0 2 FEB 2006 Joint preparation of formc acid and a carboxylic acid having
at least two carbon atons and/or derivatives thereof 5 The preserﬂZFEBéﬂﬂﬁ
invention relates to a process for the joint preparation of formc a¢id and
a carboxylic acid having at |least two carbon atons and/or derivatives
thereof, for exanple carboxylic esters, carboxylic anhydrides or ketenes.
In particular, the invention relates to a process for preparing 10 formc
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the aqueous formic acid solution obtained. Known processes which
may be mentioned are the Kemira-Leonard process and the BASF
process. A great disadvantage of these processes is the formation
of an agueous formic acid solution as a result of the hydrolysis
30 step which leads to a series of further disadvantages. Thus,
costly concentration of the formic acid solution by extractive
C:; rectification using an entrainer is necessary. Due to the
presence of water, the aqueocus or concentrated formic acid
solution to be handled is extremely corrosive and requires the
35 use of expensive materials of construction for the relevant parts
of the plant. The processes mentioned thus have the disadvantages
of high capital and operating costs, a technically complicated
and elaborate production plant, a high energy consumption and the
existence of a not inconsiderable residual water content in the
40 concentrated formic acid.

The oxidation of hydrocarbons, for example butanes or naphtha,
forms a broad range of products including formic acid which can
be separated off and concentrated in a complicated manner. A

45 disadvantage of this method, too, is the need for extractive
rectification of the crude formic acid using an entrainer.
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acetal d de is obtained industrially b ) . i
The industrially most important method of preparing acetic acid

is carbonylation of methanol in the presence of suitable
carbonylaticn catalysts such as carbonyl compounds of ccobalt,
iridium or rhodium. Known processes which may be mentioned are

30 the BASF process and the Monsanto process. A disadvantage of

C:; these processes is the presence of water in the reaction medium,

which, as a result of the water gas shift reaction of water and
carbon monoxide to form carbon dioxide and hydrogen, reduces the
yield of desired product obtained from the carbon monoxide used.

35 Furthermore, a high energy input is necessary in the work-up by
distillation because of the water content. Furthermore, the
processes mentioned suffer from high capital and operating costs
and a technically complicated and elaborate production plant.

40 The oxidation of hydrocarbons such as ethane, butanes or naphtha
forms a broad range of products including acetic acid and
possibly its higher homologues which are costly to separate off
and concentrate. Mention may also be made of the abovementioned
disadvantages resulting from the water content.
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oxi.dation of ethene using the Wacker process and its higher 5 honol ogues are
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vi nyl acetﬁp@mqguﬁs a by-product in the synthesis of acetic acid (cf.
Ullmann’s Encyclopedia of Industrial Chemistry, 6th edition, 2000
electronic release, Chapter "ACETIC ACID - Production”). A
30 further possible method of synthesizing methyl acetate is the
o~ carbonylation of dimethyl ether (cf. Ullmann’s Encyclopedia of
— Industrial Chemistry, 6th edition, 2000 electronic release,
Chapter "ACETIC ANHYDRIDE AND MIXED FATTY ACID ANHYDRIDES -
Acetic anhydride - Production”). A disadvantage of the latter
35 process is the use of expensive dimethyl ether.

Vinyl acetate is obtained by addition of acetic acid onto ethyne
(acetylene), by addition of acetic anhydride onto acetaldehyde
and subsequent cleavage of the ethylidene diacetate formed or by

40 oxidative acylation of ethene by means of acetic acid in the
presence of oxygen (cf. Ullmann’s Encyclopedia of Industrial
Chemistry, 6th edition, 2000 electronic release, Chapter "VINYL
ESTERS — Vinyl Acetate - Production”).

45 GB-A 2 013 184 teaches an integrated process for preparing vinyl
acetate from methanol, carbon monoxide and acetaldehyde. In a
first step, acetic acid is esterified with methanol to form
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ANHYDRIDE AND MIXED FATTY ACID ANHYDRIDES - Acetic Anhydride -
Production”).

30 An industrially important method of preparing acetic anhydride is
the reaction of acetic acid with ketene which is obtained in a
preceding step by thermal elimination of water from acetic acid.
Disadvantages of this process are the very high energy
consumption due to the thermal preparation of ketene and the

35 handling of the extremely toxic ketene.
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In a further industrially important process for preparing acetic

anhydride, methanol is converted by carbonylation and

esterification into methyl acetate in a first step and this ester
40 is carbonylated in a second step to form acetic anhydride.

A further method of preparing acetic anhydride is the

liquid-phase oxidation of acetaldehyde. A disadvantage of this

process is the use of expensive acetaldehyde which is obtained
45 industrially by oxidation of ethene in the Wacker process. This
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industrial use is the preparation of acetic anhydride by reaction
with acetic acid.

Ketene is obtained industrially mainly by pyrolysis of acetic

30 acid. This process suffers from the disadvantages of the
temperatures required and the high energy consumption associated
therewith.

O

Further processes comprise the thermal decomposition of acetone

35 or acetic anhydride (c¢f. Ullmann‘s Encyclopedia of Industrial
Chemistry, 6th edition, 2000 electronic release, Chapter “KETENES
— Ketene - Production”).

It is an object of the present invention to find a process for

40 preparing carboxylic acids and/or derivatives thereof which no
longer suffers from the abovementioned disadvantages, has a
readily available and economically attractive raw material basis,
makes a simple and inexpensive plant possible (low capital
costs), avoids undesirable by-products resulting from coupled

45 production and has a low energy consumption and favorable
operating costs. A further object is to find a process which,
when required, also makes possible the preparation of anhydrous
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) is a carboxylic acid in which the carboxyl group is attached to a
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is generally catalyzed by the presence 20 of a catalyst. 0 0 00
The formic esters to be used have the formula (I)

O
2 B
i o~ R (I),

where the radical R! is a carbon-containing organic radical. For
30 the purposes of the present invention, a carbon-containing
organic radical is preferably an unsubstituted or substituted,
aliphatic, aromatic or araliphatic radical having from 1 to 12
carbon atoms which may contain one or more heteroatoms such as
oxygen, nitrogen or sulfur, for example in the form of -0-, -S-,
35 -NR-, -CO- and/or —N= in aliphatic or aromatic systems, and/or be
substituted by one or more functional groups which can contain,
for example, oxygen, nitrcgen, sulfur and/or halogen atoms, for
example by fluorine, chlorine, bromine, iodine and/or a cyano
group.
40
Formic esters can generally be obtained via a base-catalyzed
carbonylation of the corresponding alcohols and also by
esterification of the corresponding alcohols with formic acid
(cf. Ullmann’s Encyclopedia of Industrial Chemistry, 6tP edition,
45 2000 electronic release, Chapter “FORMIC ACID - Derivatives”}.
The simplest representative of this class of compounds, viz.

O



HO-RL + 25 CHOH + )~ O R2 (1V) In the process of the present |anEgé?ra
step (a) can be carried 30 out using the known nethods of 0 B 7008
~transesterification (cf. Ul nmann's Encycl opedia of Industrial Chem stry, 6th
edition, 2000 electronic release, Chapter "ESTERS, ORGANI C - Chem cal
Properties” and "ESTERS, ORGANI C - Production” and the references cited).
35 As cat a!né!@ﬁ}slx 43Rat 8, 0B VRkl e RO S ERN ], BYRURLINPL afdfige Or basic
subst ances IE1 £rence s given to the use of aci'ds and “acidic solids.
Exanpl es V\EIC may be nentioned are strong protic acids such as sulfuric
acid, perchloric acid, benzenesulfonic acid, p-toluenesulfonic acid,
nol ybdophog%o’ﬁ‘l}ec DREPESEh P UG heURESS R IinvEBtieR d:2 £ATRORBRL@dHENger s such
as ion efchanger a1t deashitingagbeh| alornndtigd ssld mrboayidc graigpsn( SU- A
1,432, 048) whicndhaCcdirBooXl dRDUPULE RStardeli teSa (dddiAa3ShRbilP A, least
al umi nosi | bﬁ@-tc.ea"‘rbcagsagoﬁ281?1{1?3%)%953(3513@/&{5'1% QPEbeZZJs%g ﬁ§9é théDrf%frﬁﬁigd
catal ysts ? f m neral acids, p-toluenesulfonic acids zeol1tes.
FEB 2006 8 } strong protic acids are used as hom)geneous cat al ysts, thelr
concentration in the reaction mxture is generally from0.01 to 50% by
wei ght, 1fref erabl y fromocﬁ)l to 2% by weight. 5 As cocatalyst in addition to
t he abovenenti oned cat aI is possible to use water or nethanol,
generally in an am)unt to 20%)hy wei ght, based on the reaction
sol ution. However, it houI Hal'so be noted that an increase in the water
content also l|eads to an increase in the corrosivity of the reaction nmedium
10 and nmakes the work-up of the products nore difficult, It may_ therefore
be advarPalfeis e Eafl%sﬁlod%z thed tFAROBsFERT NG GRI2NEE HARLCAddRE i on of
@er as cdehirgld/dmn thé ¢dme ofr Rhsesterification is carried out in the
esence of water or nethanol, it may be advantageous to add carboxylic
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formc 1¥ﬁﬁydr ous carboxylic ester (I1V) even in a

transesterl fication which has been cocatal yzed 20 usi ng water or nethanol.
Thus anhydrous, form c acid and anhydrous carboxylic ester (1V) may be
prepared w thji.ﬁ any probl eng; even when using net hanol -coﬁni ng met hyl

formate as fq C_ggt er b +

s H O rZ TOH H™ ~OH RZ

o’Rl

(I) (IT) (I11) (IV)

In the process of the present invention, step (a) can be carried

30 cut using the known methods of transesterification (cf. Ullmann’s
Encyclopedia of Industrial Chemistry, 6th edition, 2000 electronic
release, Chapter "ESTERS, ORGANIC — Chemical Properties” and
"ESTERS, ORGANIC — Production” and the references cited).

()

35 As catalysts, use is generally made of small amounts of acidic or
basic substances. Preference is given to the use of acids and
acidic solids. Examples which may be mentioned are strong protic
acids such as sulfuric acid, perchloric acid, benzenesulfonic
acid, p-toluenesulfonic acid, molybdophosphoric acid and

40 tungstosilicic acid; acid ion exchangers such as ion exchangers
containing perfluorinated sulfonic acid groups (SU-A 1,432,048);
and acidic oxides such as zeolites {DE-A 35 06 632),
aluminosilicates (US 3,328,439%) or S$i0,/TiO; (DE 27 10 €30).
Preferred catalysts are mineral acids, p-toluenesulfonic acids

45 and zeolites.



(). Wen using nethyl formate as formc ester (I), the typical residual
met hanol content of fromabout 2 to 4%by weight in this 25 ester i82fa8n806
‘to be advantageous due to its ability to act as cocatalyst. The
transesterification can be carried out either in the liquid phase or in the
gas phase. In the case of a transester@fication 30 in the gas phase,
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25 ester is found to be advantageous due to its ability to act as
cocatalyst.

The transesterification can be carried out either in the liquid
phase or in the gas phase. In the case of a transesterification
30 in the gas phase, preference is given to using heterogeneous
o catalysts such as the abovementioned ion exchangers or acidic
oxides. In the case of a transesterification in the liquid phase,
homogeneous or heterogeneous catalysts are used. The
transesterification is preferably carried out in the liquid
35 phase.

('\

The transesterification is generally carried out at from 20 to
300°C, preferably from 50 to 180°C. The pressure is generally from
0.1 to 5 MPa abs.

40
The transesterification can be carried out in the presence of an
additional inert, polar solvent. For the purposes of the present
invention, inert solvents are solvents which do not react
chemically with the compounds present, i.e. the starting

45 materials, the products and the catalysts, under the reaction
conditions employed. Suitable solvents are, for example,
polyethers. Solvents are generally used in transesterifications



continuously. Preference is given to a continuous process. 25 The
transesterification in the process of the present invention can imM7FEB 008
-principle be carried out using all reaction apparatuses known for
transesterification reactions. As suitable reaction apparatuses for a
reaction in the liquid phase, nention9may be nade, for exanple, of stirred
tank react 9 SyhidihSkihteindma3@reah 8Misa/ e Bebaye: £ AnUBRSa R fgNbr ane

reactors. Igsfﬁt}cq\éﬁtfé e gonxew%%meg ¢Le-adval gkégsg%liﬁqﬁr ¢! east one

of the two € renpve romthe

uct
reacti on mXture ﬁ\aeﬁ L%eratugeét?l?? EHESK PERTIUE 2PHi 5P oS %ﬁfieved by,
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distillati Qﬂaﬁéﬂéﬁgﬁlflé%&z{ aRs st 8L {016 Lh PP L £ AT Qr@tfxé%?sad@l%%n' &g the
liquid pha h the relatively |low boiling conponents being able to be

40 separ at ed5 o]ff nby distillation and, dependi ng on whether the conponent is
a starting material or product, elther returned to the reaction zone or
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apparatuses for a reaction in the liquid phase, mention may be
made, for example, of stirred tank reactors, distillation
30 columns, reactive columns and membrane reactors. To achieve a
s high conversion, it is advantageous for at least one of the two
N products, preferably both, to be removed continually from the
reaction mixture. When using a stirred tank reactor, this is
achieved by, for example, continuously taking off the reaction
35 mixture, subsequently separating off the two products and
returning the two unreacted starting materials, with or without
the catalyst, to the reactor. When using a distillation column,
the transesterification reaction takes place in the liquid phase,
with the relatively low-boiling components being able to be
40 separated off by distillation and, depending on whether the
component is a starting material or product, either returned to
the reaction zone or discharged. When using a reactive column,
the preferably heterogeneous catalyst is located in the
separation region of the column. The relatively low-boiling
45 components are in this case separated off by distillation in a



25.generally renoved by distillation. In the preferred separation of the
resulting reaction mxture by distillation, use is generally nadﬁzgf Qmmee
~distillation colums or their equivalents (e.g. one dividing wal gP

and one 30 distillation colum) to achieve separation into four streans. The
stream conprising formc ester (I) id0generally returned to the

transest erjdineat 59Ri 14N &S EheaNACHMbesl Bor tIR GAEROXYVAL o Shbelmn (A 1S
partly ordﬂqaol MR ¥up§é(?% L Qet PEaCAIRORBLAL LA £ sstcglg ég% tht he formc acid
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Due to its good distillation properties, formic acid (III) is
25 generally removed by distillation.

In the preferred separation of the resulting reaction mixture by
distillation, use is generally made of three distillation columns
or their equivalents (e.g. one dividing wall column and one
30 distillation column) to achieve separation into four streams. The
P stream comprising formic ester (I) is generally returned to the
p— transesterification, the stream comprising the carboxylic ester
(IV) is partly or wholly passed to the carbonylation step (b),
the formic acid (III) is discharged from the system as product
35 and the remaining stream comprising the carboxylic acid (II) is
generally likewise returned to the transesterification.

Since in the following carbonylation of the carboxylic ester (IV)
to the carboxylic anhydride (V) any formic ester (I) still

40 present is isomerized in the presence of the carbonylation
catalyst to form the corresponding carboxylic acid R1-COOH, it may
be possible in a variant having a simplified work-up by
distillation with saving of a distillation column to obtain not
only a stream comprising formic ester (I), a stream comprising

45 formic acid (III) and a stream comprising carboxylic acid (II)
but also, as a further stream, a stream comprising formic ester
(I} and carboxylic ester (IV) and to pass this to the



Oo R(Cc1 (V) 25 In step (b) of the process of the present invention, it is
possi ble to use the known net hods of carbonyl ating carboxylic estgrstE(BcI[]{]ﬁ
U I mann's Encycl opedia of Industrial Chemi stry, 6th edition, 2000

el ectronic rel ease, Chapter "ACETI C ANHYDRI DE AND 30 M XED FATTY ACI D
ANHYDRI DES - Acetic Anhydride - Produttion" and the references cited).

Cat al ysts vaebomyimtgenecsadp (Bt ahss OlatedUpEr8at a-akl) @brt &gamd3ey,i @di ¢ Tabl e

and their egeROMISrOR Lheidd @¥8RaRe Obn hAld $€8:07qi 33 196080k Ccd1@hpgen
conpounds. Preferred catal yst rret als are rhodium iridium palladium nickel

and cobal t art| cul ar EP- A 0 677 505 i des .and _qrganic
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to the addPEF®h (Tdt) gPkalredreirarnl ydpdfets thedeaf kaal ke @apeed gt &hei odi des 40
(US 5, 003, tentbonid 4 i659s183)(b)hydnotheli lmtaerdyar bahitne partodbatHeanes, in
particul ar chosloxgEtirasetéaethy) fopflededard @8 Abt2ideaB .ab/3nd brNuett41Thd2) or
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general ly ds. Pre i gands are nitrogen and
phosphor us%%orrépo’ulza%' %téséj ds N-containing heterocyclic conpounds (DE-A

28 36 0812?), am nes, am des (DE-A 28 44 371) and phosphines (US 5, 003, 104,
EP-A 0 336In1sY%ep Tipg catalgadt pastenpreferablyt derleastpbhscpOXicE1200% 12
pronot er nmpraferalflyr aexaepdte 104 antuvern palte iSyB4XIn prie¢keid Dhraaniieas{ US

4,002, 678)sowt@prﬁhtérrbhabémfcy%tsea | ¥ disdrhe dt Nenydém f_gs%%st 333,773) or
cobalt in Engéﬁ’ aet% EHLOR0IT.EQ é"éf (auéag? %@I 9:%6)for r@ﬂ?e”e‘j catal yst

syst ens rl di de,

ri a di
rogen> SREFGP &E hﬁgﬁi ’S’Jﬁgaﬁﬂﬁ%%ftra 2?{813 Hhds afli SgeBPT gf”ém)ters
h as IlFHFu‘t"Hfétl éﬁ‘PBPrT-LRﬁ qﬂé’lbf’?‘léh’r%rest‘heef £F¥hckonmed gRVEHFR dasfAg a
cat al yst bhsecexrenyledednin rdtiepdi(dé; |ithium iodide and iodonet hane, as
descri bed, for exanple, in 10 US 4, 374,070. The catal yst can be used in
unsupported form as a honbgeneous catalyst or in supported formas a

het er oggpeous cat al . Suitable _,s ort materi for exanpl e,
|norgan| Cc oxides 15 suc gas 5| or al MOXI de (EP-A 0 336
216), or pol ynemé“su as ion exchangers (J6 g4135°@25) resins (JP 09 124

544). The carbonyl ation can be carried out in the presence of hydrogen 20
(US 5, 003, 104, GB—A(\I%)BBB 773, US 4,333,885, W 82{8}704) or in

25
In step (b) of the process of the present invention, it is
possible to use the known methods of carbonylating carboxylic
esters (cf. Ullmann’s Encyclopedia of Industrial Chemistry, 6th
edition, 2000 electronic release, Chapter ”ACETIC ANHYDRIDE AND
30 MIXED FATTY ACID ANHYDRIDES - Acetic Anhydride - Production” and
q:: the references cited).

Catalysts used are generally metals of groups 8 to 10 of the
Periodic Table and their compounds in the presence of halides or

35 organic halogen compounds. Preferred catalyst metals are rhodium,
iridium, palladium, nickel and cobalt, in particular rhodium
(EP-A 0 677 505). Halides and organic halogen compounds used are
generally iodine compounds. Preference is given to the addition
of alkali metal iodides and alkaline earth metal iodides

40 (Us 5,003,104, US 4,559,183), hydroiodic acid, iodine,
iodoalkanes, in particular iodomethane (methyl iodide) (GB A
2,333,773, DE-A 24 41 502) or substituted azolium iodide
(EP-A 0 479 463). The catalyst metals are generally stabilized by
ligands. Preferred ligands are nitrogen and phosphorus compounds

45 such as N-containing heterocyclic compounds (DE-A 28 36 084),
amines, amides (DE-A 28 44 371) and phosphines (US 5,003,104,
EP-A 0 336 216). The catalyst systems may further comprise



t he absence of hydrogen (A.C. Marr et al., Inorg. Chem Comm 3, 28%%,
pages 617 to 619). It is generally advantageous to carry out the EB 2606
-carbonyl ation in the presence of hydrogen, in which case the hydrogen
concentration chosen generally ranges fromthe ppm 25 range to 15% by vol une
and is preferably from1 to 10% by vok2ne, based on the gaseous feed
stream Therefcbenieailen ean danpder tREoliim et BRE éysddie gas phase (EP-A
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range fri¥mU§. 613?‘17017% by wei ght, based on the reaction solution, is
general ly enpl oyed. 45 O02FEB 2006 C 13 The carbonyl ati on can be carried out

in the pregeeceaedlyait cafdbé iyl innensummintedt fofrad he nproposasusof the
present i '&\é%@liré)@,oﬂ ner guﬁaé,m %oaﬁeaéqi \f@%?:o&@ﬁ&&sd%aregi é@act
chenlcally gﬂ%Eb %nguﬂggg a %eﬁge for é&gﬁ éartlé1 a§1c als the
product s an %; e ca és ohdit] rrg

i tabl &3 FUFR 2BI/EER oéxa Jenum é‘t"&ﬁﬁt‘? ann(‘]) QPF ph qﬁ’l'c o
@r ocar bo@@lﬁﬂﬁr%l%@%aﬁbb&fm’@h&@%és ofT6 2AaDr 45} T reSéP%ent s are
p

ef erabl y (ggetdi ¥4 dddonyl ations in which the starting material and/or the
product is only 10 insufficiently soluble in the solvent-free reaction

mxture at Thgh@ap@&iglgqlaﬁn@% H8rafdd Yudd HS @ﬁélgf&&%@sgyrgdw ehhe
starti “gzdm} gfk%o% 3%91 tgs QV?gﬂ%t %ﬁf e%s?"f%sﬁog&?' % ’hz/ Ve“t free

reaction ur & urf

preferably E‘Sr?lP%?f‘Cc?uP V\PY‘HB?Herhd&l Fro“tﬁa’b‘? ef ais, sB‘I"?Feth ?’He ‘E%nboﬁyl ation
can be car 2088, oeagesattd Anks e bt) -c it LAugrpeNRllyPpdYattagceupstisaryt o a
cont i nuous caar b ydeatboaglaflom hin ¢hebprgdeatdeorfi hydhmyepr,0desshiofh tdasepr esent

inventi on GaR hydrdydnNebRtEnbfatGdn tREséiigdneirAd1 Pl FadRACkren aRPPpat Uses
known f(55 range to 15% by volume and is preferably from 1 to 10% by volume,
based on the gaseous feed stream.

The carbonylation can be carried out either in the gas phase
(EP-A 0 336 216) or in the liquid phase. When it is carried out
30 in the gas phase, supported catalysts are generally used. In the
process of the present invention, the carbonylation is preferably
C:: carried out in the liquid phase.

A carbonylation in the gas phase is generally carried out at from

35 130 to 400°C, preferably from 150 to 280°C, and a pressure of from
0.1 to 15 MPa abs, preferably from 0.5 to 3 MPa abs. &
carbonylation in the liquid phase is generally carried out at
from 100 to 300°C, preferably from 170 to 200°C, and a pressure of
from 0.1 to 15 MPa abs, preferably from 1 to 8 MPa abs.

40
In the case of the preferred carbonylation in the liquid phase
and the use of a homogeneous catalyst, a catalyst concentration
in the range from 0.01 to 1% by weight, based on the reaction
solution, is generally employed.

45



carbonyl ation reactions. The carbonylation in the gas phase is generally
carried out in a flow tube or shaft reactor. Reaction apparatuses %Eﬁ?l’ﬂ%ﬁ
for the preferred carbonylation in the 25 liquid phase are, for exaipp -
'stirred tank reactors, jet loop reactors and bubble colums. Their use in a
continuous process is described briefly below Wen using the

abovenenti oned reacti on apparatuses, the desired 30 anounts of carboxylic
ester (1V) raadaydhgnatDeoxdde bar eageiel aluky iheths gitdsededsdy d4mt o the
reaction sghyid QhaQ09RELST Shvenit p@ftarﬁéﬂp%&pw@swtt%y{:kss@mydrI de (V),

t he car bonxhgéﬂtolrbn’CEBQ{ysgcfl%q,ts ;r%jeg? %‘%’t an, aq{ i4iqnal solvent with

car ony ation ¢can %e renoved, for

i nt ensi ve X] esu

35 exanpl e ‘i?g&ﬁs |ereercﬁ’ OhRd} RAESRAfgel s BYc65FTFtPE he wal | of

t he reacti @ﬁt%‘bﬁdﬁat G§ealh’6?4ﬂ0tt§y aé@n‘@‘?%ﬁ@tﬁ@llyst%lkmgie@'f thet¥radfdenr eact i on
sol ution, coodlitnignist epgleyerhl ISpiandle einami Bglvéntd arthefoeastample\Wien usi ng

a jet IOOpaf@faa:ﬁlQr aBl a1bhphldie GohHsFarbcMd Bxhes dalrlbeseyhd Sadiggessary to
ensure m xipg;, U}&e&god%ivé s 40t r%fbfl cRoLy fsqu%%&xo fadidlfis in

car bonyl atlgn atta )é% u gueg I.h a sSuita

separ at i on"ApPArat ﬂfﬁﬁ &2 BI BrY 4t 8Athpparatus is a
flush e\}apépa%frw%eﬁtmwwal@ é&rbb%ﬁqlcfeaﬁhffa?@ deacvionsmizinse 2ed by
means of athe etRssiriedntempgradsyer end/twe thendenined golestsuoa, Ihitdle cont ai ns
the 45 carbeaytiald mateaialy sind icher ptoduted boetl ibsd @aQLb0E APRMeat US.

nglror ?E;I 2; rggi\%m@rf%er ges"&dld?{ ﬁ\r§§'éﬁ§e G E ltié@ﬁccé‘iﬁ’ 4rabse zoddt thQOSS' bl e
cont i nugusfy %JAJ%%tﬁgﬁrg%#eeff& gth%& & \%ago‘ﬁtzha ?;oﬁddE%f:D %0 824 353)

e vapdri $BHE"THrboxyl i ¢ anhydride (V) can dependi ng on requirenents, be
assed to a work-up step or to a further reaction step. In the case of
rel ati vel yThe giadiwinyilagidn carbbry tacr athyditi bdescliwfsef or wdmicinucs il ash
evapor at i onrefigsticdebed g§Hveédttopassbbt thilireauseb@iyididon.l ow volatility, the
crude reaction product has to be worked up by other neans, for exanple by

?LZtL)'rL?g'sggE:@ar% ol SEEE0 A SARDEer i 4V 3he Ligony e hnogh  on 10

present in aPg ﬁ%ﬁf’eﬁf‘lt PRiRg aa?111 ZeaBhiPh@PRRargFRsesknopwg for
car boxyl i ccesteyyl@typn seartions - c'éh%di@nho@ﬁﬁhy@n iide the) gas whase aAd t he
cat al yst syenemldlyosanrww @an ibeadéler mubedoonsHELEH reabast s Refaceishomary

techni cal At £0Ees PepedslinGoenthd pdRseBdSéAFidiid aRBberimlthef Orm c ester
(1) and zsC§a1 lgnGs8Chfl (14dr ekBfipfar RAIHBHT Ol e3kbeBré P)1dt0nBp2
reactors and bubble columns. Their use in a continuous process is
described briefly below.

When using the abovementioned reaction apparatuses, the desired
30 amounts of carboxylic ester (IV) and carbon monoxide are
generally fed continucously into the reaction solution comprising,
in particular the carboxylic anhydride (V), the carbonylation
catalyst and, if desired, an additional solvent with intensive
mixing. The resulting heat of carbonylation can be removed, for
35 example, by means of internal heat exchangers, by cooling the
wall of the reaction apparatus and/or by continuously taking off
the hot reaction seolution, cooling it externally and returning it
to the reactor. When using a jet loop reactor or a bubble column,
an external circuit is necessary to ensure mixing. The product is
40 taken off continuously and the carbonylation catalyst is
subsequently separated off in a suitable separation apparatus. An
example of a suitable separation apparatus is a flush evaporator
in which the carboxylic anhydride (V) is vaporized by means of a
reduction in pressure. The remaining solution, which contains the
45 carbonylation catalyst, is returned to the reaction apparatus.
Appropriate temperature and pressure conditions may also make it
possible for the carboxylic anhydride formed to be taken off

()



symmetrical or asymetrical carboxylic anhydride, i.e. the 20 radicals Rl
and R2 can be identical or different. It is also possible to add an) 2aFEpReb
-R1-OH or R2-OH to the carboxylic ester (1V) to be carbonyl ated. The al cohol
is then converted into the corresponding carboxylic acid RL-COOH (VI1b) or
25 R2-COCH (I1). Such an addition makes it possible to increase the ratio

of the carboiyimiduglyPEAshGine RaCObHh (golm sﬁr@pwﬁoelzéemrdrl de (V) and

R1- COOH (Vi } t r a , d|t|onal
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di agram of _t he proce
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are react earl’%tafldflﬁPFb‘PIFn?:r Xy §XtBa¢E3M- and carboxylic ester (1V). The
formc d88id (111) which is separated off is discharged as end product. The
car boxyl i CThesgmfce(stﬁaammriss afepfsair@sotd be fasseddvim Bk ppbLesal

bl ock " oédmecg%geneflwn&%w hfe Qﬁfn)ientn WM R0 O daenat@Fdoxylic
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passed &% Fh@e‘?‘#ﬁéél Qﬁec‘#ﬁ%ré’pﬁ:?@)h%}caldéfﬂﬁyﬁ@ﬁn step. In a preferred
odi nent of the process of the present 5 invention, at |east part,

ef er abl ypaperd@ast oh%hPaiidsenl athytiny abeeabids aﬁorkn&aSéstJ&%(arjdamr y
particul ar Ly gy 1%aQ&i/d a(txﬂ)ea%he Qfﬁorﬁflaft%ncﬁ{ Q@@b‘ () afdpygr iide (V)
formed in gitnﬁn?e rbl)call or & ettrlc fté)art}ﬂquc}.l? h%r@;ydrz,dec' d él l I n step (c).

Thi's can in® Drinciple be ,achieve Whi'ch T&ad 16 the

formati @R IptRalsnd" capbRiyFrR %%l’dle(‘FF-?alﬂf’e dGtLeEE tonversion i s generally

carried out by (i) thermal deconposition, by (ii) hydrolysis, by (iii) use

as acyl ati ngy ieaient passildre by add)amedrcopebakri-a ofhr2+@hadbi dbher out es

ment i oned asEpsIgaGE Bedeid N IWOr @oUBé addrHaRlyuted S HHe) aTB6RERIigl@GEAPOSI ti ON

Thermal  decoipaS!eld QHthtﬂé“%g‘fi‘EQBérY&u& abydky de G¥hat Rl I (V€1b) or

correnaRchitha YNl Gudtond BRg AR i R Ahes 2 S elbgsslil®
ratio of the carbonylatlon products R2-COCH (II), carboxylic
anhydride (V) and R1-COOH (VIIb) to formic acid (I). Thus, for
example, the additional introduction of methanol in the
cabonylation of methyl acetate (IV) leads to the formation of

30 acetic acid in addition to acetic anhydride from the
carbonylation of the methyl acetate (IV). In addition, it is
possible for water, carboxylic ester (IV), formic ester (I) or an
ether of the formula R1-0-Rl, R!1-0-R2 or R2-0-R2 to be additionally
added as further component to the carboxylic ester (IV) to be

35 carbonylated.

()

Figure 1 shows a block diagram of the process of the present
invention. In block “A” (transesterification/separation), formic
ester (I) and carboxylic acid (II) are reacted to form formic

40 acid (III) and carboxylic ester (IV). The formic acid (III) which
is separated off is discharged as end product. The carboxylic
ester (IV) which is separated off is passed via an optional block
#g» (discharge of carboxylic ester), in which part of the
carboxylic ester (IV) formed can, if desired, be discharged as

45 end product, to block “C” (carbonylation). Here, carbon monoxide
is fed in to form carboxylic anhydride (V) which is discharged as



| east one hydrogen atomin the a position relative to the carboxycarbonyl
group. The general reaction equation for the deconposition of the
carboxylic anhydride (V) to give the carboxylic acid (I11) and a ketene ) BEg ik
shown below, 25 30 OHR' + O=C=C R1'" (IIl) (VIla) where the radical
(R1")(RI")CH conmes under the general definition of the radical RL. 35 A
ketene may be regarded as a "nononerikb carboxylic anhydride” and is thus
enconpassedndypidtctesm caf hexphbfe@cdd idebirmadie tBr ahesgnamals given to a
process fofoRhaRdmnNgrésketene in which, 40 as a result of appropriate
choice of the formc ester (1) and the carboxylic acid (Il) in step (a), a
symetrical carboxylic. anhydyide haying at | east one hydrogen atomin the a
position FB %tqf’\?gefﬁe?h %c%%/bt&%ylprﬁi:‘aﬁ% UndPSr PRER boxyl i ¢
anhydri d& ébverii®nngahnleast Wargrs ob¥efqnabdar at cirant &éet Perusudanyrride, is
used as capbefedabdyanhytkasie 10¥) and wmp packicOlEAR7@06fdbablkhatt heasal
]gecorrgggi ES@@, Qﬁntﬁéggéﬂdﬁ&lﬁ% eak &ﬁ?iemﬁf)anflﬁéHnin3QQe§>0(k§-)OQQC1 ﬁreferabl y
rom 1o - : o gas
N s e OGNS  N
03/ 04026 aREL 1S LP1e5op; TV EP’.? TREHEAS FBHH %8“-,3‘11_‘9'%4?1‘%5@&&‘&&6%% to
1057) . TReCf it CPEROFBELT AGHEd ( Ihhi cHhec SivpERd e2OWErSABD EArIPRRYRILEY aci d
(11), unreastriedanbokyl (k) dibeynnl déeqoripoantiby, grodud) shedsiiyas s, clay bon
di oxi de or (peihane, ashacyIhtimgcpeheshtaunguoekby @s/) poasocddmattionavoi d
reconbination to formthe carboxylic anhydride 10 (V) again. The specific
process pa rs.and r . I . . d dent...inter alia,
on the nat Eﬁgere%ef ct% ﬁgﬂclér oxyIm%gltgﬁ?l%gralsr%egg%glgllﬁ%gd‘,n ?‘Eggr(geaqcatﬁloﬁeg?%ﬁuct S
farmed and any catal yst chosen 15 and can be determ ned on the basis of
ustomary $pecFegimal JdRABWPRTJE.ONThe gaseous output fromthe reactor, which
conprises the ketene (Vlila), the carboxylic acid (l11) and any unreacted
car boxyl i crRErmNhBdebifod MicN @ £OYhPradbokslit SanHydria¥ap] o oemheehd N one
or  nore StagasA4LRGtcdx5AHROXYId GrRChdkéidle T TR EONGARES out. The
ket ene (2¥| %)ggsibﬁ.eg%ge{;ﬁ%lé’as%a%%ogscgr do%{ryltigegr?hydride (V) which has at
least one hydrogen atom in the a position relative to the
carboxycarbonyl group. The general reaction equation for the
decomposition of the carboxylic anhydride (V) to give the

carboxylic acid (II) and a ketene is shown below,

25
0 0 0 }Ql '
{U\ R1’ - A + O=C=
R 0 R OH X
1 R?
30
- (V) (11) (VIIa)
-

where the radical (R1’)}{(R1”)CH comes under the general definition
of the radical RIl.

35
A ketene may be regarded as a “monomeric carboxylic anhydride”
and is thus encompassed by the term carboxylic acid derivative.

Preference is given to a process for preparing a ketene in which,
40 as a result of appropriate choice of the formic ester (I) and the
carboxylic acid (II) in step (a), a symmetrical carboxylic
anhydride having at least one hydrogen atom in the a position
relative to the carboxycarbonyl group and/or a carboxylic
anhydride containing an acetyl group, in particular acetic
45 anhydride, is used as carboxylic anhydride (V) in step (c).



conditions and is discharged in gaseous form 25 In another variant, the
gaseous output fromthe reactor is, for exanple, passed to a scruggi ?ﬂé
-tower, with the crude reaction product being able to be precool ed )E g\ﬂrﬁs
of a cooling zone |ocated upstream of the scrubbing tower. The sol vent used
in the scrubbing tower preferably corgesponds to the carboxylic acid 30
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but yri d5aghd)can de ﬁermn%@naaaetbwsOpfaceamnaryt spec fkartal | y

dvi sabl e. kBOw¥eigeat al ysts, use is generally made of small anounts of acids
0 acidic solids. In principle, the acids and acidic solids specified for
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out. The ketene (VIIa) is generally gaseous under these

conditions and is discharged in gaseous form.

25 In another variant, the gaseous output from the reactor is, for
example, passed to a scrubbing tower, with the crude reaction
product being able to be precooled by means of a cocling zone
located upstream of the scrubbing tower. The solvent used in the
scrubbing tower preferably corresponds to the carboxylic acid

30 (I1I) formed. In general, the scrubbing tower is operated so that
the carboxylic acid (II) fed in is scrubbed out and the ketene is

e discharged in gaseous form from the scrubbing tower. In general,

an amount of carboxylic acid (II) corresponding to the amount
formed is taken continuously from the scrubbing tower.

35
When a relatively high molecular weight ketene (VIIa) and/or a
relatively high molecular weight carboxylic acid (II) are/is
formed, condensation of the reaction gases or scrubbing by means
of a further solvent is also possible.

40
(ii) Hydrolysis

“é

Hydrolysis of the carboxylic anhydride (V) forms the
corresponding carboxylic acids (VIIb) and (II).
45



50% by wei ght, preferably fromO0.01 to 10% by wei ght and 30 particularly
preferably fromO0.01 to 2% by wei ght. The hydrol ysis can be carriedngq¥ 7006
either in the liquid phase or in the gas phase. In the case of a hy roPyS|s
in the gas phase, preference is given to using heterogeneous catal ysts such
as the 35 nol ecul ar sieves, ion exchapgers or acidic oxides nentioned. In
the case of a hydrolysis in the |iquid phase, honbgeneous or heterogeneous

catal ysts are used. e hydrqiy IS | ef er abl carried out®n the liquid
phase. 40 The hyfirol yki s is_ggn%‘_)a_@ﬂ;ried olit at from 20 flo 300C,
preferably frgm 50pt0o 1&C. The pressure is erggy from@il gy 10 MPa
abs, preferably fromO0.1 to 5 MPa abs. The hydrolysis can also be carried
out in tise presence of an 45 additional inert solvent. For the purposes of
the present inven{Ndn, inert solvents are sol Aditk whi ch do{¥WéIbleact
chemcally wth the conmpounds present, i.e. the starting O 2 FEB 2006 18
materials, _the %roducts apd the catal ysts, under,the reactjon L conditions

enpl oyed. St EXDIRFOCREPtO5 e MEESERE, 1T6P éRAnpte, 15 PRGSEPEDIVent s whi ch
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mat er i al19 eahpdxidesc iantbyelrhydirolypianth weadeer (€Yl b) are generally added in
stoichionetric anounts so that the carboxylic anhydride (V) can be reacted

conpl et el yrho £Q501,808YQu% CALROXY! it A% Bfe JASdivdr BkYSise@NoPe,
carried ou%agﬁiCQyni oL sontinuausly, P%gference IS .Qiven 10 _cantinuous
hydrol ysi sCoTHie’ h Ur%l?sf%PQr?ﬁﬁé xﬁr%%é??‘&f tRe BIERHN AP RVERASH can in
15 pri nci plaéebﬁo%'{?rdr PEJtRR thYFEotysaF | oF ddet FBRPEPPEYACRERET iR (1Y) rnBke it
passi bl &5f nrther c@selvon may diei ehlerta e dégpensad gudht owbeg ok gde

nt ensi vel gatargriconrasonnef adeshahd (sndirmelie opriheaiothag Wweidli dfcondi ti ons
and nmake i teRRSSdMHRYE0E ddRiN@AENORs BRAGbEENad M hdutgrR¥eskid) Rydrol ysis
i n the gasphAs he?Qagenenaldsy .Can i ark oyt 119Wahybe, 0, Shaf t

t abl'e h?grrl%f fie |

reactor. Sul react1 on apparat uses for ysi's 1nt i quid phase
are, for._ exanple, stirred tank reactors, flow tubes provided with m xers,

di still 20 8f edfisssands? escidererablnimiade Ph FBdkl AMOupRE @GR PE
anhydri de evidimdalidsdebh rmdngiplat Yie wetide ane daidic2Botidr i nuously into
t he reacti epeapfizdtfos thé htransesseyvefivading. in Sitep q@d)t ank dleact ors and

fl ow tubessgi caiNeo@! hye PP HyWtb Iy sianPeaRr tidf £@0hEPEHT atigretieg. Wen
a distillathog columm B) rdAARLLUCAEOLMD poink? ohhe fdigeloRhe £y di82GEON can

advant ageou . . . .
%% mingfal acids, p-toluenesulfonic acid and zeolites.

If strong protic acids are used as homogeneous catalysts, their
concentration in the reaction mixture is generally from 0.001 to
50% by weight, preferably from 0.01 to 10% by weight and

30 particularly preferably from 0.01 to 2% by weight.

- The hydrolysis can be carried out either in the liquid phase or
in the gas phase. In the case of a hydrolysis in the gas phase,
preference is given to using heterogeneous catalysts such as the

35 molecular sieves, ion exchangers or acidic oxides mentioned. In
the case of a hydrolysis in the liguid phase, homogeneous or
heterogeneous catalysts are used. The hydrolysis is preferably
carried out in the liquid phase.

40 The hydrolysis is generally carried out at from 20 to 300°C,
preferably from 50 to 180°C. The pressure is generally from 0.1 to
10 MPa abs, preferably from 0.1 to 5 MPa abs.

The hydrolysis can also be carried out in the presence of an
45 additional inert solvent. For the purposes of the present

invention, inert solvents are solvents which do not react

chemically with the compounds present, i.e. the starting



be .utilized directly for the distillation. Wien using an 30 asynmetric
carboxylic anhydride (V), it is advantageous to take off one stre%naCF 0
~conprising carboxylic acid (I1) and one stream conprising carboxyl %Bc gﬁ
(VIlb). When a symmetrical carboxylic anhydride (V) is used, it is usual to
take off only one product stream sinrg the carboxylic acids (I1) and (VIIDb)

formed arep3pe) Ao, eak m&@naﬁéyﬂmtddt%l?@&@mﬁyﬂde% apbygiddachy) is
[‘ggreg' yg??cbgd L b gﬂp i K sfu‘i%% OrE Qweﬁtgéjearl 'tg%g%lg %ép;ﬁﬁ“ié
(aken off RRLLLISUELY b SeRa sFageﬂ?e%éﬁrgéh%r% Gets Ehich 2nd, fo
reactor. EX&BPP el®)df possible separation methods are d| stillation,

crystal li5zati on and extraction. It should be pointed out that conbinations
of varioustaepstaitiag ARtéOmss caBbbigl g anhghaldat ivon a8l Ra€kStivizbat i on

col um or 2£8% éﬁ{fraﬁ cgéagm lqp%%e@ma;et&% ngﬁﬁsvsgo thaﬁetn’ﬂé SO possi bl e.
Preference }?)gghc lﬁdr{g se ara el gy Ng whi ch may al so
be carried®8t il 1% |or‘] GRBeR® "ERTEE f)?'&% (;nyo 8 a-V2EEB 2006 19
vacuum di sFPT‘Y%‘f‘?U@nFaFPOQé]p]a? &168 - by d| st| |lation is not possible or

possi bl dlonly with great difficulty, for exanple in the case of relatively
hi gh- boi | i mgeotiydreagisliy decapeszbied aonpanenisse tdie cahtennaidye net hods

nentioned BegodFeidEPekt §i¥en dGc¥aR: AuditPWyaddeyefs t he properties of the

car boxylic acids for med and any cat al yst used a person skilled in the art
can readll}_/l ev asuta}}ﬁ/e wor k- up, %]n . in a preferred variant of
the processnBfi¥ PaEeht IR EFPFBRS CAdhenP ?%‘htt eRELBR AT dPaci d (1)
é;d t he I@aPEb&‘EﬂrRJ@ i 82¥349h)owr 8sHBY A ldedeBgthgRiranppspsuses etdgbbonyl at i on
f

step (bpabadit tpe)sstnybleof%ltsleofrescwr( Gplateonary ithe oabctiogetgaer ton one

action pppaisidiSntéusivdlg, l@acCtborosipparabisesntafnded Prénciple all the

appar at useergeéﬁmgegcieictafnda%rleﬁgyéﬁ& IQikel Btswsosl(bta)e £bP {fU Sieh? wari ant,

t he car boxx,?!ag e te:r g%\/}é &eer%)o gygpﬁryselsagﬁ 1y_\gli%er f d contl nuously
' Chi

to the reactron ar refera 0 1pr|c ratio.

cat al yst29 PRRSY CBﬁr ?’r‘?‘%t{i‘l'te o ft 5¥%‘§ tubec QF bﬁm‘ét’ﬁe@ﬁteﬁt asfufsttabég
descri bed #Bageion taPpéraF%%ﬁ%(fﬁl brdrolyfd s Ant hlee chigmigh Phesaitdnggl foreak
aci ds geneeabhylaecesisaeq tank 2@athers ealdiowonubextprrcy idedceitlaimixeatal ytic
amount s of gashyir=d)ivsi solEmislanst rascEBsS Idohagnabome. geQeEQIW'L%fe t he

reaction i g,fa5k)ae aﬁﬂydeﬁaéﬂgw hHSdtﬁé)rdetsll§e8a5 Qe QQtex.T Lt gaal I on

m xture sO taken up _ess [ or the
car bonylzlg'tsfggrﬁ lnu.ousii ’f'lera%fe reac l%?lsaop&}ar %33 Vle%ydﬁifﬁff"é% iy élfgage and a
flash evap8Fa¥efd f4a, Rﬁ?‘%‘ﬁ”’i%é‘“ﬂr Saﬁ‘ét"élb&rsea{fék‘é‘i’f‘e‘?ﬁlflyaﬁﬁmﬂ%ed wit
cat al yst - céBPE‘PFﬁWQZESGPGHI@m fagidhtiesnihen ¢ distillation column or

reactive column is used, the heat of reaction can advantageously

be utilized directly for the distillation. When using an
30 asymmetric carboxylic anhydride (V), it is advantageous to take
P off one stream comprising carboxylic acid (II) and one stream
— comprising carboxylic acid (VIIb). When a symmetrical carboxylic
anhydride (V) is used, it is usual to take off only one product
stream since the carboxylic acids (II) and (VIIb) formed are
35 identical.

When an asymmetric carboxylic anhydride (V) is hydrolyzed in a
stirred tank reactor or a flow tube, the reaction product taken
off continuously is separated into the carboxylic acids (II) and

40 (VIIb). Any homogeneous catalyst present can generally be
returned to the reactor. Examples of possible separation methods
are distillation, crystallization and extraction. It should be
pointed out that combinations of various separation methods,
including installation of a distillation column or reactive

45 column upstream of the hydrolysis, are also possible. Preference
is generally given to separation by distillation, which may also
be carried out as a distillation under reduced pressure or a



returned to the reactor. If the carboxylic acids (Il) and (VIIb) forned are
not identical, the product streamobtained is generally fractionq}fﬁ @ywa
-customary nethods. 30 It is, of course, also possible to carry out E
carbonyl ation of step (b) and the partial hydrolysis of step (c) together
In one reaction apparatus. The anounigof water to be added here then

dep;ands Onvﬁg@urﬁjQﬁJsFﬁglgfﬁ}P‘i’ tI}f?@;e ér&@ir&p Iags@ﬁlcht(lghl Dy. nﬁws 35 any

m xtures o | I are al so
obt ai nabl eE %gleﬁﬁ)% oé‘&i&[ uct @ i ¥ (%[ ry;,y fb? ?xrg reagent 40
when t he CEPBO § 8faﬁﬁ§7ﬁ?’rvaeely e %S at§R % i eF\é’ﬁ 25+ an acyl
group is f@Pﬁﬁ‘Pl}%ﬂttSrraﬁb? eﬂ"é}’f’taélaeslﬂ?'%%ﬂsemeﬁ?ﬁ?%ﬁjb@&@ﬁ‘?vé“wmt e, Wth
t he renmaisSnGihgemcy kmoy lgdge poibaihegpropemteresedfi hhe ddmpbozgiboxadids acid via an
i nt er nedi atgrméd Cefhd”&ﬁg berahlse tgelhp ésgiélr%bﬁdskfmed he pHEposEewaaf the

present 45 LOYEN IRFe1 NGk ¥&rSL L are conpounds which are
02FEB2096 28 ﬂf}ltg%tg yatrans?far gro én radical to the acyl oxy

group. Wthout inplyi ng a Ilmtatlon a descrl ?tlon is given bel ow of 5
reactions EBaj BREIEEERd| VAR OfhENe RIRGEFS BF aHMF RLCEENE\ANYeRt10Be used as
acyl ati 1§ agewhicp the tarPaxyhichecsedr bbklyland &bedcartoxylittagved (¥V8Ipdi nt ed
out that wheea étaASeaNBYrhedeArizasy| the cibpdyldeidn)ofi steseth) acy ahéon
general |y QogHsBydd% BBaBsep®f(c)batB ther Rly &R %eémléinqnt Bfe Fi?eaQngrOUp to

‘;Q‘irgo‘a_lcolrre?g?&%sngs?zﬁ?t%@{@?@écﬁ?ﬁ% ﬂ%hgﬁg £ B 9?#"%1 ¢ arl een

sunmar i zedaPPﬁr?%ersegﬁ??BW%l’?]é’ﬁetB%I DORY an?‘?m‘l“aétPE e i dhien
scheme Mehvehizwint &he €RAEDPRIICaestRY/ OV e FREBEMIMAPAXGAPIPD THYUSF AFRture
?}' conpoundied comitdinmiongly hieo rtadi cahst Rin apbaRatud 5 pifeferentyioms (aa) to
€) bel owsabecpicieerabl yatis. iagdcavhlpd NG hear SYMMRI mGatutarduntiling
anhydri de (a%a%&ﬁﬁlalt@ohhéété?l%%% Egedéé’@r:l}:fe@dhﬁéx!ré Rk %daB@o 35&51%3@ i cal

and as & regul L Al caBe SAhaitlie) aoudhy NATELVoLhe SaLDULiC 8kl (1),

and only one |ve are o157 Baction wi th an

al cohol %% tPBrﬁ%FtdQPbﬂiﬁ‘i‘rce & EPn'(“i‘/’r’F GREPHEt GBIt UP TPe et f IWBRIAERBN i s:
25 0 0 30 Gg@ahysq)qS(dgggrlbed above. Otherwise, the reaction is carried

out as described for the carbonylation. The reaction mixture is
also taken off and worked up essentially as described for the
carbonylation, i.e. preferably by means of a depressurization
25 stage and a flash evaporator from which the products are taken
off and the catalyst-containing sclution which remains is
returned to the reactor. If the carboxylic acids (II) and (VIIb)
formed are not identical, the product stream obtained is
generally fractionated by customary methods.
30
o It is, of course, alsc possible to carry out the carbonylation of
N step (b) and the partial hydrolysis of step (c) together in one
reaction apparatus. The amount of water to be added here then
depends on the desired proportion of carboxylic acid (VIIb). Thus
35 any mixtures of carboxylic acid (VIIb) and carboxylic anhydride
(V) are also obtainable directly as reaction product.

(iii) Use as acylating reagent

40 When the carboxylic anhydride (V) is used as acylating reagent,
an acyl group is formally transferred to a suitable
hydrogen-active substrate, with the remaining acyloxy group being
converted into the carboxylic acid via an intermediate which may
be able to be isclated. For the purposes of the present

45 invention, hydrogen-active substrates are compounds which are



OH R172 OR R112 (II/VIilb) (M1Il) The radical Ris generally a
carbon-containing organic radical. The radical Ris preferably 35 - an
unsubstituted or substituted, unbranched or branched, acyclic or cyclic
Cl-Cl12-al kyl radical such as nethyl, ethyl, propyl, 1-nethylethyl,BEEI2206
1- net hyl propyl, 2-nethyl propyl, 1,1-dinethylethyl, pentyl, hexyl, heptyl,
1-ethyl pentyl, 40 octyl, 2,4,4-trinmetdyl pentyl, nonyl, 1,1-dinethyl heptyl,
decyl, undgpyé,tdladesyliy phemdrart Ayhyarsgehenyhetdyleo +BephemdRr opyl ,
cyclopentygro clopentylnethyl, 2-cyclopentylethyl, 3-cyclopentylpropyl,
cycl ohexyl ; \g%cl ohexyl met hyl , 2-cycl ohexyl et hyl or 3-cycl ohexyl propyl for
45 an unsubstituted Cl-Cl12-al kyl radical and 2-hydroxyethyl or
2- hydr oxypFopyPut 3MPAY st i AP Eat €30 CIAFPRYEP T ERN dfl I1PSRRFI®P™ ©51  an
unsubst i Suredcoronsulised t we eldke JuAabr whitted-her chroghisd, anhggride (G cgelic
C2- C12- al keayhsdddiscatysacincasgentyso {etdaetiyly, i pa@perylic atat hyl vi nyl ,
3-butenyl, (1| s-% hdlePY| poidiR@S o4t DL &NYIhen3ak VA RRRALSBYbartdxylic.
2- cycl ohexefyl . S1CYG) ONEXEN, ALy fapr &y GeRlexasl el e p A, ifatipgtitut ed or
substi t ut ed a¥orradt|é ad’ cal. Havim ong i'hg-OF tWo Lof F ree fused, rings,
where one BPEROYRE R ngP~ HGWE ABS %?ee FepFacelr B K8t PPt e ERERPPRAINg
ni t r ogerdOandriory ligr apbd anigfturiee CAPEY bijary R oPROHAndbRl &9 acéd Hhe
substituentiatdfessischfasimpkidityr, boyh wpamtpsen pdtian halviegba® ishimonr Podd/ Meri c
group such;iastie GRlakUk8sesditieC Bblowd B ¥¥iriNladl GPROL FashCiddn sanem@ar
radi cal, a gugArcAiG@HOthe AMCEH Diijhﬁﬁfg' FE ¥lnd \?ﬁ!c %Ees Sndidigf | cul ar.
preference |.stlgl|iﬁ]ve% to_usi ncPs an ?TI cohol (VIc) .In whig g radical Ris an
unsubst i t ulSES IS aReIREE SPRREREHY B8 ERPECTEE &- &PRYE radi cal ,
specifid&l ly methyl, ethyl, propyl, 1-nethylethyl, butyl, 1-nethyl propyl,.
- et hyl pr Bpgl reackidndi t@a hycet{legl , bpkat yreoprafemablyr cryridd athssingut ed
-al kyl 2@ swtheaali c21 hyatrmspatily bnhiuer \depan i €ithed ipr ehes edome ithegtwen to
uISI ”ﬂ IrTE_t hangica®d )fi@nﬁﬁd hﬁzr apanﬁhe&rff@qt 8R@! as lah rkBR1f eacly QReW th an
al cohol in . £$5.0, e i-nven [ in
pri nci pl § c%%%?:gflg tg ﬁ%'eeréﬁeq%%gﬁi t%t]{) gcyl%h%ggﬁ o(fﬂﬁéa%{tl?nrbgnlgtapngyl ic
anhydr i 8% SRF PG CoRGES . ISV aTeNEr &F 1HEFeaction is carried out in the
presence of a
(aa) Reaction with an alcohol to form a carboxylic ester (VIIc)

The general reaction equation is:

25
0O 0 0 0
A\)‘L + ROH (VIc) /U\ . )L
R 0 R1 ri72 OH rl72 OR
30
(V) (II/VIIb) (VIIc)

The radical R is generally a carbon-containing organic radical.
The radical R is preferably
35
- an unsubstituted or substituted, unbranched or branched,
acyclic or cyclie C;-Cjz-alkyl radical such as methyl, ethyl,
propyl, l-methylethyl, butyl, l-methylpropyl, 2-methylpropyl,
1,1-dimethylethyl, pentyl, hexyl, heptyl, l-ethylpentyl,

40 octyl, 2,4,4-trimethylpentyl, nonyl, 1,l1-dimethylheptyl,
decyl, undecyl, dodecyl, phenylmethyl, 2-phenylethyl,
3-phenylpropyl, cyclopentyl, cyclopentylmethyl,
2-cyclopentylethyl, 3-cyclopentylpropyl, cyclohexyl,
cyclohexylmethyl, 2-cyclohexylethyl or 3-cyclohexylpropyl for

45 an unsubstituted C;=Cjy=alkyl radical and 2-hydroxyethyl or
2-hydroxypropyl for a substituted C;-Cj;z-alkyl radical;



catal yst, and catal ysts which can be used are generally any catalysts which
are also suitable for catalyzing the transesterification reaction (step
(a)). The catal ysts described 30 there are hereby incorporated bﬁ rFPF erence
at this point. The reaction with an al cohol can also be carried o t2 iR fhe
presence of an additional inert solvent. For the purposes of the present

i nvention, inert solvents are sol ventxstwhich do not react 35 chemcally with

the compounds pfes@ibstit8ted NS ShBELLAGedTBLBbERAShed he BEOIUELS and the
catal ysts, undg‘gygﬂ% ;Dgag J:]Pﬂ: &oRpdi ta'l%@ﬁ}rfrﬁggcﬁ%% &:}taasbl Aol Tert sol vent s

are, for exanple ven e

transesterifi cé‘ﬁlberw gst% r(%Be)nyj‘O THESTRY é‘rnyin é\ﬁ?‘bt‘r‘?”tyi]re react ionis
carried out, tAESTEAVERBRL, perdifelePatenybe Iseraterantanyd . choi ce of suitable
reacti ons appakatysledeandyt helwyckobpxemydl sepdr at¢ywpriadfexbieenygact i on

m xture are vesy wigtidsalttibed hasgudesctihrd akohat he tadah ysasingtonwhi ch are

her eby 'ncorp%fﬁgednbﬁwseafr@%% Fupll! SRR yne D2 TR QOnCr 225 e speci i c

process paraneters an on the

Ll pEloures.d i Le!

nature of the CarboxyPi C antiydr ec(iie e‘i?sreotf omf’h%u caoc’hgll ﬁ%% atnl’?eoP%actlon
products for me®F HRFe ﬁ’é E%? atI‘XFErtO‘JeEhB S IRY BAnreRlaredePHi FieRF MituRNERe ai d
of custd@ary spech d@si eflkyb «nasyddgeoupsi tdre process of the present

i nvention, -t heansel igfonbhec @ArgaOymkrtc anty isdeh (3§ Azeatylodd npgieagent in
a reaction with paRangohalcdiif %maafaréa%ﬁhkcrgﬁc%& | § PESLeTeERo10 Wien
a diol is used_.as. Caalcgg ol 5\4%) di%g respondl ng dicarboxylic diester is
d ]1 ‘& hane

formed. \Wen the preferre (glycol) is used, the reaction is
as shown in the following equation: 15 0 Rfl 2 0-11- 020225(\/) + HO-, ~
éfi;z R1A5 pry;gqqﬁy preference is given to using an alcohol (VIc) in which

the radical R is an unsubstituted, unbranched or branched,
acyclic C;-Cg-alkyl radical, specifically methyl, ethyl, propyl,
l-methylethyl, butyl, l-methylpropyl, 2-methylpropyl,
1,1-dimethylethyl, pentyl or hexyl or is the substituted C;-alkyl

20 radical 2-hydroxyethyl. Very particular preference is given to
using methanol, ethanol, propancl or butanol.

In the reaction with an alcohol in step (c) of the process of the
present invention, it is in principle possible to use all

25 suitable methods of reacting carboxylic anhydrides with alcohols.
In general, the reaction is carried out in the presence of a
catalyst, and catalysts which can be used are generally any
catalysts which are also suitable for catalyzing the
transesterification reaction (step (a)). The catalysts described

30 there are hereby incorporated by reference at this point.

- The reaction with an alcohol can also be carried cut in the
presence of an additional inert solvent. For the purposes cof the
present invention, inert solvents are solvents which do not react

35 chemically with the compounds present, i.e. the starting
materials, the products and the catalysts, under the reaction
conditions employed. Suitable inert solvents are, for example,
those solvents which are described for the transesterification
(step (a)).

40
The manner in which the reaction is carried out, the reaction
parameters to be selected, the choice of suitable reaction
apparatuses and the work-up and separation of the reaction
mixture are very similar to those described for the hydrolysis,

45 which are hereby incorporated by reference at this point.



The di carboxylic diester fornmed can, for exanple, be cleaved in a 30
subsequent step to formthe correspondi ng vinyl carboxylate and P@f”“ﬁ
-carboxylic acid (I'l/Vilb): 35 Rl1/20 R1/2 O \ / [/ R1/2 Oy0 40 RI1--
45(1'1/Vilb) 0 2 F1 B 2006 23 For this cleavage, it is in principle

possi bl e to use any met hods suitable@2or this purpose. It is described, for

exanpl e, 6@ %%&%%s@nfa%&&%?aﬁé%mﬂe% 48Nsé a&ﬂdée%aaéb&% out at
Brgg‘ fgo lt%,%% Qaégr% "3l ¥a ﬁ?ﬁ‘@ochteo 5919&3;1%" 2AnPbPeas (%3055 3, from

008 0 L ahs) Linad e S BDae T e P Renls Qo Tl el (o
exanpl e, fFRRFePUBRY. CahPeY é‘a‘é?FW?fayltPth%oalecﬁué'é??ﬂﬁli}’sé@ewﬁ}ﬁst
car boxyl atlnovtlledgear boxylic acid (11), unreacted dicarboxylic diester and
by- products such as 10 carbon di oxi de or nethane, should be cool ed as

qui ckly asr, RGSSpBhEedd AV ehd ﬂf&@émombfz@l@rpd 9l ¥gerozatieon of the viny

b I d
andl or scr CHBORG A6t 843 Ghikhs B % ARARBEED COAERE, o o) ThE

car boxyl i ca’éé}J&OPPi‘-)tO | 5P IFe ReFaTE OJFWhéﬁt%rk& B5efsrEe@ps such as
distill d0ion at elevated tenperature and/or under reduced pressure,
crystal | i zgtidrora @tioBXig asdeldonsasbcatayl i(§dcpUtthe-lcorespsndisgquent stage. The

type of sepadAtoep m@tcrm'%e&tseg f&mewabhyuqeetp%re%%gdby A RenRhopLsti es of
the Sta”' %?’?&‘ﬂg éseqa“%BVP%A‘ G ot § bsssﬁpo%atl% thQ YEN Hikgow edge of

the starti eria s and any cataly present, "3 per son
skilled in® 12Pf can readi I y devel op an appropri ate vvork up concept. The
speci fi 85process paraneters and neasures to be selected can be determ ned
éh the aid of customary specialist know edge. 25 (bb)Reaction with anmonia
or an amne to forma carboxam de (VlIid) The I’?f\l on of the carboxyllc

/

anhydride (V) with a secondary > O/\/ Y
HO
20 Q 0 + N"0m

. I : :
(V) ? )J\OH

25 rl/2

(II/VIIb)

The dicarboxylic diester formed can, for example, be cleaved in a
30 subsequent step to form the corresponding vinyl carboxylate and
the carboxylic acid (II/VIIb):

()

s r1/2 0 X

+
1/2
)J\ /\/O R >
R1/2
40

R1l/2 OH

(II/VIIb)
45



amne is showmn by way of example: 30 35 (V) + RRNH (Vid) 0 R1/2 OH (II/VIIb)
(VI1d) The radical R is generally hydrogen or a carbon-containing ani c
.radical. The radical Ris preferably 40 - hydrogen; - an unsubstlﬂJtFEF 1846
substituted, unbranched or branched, acyclic or cyclic Cl-Cl2-al kyl radical
such as nethyl, ethyl, propyl, 1-netdglethyl, butyl, 1-methylpropyl,

2- {TET hygpapﬁylmséléléaéa rr&tthygeixpygmrle@ phy! oetﬁ.ﬁﬂ'e tEe@sé/lan ! m@madchgnelntyl
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cycl ohexyl? IOI'E:)?@IOO ex QTé:trh?Fef?r%tgﬂé’l smeryt @ ma 608° %ycﬂf&wé‘xwﬁfﬁw
2-am noeﬁhﬁqm B.0laho uhsub®iei abis etin arhes gbst phageed,n mhbrpmﬁmfnteoprbranched,
gcycl ic olram@uldecO@za Céa%aalylsegysuwéﬁl@alreaaﬁ&@%ﬂ R)ik ré@iﬁwbtr thel
ropen e en
propeny secgor{gatslﬂé for Hft%ﬁ%ﬂ. Cyc é'sl[ r'l’)l‘lle éé@@ﬁnr? y

3- cycl h | dienyl ; 10
g S s%?%??r.x% i bR s |

or three fl5Ey rlliﬂﬁegct%hé’rléaaﬁe’%%l%@ﬂ@SFFﬁgandatk{yrr@rﬁay%% wﬁl aged by
het er oatl Bnsaxharh dagxhie raayeethade pnehoudd hereoafed e hyieloigemsat ons may be
repl aced byosaibfilei tuentsia seebmpss iy aqd polymedriedRson bt khe- vanyl
ol i goNer i CcAFHRAGIUEB! Iﬁa@r&uetwﬁ%&m@a%wg"aﬂe%@m? Htaihed by
pol yet hyl eQJ)ngeQE rﬁg :?rld/ Ak hkﬁiﬁ%ﬁ{ gm‘%f ﬁre aens' %fg' VS 0 d %1%3|sg9vgn conpound
of the fornfu Iijg{} &R g hydro 0
unsubsti t uP é'cfr(B’PfoLéﬁc?ﬁ’cF (ddyel 2 Qﬁnec',‘)‘? I'| t t@f CB’°5?T<‘§H’
r adi cal 15spkens |S@-§hl s kil lasion | at wleppred temperhyREe HAd/ oBuRYer
- et hyl pr opddged? pres syt epr opystallidatdiomethyéetiadtiopeaty|cadréryl oand
Cl ohexyl in o sabpBgivht dtadeCalrhe M8fpe P& béFaltadichl REERENL &isk8 gsven to
usi ng anmmpifera1dy GLIBI{IHATHPCLRE HYpekPes of the starting materials
and products to be separated. Given a knowledge of the starting
20 materials, products and any catalyst present, a person skilled in
the art can readily develop an appropriate work-up concept. The
specific process parameters and measures to be selected can be
determined with the aid of customary specialist knowledge.

25 (bb) Reaction with ammonia or an amine to form a carboxamide
(V1Id)

The reaction of the carboxylic anhydride (V) with a secondary
amine is shown by way of example:

30
~ Q
- ;L j\ + RNH (VId) )J\ .
R 0 Rl R1/2 OH rI/2 NR,
35
(V) (II/VIIb) (VIId)

The radical R is generally hydrogen or a carbon-containing
organic radical. The radical R is preferably
40

- hydrogen;

- an unsubstituted or substituted, unbranched or branched,
acyclic or cyclic Cy-Cjiy-alkyl radical such as methyl, ethyl,
propyl, l-methylethyl, butyl, l-methylpropyl, Z-methylpropyl,

45 1,1-dimethylethyl, pentyl, hexyl, heptyl, l-ethylpentyl,
octyl, 2,4,4-trimethylpentyl, nonyl, 1,l-dimethylheptyl,
decyl, undecyl, dodecyl, phenylmethyl, 2-phenylethyl,



The specific process paraneters and neasures to be selected depend, inter
alia, on the nature of the carboxylic anhydride (V) used, the am nB 2U€8006
-the reaction products forned and any 30 catal yst enpl oyed and can be
determined with the aid of customary specialist know edge. (cc)Reaction
with a carboxam de to forman N-acyl &&¥ boxam de (VlIle) 35 The reaction of

th b | n h b f
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determ ned wi t[} H}ebﬁt{goﬁi ctl%ﬁ%@rgulzen z cio ktn \Mledge (dd) Reacti on
8”1' Por s Ayl on

with an al dehydle € and cl eavage to

forman a, p- unSZNTENEYCREL bokFrF¢On %%‘%’b‘?l eVl £f J-ac tphexpd iRty lgn of the
car boxyllpc anhy@ rungabe vl tykad can Sababhkﬂ:t@dt gromatid gratigalakaNiald opewith a
ket one to fornang acykeaecnnthregbsege@ntinggl, eavage dme bor men ring

a, p- unsat ur at egh Gy Eh@iﬁ%é CrasitRled( My | hdterdcR4Yins eSud@sUser Bhgd sakidghyde or

ketone which has -l ?_ES{:hé)rl'grd%% oBYILOGRN gogg'pe A1I8CA BOSLULGghali ve to
the carbonyl ra reactlon £ uatio or t use of an
al dehyde i's sh%'flﬁljp 5ef g?/ 55 $§¥459y

- an oligomeric or polymerlc group such as a polyvinylamine or
c:: a polyethylenimine radical.

Particular preference is given to using a compound of the formula
{VId) in which the radicals R are each hydrogen, an

20 unsubstituted, unbranched or branched, acyclic or cyclic
C1-Cg—alkyl radical, specifically methyl, ethyl, propyl,
l-methylethyl, butyl, l-methylpropyl, 2-methylpropyl,
1,1-dimethylethyl, pentyl, hexyl and cyclchexyl, or a phenyl
radical. Very particular preference is given to using ammonia,

25 dimethylamine or aniline.

The specific process parameters and measures to be selected
depend, inter alia, on the nature of the carboxylic anhydride (V)
used, the amine used, the reaction products formed and any
30 catalyst employed and can be determined with the aid of customary
o specialist knowledge.

{cc) Reaction with a carboxamide to form an N-acylcarboxamide
(VIIe)
35
The reaction of the carboxylic anhydride (V) with a primary
carboxamide is shown by way of example:

O

40 o 0 + ‘/u\ (Vie) 0 0 0
- +
R2 o} Rl Rl/z OH R /2 1?] R

R
43 (V) (II/VIIb) (VIIe)



RZO(V) R' HRO + >4 (VIf) OORL/2 141 R' 00+ Ao Rl/ OHRL/2
(11/VI1b) (M1f) In the general reaction equation, the radical (R DGREDEGHS s
-generally as defined for the radicals R, and R2. The radical (R )(R')CHis
preferably 45 R' 0 2 F E B 2006 26 an unsubstituted or substituted,
unbranched or branched, acyclic or c&d&lic Cl-Cl2-al kyl radical having a
hydr ogen atpenrddichheraipafineranlyf Rfdexpmpbe seddvHon-ebhyhiningopy! ,

1- met hyl et Byt%anltlutr)éhlca-l nﬁfﬂylraaeeai R% ”?E'Qﬂepék?ﬂyla’s esﬁwéd & hay! .

heptyl, tthg amy Cé[ y(V’I i er m‘?:l ¥ Qr ly r e 13 iven
1, 1- di th g V s JEU1EE PecferefBdlis gisen cp ot pyl
3- phehgfpr ﬁéﬁ@?ﬂb@%t%ﬁlﬁ&léﬁc %B%htylnnthyl 2- cyclopentylgtﬁgr =

3-cyc|op§nty|propy| cycl ohexyl , cyclohexylnethyl, 2-cycl ohexyl et hyl or 10
3-cyc|ohexyh@rsggdlilorpfwtaﬂusphshhétémﬁiamd subsirdatted be usdleartelded or
?r?Rchefl) dg xcdlqneﬁrci]/xpia %z%tﬁé%li@dd&@ﬁk Eﬁ@l@@bﬁyghga&uwdﬂhe (V)
et heny r n y

}:.1 o Q:Q‘% ¥he ! %laa -cych'%E e%rqcau%g H][t a’nd fmj{)r

trans-2-bu

nten X ohexen
2, 5-cycl oh8§5 Fmggﬁff‘%)‘f rlé?e e&ﬁ&@lpggg‘i’*iéh thg ﬁg‘g é:tli‘séig’a%JFX/de
(VIf) i A0 ﬁﬁ?%ﬁﬁk#ﬁ§ ka@V%%ﬂg%l?j)(R YCH is an unsubstituted, unbranched or
branched, acyclic Cl-C6-al kyl radical, specifically nethyl, ethyl, 20

propyl, 1-pe&pxésdtidn whvhyin anﬂwyhalwqmﬂmeztaefm rarnoay&lal or
1, 1-dinmethyl et aq,lorrée%wcm;%xxb £YEh YarP Y FSdﬁHl:@Eur%rt%ﬁeEQ $xy1lli$ given to

usi ng acet al de % 39 onal dehyde or butyral dehyde or iso utyraldehyde
(2- nethylprop|8 d?déhy ;, in particular acetal dehyde. 25 As ketone (VIf)
preferertce is given to using acetone (propanone). As an alternative, it is

@so possi Bhe rerqrdenpedticha s@rhpyehigiamhydride’ (V) with an aldehyde to
form an acylal or with a ketone to form an acylone and subsequent

cleavage to form an o,pP-unsaturated carboxylic ester (VIIL)
requires the use of an aldehyde or ketone which has at least one

20 hydrogen atom in the o position relative to the carbonyl group.
The general reaction equation for the use of an aldehyde is shown
below:

25 R; /ﬂ\\
0 0 + >_4 (VIE) 1)(.)1\ 0 R1/2

30 Rf r
- (V)
\‘u‘ l
0
35
Rl/f/lL\OH ¥ 1/5/1L\ //\\T’/
%0 (II/VIIb) (VIIf)

In the general reaction equation, the radical (R')(R")CH is
generally as defined for the radicals R! and R?. The radical
(R’)(R”)CH is preferably

45



and ketones, for exanple acetals or ketals, as described, for 30 exanple, in
J56 040 642. For the reaction of the carboxylic anhydride (V) to fﬁg?gﬁq g
‘a, (3-unsaturated carboxylic ester (VIIf), it is in principle poss W
use all nethods suitable for this purpose. In 35 general, the reaction is
carried out in a two-stage process as2bdescribed, for exanple, in GB-A 2 013
184. In the fiastuséageittubedcar bapgki cutadhy dnbdentMd ik beaatrsh,

cont i nuous| y wated fie il dgbyde dcl).- éarkytlh@agfean%awnghs KRR encs, of an

acid catal yst, gepgziql ;f\é Egl%pe édlqlélxg é gsr%t_]hlvi gglg}{n}b g)q__oéoir espondi ng

addi tion produ&t % f y'pos Yiise any
catal ysts whi ch™&F %ﬂ%§ 4 U|?%ﬁﬁ%§ lFB? BRAPY g2 TREERYIRAOREL erBF ¥ ar i on
reaction 3 st ephesy}. PMEpEYlcal B§ptipentsty idrddlthér &, 4ty imetbpypPentadnpor at ed

by reference anhodpli Hi,d-gomethylhepygiderdécyl hanfieegl, sigigeyof t he reaciton
is carried ?Ebhaﬁyfnf&mi;yio ) He;?%;etﬁﬂr@f e3 ey pespyR0 c.tycalésé’ﬁyﬂhe
ressure in epe
Cni mpor ant. VR U Ry e 1 AT %E?&“- SO ipbeb b fdarl
that both the gY%%? Trat¥f %ﬂ%?ylmﬁ Eht ’cyﬁgP $x%t9%0Ydi 95 t* e addition
product ¥re pr d%MﬁHﬁﬁﬁW}PE?E§anﬁ n the liquid ~dnase. To pronote the
formati on of the wnditstdbupedductsubgsetused,s unbrPnalfed® g Rradehaxf, asz excess
of carboxylic aspymid @& €Y&lid ICo-T4,<d@keny{Cfddical Eubhtdddiagt -Qn mixture
is froml to chgqu—ta@ f,@ogé]ﬁtltt)i_ﬁ{é{ﬁﬂvjh lie y_siagsare, for exanple,

stirred tank reactor w n react grs_or | oop reactors. 111
of the reactlon % f)ﬁ%tenyg Ef%b -3l % 3 entén}i ~~~ opt in. ~~

r= ~ T%XJ% p?%ﬁﬁ§h§§eaf a ﬁﬁF@P5§§ﬁ8%¥d§7@a?é?%%}OhQﬁﬁdTﬁ%Y¥eactlon
qution is generally taken continuously fromthe first stage and passed to

tNe secondPstaijmYaor pckEeneage iist gitvdme to-usingl &n aidéhyde {(WIf), ia~ni the. !

, - rzrnvat whatedearaaxyai C(R gRehch’ id dn hnsubé%/@;ﬂea,_uﬁﬁa%o%ealarlm and

A -3416 Subréﬁcl‘legt} at Zﬂé?d cglalkf I%W%af Isf‘pecﬂf%alg%ett‘ﬂ?l e,qephase

in the presence at bl e s”ar frally
t hose wfi’cR* 8?%;a155E§8¥i ?ﬂi} ?Y%aﬁg fpﬁgpf?ﬁy% ?8§¥¥iﬁﬁ°3¥ tion
reaction (<reépdimpbhylenyl. peptylj anq b very PQFblPuéa¥rR¥%£958P§? eh- i
nt~~?r T t iedgbyenr dbepehns anetaidshpdé ntpropmenelmtqeieviorLbutxsqﬂd’éhk@el

atti PCL 2broisolaityraodeifid q 22Rethy (hrqpiehat dehydd),r rif particullaru ' 1LV v
pressure igctpgrgageed stage of this reaction is generally Al so

uni npor tant. In general |t Is in the range from0.05 to 1 MPa abs. The

cl eavage g aL enera ca rried outin the presence
As keton (VI re erence is given to using acetone (propancne).

As an alternative, it is also possible to use protected aldehydes
and ketones, for example acetals or ketals, as described, for
30 example, in J56 040 642.

p—_— For the reaction of the carboxylic anhydride (V) to form an
o,f-unsaturated carboxylic ester (VIIf), it is in principle
possible to use all methods suitable for this purpose. In

35 general, the reaction is carried out in a two-stage process as
described, for example, in GB-A 2 013 184.

In the first stage, the carboxylic anhydride (V) is reacted
continucusly with the aldehyde (VIf} or the ketone in the

40 presence of an acid catalyst, generally in the liquid phase, to
form the corresponding addition product. As catalysts, it is
generally possible to use any catalysts which are also suitable
for catalyzing the transesterification reaction (step (a)). The
catalysts described there are hereby incorporated by reference at

45 this point. In general, the first stage of the reaciton is
carried out at from 50 to 150°C, preferably from 120 to 140°C. The
pressure in the first stage of this reaction is generally



Ao~ w. n~ss OO ~3ybo . j ?nri hdr? de ! Vi, ., as . descri bed for the
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35 inert Co ~LPS~t .. Ear the purposgs of the present LT VentaUTl, L-r e-rt
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reaction
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S:Jlgsequem |f¥8‘g 4:90 i‘lr’i{’tear@reﬁ&écg%rgsfcﬂp ?%PSnre FCL&N‘I 88nﬂé Iﬁ? et

cat al yst, |5§313%t‘%ﬁeheé°t’: oCXHWP e r SEITERAGANK FeIGRORS rzafthBnt’é)k?e%rhéhﬁﬁb
products caebokyts e@radet 1¢9p reagdomsd3-unsat urated carboxylic ester (VIIf)
in the rmactor of the second stage is not possible, these are generally
separat ed Qkf ap élrte@anQWét AR 80 6s g d 2N Snof r&dtidiRl o RSy '-EﬂeSt eps,
for |nstanggl i pro?[:é@ncﬁ eLI ev %egalt era ure ahnd/ o] under 5 %ggced

pressure, a Bh Of  extrac epa’?aefl on processes
enpl oyed |§r %ﬁ%ﬁ%r%%ﬁ%‘ﬁﬁ%&%ﬁ FHerl y|o°'rtopert i es of the starting
materials and products to be 10 separated. G ven a know edge of the starting
mat er i all$, Theodkessitsonandlayhorc disakbysér rlgs eaken aceperismousky | £ooh ithet he art
gn readi | yirdevalaye angUpisdice teOtke WbRAC8Phge Y TNCELELE MHLOCEES

amet er s c3RHoAPARUGESq ! Pr A8} CEhE drkd ad% gﬂga%aﬁtt% BhiBoxAlcl he nature

of the carbo yd used or tone used, the
reaction proka(ucté“}’faﬂ}rkJI H‘e Cl((f\ét)vﬁ Scal g%(gsctrl

TR bet Het er mi ned by
nmeans of EHskohdty sﬁéc?%‘FlFsPt‘Ak owf 36 LR IRETO¥eSdTBred REtpiRsent

i nvent i @9, thhelimudophaseaibdhel presemdsy i de ¢84d amtadybttiand reagent in a
reacti on wstuhtalealcdehydets arek gbaaeal y fuvoeawh b Frenadbaraiiadbgar boxyl i c
ester is pgelesdi@dyzdag(esd Fie%fsbeeemﬂaeaoﬁrQaeéﬂforhx@lrceﬁaré),qn fReform an
aromatic %QEQP@%{\ﬂdEg rggéé\ghé%e are hereby incorporated by reference at
this point. The second stage of the reaction is generally carried
25 out at from 60 to 200°C, preferably from 100 to 140°C. The
pressure in the second stage of this reaction is generally also
unimportant. In general, it is in the range from 0.05 to 1 MPa
abs. The cleavage is also generally carried out in the presence
of an excess of carboxylic anhydride (V), as described for the
30 first stage. Suitable reactors for the reaction of the second
stage are, for example, stirred tank reactors, flow tubes, shaft
reactors or jet loop reactors.

()

Both process stages can also be carried out in the presence of an
35 additional inert solvent. For the purposes of the present
invention, inert solvents are solvents which do not react
chemically with the compounds present, i.e. the starting
materials, the products and the catalysts, under the reaction
conditions employed. Suitable inert solvents are, for example,
40 those solvents described in the case of the transesterification

(step (a)).

The reaction conditions in the second stage are preferably set so
that vaporization of the products, the unreacted starting

45 materials, the by-products and/or any solvent used is possible.
The vaporized components are subsequently passed to further
work-up, preferably likewise by distillation. The residual



+ ArH (MIg) K R 2 OHAr (II1/VIlb) (VIlg) 35 In the general reacti
equation, the radical Ar is an unsubstituted or substituted, car bo@@éﬂ’@gﬂ@r
-heterocyclic aromatic radical preferably having fromone to three aronatic
rings. Particular preference is given to using benzene, toluene or xylenes
as aromatic hydrocarbon. 40 In the prgcess of the present invention, it is
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hydr ogenat pxopertie€ &f e 6rachnng makeirneilpl andberecductedt@ite usi ng al |
met hodsie uéé;aa{ﬁaeeﬁorsim ly d#hogbeiid @T QheCardxniylg fadehyslrs, d@soabdcd he
radi cal " Ridd angf cabﬂﬁtd%mégén{ orded rias SxMULIENLAL R 2@nl PeddEi P

position r tiiye_t a \ the reaction generally does "not
stop at th‘%‘gﬁl éhydgu% ag:-jL(eé g‘@?ﬁc 0%%% acts preferentially with further

carboxylic anhydride to form an acyl aI Under suitable reaction conditions,
this is cl B &pecodiie cﬂﬁﬁC&ﬁSaPiBaWuﬁa@e@ewrl?@xypl ke eaglectgdd t he
cor r espdhddeend?5 ivteb@dyilal, conctie (datlivkl bf . the caebsesl forarhydsiger pbse are

nown and @geri, deser ab@thydeObr RECINE @iseld) B 4chtRi6A8proicily isrhad eby
licitl yaﬂalct%peaégﬁdst %g@ﬁe&?&l%n bi a&wﬂnedttrarg lt%/ai{sog,%nat ion is

carried out _usin em conprising a of groups 8 to 10

of the Pe?"?sO(ﬂmagafa%?ecmgrlesFera r?a‘ﬁ | adi um rhodium ruthenium platinum

osm um cobalt or nickel, a protlc or Lews acid, preferably an acid

sel ect eaofhbmlwrmngcemﬁ WhEChresentaligyention, the use of a carboxylic
anhydride (V) as acylating reagent in a reaction with an aldehyde

or ketone to form an «,f-unsaturated carboxylic ester is
preferred.

25 (ee) Reaction with an aromatic hydrocarbon to form an aromatic
ketone (VIIg)

0 0 0
+ ArH (VIg)
30 1 >
R o R R172 OH

(V) (II/VIIb) (VIIg)

/ﬂﬂ‘k

Ar

35 In the general reaction equation, the radical Ar is an
unsubstituted or substituted, carbocyclic or heterocyclic
aromatic radical preferably having from one to three aromatic
rings. Particular preference is given to using benzene, toluene
or xylenes as aromatic hydrocarbon.

40
In the process of the present invention, it is in principle
possible to use all suitable methods of acylating aromatic
hydrocarbons with carboxylic anhydrides. The specific process
parameters and measures to be chosen in the synthesis stage and

45 in the subsequent work-up and separation depend, inter alia, on
the nature of the carboxylic anhydride (V) used, the aromatic
hydrocarbon used, the reaction products formed and the catalyst



suitable for the transesterification reaction in step (a), and a 35
hal-ogen- cont ai ni ng conpound, preferably a hal onet hane. The reaction is
generally carried out at from50 to 250C and a hydrogen parti al preﬁﬁgEf %ﬁﬁ
fromO0.02 to 10 MPa. It is generally advantageous to carry out the r -@b
in the presence of carbon nonoxide, since this generally increases the

catal yst stability 40 and inproves thggselectivity. The specific process

ar amet er s ;and. respt £ , 5k At .k @ma PN the nature of
p and tgeead%é Ban 1 M RhORbR A AP o LAISY iclBpalh LhE

the car box§l |£a];lngy r Wg é%/ﬁ) use e reaction products t he
catal yst ch8Sen ang can " pe Ueternmined with the aid of customary speciali st

knowl edge. 45 0 2 FEB 2005 30 |In a preferred variant of the process of the
present i nyewnt Epdrogdnatahhch t he carboxylic anhydride (V) is converted into
the carmoxylic acid (I1/VIlb) by hydrogenation, the carbonylation of step

Fohct ] on An e e L A o O ol e, i n EP- A O
048 174, m%?gﬁg%%&w&rngb§i&é§@ﬁ%l (%l!h?l gﬁlén%azrrbﬁgya%%da%@d r(eI?ér'ench In general ,
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to 10 of the Pgri odHc Tabl e+ Hyefernbly palladijum rhodium ruthenium 10
pl atini @ osKl a%i or—rmmcket—a>hal ogen- t ai ni rtg co%and,
preferably aRhal oft hane, a nitrogen- or piRIdBhor88- cont ai R1TR pHonot er,
preferably an aliphatic or aromatic am ne or a phosphine, and, if desired,
a protic or Lew s( )acid, preferably an acid b %from anong those which
are also 15 suitabYe for the transesterification réaction in step (a). The
reaction is generally carried out at from80 to 350C, preferably from 100
t g 250Cl5aAd whéphosgen phrtliecalprpesentuinvesftibnontie hividgog8fatRm iGar bon
@oxi de asdepydiogan ahepgaitdpakl pei ddriddcedti wsimy Mhametidddsdo of CO H2 of

from 0.5 tgudraghe reReehé i KlydYReaasidh &@r&%hﬁfﬁi@%hga@%@.s to be
sel ected depend, inter alia, on the nature of 1he carboxylic anhydride (V)

used, the reaction  .prodycts fornmed and the catal yst chosen and can be

det er mi ned 2wt ’iarﬁié‘lgﬁgd %#Bcu&foﬁ'g?yajs%’é’ldﬁl ?8{‘“‘ JHiSe @gBY 42029, agom
preferr@® &RbbRR feOsSetieher Pradddestof theEagbessht Irquivefhe ofeacitioreast part
of the car bergrallyadids(hdy) stopmed the sldephyfe)stagaisednas S trieagtsmat eri al
in step (aprePesdyianee with Gutthet Ociidxyl iat ahAStid0% Péfd iagul arly

The 30 car Bt o e L o by e e o o
(a) from s?gﬁ(g:%:’%ﬁ b r%lrcj:ﬁ%ﬁ ?ggf’%(x%]?lct ﬁg%gar%%x;%ﬁﬁec c?31%315dgo(nl%ll)m*:’necessary
for the % Sﬁglé i Peggi oHt inJ?Ié’t)ep (a) is taken

Processes for this purpose are known and are described, for
example, in US 4,978,778, which is hereby explicitly incorporated
by reference. In general, the hydrogenation is carried out using
30 a catalyst system comprising a metal of groups 8 to 10 of the
Periodic Table, preferably palladium, rhodium, ruthenium,
platinum, osmium, cobalt or nickel, a protic or Lewis acid,
preferably an acid selected from among those which are also
suitable for the transesterification reaction in step (2), and a
35 halogen-containing compound, preferably a halcmethane. The
reaction is generally carried out at from 50 to 250°C and a
hydrogen partial pressure of from 0.02 to 10 MPa. It is generally
advantageous to carry out the reaction in the presence of carbon
monoxide, since this generally increases the catalyst stability
40 and improves the selectivity. The specific process parameters and
measures to be selected depend, inter alia, on the nature of the
carboxylic anhydride (V) used, the reaction products formed and
the catalyst chosen and can be determined with the aid of
customary specialist knowledge.
45



fromstep (C). To ensure this, product discharge, i.e. the taking of
product fromthe circular process of the present invention, 35 Sh@waﬂﬁ
such that step (c) produces at |east that anount of carboxylic a€i

which is to be fed to step (a) as recirculated carboxylic acid (I11). Figure
2 shows a bl ock di agram of the preferggd process of the 40 present

I nventi on. The bl o% as_described for the block di agram of
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25 In a preferred embodiment of the process of the present
invention, at least part of the carboxylic acid (II) formed in
step (c) is used as starting material in step (a). Preference is
given to taking at least 10%, particularly preferably at least
50% and very particularly preferably at least 90%, of the

30 carboxylic acid (II) necessary for the transesterification in
step (a) from step (c¢). In particular, all of the carboxylic acid
{II) necessary for the transesterification in step (a) is taken
from step (¢). To ensure this, product discharge, i.e. the taking
of product from the circular process of the present invention,

35 should be such that step (¢) produces at least that amount of
carboxylic acid (II) which is to be fed to step (a} as
recirculated carboxylic acid (II).

)

Figure 2 shows a block diagram of the preferred process of the

40 present invention. The blocks “A” to “C” are as described for the
block diagram of Figure 1. The carboxylic anhydride (V) from
block “C” (carbonylation) is passed via an optional block “D”
{discharge of carboxylic anhydride), in which part of the
carboxylic anhydride (V) formed may be discharged as end product,

45 to block “E” (conversion into the carboxylic acid (II)/
separation). Depending on the type of conversion reaction chosen,
introduction of a starting material (VI) into block “E” may or



35 Particular preference is given to using a formc ester (1) in which the
radical Rl is an unsubstituted, unbranched or branched, acyclic ﬁ%T%ﬁYﬁ#kyl
‘radical, specifically nmethyl, ethyl, propyl, 1-nethylethyl, butyl, ¢

1- met hyl propyl, 2-nethyl propyl, 1,1-dinethylethyl, pentyl and hexyl. Very
particul ar preference 40 is given to 3§ing met hyl formate, ethyl formate,

propyl for enotorbebﬁ{eé’és 4 Aﬂﬂtrﬁe koo 'g;%&llct \)mf ffn%maﬁ §100R LDE

process of resent | nv qPrel € a_carboxylic
Beid (1) 48/t BeOPapReaz o AT 1) (3P ARBSHAN PREPEGIE! O is - an
unsubstltuF%HV%FS¥9&b§?F?E&Q&iCh&ﬁBPan&?ﬁﬁ%ﬁéﬁ Br BivcHES, Pragyet | ¢V1gn - c?@¢|c
Cl- C12- al kptrodwuaxti &L I3 uehicis isethyionaltlylfortéd pinmepardteetdifi endyl , butyl,
1- met hyl gr apythardedebbyéid giduct 1, Theligmebbyyeidydcidogentyl is exged hﬁ@t yl,
éég;?ylgﬁgkgl tfﬂﬂﬁiLblgﬁﬁ'4ﬂiﬁHH§é§%g %&Kgﬁrlethlm %c%aﬂ'ﬁﬁiaﬁhbﬁptyl
cycl opentyﬁ ¥cycﬁd%§§n¥5fbcp}tzﬁ ¥: mﬁg hly‘clfg’ﬁtélﬁ a@t hyI dl§c ?/]E:qéogpg f{%ropyl
cycl ohexyl PFo§rt ofkexy i‘ﬁ%‘i hf‘l" (EIGV%?%HPEPHWI‘/ FEPRERBHINA propy!
chl or onet hyl dlchloronethyl trichloromethyl; or - an unsubstituted or
substi t ubedn tibraocbes of tb!‘eapﬁbédmt ﬁmkﬁanprpm&&bﬁc&inawhke@yl
radi cal sughigs aylfla,yhlc&t(eqt hewnyl ), 2-propenyl, 1-nethylvinyl, 3-butenyl,
ci s-2-butenyl, trans-2-butenyl, 3-cyclopentenyl, 2-cyclohexenyl,
3- cyclohexenyl or 2,5- cyclohexadlenyl Partlcular preference is given to
using a carboxylic acid @I1) in 25 which the radical R2 is an unsubstituted
or substituted, unbranchgd or jranched, acyclic Cl-C6-al kyl radical,
specifiaal |y nethyl, eyfiyNo” Bropyl, (B) met hyl et hyl, butyl, 1-methyl propyl,

- met hyl propyl, 30 1,1-dinethy|ethy| pentyl, hexyl chloronethyl,

chl oronethyl or trichloronmethyl; or an unsubstituted unbranched or

br anched, Y. yl . radi cal such as vinyl (ethenyl),
2- propenyl i iqlthtgf%wny:?éii?»51 %nyl cis-2-butenyl or trans-2-butenyl. 35

Very partlcular preference is given to using acetic acid and propionic
aci d, i @Oparti el wsupssitetediqF. sphstheutrdcasbranchate oFr Bsarghedvent i on,
particular pr edeyehice orscyclic C;-Cyz-alkyl radical such as methyl, ethyl,

propyl, l-methylethyl, butyl, l-methylpreopyl, 2-methylpropyl,
1,1-dimethylethyl, pentyl, hexyl, heptyl, l-ethylpentyl,
octyl, 2,4,4-trimethylpentyl, nonyl, 1,1-dimethylheptyl,

25 decyl, undecyl, dodecyl, phenylmethyl, 2-phenylethyl,
3-phenylpropyl, cyclopentyl, cyclopentylmethyl,
2-cyclopentylethyl, 3-cyclopentylpropyl, cyclohexyl,
cyclohexylmethyl, Z2-cyclohexylethyl or 3-cyclohexylpropyl; or

- an unsubstituted or substituted, unbranched or branched,

30 acyclic or cyclic C3-Ciz;-alkenyl radical such as vinyl
(ethenyl), 2-propenyl, l-methylvinyl, 3-butenyl,
cis-2-butenyl, trans-2-butenyl, 3-cyclopentenyl,
2-cyclohexenyl, 3-cyclohexenyl or 2,5-cyclohexadienyl.

)

35 Particular preference is given to using a formic ester (I) in
which the radical R! is an unsubstituted, unbranched or branched,
acyclic C;-Cg-alkyl radical, specifically methyl, ethyl, propyl,
l-methylethyl, butyl, l-methylpropyl, 2-methylpropyl,
1,1-dimethylethyl, pentyl and hexyl. Very particular preference

40 is given to 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 (II)
45



40 -given to using formc acid together with nethyl acetate, acetic
anhydri de, acetic acid, ketene, vinyl acetate, ethyl acetate, propyl
‘acetate and/or butyl acetate. in the process of the present invent QQrfFEBtgs
formc ester (1) and 45 the carboxylic acid (I1) are generally used in the
transesterification in step (a) in agatio of 1:1, with the relative
concentrations in the reaction m xture being able to 02FEB1006 33 deviate
therefrom The carboxylicmcid (I1l1) is introduced as fresh starting
material, as recircul ated tream ?rpstep (c) or as a conbination of the
two. Accor di ng to the Racti@® equafi'dn 5 (1) + (11) ~--_ (111) + (1V)
reaction of one nol of formc ester (1) with one nol of carboxylic acid
(I'1) fores one nol of formc acid (I111) as 10 product to be taken off and

one not of jgayerykhe £sdiai(kY)ig Since at | east part of the carboxylic
ester (1V) forrred in step (a) is carbonylated to formthe correspondi ng

carboxylic dr| dg ﬁ\? n, accordance with the reaction equation 15 + CO

(1V) 10 (V) th PEFF TR i°8n SPBF W Wied  nBPPEA i SRy PFEEsder (1V) and
20 carboxyl i c aF#RldCi 88 ¢X9ligs Cprevmelkyd YrdicaleRuel fas Methxéecortdivdg to the
preferréd proceswmylat 1heeisty leahylof bityel, damboxylpmomnihy drnetehy1¥ropol red in
step (b) is copverdigethplexiyig éﬁfft)l)}(yﬂéx@l Chépdy1l,) 1-BtAgeesEance with the
reaction equat&&}lZSZ( 4-[tr1(m\é|t}1 pé l)b' ;ih) §Ol tcﬂ e\&:ﬁiﬁé eactl on

results in for t|on xyllc

i
anhydride (V) al"lﬂg rfc%%ggfzﬁldeﬁ’ Wﬁ%‘\? %EIEK: to be taken
off. In the ca%é’%ny PR lhly'dFé'FQ‘gP%mb‘n‘lfacé’Wrﬁﬁ?‘P‘f et@é[ boxyl i ¢ anhydri de
, onéd5Snol dfcysdeperyyliethyihydrivielqp@ntidprspyvo aysllobéxyhr boxyl i ¢ aci d
ﬁ) 35 + H2Qryeldheky)ime{h)l, PTheyebsthmpleitayari B-dyldlphbeydifbman be
scharged as gindvabeyl, 40 chebvbRety I, hecrtl&ﬁnéﬁ&ﬁeecrﬂyﬁl-cafl on in step (a).
I'f the amount Saﬁfungbgg’éﬁétécp o2e shBKe aﬁﬁbxfceﬂ-?& ngg{g)rg:rﬂe%tel y, it is

possi bl e Wi t hout obl ens tO. c rr re rocess
cﬂl’r 23 izaaﬁF? ﬁnggidr’f%ﬁlcﬁu My VI rtually

reci rcul ation

all the2Bar box%?*@né(&l)d %THI)°Peﬁéfées§éF%Fth&f"l§Yép 3{'&3‘1"@6%5 fromthe

recircul ati on. cquayhptenyl trans-2-butenyl, 3-cyclopentenyl,
2-cyclohexenyl, 3-cyclohexenyl or 2,5-cyclchexadienyl.

Particular preference is given to using a carboxylic acid (II) in
25 which the radical R? is

- an unsubstituted or substituted, unbranched or branched,
acyclic C;-Cg-alkyl radical, specifically methyl, ethyl,
propyl, l-methylethyl, butyl, l-methylpropyl, 2-methylpropyl,

30 1,1-dimethylethyl, pentyl, hexyl, chloromethyl,
dichloromethyl or trichloromethyl; or
Rt - an unsubstituted, unbranched or branched, acyclic
C;-Cg-alkenyl radical such as vinyl (ethenyl), 2-propenyl,
l-methylvinyl, 3-butenyl, cis-2-butenyl or trans-2-butenyl.

rrrrrr

35
Very particular preference is given to using acetic acid and
propionic acid, in particular acetic acid.

In the process of the present invention, particular preference is

40 given to using formic acid together with methyl acetate, acetic
anhydride, acetic acid, ketene, vinyl acetate, ethyl acetate,
propyl acetate and/or butyl acetate.

In the process of the present invention, the formic ester (I) and
45 the carboxylic acid (II) are generally used in the

transesterification in step (a) in a ratio of 1:1, with the

relative concentrations in the reaction mixture being able to



| osses, for exanple as a result of selectivities of less than O 2 FEB 2 006
34 1(3D$ or inadvertent discharge, can be conpensated by appropria Szr 2006
-additions of carboxylic acid (Il). If a symretrical carboxylic anhig E%Be
tV) is fornmed in the process carried clot, as occurs, for exanple, in the
case ofthe very particularly preferresguse 5 of nethyl formate 11) and

acetic ol ebldde <hBeceliiNine08aeR AL e AORENSAL ad Dol dlvsi s of the

car boxyl i c.al 2l el mat as t& bove .reaction e uatl on.
Table | gives an a&vér% eweé‘-flél he reI‘Mrrrcé1 ?%c%%rsea\%rffglﬁt%t Rl

i ndi cati on®®f? q%lgﬁa}%l%ﬁ:{hﬁ Ew atﬁ‘%rﬁépﬁgt‘? e 6@&1’-“61%|§ﬂ‘{a|tllP)’ f or med
as LO reference. The last colum shows the process blacks required; in the
i nterests of clarl ﬁ t he _qopti onal Iocks for the discharge of possible

i nt er nedi at es havel hdt™ bédd ) isted—Sonmd Iddek erfr ddBhbodi nent s are descri bed
in nore detail below, 15 without inplying any restriction. Enbodi nent It
Preparati on of formfc aci d an(%'vgcetl C anIg%drl de A sinplifjed process flow

di agr am i s*8ROHIPY REFPLRIY P ofl ft %0 1°7F BAY Aketic acid (11)
are fed coﬁ@FW}écL?c%% tHe rfé'étﬁﬁo@nﬁt APL @i Eprmic Aeddn (BYI s of exanpl e
as a stilor pdodwrtk to beatakare df@) andidorie Impl. of ~cawtwetylicoksesr Suivhabl e
reaction QD@@é aattuaesstflsurtemmeh@ thasydescesbad @Rqveotda Sltne@té? can
al so be us ¥ g%ﬁfla]@d Jlonfgplg FgT=Y-Tod Mol dgi| ? IJ)%e §b{»r{ sterification

to formfo n%i%r et éms% L?ccgrrareﬂ%é/ ‘F’e et %te a es ace in the

presence of® ‘Fincorrprlses met hy2
formate {1), acetic acid (Il), formc aC|d (III), rrethyl acetate (1V) and

t he cat él5yst used, is taken conti usly fromthe reactor (A) and conveyed
ia 30 line (2) to the \Aﬁf U.p_b_)Ldrb.l_{leJ_Latl( o, which is depicted by way of
exanple in the formof the colums (B), (C) and (D). Dnreacted nethyl
formate (2Z) and any |ow boilers forned are returned via Line (3) to the

reactor (A Form 211 s _taken Un cted acetic
aci d (u§ e (o RSP E GRS SO Iy £F1 CRPRURE PREE na ) BThe

r eact or PAFaW‘é‘iI]1lﬁethY‘FIfldegd 3 AF tIRAuCEafP nBe tidienpaff- of the stream (S
can, if necessary, be discharged continuously or discontinuously to avoid
accumul ati of, cdeduirglingotd et prdféhied gavcekt, desiTaadt perwwskeate up
further. Neafwax Get ahRydtMe i(§)PassRsh QR ¥kap! (e o Londfridd iintaepgsal |y

advant ageogg,. tﬁ%ﬁ%' g¥id O i@t B?Qoé’@incec%’éﬂnthé %a%@?%"‘é’c];u%%‘éggs 4S) and

tC . Stream kén the top, stream n off as
a side €Pream and streamf6) is taken of f at the bottom 45

+ (VI
(V) [+ (VI)] = (VII) + (II)

30 the overall reaction results in formation of one mol of
carboxylic ester (IV), carboxylic anhydride (V) and carboxylic
acid derivative (VII) as product to be taken off. In the case of
the hydrolysis of a symmetrical carboxylic anhydride (V), one mol
of carboxylic anhydride (V) forms two mel of carboxylic acid (II)

35

()

+ HO
(V) = 2 (II)

The carboxylic acid (II)} formed can be discharged as product or
40 return to the transesterification in step (a).

If the amounts of products to be taken off are chosen
appropriately, it is possible without problems to carry out the
preferred process with recirculation of the carboxylic acid (II)
45 in such a way that virtually all the carboxylic acid (II)
necessary for step (a) comes from the recirculation. Slight
losses, for example as a result of selectivities of less than



02FEB2006 35 The optional line (10) nmakes it possible to take off nethyl
acetate (1V) if desired. Methyl acetate (IV) is fed continuously \éﬂ'ﬁé'@ne
‘(9) to the 5 reactor (E), generally freed of catalyst, for exarrpIU P 406
flash evaporator (not shown in the interests of sinplicity), which is
shown by way of exanple as a stirred 3ank, where it is carbonylated.

However, 1%0hs & %%a@@éz?'&é}l@ dﬁ%cHéEgé’t hel, $ui k @nsart%gcgﬂ,ogb@%%qugwses
for exampl g 4hose, dgscr Lhsth ARRVECLEr( SHEP 0o (Dhundls s LeaCL Ol ks

react or (E)_’l car aih T car |5tl0n to
acetic anh?HW‘H’e‘dﬁ/)(V? ak% ﬁ!}]e&cénﬂﬁhT %%F@Eeﬁ PHE cat a‘?cﬁ’lrsused The
reacti on niER¥ #¥amplehi Eh HvnsRissest ke ereydrast sy lagdet pref¢yngd useetic
anhydri dé of \fetadnyd tthemsgid all))sendsecetics acdkenITpnttiheuslsylyt f Yammeshean eact or

15 (E) is genesmddnsategesy afyazataghbystos ftdle eXapPkLlid aanbhasde (@)evaporator

(not shown, ng el %E{:ﬁsél?e %fbo%”Péé@héW gﬂg 1%9”‘&%?91 Y'%Jésn%n( 12) to
the work-u | St ﬁttlon |§ rrplelnthe
formof th V%%Y FEIPHETRA V&Eé?ﬁ?“é ¢ éﬁﬁl%ﬁ'l "oRFboi | er s
formed areth® #%Crhéﬁl“ﬁ'f’é’cf: \FaélP?nés’(’l‘B)tl’{eofPﬁ’él‘F KILE). foﬁﬁt?dbé?t ons

from t1® cefemrancer) Thehladt codpmnsehacetthe anbyess ddofWs meqhianed; high
boi | ers fotRedintairestaken clfdriviva théedtlidhadnBledies Foretné | dischapgeat ed

into acetisfaﬂk%im@elﬁéerma%ghhmIfcrtsbleenaﬁy{édﬁer col um (not shown
in the interests of sinplicity). The 25 catalyst containing streamis

generally returned to the regctor goes W t hout sa ihg that part of
the streant@BApiEeRged t?f%bcmlﬁ‘ﬁnﬁﬁl‘fg’é‘% éie(:"'&ﬁlb?‘ﬁ +féd‘%9§§aF19t bJegEtﬁl?&’harged

nt i nud@sWitheut dmpd ghny ApBLIEytréchiwl-d accunul ati on of high boilers and
%l be worked up further if desired. 30 If the stream (12) further

nprises gfpddineddl d: POSpeATBheot DEGMITE a8l d Padd Iatleth¥ daMhpiiigieas a
result of the addition of water, an additional colum is generally required

to separatg of f 1tl,r:ke gc ]trlce quw ? Errrbodl mept 2: nPre aratéorh g:fh It’lormc
aci d and net AP acéf acel P29 dS5cP r%‘ﬂnt A* ITTi'ed process
f1ow di 8r &RF %t%HéFv\naPﬁ ?ﬁ?edﬂfeaﬁl Th%” A?Geaééiil%o%nél"’(‘? Y ¥d€o t he
react or (A)TF-'W'@PH i(Aa - (PICle ciPe Shoph ebld Mayawt| gxamplef @sapl ytiwndd dbypk, from
t he aceti cvaeiira r{Oyi dnd HoWev Eoweaeld) tatherobul tablwereaceton acid via |line

(1) is al sgpppansiselse Ebr neegpde Thesd ranzeshedi {bsat ireR Eée%a(rar)l ,edafgut as
descri bed hgsgr‘g%oqll @RNLg ]reé’éibc'o‘ih(h§ explipel E[n_gcjc&co(rpgor%gd y 45 reference
at thi Szeokransesterlflcatlon to form formic acid (III) and methyl acetate
(IV) takes place in the presence of the catalyst used. The
reaction mixture, which comprises methyl formate (I), acetic acid
{II), formic acid (III), methyl acetate (IV) and the catalyst
used, is taken continuously from the reactor (A) and conveyed via
30 line (2) to the work-up by distillation, which is depicted by way
C:: of example in the form of the columns (B), (C) and (D). Unreacted
methyl formate (I) and any low boilers formed are returned via
line (3) to the reactor (A). Formic acid (III) is taken off via
line (7). Unreacted acetic acid (II)}, catalyst and any high
35 boilers formed are returned to the reactor (A) via line 8. It
goes without saying that part of the stream (8) can, if
necessary, be discharged continuously or discontinuously to avoid
accumulation of high boilers and this can, if desired, be worked
up further. Methyl acetate (IV) is passed on via line (5).
40
It is generally advantageous to employ a separating wall column
for the two columns (B) and (C). Stream (3} is then taken off at
the top, stream (5) is taken off as a side stream and stream (6)
is taken off at the bottom.
45



O2FEB 2006 36 Part of the nethyl acetate (1V) formed is taken off via line
(10). The other part is passed via line (9) to the carbonylation Pﬁ]
~carbonylation is carried out as described in enbodi nent 1, whi chﬂ?s 1008
expressly incorporated by reference at this point. Line 5 (15) nakes it
possi bl e for carboxylic anhydride (V)3go be discharged if desired.

Car boxyl i ¢y g1 ( n A4 t r@gg%,qr (9,
which is degt?t(}%% Og ! M%nj)s(lgga}ﬁg %gal\s@ og%??}ééé@% a%%e Bfs ere 1 S
hydr ol yzed vvevé &1°%0tabl e reaction apparatuses, for exanple those
descri bed above for step (c), hydrolysis (ii), can also be used as reactor
(3. In théetiplcesetay, (WMt a5 84 ontigupnstpduced inea(?) e (tbe) and

hydr ol ysbsreactaret(Eg, agérner(@lly frekesoflcacelystf brpeearpte of at fieaskht al yst
used. The é@@ﬁdﬂa%rl%@% e iWhigd Jﬁ‘&@@'s§§soﬁcﬁ.tlﬂ§§1@§t§i),(Iv}h)lcﬁnijst he

oA %eQa : ur%ﬁﬁcy?y&)r@tﬂ? i '”(h[ € int eregfge(r)?l v freed

of the cat st oin

simplicity§2 %1 gc Y ﬂ'tclash ar}é‘”ot QREﬁle? 59 HSEn@Upt iSORERPIS ne (19)
if desir eﬁeacltkﬂ@naééf’%a‘atﬁ% (Epy exande thasatdapariiedi aeoy2dprt ateme

react or 10( Ap), tdsuseatbsr NE)t.hénl oepctds (Enhodartent mdnoRidpar=atfiedninf formc
acid and ageiiximenhydsislel dawbbhyaseidi tachbe€ld @hnyirAdsi () itaked process

flow di agr ﬂgéé %hce\gg ﬂ;fbdfér&!ér 8£9thd *%i% §£”Pééci' epifeg@éfm; lmqwtgf@pram

correspond sent | acetic

v
anhydr | de v{) GBS Sy Paken BTl AoPERte () GRSt APYEEE L o (1 V)
optionally é}r}ﬁ’g t&?s%"l’m‘éﬁ']@e"& veedt i fre vekep. C%"é”ﬁ’cor‘\‘éllypéiz?m d-’Thet RE3GE i c
aphydri @8 (%) is geparsliwddeed péacatalysE 4o exampleedntd flesh35 react or

@ via | i eeafcX@tort hnst cdhesinngnt tiee | onpreEaboslf neimipl4city ppadat i on of

f8rmc aC'Qoﬁ}Eﬂre@CQﬁ.hClﬁ@ q 16w £ tRcaldrk-asgi Cdlrscttilltlhtﬂ@n Awgiippl idied flow

diagramisg dl g xa;EEfe Sirm:’JHe Egg dhggﬁgﬁn fﬂr responds
essenti al | t ﬁiﬁ get acid (I1)
formed bei ‘?aaq?@ :fcle aé’i‘?d é’c" 5Fe n3d 8p8i onal 1y

bei ng dlzgcﬁ%‘l”g'é'dﬂ\?t&dl Yie Lipgoy 13 Th‘é’ &%Feﬁ‘é?‘t’r ofE - h@hac%?#t@n&cﬁaom 1) is
returned t bhe lrolsnr ¢BLt orthich) comprisenace2dy, anlndridkeosVhendhanyobpgh37 m
rr~=~t P t bofhwgazatrmad pfadfearakencCoffivdaandnket Br) andWaté @aedatlp
si mpli fi edsépomitdiaaghdsn a&ﬁaowhy&ﬁ@qw aRd Hith RRSLePs id NE fuPtBed NE3? |
fied flow diAgRATLLeT shdlfh UnPREES: A&N% s 68 LinPNARG)E Mone
25 catalyst-containing stream is generally returned to the reactor
(E). It goes without saying that part of the stream comprising
the high boilers can, if necessary, be discharged continuously or
discontinuously to avoid accumulation of high boilers and can be
worked up further if desired.
30
If the stream (12) further comprises acetic acid, for example
because of partial hydrolysis as a result of the addition of
water, an additional column is generally required to separate off
the acetic acid.
35
Embodiment 2: Preparation of formic acid and methyl acetate (with
acetic acid cirecuit)

0

A simplified process flow diagram is shown in Figure 4. The
40 acetic acid (II) fed to the reactor (A) via line (20) comes
predominantly, preferably entirely, from the acetic acid circuit.
However, addition of further acetic acid via line (1) is also
possible if needed. The transesterification is carried out as
described in embodiment 1, which is explicitly incorporated by
45 reference at this point.
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Embodiment 3: Preparation of formic acid and acetic anhydride
(with acetic acid circuit)

A simplified process flow diagram is shown in Figure 5. The
30 simplified process flow diagram corresponds essentially to that
of embodiment 2, with part of the acetic anhydride (V) formed
being taken off via line (15) and methyl acetate (IV) optionally
being discharged via line (10). The other part of the acetic
anhydride (V) is hydrolyzed in reactor (G) and returned to the
35 reactor (A) via line (20), thus closing the loop.

)

Embodiment 4: Preparation of formic acid and acetic acid (with
acetic acid circuit)

40 A simplified flow diagram is shown in Figure 6. The simplified
flow diagram corresponds essentially to that of embodiment 2,
with part of the acetic acid (II) formed being taken off via line
(19) and methyl acetate (IV) optionally being discharged via line
(10). The other part of the acetic acid (II) is returned to the

45 reactor (A) via line (20), thus closing the loop.
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A simplified flow diagram is shown in Figure 8. The part of the
simplified flow diagram for the transesterification and the
carbonylation corresponds to the part shown in embodiment 4. The
30 acetic anhydride (V) formed is fed via line (16) to the reactor
(G) for acylation (alcoholysis). As reactor (G), it is possible
to use all suitable reaction apparatuses, for example those
described above for step (c), use as acylating reagent
(iii)-(aa). In the reactor (G), alcoholysis to acetic acid (II)
35 and the C;-Cy-alkyl acetate (VIIc) takes place in the presence of
the catalyst used. Ci;-Cy-alkanol (VIc) is continuously taken off
via line (17). The reaction product, which comprises acetic acid
(I1), the C;-C4-alkyl acetate (VIIc), any unreacted acetic
anhydride and the catalyst used, is generally freed of catalyst,
40 for example in a flash evaporator (not shown in the interests of
simplicity) and passed via line (18) to the column (H) for
work-up by distillation. Here, the C;-Cy-alkyl acetate (VIIc) is
separated from the acetic acid (II) and taken off, depending on
the relative boiling points, at the top (for example in the case
45 of methyl, ethyl and propyl acetates) or at the bottom (for
example in the case of butyl acetate). The stream comprising the
C;-Cs~alkyl acetate (VIIc) is discharged via line (19). The acetic

()
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bottom is returned to the transesterification reactor, thus
closing the loop.

30 Embodiment 8: Preparation of formic acid, vinyl acetate and
(:: acetic acid (with acetic acid circuit

The part of the process for the transesterification, the
carbonylation and the acylation (alcoholysis using

35 1,2-ethanediol) corresponds essentially to the part shown in
embodiment 6. The alcohol (VIc) used is 1,2-ethanedicl (ethylene
glycol). The reaction mixture produced in the alcoholysis step
comprises essentially 1,2-diacetoxyethane and acetic acid (II).
This is generally freed of acetic acid (II) by distillation and

40 the 1,2-diacetoxyethane is passed to a thermolysis zone. The
reaction mixture formed is condensed and/or scrubbed out and
separated into vinyl acetate (VIIf) and acetic acid (II) in a
further column. The vinyl acetate (VIIf) and part of the acetic
acid (II) are taken off as product. The other part of the acetic

45 acid (II) is returned to the transesterification reactor, thus
closing the loop.
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flow diagramis shown in figure 11. The transesterification and the work-up

of the reagtion. M xtyre rried.out as described in.enmbodinent,10, to
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and met P 2FBFHAAFLE FITFLY @i SHTPHOR FeParehirt Sfcl6HOY E)LRARtRi ne (9) .
Thi s strearndgeeririsl R¢idbnpri ses up to 300 nol % of nethyl formate (1), based
on nethyl acetate (IV). In a very particularly preferred 45 enbodi nent, this
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This COE%QEQQQEEEtﬂ%)avggFﬁﬁ%gpq0§land (20). The reaction mixture, which
comprises methyl formate (I), acetic acid (II), formic acid
(ITII), methyl acetate (IV) and the catalyst used, is taken
continuously from the reactor (A) and conveyed via line (2) to
the simplified work-up by distillation, which is depicted in the
30 form of the columns (B) and (D). In column (B), the esters (I)
and (IV) are separated from the acids (II) and (III), with the
stream comprising the two acids being taken from the bottom of
the column and conveyed via line (6) to the column (D). In column
(D), the formic acid (III) is taken off at the top and discharged
35 via line (7). Unreacted acetic acid (II), catalyst and any high
boilers formed are returned via line (8) to the reactor (A).
Methyl formate (I) and any low boilers formed are taken off at
the top of the column (B) and returned via line (3) to the
reactor. A stream comprising methyl acetate (IV) and methyl
40 formate (1) is taken off from a side offtake in the absorption
section of the column (B) and passed on via line (5). This
generally comprises up to 300 mol% of methyl formate (I), based

on methyl acetate (IV).
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45 The stream comprising methyl acetate (IV) and methyl formate (I)
is fed continuously to the reactor (E) via line (9). In the
reactor (E), the carbenylation of the methyl acetate (IV) to
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the hydrolysis reactor (G). The acetic acid (II) which has been
separated off can then be fed to the reactor (A) for

30 transesterification.

e
S Embodiment 11: Preparation of formic acid and acetic anhydride

(with acetic acid circuit and simplified separation of methyl
formate and acetic acid)

35
A simplified process flow diagram is shown in figure 11. The
transesterification and the work-up of the reaction mixture are
carried out as described in embodiment 10, to which explicit
reference is made.

40
The stream comprising methyl acetate (IV) and methyl formate (I)
is fed continuously to the reactor (E) via line (9). This stream
generally comprises up to 300 mol% of methyl formate (I), based
on methyl acetate (IV). In a very particularly preferred

45 embodiment, this stream comprises the amount of methyl formate
(I) which is necessary to produce the amount of acetic acid
required for the acetic acid circuit. This corresponds to a
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20 As an alternative, it is also possible in this embodiment, for

example, for additional methanol to be fed into the carbonylation
reactor so as to achieve a further increase in the proportion of
acetic acid. In a particularly preferred embodiment, the acetic
acid required for maintaining the circulation is obtained by the

25 isomerization of the methyl acetate and, if appropriate, by the
carbonylation of additionally added methanol.

The process of the present invention makes it possible to prepare
formic acid together with a carboxylic acid having at least two
30 carbon atoms and/or derivatives thereof from readily obtainable
and economically attractive raw materials. Thus, for example, the
particularly preferred products formic acid, methyl acetate,
acetic anhydride, acetic acid and ketene are based entirely on
synthesis gas and thus on natural gas as raw material. In the
35 case of the particularly preferred vinyl acetate, a total natural
gas basis is likewise possible, for example, in the variant
involving hydrogenation of the acetic anhydride. Depending on the
origin of the ethanol, a total natural gas basis is also possible
in the preparation of the particularly preferred ethyl acetate.
40
Furthermore, the process of the present invention makes possible
a simple and inexpensive plant (low capital costs), a low energy
consumption and low operating costs. As a result of the coupling
of the production of formic acid and a carboxylic acid having at
45 least two carbon atoms and/or derivatives thereof, a plant
operating according to the process of the present invention has a
significantly lower capital requirement than do two separate

()
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42
plants according to the prior art. In particular, the route via
ketene, which is toxic and requires a high energy input for its
production, is dispensed with in the preparation of acetic
anhydride by the process of the present invention.

The process of the present invention avoids the formation of
undesirable by-products resulting from coupled production.

In addition, the process of the present invention also makes it

10 possible to prepare, if required, anhydrous formic acid and
anhydrous carboxylic acids which are significantly less corrosive
than the water-containing compounds and thus cffer increased
safety and make it possible to use cheaper materials of
construction. The simple and economically attractive, compared to

15 the prior art, route to anhydrous formic acid achieves a

(:: particularly high formic acid quality. The associated increase in

the formic acid concentration to up to 100% alsco results in
advantages in transport and storage.

20 Furthermore, the process of the present invention offers a high
degree of flexibility in respect of the carboxylic acid having at
least two carbon atoms and/or derivatives thereof, since the
relative amounts of the compounds discharged can be varied within
a wide range depending on requirements. The ratio of

25 carbonylation products to formic acid can be increased by a
further addition of an alcohol in the carbonylation stage. This
results in a high degree of flexibility even in respect of
additional production of carbonylation products and their
downstream products.

30
In the preferred preparaticn of acetic acid and derivatives
thereof, the process of the present invention offers the further
advantage that the carbonylation of the methyl acetate can be
carried out in the absence of water and a higher yield based on

35 the carbon monoxide used compared to the industrially customary
carbonylation of methanol can thus be achieved by avoidance of
the water gas shift reacticn.
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45 C W claim 1. A process for the joint preparation of formc acid and a
5 carboxylic acid having at |east two carbon atons and/or deriv ticgkfeqs) o
“thereof, wherein (a) a formc ester (1) is transesterified with Z)[)Q%/I iC
acid having at |east two carbon atoms (I1) to formformc 10 acid (I11) and
t he correspondi ng carboxylic ester (1Vy; and (b) at |east part of the
carboxylic ester (1V) fornmed in step (a) is carbonylated to give the
correspondiﬂ g faa,rmb,oxyl ic 15 anhydride (V). 2. A process as clainmed in claim
1, wherein %cﬁ at | east part of the carboxylic anhydride (V) forned in 20
step (b) is converted into the carboxylic acid (l11). 3. A process as clained
in claim2l-whdreroreste fear boxyldiat anepandtdeon( ¥ fernenwedideand o t he

car boxyl Bc aci daxidxylhiy athérheiindeabnpesitt ited, chybdry drt@mgsasd/day use as
acyl ating 25 rgagsnitided/ erelofydhegenati on. 4. A process as clained in
claim 3, wherein the carbonylation of step (b) and the hydrolysis of step

c) are carried out _together in one reaction apparatus. 30 35 5. A process
<(as) clainmed in gf‘hi n EpT efaaf['ﬁrtwe’ Ca&r 56?{%?%1:“5%[’!?&‘%@ (a\/fairgo’@é]e’d:pas

acyl ating reagent priich haviegi ah lgast tun Rty @&onp kB ori® £6TRoFIRTEST
a, p- unsdPur at ed caadpk(IIIZ) esderhe Gordeppantisyy asrbbzyhied esnec!| aiwm);3,

wherein the carboxyhd c anhydride (V) is used as acylating reagent in a
reaction with an alcohol to forma carboxylic ester. 40 7. A process as

clainmed in claiqm3 rein e rhonylation of  ste b). and .t he
hydr ogenat i on 9?} s?%g %cs)% E?’Ié@c%’fraﬁhed%ﬁ?ox Ololgceteﬁé“rari EI‘gn,efol’:@ggﬁ%nsFep
apparatus. 8. A prbtkss SETEPRYIRAPY FOaAyVHItRa SPRECIPRRIAT GAEPRIH- 16 45
5st pdbt of the erhysHd@ei ¢€Vaeid (11) fornmed in step (c) is used as

t

arting material in step (a). 02FEB2006 46 9. A process as clainmed in any

or claims 3, toa8proveeseud &N@ined AnCcesimwrl,( khevsed is methyl formate. 10. A
process as clainmed in any of clains 1 to 9, wherein the 5 carboxylic acid

(11) used is agetig agidy Iie AP 9e0R8:B8A & TRAANAYW' Shalym,P to 10
20 step (b) is converted into the carboxylic acid (II).

3. A process as claimed in claim 2, wherein the carboxylic
anhydride (V) is converted into the carboxylic acid (II} by
thermal decomposition, by hydrolysis, by use as acylating

25 reagent and/or by hydrogenation.

4. A process as claimed in claim 3, wherein the carbonylation of
step (b) and the hydrolysis of step {(c) are carried out
together in one reaction apparatus.

30
a 5. A process as claimed in claim 3, wherein the carboxylic
S anhydride (V) is used as acylating reagent in a reaction with
an aldehyde or ketone to form an «,f-unsaturated carboxylic
ester.
35

6. A process as claimed in claim 3, wherein the carboxylic
anhydride (V) is used as acylating reagent in a reaction with
an alcohol to form a carboxylic ester.

40 7. A process as claimed in claim 3, wherein the carbonylation of
step (b) and the hydrogenation of step (c) are carried out
together in one reaction apparatus.

8. A process as claimed in any of claims 2 to 7, wherein at
45 least part of the carboxylic acid (1II) formed in step (c) is
used as starting material in step (a).



aci-d is prepared together with nmethyl acetate, acetic anhydride, acetic
acid, ketene, vinyl acetate, ethyl acetate, 10 propyl acetate andﬂ?rFE@ggggl
‘acetate. 15 C 20 25 30 35 40 45

46
9. A process as claimed in any of claims 1 to 8, wherein the

formic ester (I) used is methyl formate.

10. A process as claimed in any of claims 1 to 9, wherein the
5 carboxylic acid {(II) used is acetic acid.

11. A process as claimed in any of claims 9 to 10, wherein formic
acid is prepared together with methyl acetate, acetic
anhydride, acetic acid, ketene, vinyl acetate, ethyl acetate,

10 propyl acetate and/or butyl acetate.
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