ'ﬁépﬂeszw%ralqohfés wmfsw@@gclq)fcf {MH@ann's
plE@SﬁlﬂJbedla’lMﬂlﬁHubﬁﬂ Chamfsty, B eition: 2000 dlechané REasd, Clhﬁﬁ&t"FORMIC

o A RN e %Meéhrswe%eﬂ%?&%%ﬁc' o bR et omae, s

c abbipry indgatrallypby caitiveylaten bbmgtharwl.aci ds used have t he

formula (11) O(ll) RzZ O25 where the radical R2 is an
organic radical. The preferred organic radical R2 is as

dé;PT the BurPeses Rthe present pvention, aFAMORle BedEaYiNG Ghleast two carbon atoms (1)

t rﬁléa@tﬁixﬂklaf:lﬁ hich BBark E?éiidaprﬁwin@ aiéPoredardoh a®Fh on the carboxyl group.
I | é?"’ 30 generally catal yzed

b ?ﬁaer s%iﬁjggg%ifhaé{e@‘gtf HO + RZ~0 H'u, 0 + R2 O

0

L (t)

R ™0

where the radical R? is an organic radical. The preferred organic radical R? is as defined in the
case of R".

The abovementioned transesterification reaction in step (a) is an equilibrium reaction which is

generally cataiyzed by the presence of a catalyst.
X L — 1
+ —
H” "0 RZ/ILO HJ‘O

()] () (hny
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RprBg04b) (11) (111) (1'V) PF 54010 7 In the process of
the present invention, step (a) can be carried out

usi ng known nethods of transesterification (cf.

U | mann's Encycl opedia of Industrial Chemstry, 61
edition, 2000 electronic rel ease, Chapter " ESTERS,
ORGANI C - Chemi cal Propertl es" and "ESTERS, 5 CRGANIC -

Spingtﬂg Bltob&@ 0{ il g;&m wﬁg tioh fs[fbgagg) cl,%ﬁ lbg gﬁr{led 8t 9?5‘ nowh mgthods of

anoun
caa@aeytgnﬂcammnéﬁfeums.E@cyc@pe@moftlmugt@al@emtw acmon 2000
a@%&.&@bb@cn@@r@m%n@mi@y chémie® rp}dpeﬁse& 2R ESTERS,

strong%é)rotl c _acids, exarrpl e sulfuric acid
¢ roduetign” ﬂ@ﬁ'ieerﬁf%‘?ﬂc?%‘?ﬁ%" acid, p-toluene

sulfonlc acid, 10 nol ybdophosphoric aC|d and

¢ . .

R AP o s OB REDBE g Bl PR
guuepto usBIagidsl andiRIdT 48l ds. Eﬁﬁd’lpws abich oiag be meotionekbare sfreng protic
e%aHP |ft§ eﬁﬁ'\%lé Ediind 4 @r@lﬁor&%cﬁg@nzer@&f?ﬁle 984 IpI tSIﬁér%%u%rﬁ acid,

Preferre
c mOQPWQSP&P@ qﬁdr@pg;nggeqsa&gc agid. PeifiG o SXEN2ngRTs. dorgxanaPiaien

Z @dhiah@s cobfairlidg gt StadrsQifdn® a@idigetiipa(S)-413 2d2,048); and also acidic

honmpgepeoqus cat al. ysts, ' oncent rat i [ P

" SRR Br SR P D pe R £ A s 2gh iy or siowmio:
WEPIG RT 10 4302 fReefarindd,cafalysinal: Dibetabacitis ibipluaresylianic aaist and zeolites.
cocatal yst to be used together with the abovemsntl oned
catalysts, it is possible to use water or net

gdispad proticiagids Are ?r’t“QS'?“QE??W%C%!%%?e%?’&ﬁ?"at%@é‘?f rgaption
t Ivéxture dscdenenailysSfalmid 0 Dia. 50 %y MeighY/ ereferallly fino0iD ttol29s Byoweight.

that an increase in the water content al so increases

the corrosivity of the reaction nedium and nmakes the

wés lkoeatalyst totbie isest togrifear witivihe @beMefmentipned catalystsyibis possibie to use water

t REmehehd® geRSalR Y A EACRPHS tt@zda,abwe.gmtbasébeon the reactlon solution.
transesterlflcatlon w t hout addjtion of

O 1Bt 00 B BeP gl ncrgase (1 ValRiQEie Bk A=pinKIRAsEH{h Gorosiviy
C @f the eghctiuntmediuni arel mdkes treadrielip ofdticqrodutts Malrdd@ifiod!t, It ntay therefore

MRY alfbnta @96’&%% &gﬁ%Hflhé f?ar@géierﬁéét}g%gﬁdu??c?ﬂ@xg »Laﬂﬁr o ﬁeth%ﬁ’ol as

t he reac
wgoeatalyst iitke tmﬁestﬁrtﬁﬁaﬂe& iziepITied owédn thel ckegengt pbwatener methend. it may be
r %aﬁén@'ge&}étﬂ) Stid &Fbo&ﬂlctah?ydﬁdg thereSotion %H&mnlngre infefder to bind the

gﬁ‘ﬁ'?ﬁﬁn?r)&ffﬁf' cf?rrﬁxem&'& te %Hﬁ’ direct Véhﬁ%‘?%t?z 05'}}??} ‘Hd'?(é;ﬁ icg.lurgn (e-g. bottom

esf e célurn). This messupenalesiaies fitipossitilooto pespartanhydrard fdipic acid and an

I’O(EI cgf'g&gﬁtr&lte( @H'MQB &nF c%[nm &c%l&gg%gﬂ?%P&ynqgt%ﬁl

car oxy can
prABhYdegus forpiciaeidandaphydieus camwg eﬁ@t H\é)n:@n 25p At AiepRrAg without

”%Fd'b)@msﬂ@fh@ﬂ%a@ when ﬁﬁﬁd’ﬁ\&hﬁﬂ-&fmaﬁﬂlﬂg meth\e forRath ¥PfoRAit ester (1). The
P et PP, 6 o oo Bkt Wiy Sl P o fomic

besad(\lr)asltoagbb@s advantagedus owing tpitsopreprerty asieocetalysit al yst .

The transesterification can be carried out either |n

the liquid phase or in _the gas phase. In the case

t rTHR S é%steétPT' TCAioR AR Ae F3frigdut 3'5@’ 'B Fhfs!'@“'d Bhaseof @ﬁ'&eega‘isé’hase In the
gicdsyoftadrabisdsiegfidaedrein Gr@ayae phise Sefeehed iy given B wising Beterbyeneous

Qgt\égg@? ucl Ioa% i a%b%@er#@ﬁ'ﬁ&%@ go%r&cl%rng&g Péa?d.@&%d@? Sn a trbns3sterification in

tran
the liquid phase, homogeneous or heterogeneous catalysts are used. The transesterification is

preferably carried out in the liquid phase.
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t pg 840q0i d phase, honobgeneous or heterogeneous

catal ysts are used. The transesterification is

preferably carried out in the |liquid phase. PF 54010 8

In general, the transesterificgion is carried out at

from20 to 300C1 preferably from50 to 180C. The

ptregesmalethe&ragmsten&iahgn i§ carredoul at ferb20MB306BSprefth@ly from 50 to 180°C.
ied out in the presence

?ﬁg‘ﬁrsg‘%jggkbong%"yﬂﬁné':ﬁﬁ%g F%?Jbéol vent. 5 For the

pur poses of the present invention, inert solvents are

S h RiHs8st¥tic&fn @sh PO¢arke@@Et in %%s@ﬁée' df a%&cﬂnoﬁgﬂ Ehert, polar solvent.
starting materials, the products or the catalysts under

t her PeREPFSER °fc‘6‘hE{Pff?"b\ﬁ&e"t'%eﬁﬁe'&e"tsé{aﬁ?ﬁ%& VH?Chs%?u neLsed
S oherficHllE wiltl e P taisls, tROpryduRisSor e a@BFBS LAder ‘,theUé@dod ddnditions

f
o PR Eidriich Lp B8P syt e Reyeiels, ST 475 o Shefalf Useah

s bbhnsesterificeimns mewhichi startingi nxateriats ant/ot gredudtssyhicbdire insufficiently soluble in
! HRRBLEHHEE rea reaElIiH?I .ﬁlsaﬁae a@me BESRE W effifle Hﬁbedelpeodﬁégsur%%nd the

rati 0s 0 material s and products are
| flesime r%‘?%?ftsfafﬁ’ﬁlg lﬁﬁt%'ﬁ'lséﬂ‘g PERAFts 378 preﬁgrﬁ dtltb? §ta@ﬂ@maie§%is and the

S prodiidt€are Aisb BOUB@In\iR SotvehtERye EREM MIRtuFE LhbieH e w&% chitftions, the
con

sel ecte t he rific

o PR e EieGRAT o BiFRy seres ot BPAE e ol BV s ot vent
Thegszﬂtl ng materi aLZ form c est (éar (I% and carboxylic

a

S sptihd mateRalORRAE @b 3 orB o T S gerS iy eocn gpded i the
t ROChameEe 8Pty materials, for exanple as an initial
charge prior to the comencenent of the reaction,

CRORYF3 B S B Bl Pkl e oo

r rcommeneamentiofdhe reactiohiepaligsg ndnstoickigmeltyi¢ etio af tR@iwo starting
Shﬁiénhl@@b Wée?fn'a%rg&ﬁa &Qnrﬁlﬂﬁm tHORctRR b, 1R FHR: tfo?éca%fé a

rove the sol ubili the other startin materla
oF fiRg "Bfeaamch hF% 9‘?%’ %"l"ﬁ’E\RPQ%”'%%'?@u"BP’éV% the mRiGHiRf hegiher
aaﬁmﬂ@ Friatdig! oemepsaiuaf It B MRewiskf pokditste towRaiithif bl apogriateldxeess of one

E_h&, gc{ ﬂtg re-légt%nt L. nrsest erification can be
rTe s gghti nuously. Preference is

glven toa 25 contlnuous process. In the process of

t e PArREQBfchHIOY 884 bé’&améd%u# atdnisk ot SntimlotisiP FreibrBhde id Gven to a

carry out the transesterification in any reaction
apPHPERUS PR for transesterification reactions.
Sui table reacti on appar at uses for a reactl on in the

L ; K ’

s BroBrR 2T ng Resa R BOR TS RorGebE bRk I ey AN e

r g'anaegnegﬂcaﬂmjl imayi rgacgoraaﬂmgus@wefpsﬂrmestemf catipg reactions. Suitable
?’éé@fﬂn%ﬁé}ﬁﬁsé%r ﬁ'éaéti%ﬁ‘%ﬁh@lﬁ%nd%a%e tf%xﬂ'ﬁﬁiéi léﬁr'i'éj tank reactors,

pr.ef erab remgved contin
P SIS FHT Pt GRS 200 ITEMEE SR o 50 FOYeVP & B ggrversion it
t I ivarsageots fovattkastane ottha tyal srodubls, preferably huibLis lby reradvied gontinually

Offrtalal éu‘aﬁ‘ m@t&f& %ﬁeln ééﬁhé&&ﬁm‘a&& iS GQJEV tﬂfs' hrebgd }o‘f\@xample by
ucts

pro and recircu reacte
D SonyausY 3k O TPaCHISII SHBEaUENY SSEATAINGSHE OREBHUGES St
dirédirbdidting tHRMwe lrbdbted startiyefbterlaeantl [iBppRPHARE, ithd Ca8dlysDWhen a

%ISF t}ahon oo?ucr:ncn% ﬁ’seldnthtte gnslelstgrtiﬁcgli nl?ga% ion S’é:"cﬁrQ mttne liquid phase, with the
lower-boiling components being abie to be separated off by distillation and, depending on
whether they are starting materials or product, recirculated or discharged. When a reactive
column is used, the preferably heterogeneous catalyst is located in the separation region of the
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| pPE40p®i | i Ng conponents being able to be separated off

by distillation and, depending on whether they are

starting materials or product, recircul ated or

di scharged. Wen a reactive cglum is used, the

preferably heterogeneous catal yst is |ocated in the

segpanmain mmanrmg Biolardb thiefeaseRfF ted(klilation calwhrdascribed, the lower-boiling
[

“%eshﬂb%r 'ﬁgr?té Qr'e uﬂlrhrs cgséé'eﬁgr%%ﬁ%ﬁ% drgttfl roq rleé %:Irgfrléeté)dq %i%ﬁr%%bd

case separated off by disti I I atr on and recircul ated or

d E%?r'i}fl’é’sgﬁ Gitabi¥ ?é@h&ﬁapﬁéra@h’éstf@rbi r%acftﬁﬁ‘ﬁrﬁhé’@bs%@@ £ ﬁb‘i@ﬁrbes or

fo reaction in the gas phase are flow tubes or

sﬂé’ﬂtreqclé’é%tors The separation of the reaction mxture

can be carried out in various vvays The nmethod is

g?ﬁee?re%érla}/on c%'gre r@g 3§n mlb utréo Qagleb% rp red r%t?nsva%grg;vpaﬁf)l %rrdeflhog is

poe’rEraly eetgermddw rr@mrcrpettlhsdfsthestertm watetidinandangducts to be separated.

C EYa%pi?ésl df 6@§slbme?&9troﬁ)?ﬁétﬁg bRYistildtio M R¥sfizakn QrQ:I éﬁrﬁ&ron It may be

out_that combinations of various setgaratlon met hods are
aPYReh el dhaprambinatips il vallgusFRPAraEoN Hetaeds| qr%?'FQ)?PSE'BIFdﬁﬂ“%}g when a

r elamrhirdne;omﬁrlnmahae cHIUMN hasisrevousln ®Berlassed fdr Bk ttaR&esterification. In
rans jrrfrcatr reference | [

+ BB Bt Egveatte sorbrauB B anoR iy hich o0 e b ettt uncer
c redudedgpresayre @nid eracuor lédhpa@dorpme:hsll!mren Bmot pessible ooposkible only with
ﬁr@?‘lrd'ﬁ iduRy fch‘)éxgr‘hﬁI& In th@&ds@ Bf el |J&8rthrg%%ﬁré)$r%ﬁ Iﬁ@é?:ﬁﬁ’tb&!aﬁle

great ficul y example In the case
r eq’%ﬂqnwF yherﬂ"grrats\rs-* afrqegsea prientiongd PSroREdBRstaat fsaitaply work-up
C 6oHeopt et Be rebdily daldioped B & persdi skiledin & AMEffim © Kretkidage 6fithe starting

| RBRAE Ny B SHELABKE 0Ly freRCOPL Can be readily

know edge of the starting materials, products and
PBRMg I i¥s Jd38 deMiafdnitdpeRics F6itic ac@’ﬂlf)‘% dréfer'aBI? reﬂ‘ﬁﬂgd by distillation.
distillation properties, formc acid (I
preferably renoved by distillation. 20 The preferred
s ewaprarehemsdwradorsw didtildtio® f thd reb&tidn hidaare romameﬂ i igenietally carried out

Obt éaq ﬁﬂ[%gtdisglﬁg@g g%aﬁw%{r ﬁi“l"g'e@% d? 94 Sdnﬂ ng Yéll (& Iumn and a distiliation
d pualurdm)ngolvtah b sepdration inknfdursstrdams. iThe at[qam—ponwsmgﬂh? fq,mlc ester (1) is

° ér%'raﬂy ﬂacﬁ&ﬂ%ﬁéﬂ% 'tr@rlrahégs%nﬁ&%n ﬁ'rersﬁ@ém corr-m'@rn He®@Moxylic ester (IV) is

r|S|n ormc ester ( 9 M
emnyﬁbraa%ssd farae Fﬁ"%‘?@'@%‘%”eitqpf(%ﬁ‘ﬁ QSFI“C aICIﬁ'é I§is disgharged from the
c emerm ad produchandase leaaiing Gt eompribing thesadbxyfkasdid Y1) e enerally

e e BARFR A gRRgny | 0 on step (), the

fOrme ac rged fromthe system as
product and the remai ning stream conprising the

C 8MBOXM thitnid&set (I§ étlll)présént@eeigﬁ'ﬁéized’to tI||e| d@ﬁ'\é&p%ﬁdrng carboxylic acid
regircul ated t

t BERPBHE nerbrespyoed MelcaBpORiR S9ia LU bSRsteT aphation of the
coarbmqrﬁlmsdar 0y) baﬂrdmrd;pb(yhc aptydiie3y), R‘ma@@&abssmlet inea variant with a
ﬁ’f\%ﬁ%oﬂi—ucd dﬁ ﬁ‘%tlgr‘r’%nata'o%ﬂha‘ﬁ&]r @dl&f@rg d ke &Ienot only F\r7)am

equen atron-of t I C ester
t somrrrems Shedorxiie eseerélh [RTERM eorpmsmgrfqrmwﬁrfw) frts’sasrtrsr'@ cofnprising
a theaaiaific #éid hr) But a&braﬁbrtri‘er Sba@okplighdiie it edtbre(l)iafdithe

SEPRE Rl netebila® s e caliebPiEn Rk (10t sfeam can or

c exgmnriles iba gbthipedata sidei offtake b the &mtddistillation exdwme onpri si ng

In the process of the present invention, the total amount of the carboxylic ester (IV) obtained or
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t pg sagnpoxylic acid (I1) but also a further stream
conprising the formc ester (1) and the 35 carboxylic
ester (1V) and recirculate this to the carbonyl ation
step (b). This latter stream C?IE’ for exanple, be
obtai ned at a side offtake of e first distillation

c ohlyipatt thénaoftdar bpfeddeths carboryltiorpstes@n tin hatatart vafdht, pah ef the

b d
LBl Dk daf 6 BN 5 530kl e ORUGhE S e
c 8¥bofid ester 0M) 8 peysed! Is)the ‘Pﬂﬁbqnhléthn@tqpéb) vari ant, part of

the car boxyl i c ester (IV) forned can be obtained as
roduct renmai ni n art of the carboxylic

e&l% (bl 94/eqst P%Q?&'&ﬁ*%'kbatﬂ § %’aPB@HWHtPr%%a@x @jeashi0% and very
| parsdutply Oizferatiyf atleastsBowp af the cpbadiRreatel jividbrnleg afdteb) is carbonylated
part@é &g%e%r + ¥ epga 4111%[ t%%'vx thaetcolreesgaz %dtr@lggqg)rb%n qlc [aﬁrg}é er(g}')xyl i o

era
ester (1V) formsd in step (a) is carbonylated in the
presence of a cajal yst to g| ve the corresyg;pnd ng

car boxylic anhy %L@%] Qr @J~ O R 10 n the
process of thg? i nvent i on, step pﬁ”@;L@gj\

carried out using known methods of car bonyl ati ng
carboxylic estef® (cf. Ulmann's Encycl opedV of

I ndustrial Chemstry, 6"' edition, 2000 electronic

rel ease, Chapter "ACETI C ANHYDRI DE AND M XED FATTY ACI D

ANHYERPEESS of thapesent ingeniipe) istegdb)-cappg garted apusingriow methods of
r e4r8é aﬁméﬂﬁixp%steﬂsicfﬂﬁumh@EM@cﬁaped.at ofuﬁduaﬁa@naﬂnlsw 8" edition,

55 oo AL, bR Rrodnden Ffryaeoy

haNHYBRIDESD AzetiraAmihgdride  Bopdoction'rgnd thedsfereRteafbelowg d

catalyst netals are rhodium iridium palladium

ni ckel and cobalt, in particular rhodium (EP-A 0 677

505 patalyds, fdg genes!horosgiblg inuse medaloe @rrues Brsol9red the Aegedig able and

g@Re tehpauna®i %ler?dfﬁfH d?ﬂal;d@lgari‘dlimd Iﬁ&ge?&cﬁﬁp@hl@d&cﬁefe&te% catalyst
al kal i .neta i.he ear

I oA Nt TR el Re PR doPTIRE T ogen

i (ER-46 67? 6@5_)nfea halided @a bigamebalogen carapdunds) luse is igertboatip triade of iodine

( g@ﬁ@ﬁb uét ggéfggr]ceqsﬁkﬁ tga (aEél’i)’ERe méké%lk%?eampﬁetai iodides

c&ﬂ%ﬁ 0e3. 104t a #$5183) d’&lﬁ@ﬁ%ﬂ lpq)des,toawlupdpétharw; in paytigidas iodpmethane

| (rB&nd Rdidey (SR 29@?7731 SE-@iMaA 5bD), maﬂutmuotdz&mﬁno&m

DR 1o RN P80 Pl BTy Tt MBI rrerece

4% gb/ef Yo wsingpiitegerhandghogpb&rus p@é&uﬁ@aﬂsuch EPmﬁog&nﬁ&&e&l@)«chc

T t f [

é@a@“@% (O 29 53 08, afles S ACLDE OB S7 D pAfEphiGs (us 5 003,104,

tw:ﬁ;gsh Tbggatgmfystqmﬂqq@ AtheR comprigegeromoter metals, for example

| E:hrdmmm if tHelireltRionfiyts syeten( (U8-4002,6383ruthésilmaed the farhiruthBnium

t Q)(!estern'llJ C-IE R'Zlﬁgé 9?3 %lr ct:oba %ttﬁerrr]uﬁwgr%urﬁfcgb%% sys?eGrPl [USP -E E‘T Qegééf g’referred
catalyst systems are systems comprising rhodium and/or iridium, methyl iodide, nitrogen- and/or
phosphorus-comprising ligands and, if desired, promoters, for example lithium or chromium.
Particular preference is given to using a catalyst based on rhodium triiodide, lithium iodide and
iodomethane, for example as described in US 4,374,070.

The catalyst can be used in unsupported form as homogeneous catalyst or in supported form as
heterogeneous catalyst. Suitable support materials are, for example, inorganic oxides such as
silicon dioixide or aluminum oxide (EP-A C 336 216), or polymers such as ion exchangers
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CPF84030 systens are systens conprising rhodi um and/ or
iridium nethyl iodide, nitrogen- and/or 30
phosphorus-conprising |igands and, if desired,
pronoters, for exanple Iithiunhgr chrom um Particul ar
preference is given to using a catal yst based on

r S 105145) ior edinsl@P 0IQi1t24hE4An i odi de and i odonet hane, for
exanpl e as described in US 4,374,070. The catal yst can
be used in unsupported form as honbgeneous catal yst or
i Ahe caipenyiatien qep bararged @B inthe Uﬁ&ﬁgemfdwsroeat(as;sslo?: 104,

Seiptabhes srp08U3NBES W@bﬁoﬁb@) or |rptﬁe SPRARY cﬁhydr&b‘éﬁgﬁﬁ' ﬁlarr etal.,
OXI de suc as Si %Jl con al um num oxi'd

i'é) ORP- 6 %e#ges BikR 6&%) 1 aﬁee%{elwaﬁwﬁagewmam out the
1]:3’(’6'@'3?6"3'_5 tAigsente of @gdrogen( QH"elt@fB{ ukig hpdkdgen cEﬁthtrat}ons from the
car Olk, C | (0]V) | resence, o
PR 80k 3p oLl Bl el B i1l 15 VBLRE B35 Glgme gasecus

W@eg2irganyemployed. i n t he absence of hydrogen (A C. Marr

et al. 5 lnorg. Chem Comm 3, 2000, pages 617 to
619) It is generally advant agi;eous to carry out the
cd F‘% B W’HFPQS}FaP e £31 ée%?%g'g}%@ RF 98 PRASSJBR-A Q3SR %)I qr {p the liquid

ushm Wyieh iogearriedag anthé gzis phase, Lsoiggédtally prae bxsored citdlysts. in
et v e Ba TR, tleliPL o U oot cares ot

cmeﬂlew9phﬂsﬁon can be carried out either in the gas
phase (EP-A O 336 216) or in the liquid phase V\hen |t
caryied out in the g S ﬁhase use i s genera ¥
fin aﬁw&a@@ Ig e gR5 BhASE is g5 erﬁ'wéameseeaéfw 13thie 48 &serﬁferab'v from
| nsemtzaom afd pressrreod fios 01 10616 MPa abb @referabipfigth al5ite B MPa abs. The

bej The .,

o SpRBRa h B 18 phdbe o el Wiy 0GR Bor P & 0. gtoggy rom
atl79 @R t3end p2sNIE OfpﬁperfOe‘r tay ﬁyﬂﬂ‘arabm pre!s'ebly fior 803 MER@bs.

a pressure of fromO0.1 to 15 MPa abs, preferably from

.2 to 3 MPa abs, The carbonylation in the |iquid
pH‘ér?e “Tesca&l?Hlél?‘QP ISy B RIPiefeRy cHTed gt 'nr%'rﬁumpa%wg@derﬂogeneous
Bbﬁtélgsft&ﬂojsyd fﬂﬁ@ﬁtalyk?&bnt?atrﬁﬁ&@bl mpf&i?éh 8 %Qrﬁefi‘éilg Wl\;ge Qh%é fnﬂggm to 1%

y from1l to a abs.

V\Riﬁg&ﬁ%‘?acsg&: oﬁ?/?ea & SOEQ‘% as preferred, carried out in
the liquid phase and a hompgeneous catalyst is used,

ﬁ ';rﬁe EdtbaHy Mﬁén &ﬁ 'BE ﬁéﬁflécﬁédt %%@ﬁf@ée%@& dn%dgﬁ&\%f |§JF]rl S6iveRt. f:&?ne

ght
r 84ePTE5 ﬁ?‘shﬁ Ip[ﬁs?'B er“m% '&5%9[? A afejsgiventswhigndqnot Feagh shemically with
| thetstetirgreempmumds,alie produaticr the@atalysts Dader the 0éackdri conditions iefployed.

g?gﬂégﬁqf&%ﬁ%lsvgéﬁgghhgéﬁﬁ%[g r eaéﬁdﬁnﬁ%ﬂphaﬁ %Focgﬁhﬁ/se%ﬁh%lso carboxylic
s B6ifs ansigheiiestas Rederendeds givapdeiusing setventh in aagonyistionssinyhigh the

t Q@rﬂh& %ﬁérlglrbngﬂﬂﬂé bicgtkd |ﬁﬁ§ﬁhi@i\éﬁ’t@ soluSie 'inttﬁ@scﬁvehpﬁéetreactlon mixture at
| vents, are, romat i ﬁ and al

[
RSN iR e Bl RS, iR g el sl and the products

ezateea1® soflblefirethe na'eent-Begyieadtion mixtwis umigr the lseleciédscanditions, the

C | and/ or

¢ R RS RAAIE pefarot et B8 wiR ARG o BLeh?
soI vent-free reaction mxture at 30 the desired
t ern@ edrbériyfatoredafl be cartiboud BatCivAsk Y icoiBUdLely. Prifefeite is given to a
S‘ntmhonu% pma eri al s and the products

In the process of the present invention, the carbonylation can in principle be carried out using
any reaction apparatuses known for carbonylation reactions. The carbonylation in the gas phase
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aPg 54090 soluble in the solvent-free reaction m xture
under the selected conditions, the transesterification
is preferably carried out without addition of a

sol vent. The carbonyl ati on can ge carried out batchw se

or continuously. Preference is given to a 35

C srgenevallywarripd owdrss flow tnbé éreshiaft eaetss Saifable heactisnespparbtuses for the
gliéfeﬂjgg%}b rlyl%ﬁonﬁﬁh}%?ﬁa(b ?ﬁelsg? %Pei%ﬁ%tﬁ%gggngﬁ%&orsf jet loop

c ERAplorsANH PHkbIP @éam E‘wg useTR& ce@trnbmrmessyn biigfly deasripgsidelow.
phase PF 54010 12 is generally carried out in a flow
%‘ ﬂ’@ %haft eactor, Suitable reaction apparatuse

f OY'CPHE @ ﬁ‘feé’feé g reagial GREATEILTES IS et Re festied ANPRE carboxylic

aester (W) andcesaigdl negnositie arbgdnéraly lbagsea edrdinsously @ito the tyaction solution

r gé‘r%tn 8h3. |r‘?B%1 c.%? Rh S 7 ﬁ@%ﬁwd @ﬁe' _th“%%{ﬁggﬁﬁ'{oﬁ g&\%{&ﬂ YOYS desired,
abmcbirtenal isolvRnY wuﬂea@mItmmupgél‘mamd@écaabce\ylat@mcevolvman for example,
dgs l’e‘ir%%@ﬁﬂ#éﬁ@ oﬂﬁteﬁ@f rQQ?‘ééJché% er@sﬂy%olﬁbme VA g tﬁé‘FeQ@ﬁbn apparatus

nonoxi de are gener al x asse COI’]t i nuousl Into

r 8RFeriby W@BP%W&W@H hok reagjion Fﬂuf&arwm '%ﬁxterr@meand recirculating
C &rWﬁBhyd Jetaocw*rbwkrrlode b{bb)e colut i€ adel Cah)éx&i'naodﬂrcﬁrﬁfé aboestary to ensure

%ﬂl)%in é&uﬁgg{akelf L ay?cgahtt nu? s{f‘y tal‘?'l?gevfﬁn gctlan B‘I g}]ure %%nsst’lbsequently
ewt'eg off the carbonyiatien @}alys@amuuola separatipalappeasattis. A suitable separation

e 4 5HAANUAE Sor emlmﬁl@q fia9k e¥ap6raltfiin| th:fn tﬁeht%rtfoﬁﬁs Eﬁlﬁﬂnde (V)nis vaporized
agbar atus 10 and/or by continuous

MESYIE redyation: 4 he remlqgﬁglupqn g&lprégqq%%p%;ng%gprbonylatlon catalyst, is
I estirniei tb #tei reg:tion AppalduanUndel sifitablo Rimpemand ard ppgssarelzuinditions, it may

Cgiscl.i' B@péélbfé%&qhe o Ic% 1decf5 e%'té bé ) %c%ﬁﬁ Xus‘iyq‘rom the
Gi

sure” mxX
C cﬁapﬂqnuglumrsbytvamnn@ool%-ﬂéa@ﬂ a&m Thmmrgethmboxyhc anhydride (V) can,
&%ﬁ&iH@&# }e)zj uirehRARY B padteddb b uforkﬁjpfs?épbﬁ aiébl?stehmt Qe Rl tifher

su] tabl'e separation a A suita
< 31 e Ca8p P PGl MAE-SON B AN PR S Ry which th fash
eumerfa&brmesbri‘bedﬁtl robpdskible batduexyfithedr iewn ity o feBgtioh product mixture
r
S5 B\%trileg E-g |ﬁh§¥aa§4 Yot ‘Z%rrgolé ?}ﬂ&ﬂs%étlgg (L)"ﬁd;/gF getdpcgeﬁ%t%% g’?,ybg crystallization
i or byreatrantioed t o the reaction apparatus. Under sui tabl e
tenperature and pressure conditions, |t may al so be
possi bl e for the carboxylic anhg/drl de fornmed to
t ARBPIOEHASH PRGREICHR AN MMERSHES) 9 bEghosep inthe pracess g tl]? P’Sﬁe%i‘/“’ent'c’” are
Vv dgrntena tintenalig, ot rdiurd &f tRbSrboxil hesteamrusaﬁ theaartoytiy bnhydride (V)
[ r
pagég%érﬁﬁhé éQtalfsEgbstemd?eePe%{ég raﬂ%cas %s‘%{%u%elhg Sc'u?tgr%ary technical
f gkilisher 20 reaction. In the case of rel atlvely
hi gh- boi i ng carboxylic anhydrl des (V) for which the
flash evaporation descrjb i bl e hecause o
t PESNIng i T Sy ) Fisarostic PRI POREL S Sia pelerais he
woarkerlatipn in step (i) dormaa)sgmmetiical exensphmetigal darsexylid amhydoide, i.e. the
B GHERILBS RS oty St al | i zation or by
extraction he process paraneters and neasures to
be chosen in the process of the present invention are
depansas, it i abs%rbleetb lafid arDdlcdhBIER "TGH 6 RE-GH totthecartiiioxeyter V) to be

es carbo l.i.c.,anhydrid
oy ferels Bt Al Mg hepl T oo
u -ﬁ:@Ql-U@;It Swretr 3n adgttlhrmmgms it poksilhle to. increase the ratio of the carbonylation
products R*-COOH (1), carboxylic anhydride (V) and R*-COCH to formic acid (1). Thus, for

example, the additional introduction of methanol in the carbonylation of methyl acetate leads to
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3PF3pe0di ng on the formc ester (I) and carboxylic

acid (11) chosen as starting materials, the
carbonylation in step (b) forns a symetrical or
unsymetri cal carboxylic anhydgide, i.e. the radicals
Rl and R2 can be identical or different. Furthernore,

i foringtiopebaieli¢ acid io additibnan acdtic aiitybride froﬁ-lhe)carmylﬁldnto@thtefmaathyl

gr&,ﬁéw il glsc‘fﬁésgﬁaie% Y4 rgaq%[bar?&a.g &2t C@ﬂ @g ggs ,ﬁgm ethers of the
cfrmya R QeR'aBI--RYor BOHRss fRPEGOMAOENS o tRietbogic ester (V) to be

agdgtbéryRfedmekes it possible to increase the ratio of the
car bonyl ation products R2-COON (I1), carboxylic
anhydride (V) and R-COON to formc acid (1). Thus, for
emﬁ@ pr@cesk lobtha gabisérit oWention, it éndreCimonnt od thertaibBgMOanhytridelte)
n Iat f acet ead

B RRY o e e 36 T e Sl 7P e v
am:hryadr partofithecsartobdic @atydadey(Vafoimoed aah be hisainet dsydnd product. The
a i { BbSRiPLRGA i drgsh!
SEA o BRSOUEOR DAY o o R
R1-O-Rl, R-OR2 or R2- OR2 as further components to

t h&tétﬂ(&b awﬁésit ﬁarﬁﬁteﬁratﬂyl al)eabt®) @am@.ﬂh’rb @féﬁlrﬁl)&d leabt 10% drld&ery

t., ent unt . qf

P RESE T Bty IR Yt e R SE ) R B '
tlrem%olﬁydum bbequtmsmﬂ) arcarbokydic agiilanhydri dati on step
(c). In the Iatter variant part of the carboxylic
anhydride (V) can be obtained as end product.
TRB&e cq’%'fcrﬂcﬂd° B%\\‘ﬁedgﬁs theéermurb¥kyl i ¢ anhydride (V) is
passed to the transanhydridation step (c). 10 In step
(c), at least part, preferabéy at | east 5%
particularly preferably at ast 1Q¥%hand very
particularly preferably ah:ﬂlgqﬁ 50% of the carboxylic
anhydride (V) formed in step ( is transanhydrided by
reaction with a carboxylic acid (VI). 15 The carboxylic

a%gretﬂ%hrgﬁcéi' ﬁeg a{ﬂ%@gﬁg%tf ical. g]r'@% £n‘r€ I)érdr% E}r&f@r?ﬁlgﬁh méu?)stltuted or

I cCra
¢ sdhstled; alPiatia asroasi pr aralinbAtsBAIeE WhighbkRsdfom 119 12 carbon atoms and

S Hﬁ?ﬁbrﬂbﬂs@f@ne & rhér8 ﬂétbl%atoﬁr%@{]@rtds?)xﬂ{en afittdgePbrduirdr, fopsiafple -O-,
ch. has fr arbon at ons

o SRR HRr 5N i SheE BAona e 3y Eh Sniipate sy Batge by ore or

S moferfunctrbnm gexpseich méy comprise, for eXdRiple, o3@en, aitrdger; sulfd=andror

alh.bi&%&r%t, roﬁ%%@p&rt%'ﬁ%ﬁn‘é o?il;u? mmrﬁ%ﬂg apcﬁor Uﬁ‘pﬁd dsbﬂ ed by

one ctional groups nmay co
exanpl e, oxygen, nitrogen, sulfur and/or hal ogen, for

eWﬂ@Bﬂ:&eﬂﬁ&ntbhé&Fﬂn%hy&hbﬂUu'lrﬂﬁep {25 16 &h BQuilibhi@H ré2RtichN THeddtarting

?erralg car%gxyhc anhydride (V) and carboxylic acid (V1) are reacted according to the following

reaction scheme to give the products carboxylic acid (11}, carboxylic acid (lla) and carboxylic
anhydride (V1I).



Tipg sypqoenent i oned transanhydridation in step (c) is an
equilibriumreaction. The starting materials
carboxylic anhydride (V) and carboxylic acid (VI) are
reacted according to the folloihng reaction schene to
gi ve the products carboxylic acrd (11), carboxylic acid
(I'la) and carboxylig anhydride (VI1). 3@ PF 54010 O xO
R2~O' 'R 14 + 2 u Qﬂ\RS‘CnRSF(tI) (Ihﬁk In the
process of the pR¥Se "RVent i on, stepR?c)Ccan be
carried out using known nethods of transanhydridation.
Sui t abl e met hods are descri bed, for exanple, in DE-A 35
10 035, 5 EP-A 0 231689, DE-A 36 44 222(VAnd EP- A
1231201. To increase the reactilpn rate, it is generally
advant ageous to carry out the tlJfansanhydridation in

the presence of catal ysts. Suitjable catalysts are, in
particul ar, acidic or basic substances and al so
suitable nmetal ions. 10 If acidic substances are used
as catalysts, ghey can in prdgnciple be solidg liguid or
gaseous under || the reaction [conditions. Exanpl es|f of
suitabl e sg# 0 asi di c'or pasT™catal Ysts aﬁgﬁa@' i or
basic ion exchangers and acidic or basic oxides, for

I nstance zeolites, alumnosilicates, Si Q2/Ti 2 or
transition ndlal oxides. @table Iiquid or Yseous
acidic catalysts include organic or inorganic 15 acids

whi ch h K Lch is | t t.h f th

1} B8 ayre TRaeth a1 Elae R i odrtp kibry meftgds o
oltrgaganydidation Suiiabis methodsdis descrifed fonmempls, igDEsh3E 10 035,
UgRDQo 544 dedr b@-ﬁ%!ﬂ'zzﬂhhﬁ\‘-‘?ﬁhhcﬁﬁﬁm.ar omatic sul fonic

acl ds or phosphoric aci e anount of organic or
inorganic acid is advantageously fromO0.01 to 2 nol %
prrefirefeabé theézrtiontate, it i© gengi@ly HdvahRgedls @carmp eutainy tamsathivdridation in

acid (Vi sed. .2Q Lf nmetal . ions are used.as catalysts

- présFode HEpEarf i St 98 Ry 7 800 Br el g ano
Pelsb guitable Taetdl @ns.Pr ef erence is given to the ions of

cobalt, chrom um nickel, manganese, iron, |ithium

sodi um pot assi um nagnesi u barium cal ci um _copper,

7 ilfrﬂgl’dtczspgsé@}qp%?fﬁ upgck a&,ﬁa@}ﬁts. they can in principle be solid, liquid or gaseous under

the reaction conditions. Examples of suitable solid acidic or basic catalysts are acidic or basic
ion exchangers and acidic or basic oxides, for instance zeclites, aluminosilicates, SiO,/TiO, or
fransition metal oxides. Suitable liquid or gaseous acidic catalysts include organic or inorganic
acids which have a pKa which is lower than those of the carboxylic acid (V1) and the carboxylic
acid (). As organic or inorganic acids, preference is given to using sulfuric acid, aliphatic or
aromatic sulfonic acids or phosphoric acid. The amount of organic or inorganic acid is
advantageously from 0.01 to 2 mol%, preferably from 0.1 to 2 mol%, based on the carboxylic
acid (V1) used.

If metal ions are used as catalysts, they are preferably metal ions of groups 1 to 13 of the
Periodic Table. Preference is given to the ions of cobalt, chromium, nickel, manganese, iron,
lithium, sodium, potassium, magnesium, barium, calcium, copper, zinc, zirconium, titanium,
lanthanum, scandium, tungsten, cerium, molybdenum, thorium, yitrium, niobium, tantalum,
hafnium, rhenium, aluminum and vanadium. The concentration of metal ions in the reaction
mixture is advantageously from 5 to 1000 ppm by weight, preferably from 50 to 500 ppm by
weight.
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| prtgapnom scandi um tungsten, cerium nol ybdenum

thorium yttrium niobium tantalum 25 hafnium

rheni um al um num and vanadi um The concentration of

metal ions in the reaction #ure I s advant ageously

from5 to 1000 ppm by wei ght, E eferably from50 to 500

ppm by weight. PF 54010 15 The transanhydridation can

b j o : as_phas
?h{ﬁiﬁsérﬁ‘gd% iorl Jaéntbg E%Jggcﬂﬁ]tgﬂ tR&‘rﬂ@% &ﬁgsé & / rLthg 695 Soisge fiothe case of

pﬁé’ﬁ@ﬁaémiédat@n i theegrstrhages Prﬁ@rﬂmee s19bge Ieetsing hetatoaergegvscatalvsts for

f @kamﬁﬁ@ﬁﬁ@ehbﬁuoﬁ@&@%ﬂ&dg@ﬂ% abi®P oBIERAN a8 B a
aci di ¢ ox a 5 transanhydridation in

t H@”*P'&’H('?ﬁ"ﬂh‘aé@q'qH’QPQ?%?s?aéa'Xﬁéﬁe%?fé Pb%‘%?@f the phpvpREntioned organic
aboneyanid donsed meragmm The Bdnshitgdr@fatdrOs prefeckbly@iarria® batlin the liquid

i " Lidation is preferably carried out
iﬁﬁ%ﬁgﬂqﬁhqed d g'Tqase ‘or in the liquid/gas phase. The
transanhydri dat| on is generally carried out at from 20

t Qh@%nf@ﬂr@fa%rﬁ? bé/nefamg&arﬁéb Mat%%ﬁpzo to 36b° Eh&efQFaSl??th%o to 200°C.

general|ly f , preferably from
o Tb%LPFP%SUC? 5 9%1?5?"&8%"‘ OPRLta s Mﬁ% a?ﬁwreﬁr%tﬁoa‘no e ‘Jb‘5e|\’""a abs.
carried out in the presence of an additional inert,

p l.vent . f [ es_of Rr.esent.

PS8y vanin, 58 Lo AL PR el B HEBRO By potr st

r Eeiche purbrsed eithe gresant ventien, e solvents areseyents whichtdeaot react

p &ﬁgilmsdn;a wﬁH thé Q@mﬁ@h@lems &némﬁfctstda ﬁ\ercﬁﬁ%tls Qﬁhe? %dééchmndmons

15 e O sui tabl e sol vents
S SEP OIS, BT o as stRaicare SOTati barocbans Ga Btgirge. Sotvents
uaedenerallyruiaedio staesestetiftvations irewhich sirirgmaterdalst dnd@r products which are

”ﬁ\%@fﬁ @l‘ltl? rl:ﬂé i [th 9@:‘&91%3 ré’?ﬂio%hn ?ILI% at {hrel%#&{eg ?égrt%%H‘%re, the desired

vent ree reaction mxX .
dé@ﬁ%aftdéh?)@ﬁsﬂ@%ﬁéos of glartig giatedals apd produgtscare prgsent df the starting

dﬁﬁtefnﬁlg aﬁ@ﬁfoemsca‘re §I§@§dldﬂi&ln EFB.tsSﬁlérﬂ-lfr%e %%'tldﬁrnﬂﬂ%tuﬁdéﬂr% chosen
pres materi als an

P FSRBEs. g tahsanitkabton b by G dord gl SHERET e SaR:

the chosen 20 condltlons the transanhydridation is

t
P S S AN ISR B 9 Gt
c H\emﬁhiwtrﬁellydewq aratﬁt@tsQ i mgy B¢ pgvapigerRays f.onusetan gxcess of carboxylic

Sbﬂiy@meqm lshift e aquilisHilv ih 8 Q@H&HH bfthe bésw%rlbbﬁyhc anhydnde (VIi} and
{0 use an excess

vant age
(e 3P BreRreitin et s ohDe el i 1 Ui s excess
de[scartmdyllc antiydrige (Nﬁ:lsauh]ltageadmly(umd 0.5 avobpe? hobaf learbogli@acid (V).
conpl ete conversion, viewed externally, of the
carboxylic acid (Vi ) used. This excess of carboxylic
anhg trRnsarhydngationscan e saied s batrwisporcentipusysiyprefseanceys given to a
Of:orﬁ:ﬂﬂd@ﬂmdcéfs vasicontihidus.intrbBectibh SIAGSENRY matadid OehrsoxicAfhydride

oP0RE EaBanc BB b PR o o bl it for urtvr

[ wpﬂ(amm mrwnucwfs disbharget of thej degiradeprasiugtaboxyic BriwgridedVil) and also the
ae&%%l.&&:égu)(a\(& (lf’é‘i‘%nﬁ ahd %}6!:|ia§b1é‘%edexééés)car%ﬂﬁbm\!\éﬁhl}dnde V).
cont 1 nuous di'scharge of the reaction m xture

further work-up or continuous discharge of the desired
pirolel plocess obthi pleisent avdntion i thketrnvar hydrisiatibnadas i drineiple can be carried out

c ﬁg Fé)%(lwg%m%oﬁﬂ{gﬁanfsbé kno%qor(lryf hg;a? ﬁgq%ﬁ‘&gttl ng

excess car boxy &
pf@éwsapmra[upﬁga forrthes eeaetiop m,t@q:,@qu@,pha@qﬁe stirred tank reactors, distillation

t calmATYRYElVE BRirh®bn@dienibiandrédeford) T8 abtiéve RthighdbhveRsibrOils
advantageous for at least one of the two products, preferably all products, i.e. the carboxylic

mplles of ﬁ%itable
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3PRB40Ag all reaction apparatuses known for

transanhydridation reactions. Exanples of suitable

reacti on apparatuses for the reaction in the liquid

phase are stirred tank reactorﬁ distillation colums

reactive colums and nenbrane gactors. To achieve a

hiagirydaaden(V8) anddivg carlioxylis acidsiiihatd(fapodefremovat cordinsdly Bore the reaction
% two products, preferably all products, i.e. the

cal oxylic PF 54010 16 anhydride (VII) and the

carboxylic acids (Il1) and (Ila), to be renoved

C @iHeh A b ¥tirfddWhKtriER T Qﬁi@ sl a@ﬁeve‘éﬁt%ﬁ %}np}éhﬁfboHﬁiuB&lyﬂakmg off the
stirred tank reacto

i eved, tor ex ant'ﬁ e(

cé"r?ﬂ'%‘d%‘&eys%ba%“ﬁ@‘ Y&PPaf?tWS ° §‘erpé%"é‘F§5 G Frekquiating the unreacted
s stagting ertetialy ase: [fappropriate, tiefcatalyst nim:bﬁqﬁeralsébaratlon is generally
re t . stary terials

gﬂrr écf éﬂt g% h&&}ehcg %@%@ﬁ@%{o.ﬁ% r(gnsS " bs%sg@n &em n a%?;%ratfof\ grocess
gem@bblftbryhe Paeific ystemuwith ks aldofeustiomary ﬂmhmcaﬂ slsitS| Il ation
colums. It is possible to design a separation process
suitable for the specific sg/stemvvit,hthe. aid of )
c U 8¢ BRRsAYNYARRHPN eastion (§ipreferably earedout i g fisiiatioricqlump prpactive
I @i CimetBogsuithie bthe paress cﬁmecpu&semm@mdmsd ddstribel, Gor example, in
g?igg%gg% i1 ?gﬁeﬂ%é cfag% 8 £ ranﬁ%nhmrldgﬁon wga 8t"flg{|o%t%;8@mn Por rea@t%e column,
eXw@rfpaction prﬁferqg[g.oACL[gsln 1@ roigdle regipniohtbe celgmn. dine garboxylic anhydride (V)
t raﬁtf‘ﬁn@'&@ﬁﬁgiy\@ﬁd (Q’l) al’é"fe@lncﬂo'ﬁwt thé El@é n@fe rﬁi@bié‘ﬁﬁh QFrther &ﬂﬁ'ﬁd }ﬁebeneral

- a5 Eipegplbiafen Card Arate SHEE8 PRERYPVE Sanp [\adng oo els ()
t land @iay foomed whictawhah Usiib Reeatic @ntiyeidde are fdenticaltdne asi bibéh dcatic acid, is the
telégrgﬁgngﬁf{ b%lll\‘l?\iéttthquwésl? fénﬁ)gtawg@ ét H%ﬂgﬂ%gbgéegéragygtﬁgéﬁdoﬁ contmuously at
atfieyter-iThe cqrquthqméyctclge DX fermed lase@sali( thp)commmn(nqlhas at the highest
f @Jrﬁ&ebmrwah&ﬁ g@mény 'th‘ibﬁ‘Sff e&ﬂﬁuoﬁs@ahuéimdndﬂ £ ﬁakéﬂ@mpb@ehate

© FRecRaa5t Prrshipal e aRmn.s pariesRey BT EGUR B BTRYR LR Eposic
ofehhydode (Vpataming beldw thiatet whinh the Eaoxydic Sakjd)iicintodugelt, salthat the

1
( Yéa{%aan{sﬁﬁmogﬁtglgg{ﬂ%ﬁ %Pﬁl c{c’ng ggc%tfe? ﬁ%aEO 'tl'lela??itlcﬂ'n ac[:tn’ﬁlng to the
C STeHESN Fneiple g eBg D aninceseaie canvea%m sipee. for exapple, a high

I @ardehtitilior Sﬂ'lﬁrtﬁ%@ laﬁHy&nderIVI 13 ﬁre@&it WRe lowér rkdion of the coiumn and, in

%ﬁ@bp#{g@%% ragl%/ 7 t T eou %%?Idm? éﬁﬁf Els eXumbnum there in

C drelatiregtion of the deblréﬁ/br))dmcs caMnyhmchnby&ilide 4). tHowvever Higs also possible to
CbhREaYR cfa%‘%hh Ent‘é@ SrHIr tﬁ@é&bdﬁ}é@% (ﬂgﬁto"’lﬁ?&mﬁ‘in together at
Furt er nore accord tot

c S0 pantc This may. fgs nermqlep |be agyagigaequs #aen e ayp starbinaspaieriaishave

t rﬁénmm&‘@éﬁlsmlar 5dilinG E@lntﬁ Ofa @t&ﬂ@n@ous&aﬁlyﬁhs used, it is preferably present
car

|
¢ FRF Bk Bt 30 piong ot pebives i ve Gaip e  GonfioRBcol cadlysts are
wiuséd, thesenara ded ihto thecolvowias futthergenpbnants; benegally hj<em§e dontmuouslv
( \ﬂ&ai iond'hd ﬁo?ncfg@ﬁ‘eo%g Ehthil 44 drd Ebﬁe'?aﬁl? ﬁ1trb6hceé li‘ﬁhéjupfngrEblgﬁ‘onﬁe column

desired Fro uct Carboﬂylc anﬁ %l ?{@
H&ﬂ%%‘? argeg a} the bptog, SeRaEtest off fiogn the ?‘PHbREE Ct#fid generally recirculated.
C ahb for lekanpe igudd ks wWhich memisdhh@ent da hevptiers padud afe\preferably
' %&@éﬁ wf)lﬂé H@Aa ?%ﬁé{}ﬁé Wﬁmﬁﬁ’r\epEnal%la‘{sc‘toq{?eydesérﬁﬁlon given for
nﬁteeuspaf wetgkions. thpeesaﬂlp @alnoreama/@q*qf dsﬁcmrs%i!rw%dhq hotigms are likewise

p@b;ﬁﬁréte% dlaff fréin hﬂtcﬁfbeﬂﬁ@@rmy&ndééwmbﬁﬁ hrelg@ners@decsrbmate@ Organic or
prefera

P S RRG 2Ll BTl s ek M S AL g pRRRSIRERE St B il rom the

catal ysts are
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upgs4oipese are fed into the colum as further

conponents, generally |ikew se continuously. Metal

ions as honpgeneous catal ysts are generally introduced

in the upper region of the coI ?n and di scharged at

the bottom separated off fromthe bottom product and
gevieravhigh theg fecakea b tso that theg arefditribasa idrehe doludtiai Thus, for example,
acj [ , [ b t ar

o FaBel bt Bl fong or RoRaAle Kb i BabochEnEs S pfins
c ofeyaiting in the golumn rrse takerndfor) thedottem areenr@‘ergblv Afrted grtheyupenregion.
for the use of netal ions, the organic or inorganic

acids discharged with the bottons are |ikew se

s dpREeerEpe yith %PPBHY% %“Wb%%?ﬁﬁ'&“'ﬂﬁ@!ﬂ“ﬁa@@%\w the PLoRgss of the
amsg& eestioh ybrltrearahsamhaine@hon (o (e Cto B8 cartiDdud AH dnBrtioaksy

o e R el R RS o e it EorbdRls 2Bt oo G BRR Aoy
t lalyydedeg Vil pikeereddd be taken aftxantinubesly. ar e di stri buted over

the colum. Thus, for exanple, relatively high-boiling
organi c or inorganic acids which, in accordance with
t EtableApParalyRes forhR(partion inthe gas Alase HPURTEXamPIR. flowdehes of shaft
atrea‘cm bottom are preferably added in the upper region.
5 In accordance with the above discussion, it is
particul arly advant ageous in the process of the
p ey turtheripasifeatidnaf the produtte obtainerswinthymiay batecensary garsbeegevelioped on
(@Qe t}aglsgﬁa ﬁWéd?uoﬁhg sthrd gamthlnatlé BHBYSS dha, @Qﬁ:ﬁlab?edthe catalyst and

distillation colum and ort he 'reaction’ products
c #PFRORYFtamanyiernicel skls.ang carboxylic anhydride (V1)
formed to be taken off continuously. 10 Suitable

f h . ph ’
SRS BRI P e R A A o
p gabbxyticadici) ark redsted Y lehk A transesterfisation/sepanation)to fizsm formic acid

n Iﬁf’ﬁﬁ%%oﬁﬂ@ega' ﬂﬁ\’mtﬂ.%ﬁ& #0id Ills %a%'oﬁn@élscﬁaﬂég@ﬂ &Qgﬁoduct
estartlnﬂ materials, %ao ucts and, if E(Qlca

0]
t 8e eafpaylcgstes ) separated Pﬁ& ﬁdmpf"é@h‘i‘l?‘i';‘a RFeree X
Ficgmm/n&es:érpwracrtﬁaﬁdthd carg6xyo axter (INEfomieaes/beafischdrged as end

I
(r?g%e ltP é C%ng% %Egﬁ%ﬁ E‘fon&!n)e i€ ﬂ@oduﬁéJ tg%i% tI|1eCcarboxyI|c
( tanwds@asave e peraoxymr@mme AiiomassadoiF a5y gptienal bipek “REidischarge of

( |cbﬂbbxyﬁ@ﬂ1h9§¥d@?%ﬂl& &ﬁto?fhe (:éryéxyllc-riiﬁycfrﬁé W)%rﬁi@ﬂ ﬂ'lagr bé Hikcharged

separated off di schar as end product
o 55 b o bk E| (ansepandaton. Brers, caoas. e (Y] b iypduced t
O [idrmQuafboxyit antlydridd'(ViixHnd clrdoxyic add (licandpeben anansgtrestical ¢anboxylic

T e R

(carbonyl ation). Carbon nonoxide is introduced to form
t hea %feb@mé}nbsd.m&n Ry#e b.%ses!s\é} the Ere@,emrvmwat Radtpa 6f thelarboxylic

%ﬂéli)ﬁ) lg %183?41[8 Pézﬁ lglalp?rtnapar!& ﬁgvaggzs %Q)ﬂ tFﬁ% process of

anﬂrg/m‘eseden(éd)lorf forﬂ'redarm)tyllctagsddll)slc heregieaials! tastep fica total amount
Oxgnlate‘cycéqpél gﬁf rfces‘sér? %ﬁ%ﬂ@i’ tﬂé‘én‘cgﬁﬁon e 1%, avmd

acCl nt r oduce orn1carbox
amqlzﬂlen f\nnpss'rah'a E-ROBES ftimay &g Pi!rfamasﬁouamec'(ﬁﬁléw %{W“v less
U gt adid al) tham hésRxsdry 1© stepd))aad tokmake\dp thesdifsserde babdxition of fresh

C%é%ﬁﬁégcci? ﬁﬁl d (Ila), which are discharged as
o : : ,

a preferred enbodi nent of the process of
the present invention, at |east part of the carboxylic

Figure 2 shows a block diagram of the preferred process according to the present invention. The
blocks "A" to "E" are as described for the block diagram of Figure 1. The only difference in this
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3Praggodp(l 1) fornmed in step (c) is returned to step

(a). It is particularly advantageous in the process of

the present invention for the carboxylic acid (I1) to

be recirculated to step in a tgé anmount

approxi mately equal to that neceéssary for maintaining

t befaried prdceds ivthat the ceboxyie asidqil) d:oma;@fﬁ‘dﬁ‘wlc&k r E?f@tréhfsanhydndatnon) is

nt a

gg&?% B‘?gb al%ﬁ&%el"‘pt(c? %chgggggp%&?wll in d‘%tcﬁ rt?ﬁg%carboxyhc
neeléﬁls) &arped masgbfefbsc(r‘aygeansiend:prmetque blhtdc ‘41 fference by
aqungés@é}lfghoﬁ,g%ggm,;ﬁ carboxylic acid (Il). Figure 2
shows a bl ock diagramof the preferred process
accordlng to the present invention. The blocks "A" to

" I thé pRcés oflBe prdsbre thvébfion tpieferh@ak gickinag R #forric ester()1.
The only difference in this PF 54010 18 preferred

process is that the carboxylic acid (I1l) coming from

bl ock "E" (transanhydridati®n) is passed via an
optional block "F" (discharye off carfBoxylic acid), in
whi ch part of the carboxyHic OQacid (I1) formed may be
di scharged as end product, to the bl ock "A"
(transesterlflcatlon/separatlon) 5 1n the process of
t frewhichetberadicalR/ént i on, preference is given to using a
formc ester (1) (I) 10 in which the radical R is an
unsubstituted or substituted, unbranched or branched,
acycl i3 upsubgtiteted er substitufed, ynhegnched gfdrangheds BYRICRE et Gy z-alkyl
et hyl radicapsuen b methyDEtARYA- proéyl QLHrc)HyI 1ButiL-Bhty!, 2- methyl 1-propy!, 2-

g ggtn?rej(qth I%%&%ﬂytpen@ %P% pgntﬁuf Eyhylﬁltﬂ@?ﬁﬁetw B et;% hexyl,

hexyl ,heptsl, Brethyiyl-pendt, ettyly2,4,4-timetiyiH -perdyd tnphyl, 1,1-dimethyl-1- heptyl decyl,

2 I
4 4+ &Hédﬁ?&@ékyl JpQQ@ﬂﬁé{hyl Q%(}Jﬁtt»iﬁ#h?ﬁﬁ@épg%k IOPet tyl,
3 pherﬁyq:'%?eﬁ}ykﬂem%ﬁﬁyqﬁpénw hyl, 3-@59}9pm§\éqwgﬂ ﬁ!@lqﬁ\ﬁyl cyclohexylmethyl
2- cyclogeBhesviehiy 3-cidhesipragnsy | propyl, cycl ohexyl,
cycl ohexyl nmet hyl ,  2-cycl ohexyl et hyl or

3-cycl ohexyl propyl; or 20 an unsubstituted or
suwbst ianwhsubstitutet besubstided) untivarecheh@ dranabedc beyclicar cylic C3-C1.-alkeny!

fzprcéﬁany E1¥as vﬁxggétﬁ«ﬁmbl) %Lb?ngieﬁ% é’#rﬂ%nyl( g%@ﬁ{ﬂhﬁnb 3-butenyl, cis-2-
ci s-2- bumrlétrgns-Z -huteaylsci 1-buteryh yrans- thgtenyl, peatenyy |hexeny| heptenyl,

t r ans-oktehylt iA¥yI, de&mytezlwcsopmasﬁn%ycldmemn |nchyc|on@£:eh%yb 5-

nonenyl , dec -cycl opent enyl , 2-cycl ohexenyl ,
3-cycl¥ ﬂ%@?éﬂ%’%r 2,5- cycl ohexadi enyl . 25 Particul ar

preference is given to using a formc ester (I) in
V"@a&@ul&ﬁefﬁr@%&@bw&o &ﬁm@ fonﬁE%Ft@?@ dA ﬁwdlhg \"afe&@@lﬁﬂf‘ggﬁf
méipstituted, wyprancjued pF spRched, gcwh@%yqis-aﬂyl @gﬁu spegﬁoaut rg)qathyl ethyl, 1-
2 praplyin¥-brobyl P1-BUR | 2-buby, Perhdtbil-1 PrdpliOBethyil2-propyt Wk peaythnd 1-hexyl. Very
LpQ%)éLYIallr'pre\(eerEXce is given o using methyl formate, ethyl formate, propyl formate or butyl
formate, in particular methyl formate.

In the process of the present invention, preference is given to using a carboxylic acid (i)

O

Mgy O

R OH
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PpFis404h ar preference is given to using nethyl formate,
ethyl formate, propyl formate or butyl 30 formate, in
particular nethyl formate. In the process of the

present invention, preference %i given to using a
carboxylic acid (II) 0o (Il) OH 35 PF 54010 19 in
winivtlithitheradieslRésl R2 is  an unsubstituted or

substituted, unbranched or branched, acyclic or cyclic
C,-C12-alkyl radi cal, such as nethyl, ethyl, 1-propyl,

2+ pr opy Lpsubstiitéd/dr, substititddy linbratrchaitdt pranthed! pdlic or &clie C,-Cop-alkyl

3 ot bty mety At rodi BtaY. el 7 Sk ey r-roen. 2

2- et hWetmtl-zawnDWH-pemtyt. Fipenty, 31=pemtl r3rmethyirgibutyl, perethyl-2-butyl, hexyl,

Bg2¥;I f*hﬁ-g p@%(gl cl'tJQ'QEJ nmf ﬁMé} nltyr lﬁgrgﬁfq)ﬁ dlmQRQQ%btyl decyl,
cycl oy@riﬂcw dode% @h%ﬂy w hms@m@mwm@mw
3- cyClepmpeh Héfh?lp&’ l:ycldéy Iéthﬁ W&ycloﬁéﬁﬁﬁﬂ?&b@%b’ﬁcﬁﬁéiw Eyclohexylmethyr

G E%F%,%Q‘ﬁé%éﬁﬁ?t W SovarsessinRRs. ﬁ{)lo%rrr@ﬁ-rvyll glchlgmmet%ﬂetng-?forbmethyl or

unsubstituted or substituted, unbranched or branched,

acycl i | ken adical s i

( &t heﬁ;ﬁ/r.]g?sub%xp o%esnyﬁt'g%ef %}béa% l¥ Ior BT”% ’n ?LJ.S Igr ?y%hc d: rlé’u alkenyl
3- but eawldal such gs Ayl {etheeyl) N -prapeeyh 2- m@n@utlshrynbwlwnyf 3-butenyl, cis-2-

Ci S- 1pDidhy? Phs-2 bl i PW&NV{ranspteﬁm&QVbentJh?P(ﬁé%hyl hei)tenyl

hept enyl ,” octenyl,” nonenyl , deceny 3-¢cy. cIoPenten

2. cycP’étﬁ'@ye &RgANY @%Qﬂ-ﬁ&!{@ﬂ@%ﬂ"yl&cwobﬂfsw 3-cyclohexenyl or 2 5-

cycl obgichekaiepll. Particul ar preference is given to

using a carboxylic acid (Il1) in which the radical R2 is

an unsubstituted or substituted, unbranched or

b Particuitee grefearencelis giveGle Gingad daytioxyliadicid 4l) in @icrstpe cidicaldlid y

nmet hyl , ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl,
2-methyl -1 -propyl, 2-methyl- 2-propyl, 1-pentyl,

2» pent g unsgbgiibtadydr sulBtituted hynbrapched oy branchedrscknlic C2Coalky) radical,
hexyl , h 0 § . B
nexy . sp regﬁe!:éhméﬁ&l ¥thyi aﬂﬁrﬁéryé o ?PGB?F "ﬂlbl: 0%-butyl, 2-mefnyl-1-propyl, 2-methy!

branc h%ﬂmpﬂcyew% @ﬂ@b; 319P'P<‘@n§r!“e§hﬂd?rw' 25'[]%'%’"3@“% h‘w'

25 (et bigstgnthyl IdidMcRdaaiyl or tAchidraigiy lor  1- met hyl vi nyl,
3-butenyl, cis-2-butenyl, trans-2-butenyl,

cis-l-butenyl, trans-I-butenyl, pentenyl or hexenyl.

Very pan tnsobstifutedp netfrancherod bramcigady anyclic € D-alkgnyhmeicalsuch as vinyl

aci d apgheRfiP RiPsHefy 3drSheniiM-Rhlilifg! Boud§eli-S-buBfii GransQ-buteny)

cis-1-butenyl, trans-1-butenyl, pentenyl or hexenyl.

Very particular preference is given to using acetic acid and propionic acid, in particular acetic
acid.

In the process of the present invention, preference is given to using a carboxylic acid (V1)

o)

3)]\ (V1)

R OH

in which the radical R® is
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| PFt5391@r ocess of the present invention, preference is
given to using a carboxylic acid (VI) 35 in which the
radical R3 is PF 54010 20 an unsubstituted or
substituted, unbranched or bragched, acyclic or cyclic

C2- C30-al kyl radical such as ethyl, 1-propyl, 2-propyl,

le but wh uns’Zrbhmltgfd or sdbgvaitday Lerarnhelmr|bran2hdﬁletdwic~02cyclic C,-Cso-alkyl!

5 et IAHREREY v TG S, RIS gyt Tl ot 2imernyz
oct yl pf02’y|41-¥49rlf)ﬂ Izl"lﬁntYyB-antpieﬁ*’rtﬂylhyl 2Hmer|2 methyl-2-butyl, hexyl, heptyl, 2-
1, 1- dig [F.FHW%( nityl, optglpfxltbtnrﬁéﬁﬁh ggMF\drﬁﬁgl 1,1 én@ﬂ-@?fjﬂeptyl decyl, undecyl,

tridec etrad entad

hept aée@yv' tf'@%cv'atsgéfiﬂcﬁ Wﬁt@ﬁ%’b xadecyl, B ecv' [starecyls jonadecyl,
dOCOS)élcosy‘ hemgsEY! docb@r msgﬁyétrac@@:nﬁmsw hefh@Ké}P ASpthoosy!

Bﬁgtma/ I%%E&ﬁ% mg‘%%ﬁi%@ﬁoggﬁghenw EB"HF %y |8W| & bhenylpropyl, cyclopentyl,
cyclo rzﬂtbpkycyc@emalr Eyolopentyrheting taytippamytetih xyedpertylogby!,

g ggf'b c?o%@% 25h Lq{cyé?oh%ﬁ '8 S‘r{é}%&;%@f’%’$wloh&>¥félh9lh§é%5mewlpronvl.

2- cycFUh@KVﬂ@kﬁ?ﬂmbmemyetbﬁﬁxyhﬁhﬂpyl, 10 chl or onet hyl ,

di chl oronmethyl or trichloronethyl; an unsubstltuted or

substituted, unbranched or branched acyclic or c

C2- C348° &F%‘Qﬁﬁ‘l’te" PrEybRlitted, wrmbedaﬂrweaﬁ&#yrcwlear %i/ Qﬁ’cw alkenyl

232 ﬁ3®adlﬂﬂak a:tz-cr,oeangahuehﬁﬁbdrbal or Ch-Q%g mammr e:.udwan;dr example vinyt (ethenyl),
et heny - pr n n

5 but diAPentl SBBRBET Lirtr Ry b B, g 2gleroh e Fopteny. -1

but enybteny rteens-1{butso.cpaptenyl, rtomnelnmptenhlemyl norigeyhtdensryl, cis-8-

oct emﬁk ta&&@r?ﬁ‘l’ﬂans g—ﬁ&ﬁé&él:enypbé cr§'8 1h§'ﬁbt§8€cﬁﬁ ,cis, CIS cis-8,11,14-
trans- %Ladecen , CIS,CIS 8 ep t adecadi

i o ohePiRa e, oF clonreﬁ&p&&eqya@rqxsm|3+‘veofarerrsfbrgr2%¥& yiphexadienys

2- cyclohexenyl 3-cycl ohexenyl or 2,5-cycl ohexadi enyl ;

o R TE PR, zﬁetesﬂv'zag G G or Cx e

r adi cabtemabrsrradrbaitseh:btrtu;edm en®or mwe &,-Clalky ramicklg) for example phenyl, 2-
r adl c @;gf?{;'g'e{ %gh&rn%bgﬂﬁgn ﬁ%etﬁ@fh@ﬁ]ﬁ{o&gﬁlgﬁg thylphenyl (m-tolyl),

! net I‘?;FT“TE?N@’P?FV' n-ﬁpwl:bIZﬁﬁlmethﬂpmrlrﬂfﬁﬁ@ﬂylphqryL 4163frimethyiphenyl, 2-
, 6- dlni‘éﬁ{dQWhEm@yrhethtgwﬂTedyl r@hbﬁb:@ﬁl@éﬁ)ﬂ' 1-naphthyl, 2-napthyl, 2-carboxy-1-

. fre? W%%Hg-ﬁrgoxfﬁ Pﬁm%&; goq%ahtpﬂﬁ-carbony naphthyl, 4,5,8-

3
2
2
3
2- napticatboxy21- naphb‘ryb,(y-carboxyapariﬂtrhr;ehyl 3-carboxy-2-anthracenyl, 3,6,7-tricarboxy-
3
8
2-
3

N

 car DOy M peachi s st RS s amoon Mppprons

car boxy-1 - anthracenyl 3- car boxy- 2- anthracenyl

Tﬁe Zarﬁdx*ylféafchqwby used- @ﬁﬁr"ﬂu&ﬂ?firﬁferably propionic acid, butyric acid, pentanoic
tricar

455 Mok o Gy PBa s A e, matheeris pr Byl ag, benzene-
( Vi2)4 Seeacartoxyiaatid (uyromelijic agid)f enzdphenape-§(3, 4 Attetragarbdyxylic acid,
b HEMﬁHaﬁén@—Q'% 7~Qﬁ5&aﬂﬂﬂblﬁ acra%r ﬁjarphmgleﬁé'lﬁ)h G 8Q8trééarboxyllc acid.
2-et hyl hexanoi ¢ aci d, acrylic acid, thacrylic ‘acid,
pht hal i ¢ acid, benzene 30 1, 2, 4, 5- tetracarboxyllc aC|d
( Pye mrbd»ﬂyliotanby@de oWi1) prepared in the process of the present invention is particularly

bg% oo e&'&g’a&p%édr@ Abu |§ %r‘EJl bﬁ% l: b&ygr%edmethacryiic anhydride
napmrrr&n@ﬁe-1 245 etrscaﬂeqxvlﬁ@a'ﬂ meq“@c add)d. The

carboxylic anhydride (VII) prepared in the process of

t ti I f bl

il PBRFSE SLR IR S aigD SRR ey DS bagerd

anhydri de, nethacrylic anhydride
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3Prsyi10r benzene-1, 2,4,5-tetracarboxylic acid
(pyronellitic acid). The process of the present
invention is particularly preferably used to prepare PF
54010 21 (i) formc acid (I11); 1(ii) acetic acid,

nmet hyl acetate and/or acetic anhydr| de as car boxyl iC
ac¢i) d Hermicapiclll)] east two carbon atons (I11) and/or
derivatives thereof; and 5 (iii) propionic anhydride,
butyric anhydride, acrylic anhydride, methacrylic

arfiily dracetis agidamethy! apeipte anworiacaticanbydride PPk \PEid Bavieg 3 least two
( pyr or@atdoh bitofsa®) dhdioperiGaivBPiyebCanhydride (VI1). In
the process of the present invention, the formc ester
(1) and the carboxylic acid (I1l) are 10 generally used

|1 ro;i)t h%r(%ﬂ‘@ilﬁéhﬁ%@aﬂé fb!utla}ﬂc% arfhigdride, a%?ﬁ@ar(r@%rldle nrnélhécé\lhb gnrﬁ}&nde and/or
hou e relative once rat.Lons 1 n
react i HZ%'?F th"u‘1t~€ %@ff%\’hcéf@??w 'ﬁ*?aﬂﬁ’ a?ﬁ%fb@ﬂl'%%wr\dé (VID).

acid (Il) is fed in as starting material, as recycle
;&iﬁ?%ﬁg >t f%%Z)Pesgﬁ)mv%tloﬁSth@foﬂ]w:étse%%f(l)%ﬁ [hg%agbx\ﬁmc ac;lcf (Ilz)?re

c getryallylused in dedrapsasierifieationsin sten (aAdtaraianicle!, withaugh the relative

r %@ﬁéeh?ﬁuon@iﬂ%rbé&ﬁorlﬁu sturd méy &év|a}e tﬁer@ﬁré& THE %arBPiyll@émd () is fed in as

formc acid %III%c g? uct to be taken Ol;

mSfareg mairigb R 1ectcieean ompier (418 a magture atiae “ﬁaﬁ?a‘%?" of one mol
t leforrait etsiyl)iaed end ol of taoxyiaracdil)iforns] iepcdosdantswith the reaction
ceéhpaggxl ated to the correspondi ng 20 carboxylic

anfydr! de (V), one nol of carboxylic anhydride (V) is

formed fromone nol of carboxylic ester (IV) in

accordance withythe r ctlon\ﬁ.u_atlow CO ¢l --- (V)

25 Since at Ieg)st par?ﬁof t he car box{I/]I iC anhy;ﬂr\?de (V)
formed in step (b) is used in the transanhydridation

o'h@ n‘loESf rfcg'ﬁl'rbcatcldq Qé prB&lEt %% I&)ﬁ&( bt Qnoa&'leqnél o &arbc%@ eg@lI (V). Since

car I C an one nol car boxy
aat [gast ppnt ofdhﬂcqswlmst%ﬂ\%fawsﬂwt%(aa@ .carb?rmaéeﬂ t%Fh@ °°"esp°nd'"9
f %rﬂa@né ammimeevm:ue mélfof mdmd Kynhride vy t%gbrﬁ‘ﬁd frvin oﬁé d}?l of

i,C acl in accordance with the
+ Saeopp e AR tref i e e PR o (1 1) (115
If a symretrical carboxylic anhydride (V) is used, two
mol of carboxylic acid (Il) apgq ormed since the
carboxylic acids (IIX| nd (llal-age thenyjdentical. The
carboxylic acid (I1) forned can be taken .

Since at least part of the carboxylic anhydride (V) formed in step (b} is used in the
transanhydridation with introduction of the carboxylic acid (Vi), one mol of carboxylic anhydride
(VI1}, one mol of carboxylic acid (II) and one mol of carboxylic acid (lla) are formed from one mol
of carboxyiic anhydride (V) and two mol of carboxylic acid (V1) in accordance with the reaction
equation

W+ 2V

(Vi) + (1) + (lla)

If a symmetrical carboxylic anhydride (V) is used, two mol of carboxylic acid (Il) are formed since
the carboxylic acids (I) and (lla) are then identical. The carboxylic acid (ll) formed can be taken
off as product or recirculated to the transesterification in step (a).
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3PFE4010s product or recirculated to the
transesterification in step (a). PF 54010 22 Table 1

gi ves an overview of the preferred process variants and

i ndi cates the stoichionetric b tios using the formc
acid (I'l'l') formed as reference gararreter. The | ast

c Obhblem givasiarcavesiewt di éhe preferceigsodeloekisnts anlindieaths thvé dtdichidmestric

0 Pét 59 D?lj«sg tné %fl%lg af:lggll)qbrﬁgao ST erggce&%?a%eﬁr 3"'8;%5%% iRdiates the

S |pf¢9¢58chlq0§r5 reguirggr witiribe aptional bigelsderidisahasge ¢f osnibie intermapdiate products
C AbtRNY InepticheB thé MRrdsMl df inligtyacetic acid A sinplified
process flow diagramis shown in Figure 3. Methyl
formate (1) and acetic acid (lI1) are fed continuously
vivaridnt mes (0) awrebpada)ion sff@mictaeidr epgixgic aghWydridentviicdndiasetic acid
depi cted by way of exanple as 10 a stirred vessel.
However, other suitable reaction apparatuses such as

t Wadreplifiedsprodeise flovadiegram isf shows indjigufen. Methyl fatmate heand aeelic acid (I1) are

r ?@bqoﬂlrnu&@y vid heb (16 ahf@ ffhf?:rthé hctorl(RF WhICh is deflcted byh way of example as

transesterification to orm formc acid
netskyed vesss- dloweyqrapther gyitable sragtion gpRarpiyges gseslesqripgd above
C 3dratey3d) cds 8o bd lised ak Clor @) IMthsrédcRr (AMthe farg edigfitaties to form

?Fc%ril% c{acﬁ@ﬁlﬂ%’}ue mét%% ?%et?agg P%I&%kﬁ:\cé tplé pr%soelﬂ'l% Ifafgciglgﬁlysf ussed. The
t aéastionooirtuien whidk comprisesmethy farpate (I racs(t»t\)amaﬂtl fprarisacd () amethyl
| 'aeéiatl %V{ gr)d tﬁ@cédhﬁ‘st M%Hkls %b@erb&/ongﬁ&bél} *r&ﬁ lh@'?eac’t’gf' tA3) téndi Passed via line

f orm of he col
( |§3) o ("E)”C’EMP W@Sﬂ“a@ﬁ Q’QE’P é"cﬁh%'% Wf%?’f?ﬂip@ i fhe f%fl’fb°f Higpolumns
| @W [miahe (5. roescnd rigtieyl formate qyérataagi lowibailers formeed(3¢ reicioculated via

ﬁe (3?%%@@&@6@ Egﬁﬂ% ectnoa@l) llcf.-'n (oh viadind @f‘d?wlré%c*ed\él:églc acid (1),

h |cghlytt@md anyshighooriers fosmed are eeqrr@uatqt tedhet reaqtcnéA)r\@dm@ &) It ages
Vigdndit 8&i rﬁﬁﬂat phrk oigﬁ’eeﬁreaW(ﬁ)rHéHtlf rﬁ@é’dsﬁrg B tidch#tgéd cofindobly or

stream can, If char
C @ﬁF?WDéﬂ%W)‘P %lpldf@cqﬂn%ls%gf Iggg(ﬂggqrﬁ,aqdo it gg/%p% be worked up further.
a oty dcetateoIV)@f pasbeionida line(5). 16is denerdlly éahtagebus keusa@rdividihg wall

?%ILHHJ}%e two %t Q%{% ()I}?glg:[ \/(651 ) Ms\&sé tre%?nsé?g ta%gn Xff Qt thé {55 stream

'S gener t'agéous o us
web)lis taksert Qﬁﬁs siderstredne amdmreeml(@nﬁ@k%rsaff gthg bet®m. | n t h| S
case, stream (3) is taken off at the top stream (5)

is taken off as side stream and str éGl{ i(s t aken of f
at'f deieedpmethy acetas (V) %ﬂlﬁébﬁfg%%tw opjiond P&k v) can
be di scharged via the optional Iine (10). Methyl

careo d"n&ie%ev@)w ISS co% § ¥1§% fg?lo tlﬁc% r&%?laﬂog |Jg§<itor éE) Brhlch is geplcted
ofbyea%anﬁﬁxemals ag a§tirrqdrveaseb wever, otheyeujtable FE@PW@@PB@I?‘F%I r

r %@t%blg tho8®BkAtled 2B8Sve fbrQkep s;xamhsa He'l@ﬁaﬂﬁﬁ?drl (DER the reactor (E),
abo or can al s or

N %eare%famﬁstﬂfrsﬁms@wﬂ@ﬁiﬂi 85 b tebresence
nmﬁmelcdnlystmsecbtimmm\chcemcsanhyduee (M Ihetredction mixtaceewhiph cdmeprises
p\ﬁ?e%%g meﬁ’igl atcgtgteq% aJc¥t§tan hmge ﬁf)? ahPhELAGH: LSed?R RMER b&'ﬁnuousiy

né[oﬁWe @@gtthEé gepe@?lly frge%@f the %alﬁWH fqr gér%p%e |§1 érﬂggt{ q?yggct)rator {not shown
caﬁ e YridredtS 6impliGityh, AkE Passod¥ia I’rwall$)|ttythef\n[oﬂcmﬂtiyehstllmﬁat @hich is

ner al I free le..]
b BEY Ao B e (e bR el ) s an
silow bcmletstfy)ned arecregiesiated twmarqaptne(EQ wig)inet (33)t Fee hodem-prasiughjrom the
di Slubrn! (B, WRiB cOMiHrie&s AcRtic anhydride (V) and any high boilers formed, is taken off via
line (14) and is generally separated in a further column (not shown in the interests of simplicity)
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3PFH30@ by way of exanple in the formof the colum

(F). Unreacted nethyl acetate (IV) and any |ow boilers
formed are recirculated to the reactor (E) via line

(13). The bottom product fromighe colum (F), which

conpri ses acetic anhydride (V) and any high boilers

f mtoaseltic andydriik &) aod figh bailersl Tireecatelyélcontathingsstrg@m argaherglly returned to

S I

; BB ASRIP (5) 1Podts Wit s Ut X! oy 3R bR poters can.
aReppesaL £ gwhama Cﬁnfgldp%uuor @ipeontinpResiy:ta @¥0id aGcLmyiAtion 9 higg boilers
SbAd Adkdied ARWINRdIWY firder ned to  the reactor (E). It

goes W thout saying that part of the stream conpri sing

high boilers can, if necessary, be discharged

C ARbdirey %éﬂlcyanﬁydnde BOREY b ylSnglgkd Lig te\wplishapme syl at i on

of high boilers and, if desired, be worked up further.

5 If desired, acetic anhydride (\/) can be di scharged

Viagetic RRhyaRdd (Wﬁ'corh\le doﬂiﬁﬁjousﬁﬁﬁé ling ﬂﬁfd’tﬁé trétaknyiridaSion in the

f Feg\ﬁlgg y@?q%dﬁqupo e tﬁ V{aﬁ gf e)ﬁaglglgsaala CEléjl‘ln lwﬁ]eé:ﬂlurng (G), the carboxylic
degi sl inbryduced via fineg(tZiraotl Garssnlzydadaltiontakes! plack firethe plesemce of the

?%mﬂnge&s‘fomwhaa@r },g.camgﬂ cfe\M ana al:éﬁ: Qgﬂﬁeﬂe;?ird%ul:tifﬂﬁ't the top

transan
opf thereolurom Gl whigh QS?Q‘@E!SQSGC‘Pt@raﬁ'ﬂﬂ'HeU%%CEQ%WtF@"Mﬁ%M gnd any low
( V&ile)s fafrarcédaqs Bk offid whe((hé))and dbrRrany ﬁéBﬁSﬁatédfORﬂefr hex fuftier column

Lg’@fvg Lﬁg Hqﬁ’g‘é‘ gfmlplpya éf-\c% Icgr@ |%‘H$ ascplé%qur(:te?%etlc anhydride

f OV)negbneiatly retkred tothé coluran (G)read (9w boildrs gendischbriged. As an alternative,

f L"iascr{a ! e?tafég pg#rb‘eng Wdr&*z@ W&%ﬂ@énh@&ﬂa\éf(@ p égéﬁl[m ﬁu@% uétrfrom the

n
ok of the 5Pl 8) byaneans ef wmom acefig agig/)The §f°&l=_l<ﬂ é’P@HWouom of the

r ewrhmet@b WiicH &Bﬁxﬁﬁ@éslbﬁfbo(c@ afHydridelvan)| aﬂpré%iHlyQﬁéScaM)%t and high
ern

pé@%f’%?@"eg s I‘A?ﬁfa? g Vih" a‘?@ agg gtqeeerglyﬁ%?r%t ni (a\;):r\(tﬁr g%érm (not

i shdavmen e drderest of simptlictty) énto ¢apipoxpiic anhyeride(V)roataly@)ant pighbailess. The

t:?t%\@ét-%?bl%hrfg%{rgérﬁ%%h%&@%ﬁmul %&&ﬁ@@dﬂﬁﬁn (fegg ihlae?rboxyuc

rises
aAnydridedy) & disFhargad@s pElyetbl y the cat aI yst and hi gh
boilers forned, is taken off via line (18) and is
general |y separated in a further colum (not 20 shown

i AS8n atarpatixg, ets% alggr pogiplp 1q yse B\ PRreSAIgngeanb%hyA reactor, for example a

aRiedvesk?l, aM oneCoilh@ré/diitlllﬁlaxﬁ cBughs &dﬁhdlzc;ﬁd.ﬁn serfae for Ithe woak up of the
catal yst-co rISI ener a irculated to
¢ PRt e e e BTl by PR Ber el (V) <

di scharged as product. As an alternative, it is also

p%ﬁér{?b £ tﬂe;’:‘:ﬁ&loﬁ o%ﬁﬁ@&@r BBERTEHRArRE (A1) DRASdeHE acid WVith acetic

exanpl e stirred vessel, and one or nore
di st i IIatl"i‘S’ﬁ“i‘fB‘I'"urms connected in series for the
wor k-up of the reaction mxture in place of the colum

( ?)ﬁjrﬁl&%et} rgoetsé ﬁgcar%&qr Q\%H’\ Rﬂ"'l Yéai Iﬂ?%f%c aEEI gﬁ%dqﬁtb % reactor

adMailine {20) seraes Rfedoaunaotlx: Pﬁiﬁ,ﬁtﬂ»e@@'vﬁﬁ &y WﬁIaF‘FtFQQd circuit. However,
praeaaﬁ&fsof%&wnshaearcwﬁlv% [ pn;ws digd pobditiks BnebessBRE TRERinssterification,
aChe cas'bonalatton and the ?ransanhydnga%on are carried out as described in variant 1, which is

explicitly incorporated by reference at this point.

Instead of discharging all of the acetic acid (I) formed in the transanhydridation as product via
line (19), in this preferred embodiment the acetic acid (Il) necessary for the transesterification in
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(PF 54000 | i ne (20) cones predonmi nantly, preferably

entirely, fromthe acetic acid circuit. However,

addition of additional acetic acid via line (1) is also
possi bl e if necessary. The trapsest erification, the
carbonyl ati on and the transanhydridation are carried

ostep @%iscdemeyaedodline i20) dackanthe Teactun (A) thussclosBiy tesdirewic Ekdeys acetic

o d of
PELRPHeEFAp o LSRR IR ) 1) o' 1 1 ne

transanhydri dation as product via line (19), in this

pysafr 3 ed Peéya@dbmmmﬁm.dase%dxglc%ﬁhﬂnéé M aﬂca%&wnuydfneé (with
the transesterification in PF 54010 24 step (a)

conveyed \?Feé'claFﬂé'mCJﬁb) back to the reactor (A), thus
closing the circuit. Excess acetic acid (Il) can

nﬁjieq{ké\%/ L%pl%%rrgﬂfa@ig %fgorr@% B&soegggr&law t@vériantezb g:%:%}t that part of the

['epar ation o
asrdejeianhidride\(y) f?f"@ﬁds diesberged aggdnct elingvd T land @'B@@PWQOWOH

aﬁéc@sé%l‘yrtg Halnlainthe addtik S:‘.% Sittul® fs%faﬁ‘sfeﬁ %ﬂ td’tﬂé trﬁ%"anf@dndatlon Thus all of
corresponds essentially to varia

WGFFFé‘C agd yped QR ERNSRYYrgRton & rﬁé‘ﬁ’““’?"dl%’ﬁ%@%@&h s
pirandestérifization in thie vérisb). and only the proportion

necessary to maintain the acetic acid circuit is passed

on to the transanhydridation. Thus, all of 10 the

aths precess pidhg presastinyentiormakes A mossitiay/ta preparei (b formis acid, (i) a carboxylic
r ﬁfﬁ[{ I?qé;‘gb %g?gsé Wrc?ca'rﬂoﬂ %to(’r%%dfopdénbﬁweé ﬁm@f@&eﬁ{' éfah'fpleca?(t,a'rbbﬂyllc ester

[ i S vari resent inven

a0l Butte, b Bie atbopie gpe 2a e S 0] regdly avaabi
Caﬂmml;dnmca_lly attractivé eowi m@}era!ls Tasstor &xampieathe partieulatypreferred products
aﬁﬂ%g Eig%étﬂﬁgégga? g Iragwgn%ef a& EIEEIIG greebagel; Q’Q ?iaw dn%r\;nthesis gas

c@ﬂddbwm‘@tl-ﬁﬁiﬁmﬁfé‘émﬂtﬁfﬁhe baS| S of readl ly avail abl e
and economcally attractive raw materials. Thus, for

a e, the particul arl referred products form' )
S Rimce A orBBet othe Araabt ieni D ahes BRssiA Siope Phd hergnsive
acanhstoasiardofetnd plant [lyw capitsi\cnstsies o egargy cansomption andlow operating costs.
Bre%éé{é)gtge %?EI ﬁ%f {hggreggl%ﬁc}’n:qo\?tor I%%ﬁlg %ig gérHBJgn?c agfdl'h%vmg at least two
sﬁf?ﬁ@t‘a?ﬁjaﬂdf%ﬂﬁféfﬁweﬁ thereof g lant ereraging %ﬁcoﬂdﬁlé tpthe Atocgss Gihthe
Cﬁr@één?lnv&@ﬁﬁ faljuire8 al s@Mﬁ@my ﬂWeﬁd&Bﬁdﬂ liﬁpédtrﬁéht maﬂ tWdPMWparate plants

i Ng.cost's. cou
Ehnals oR Pt pecuth e Breirerart MagR Acrerding odhe iy Ak

aﬁlsweaast withwBurtheemndpe) rtheadirowrosta dtémmxncdetana avhicl equirdser gredt deal of
er@r@ﬂ‘%r ifgﬁ.a?é’ alatibiPis ﬁﬁg&{ S84 Wﬂw ih 9\e éﬁ%ﬁ%‘il&?&%ﬁetf&fmﬁﬁﬁde by the process

res ntron re res I cant |
cafrihftﬁfpsqnhvt%'@%nt t han tvvo separ ate plants 25
accordlngtothe prior art. In particular, the two

arate nts according to.t ior. art

TR RReeSaBlPY hresil i ahele® e GrmBliorddf o PldsidiCospropucts as a resut
toﬁaouplkcewremmml ch requires a great deal of energy for
its preparation is dispensed with in the preparation of
acetl C anhh)l/drl de by the process of the present

RyoeeTe offhe present iyentipnalzn makes it PRRRAG frefyired. to prepare
aﬁﬁhyd%ui hﬂ'mf: acitraid anhydrbustoacbesylic addsovtioh-gp¢ sighificiastlydsss &orrosive than

r ﬁ\%Wa{er-cgrttaiﬁﬁ)éj&ln?p%upc{s%qg %J's BHer increased safety and allow the use of cheaper
materials of construction. As a result of the simple (compared to the prior art) and economically
attractive route to virtually anhydrous formic acid, a particularly high formic acid quality is
achieved. The very low residual water content afso results in an advantage in transport and
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Feprtsgpqoore, the process of the present invention also
mekes it possible, if required, to prepare anhydrous
form c acid and anhydrous carboxylic acids which are
significantly |l ess corrosive than 35 the

wat er - cont ai ni ng conpounds and“Thus offer increased

s afoetgy ofithe famhic@eid tprepated @ tos walheaper material s of
construction. As a result of the sinple (conpared to

the prior art) and economically attractive route to

v iFERIEADPTS. 17 APERSS @5Ihe Bresert inventan oferpahioh dedrea of flexibifghin terms of

f eBamoRftit il Hﬂldgta‘i lek&t tw@é‘d?lbcﬁl\é@dﬂns éﬁla%r YE R HtiveOINefeBE blﬂé@he relative
wat er Cotent aéq% esults in an Vant%elntrans

aRowEs 84 EEL‘E’P”ZF@” iselipsoestcap e V?’tﬁd MitRIn 3 i rRRASFSFALNG 19

t lndquirevants. Additidnerintrodectioh bearpaicbesito e chibenyatiers e enables the ratio

IOEYtﬁF %r%g%&%neﬁrﬁdugtsg% I%E'n ggglﬁ ﬁagbeg{\cr%asga( ITIRP:l te—Ye is %ISB grh@ﬁ degree of

affiexiflitain (ﬂ¢5®¢0t@élf'¢r9%ﬁeﬁ veegugtine pleaafbongition erodis ar@l theiil dpwngiream
s of the conpounds di scharged can be varied

wWthin a wide range according to requirenents.

Addi tional introduction of an alcohol into the

C &t the pielerret preparatiqh of BEdit adid bitbitsr @hi'aﬁvesohe bideess of the present

¢ ?nvgﬁ%%{ ﬁﬁér& 91% qu %&aﬁé cﬁfb%n%alﬁe % th%e !'qro]ﬁgflijlon ﬁp methyl

r @sgetein the a»a&etm%is'é@r prdagtusachieve @hfgwm@ rfryrnattle eanbon monoxide used
p %%%&@tomnéﬁﬁiafy cﬁ@t%&tyrc‘é‘l%ﬂhyléﬁbﬁgﬂﬁétﬁanoﬂ@ akr&dﬁ@ﬁ*ne water gas shift
preferred preparation of ‘acetic acid and it

d&Factett i ves, the process of the present |nvent|on

offers the further advant age of being able to carry out

WaIA? aq‘gsruﬂgp%% ﬁgé (9 e?%sﬁn%dnd% @%S&r Fl él @d%p'lngrtlyﬁ%ﬁgﬂ? rg%m?sf manner as
n@n@wdrl%fom@égn reémﬂ!)@r @ajbwllctaws i mwar atopignie aeid, dririg/acid, acrylic

c ae.b emhembaﬂ.cgé.d gy w}@brcblﬁtlcﬁ\\b@{h@'ae&gtaglﬁ éd?ﬁfe@fo tRP&cetic acid

I f f the
ag@qqit th%lﬂrﬁwﬁqlqg@?ﬁwgﬁggr&y qfﬁalgoggﬁ anhyqrides [rg;n the parent carboxylic acids
athvaasl pagieolady aumamisgeodss anhydride formation reagent for
carboxylic acids, in particular propionic acid, butyric
acid, acrylic acid and nethacrylic acid, and the
r debledul atRreferred embnsinggantst with ingligations o theadiatized sisichigmetric gatios
acid 20 circuit, the preparation of a wi de variety of
carboxvlic anhvdrides fromdthe parent car boxvlic acids

ils aPeBNGRRIENRS| ar |y adBMPO4gRous. Table 1:|7PEFePPEd

[
o g lmemylt‘.orvuateh I ndi catfimnrFermiddeR | deal 1 zefs, C, £
St oi ric ratios Stlantd .mat eri al sProguct sProcess
bl o¢ @2 A%ftf al"‘Idl\/let hyl for rrgp'ej(#}%"l)‘lf?c'iorm c acJdA, C, E
(|1 1) Carberemproxigei d(11): 2 (\datarkoxdiciadhydrdebon
nDnoN Noe Cfbdxyiic e Doxylijc anhydride (VI): 2| carboxylic

Ci (1) - l\/hth\/l formatle(111Y): Formc acid CcC_E _E

2 (I) Methyl formate” (IN): Formic acid ACEF
Carbon monoxide {I): Acetic acid Acetic acid (11} in circuit
(VI): 2 carboxylic acid (VIl): Carboxylic anhydride

3 | (1): Methyl formate {lIl): Formic acid ACDE
Carbon monoxide {I1): 2 Acetic anhydride Acetic acid (ll) in circuit
{VI): Carboxylic acid {Vli}: ¥2 Carboxylic anhydride
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CRFIs40100noxi de(11): Acetic acidAcetic acid (I1) in

circuit (M): 2 carboxylic acid(VIIl): Carboxylic

anhydride 3(1): Methyl formate(lll): Form c acidA C

D, E Carbon monoxide(11): % Acggic anhydrideAcetic acid
(I'l)y incircuit (M): Carboxylic acid(VIl): "%

Qidelslinyl | ¢ anhydride 25 PF 54010 26 W claim 1. A

process for the joint preparation of 5 (i) formc acid
(1r1); (ii) a carboxylic acid having at |east two

chr bof PERCEPRTOUthe JoINk HEPHAINS! i vat i ves thereof; and 10

(iii) a carboxylic anhydride (VII), which corrprises

(a) transesterifying a formc ester (1) with a

car bo@ Q@%’dﬁml ng at |east two carbon 15 atoms

(1) to formform c acid (I1l) and the correspondi ng

car boxyl i t :
o ¢ b cartsameie fed e RO AN, @ arpalrERet tereot
the corr@$ondi ng carboxylic anhydri de (\/) and 20 (c)
transanhydri di ng at | east part of the carboxylic

anhyer de ( d. i ep (b) wth a carboxylic
aci d l{}I) &G q‘)ﬁﬁﬁf" VE#Bg& lic anhydride (VI1) and the
car boxylic aC| d (Il). 25 30 2. A process as clained in
cl ai @é}ﬁ by (d) at least part of the carboxylic
acid%ﬁ ormsd in step (c) is recirculated to step
(a). 3. Aprocess as clainmed in claim1 or 2, wherein

t Ee t g@ns arahydteriffng aGsmidestr gpm(hca) cartoxgia atid A4vingQit leabtiwo carbon
the prese

e oD or Ml BRI ekl 33 e s aPG S YR s o

1 or 2, wherein the transanhydridation in step (c) is

carri . ﬁaohﬁﬂh&@tl@i mﬁ&aaf«};mae%ma;ynesﬁmmf&ﬁea Hgfe?ﬁée)it&form the

acid | ower t hat of
car boxyl i &%’Eﬁ%”‘t“\ﬂ‘?@ﬁﬂ'cﬁ dede(Mbr0W i ¢ acid (11). 35
5. A process as clainmed in claim1l or 2, wherein the

br esee. deniesilns fesF Pt e Bt p IR bl iFaes o
Peri odi c Tablagarbexylidag dilde forme catbaiyieanhydridgryil@nd the carboxylic
claims 1 tggqy Wwherein the transanhydridation in step

(c) is

2. A process as claimed in claim 1, wherein
(d)  atleast part of the carboxylic acid (Il) formed in step (c) is recirculated to step (a).

3. A process as claimed in claim 1 or 2, wherein the transanhydridation in step (c) is carried
out in the presence of an acidic or basic ion exchanger or an acidic or basic oxide.

4. A process as claimed in claim 1 or 2, wherein the transanhydridation in step (c) is carried
out in the presence of an organic or inorganic acid which has a pK, which is lower than
that of the carboxylic acid (V1) and the carboxylic acid (ll).

5. A process as claimed in claim 1 or 2, wherein the transanhydridation in step (c) is carried
out in the presence of a metal ion from groups 1 to 13 of the Periodic Table.

6. A process as claimed in any of claims 1 to 5, wherein the transanhydridation in step (c) is
carried out in a continuously operated distillation column and the reaction products
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CRFrs4eqoout in a continuously operated distillation
columm and the reaction products PF 54010 27

carboxylic acid (I1) and carboxylic anhydride (VII)
formed are continuously taken f. 7. A process as
claimed in any of clains 1 to 6, wherein the formc

est er cérbdxylisamitl (il sanvettppkylic aydidedVil)3orBied Areonthesssiyasken off.
claimed in any of clains 1 to 7, wherein the carboxylic
acid (Il1) used is acetic acid. 9. A process as clained

i A any: ReFcess 3§ gaimed in@npof oginas bior. whereip ey gster (1) used is methyl
anhydgdrgiate( VI1) 10 prepared is propionic anhydride,
butyric anhydride, acrylic anhydride, nethacrylic
anhydri de and/ or benzene-1, 2,4,5-tetracarboxylic acid.
18. AAgraeesss dgsmed mianpdf daimainte 7oWwherkiathescatbokyic Scid (1) used is
mhere% tégdgornic acid (I1Il) is prepared; (ii) the
carboxyﬁlc acid having at |least two carbon atonms (I1)
and/ or derivatives thereof prepared is/are acetic

agl d, ARidRYd asfGehad B aRPEV RimPF RLd, WheHBiR Y daftRxylig Bshyde (vii)
(iii) the carboxylic %ﬂh dride Vlj)dgrﬁgare s _
pr opi BFfPEred SHR7RRIGANN "E’?v/ﬂ“E’"“a RRETYIC 2itygride cmethacrylic
anhy dmhid@ridearidloabenzbnes1, 200 Bytetracareoxyticdony.
benzene-1, 2, 4, 5-tetracarboxylic acid.

10. A process as claimed in any of claims 1 to 9, wherein
(i formic acid (lIt) is prepared,;

{iy  the carboxylic acid having at least two carbon atoms (Il) and/or derivatives thereof
prepared is/are acetic acid, methyl acetate and/or acetic anhydride; and

(i)  the carboxylic anhydride (V1) prepared is propionic anhydride, butyric anhydride,
acrylic anhydride, methacrylic anhydride and/or benzene-1,2,4,5-tetracarboxylic
acid.




