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Transesterification nethods The present invention
relates to processes for transesterifying organic
acids with organic esters. Esters are generally
prepared by reacting acids wth alcohols or esters
vvi th an al cohol different fromthe al cohol radical of

peci fic cases, esters ar
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an organic ester to the acid group of an organic

aci Trandbsterifieation evethedslescri bed, for exanple, in
"Organi kunf, W/ ey-VCH, 21st edition on page 494.
This reaction is in many cases advantageous if the
direct reaction of the acid with the alcohol is
difficult. Mreover, this action

pr ofher pesgent fnvtaﬂtéorb F@léﬁsctoeé‘{‘))é’?ssﬂ% %nsggfgafyg@ grgan:c
r e%ﬁc?%ttﬂ%ah%b%?éﬁl g@t@rs ér@;@%?ﬁlVWép‘areﬂ byaeging acids
anounts or is obtained as a

r e 6t dlephpds @i earsawidy an ﬁ&@heé?*&%feﬁy tcﬁ?%‘atgb gﬁﬁogare@dm%’n"f
panid Q&  int BSGHiA 885, 28stBrs! @Fd!l ho@évérh aldaabtdifeat by
the transesterification detaile aove I s generall

an tragsfierringr arualcobalktading! fra@cat Qfg‘?@F%/es g [y thgeacidy yof
| sor' Qérﬂ@ta idOFrinf Fé%lc é(n ?ésﬁé%chﬁed el Bsdplen irf frganikum’,

on of fthe t's. Noreover, the reaction
de%lewbéblﬁ,lﬂsthéitabntoemgaﬂ@"r oW ng to the probl em
detail ed above, requires a relatively |arge anmount of
energy. For these reasons, such a reaction has to date
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However, the reaction detailed above has certain disadvantages. In
particular, these arise as a result of the fact that the transesterification
detailed above is generally an equilibrium reaction. Accordingly, a large
amount of reactants .originally used is included in the isolation of the

products.

Moreover, the reaction described in the literature, owing fo the problem

detailed above, requires a relatively large amount of energy.

For these reasons, such a reaction has to date not been carried out on a

larger scale.

In view of the prior art detailed above, it is thus an object of the invention
to provide a process for transesterification which can be carried out simply

and inexpensively.



It is a further object of the invention to provide a
process in which the products can be obtai ned very
selectively. A further aimof the present invention is
that of specifying a process for transesterification
whi ch can be carried out in high yields and with | ow

ene consunption. Mreover, the proce
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whi ch are not stated explicitly but which can be

derived or discerned directly fromthe connections

di scussed by way of introduction herein are achi eved
by processes having all features of Caiml
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can %e dgnved or discerned directly from the connections discussed by
way of introduction herein are achieved by processes having all features
of Claim 1. Appropriate modifications of the processes according to the

invention are protected in the claims dependent upon Claim 1.

By virtue of the transfer of the alcohol radical being performed in a still, it is
possible in a not immediately foreseeable manner to provide a process

comprising the steps of
A) mixing an organic acid a) with an ester b) and
B) transferring the alcohol radical of the ester b) to the acid a) to obtain

the ester of the acid a) and the acid of the ester b),

which has a particularly low energy demand.

The process according to the invention additionally achieves the following

advantages.

> The products are obtained selectively and in many cases without

formation of significant amounts of by-products.



> The process according to the invention can be
carried out inexpensively, the energy demand bei ng
particularly ow. > The process of the present

i nvention can be carried out on the industrial scale.
According to the invention, an organic acid a) is

m xed with an organic ester b). The termorganic acid
i s Wwomuos/foponbedge in the tgchnical fiRSTEP2006/062283
Typically, this is understood to nmean conpounds havi ng
groups of the fornula -COON. The organic acids may
conprise one, two, three, four or nore groups of the
formula - COON. These include in particular conpounds
of the formula R(-COOH)" in which the Rradical is a
group  HAY igRGdss Rchrding B0theanksition wiforts thempodistsn high
particular "1-20, preferably 1-10, in particular 1-5
and nor ¥elsisef erably 2-3 carbon atons, and n is an
integer in the range from1l to 10, preferably 1 to 4
and nore preferably 1 or 2. The expression "grou
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the invention, aromatic groups denote radicals of

nmono- or polycyclic aromatic conpounds havi ng
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or more groups of the formula -COOH. These include in particular
compounds of the formula R(-COOH), in which the R radical is & group
having from 1 to 30 carbon, which comprises in particular 1-20, preferably
1-10, in particutar 1-5 and more preferably 2-3 carbon atoms, and nis an

integer in the range from 1 to 10, preferably 1 to 4 and more preferably 1

or2.

The expression “group having 1 to 30 carbon” designates radicals of
organic compounds having 1 to 30 carbon atoms. In addition to aromatic
and heteroaromatic groups, it also encompasses aliphatic and
heteroaliphatic groups, for example alkyl, cycloalkyl, alkoxy, cycloalkoxy,
cycloalkylthio and alkenyl groups. The groups mentioned may be

branched or unbranched.

According to the invention, aromatic groups denote radicals of mono- or
polycyclic aromatic compounds having preferably 6 to 20, in particular 6to

12 carbon atoms.



been replaced by S, NH or O Aromatic or

het eroaromati c groups preferred in accordance with the
i nvention derive from benzene, naphthal ene, biphenyl,
di phenyl ether, diphenyl nethane,

di phenyi di et hyl net hane, bi sphenone, diphenyl

sul phone, thi ophene, furan, pyrrole, thiazo
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1, 3, 4- oxadi azol e, 2, 5-di phenyl - 1, 3, 4- oxadi azol e,

1, 3, 4-t hi adi azol e, 1,3,4-triazo|e, 2, 5-di phenyl -
1,3,4-triazole, 1,2,5-triphenyl-1,3,4-triazole,

1, 2, 4- oxadi azole, 1,2,4- thiadiazole, 1,2,4-triazole,
1,2,3-triazole, 1,2,3,4-tetrazole, benzo[b]thl ghene,
benHei[ebia‘romaﬁit; gnoudeldenoﬂee!nylm{adl]:mlhnmwhleheli east one CH group
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bengéaw@p@a&@bysemp@m;adl azol e, benzotri azole,
di benzofuran, dibenzothi ophene, carbazole, pyridine,

bi pyri di ne, pyrazine, pyrazole, pyrimdine,
gy;Ar@ﬁléi'tlae@r heforarbofiligi Goups 1pr3fe41ieﬂr inazicoerdance with the
triazine, tetrazine, .0
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F?&ﬁmxéo!ﬁ j& agaw Ap§aole, O beméwa*ddpéz@ae 2,5- d;phenyl-
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|1 ngﬁ&(}j?eox%g& sgfypgnizscﬁé'?%?)ﬁp %}?&opyﬂgﬁ&%gf nzothiadiazole,
pepéydotrizzolet ibdtrofilran, dibenzothiophene, carbazole pyridine,
bipyridine, pyrazine, pyrazole, pyrimidine, pyridazine, 1,3,5-triazine,
1,2 4triazine,  1,2,4,5-triazine, tetrazine, quinoline, isoquinoline,
quinoxaline, quinazoline, cinnoline, 1,8-naphthyridine, 1,5-naphthyridine,
1,6-naphthyridine,  1,7-naphthyridine, phthalazine, pyridopyrimidine,
purine, pteridine or quinolizine, 4H-quinolizine, diphenyl ether, anthracene,
benzopyrrole, benzooxathiadiazole, benzooxadiazole, benzopyridine,
benzopyrazine,  benzopyrazidine,  benzopyrimidine, benzotriazine,
indolizine,  pyridopyridine,  imidazopyrimidine, pyrazinopyrimidine,
carbazole, aciridine, phenazine, benzoquinoline, phenoxazine,

phenothiazine, acridizine,  benzopteridine, phenanthroline  and

phenanthrene, each of which may also be substituted.

The preferred alkyl groups include the methyl, ethyl, propyl, isopropyl,
1-butyl, 2-butyl, 2-methylpropyl, tert-butyl radicai, pentyl, 2-methylbutyl,
1,1-dimethylpropyl, hexyl, heptyl, octyl, 1,1,3,3-tetramethylbutyl, nonyi,



1, 1-di et hyl propyl, hexyl, heptyl, octyl,

1,1, 3, 34etranet hyl butyl, nonyl, WO 20061122912 5

PGT/ EP2006/ 062283 1-decyf, 2-decyl, undecyl, dodecyl,
pent adecyl and the el cosyf group. The preferred

cycl oal kyl groups include the cycl opropyl, cyclobutyl
cycl opentyl, cyclohexyl, cycloheptyl and_t
cycWED20G6/1289d8p, each of ~wlich is opti ‘8@15 EP)2006/062283
substituted with branched or unbranched al kyl groups.
The preferred al kenyl groups include the vinyl, allyl,
2-nmet hyl - 2-propenyl, 2-butenyl, 2-pentenyl, 2-decenyl
and the 2-eicosenyl group. The preferred

het eroal i phatic groups include the aforenentioned
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| east one carbon unit has been replaced by 0, S or an
NR8 or NR8R9O group, and R8 and R9 are each
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and/ or esters have branched or unbranched al kyl or

al koxy groups having 1 to 20 carbon atons, preferably

1 tT‘Ple#?refeﬁ%Hré?l@ g@b?ddf)s]mélgd@thé ﬂnylF@n)ﬂl gw\@mym propényl,

carbon atons cycl oal or _cyc go groups
haﬁrmewl,t%pgﬂe@)dr%@ﬁcﬁm%ﬁﬁd tflﬁ'%‘ﬁ@Pﬁ%“ ¥ 95U 6 car bon
atons. The R radical may have substltuents_ The

preferred substituents include hal ogens, d
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t hes@n@¢itel6 .caﬂﬂwsaodsror\aataryleﬁowm cl ude
(3-nmethylacrylic acid (butenoic acid),
a, E3-di nethyl acrylic acid, (3-ethylacrylic acid, and -

| 3vég-phirisidny mefarhblg in accordance with the invention, the inventive
acids and/or esters have branched or unbranched alkyl or alkoxy groups
having 1 to 20 carbon atoms, preferably 1 to 12, appropriately 110 6, in
particular 1 to 4 carbon atoms, and cycloalkyl or cycloalkyloxy groups
having 3 to 20 carbon atoms, preferably 5 to 6 carbon atoms.

The R radical may have substituents. The preferred substituents include
halogens, in particular fluorine, chlorine, bromine, and also alkoxy or

hydroxyl radicals.

The particularly preferred acids a) include (meth)acrylic acids. The term
(meth)acrylic acids is known in the technical field, and is understood to
mean not only acrylic acid and methacrylic acid but also derivatives of
these acids. These derivatives include B-methylacrylic acid (butenoic
acid), a,B-dimethylacrylic acid, B-ethylacrylic acid, and B,B-dimethylacrylic



WO 2006/ 122912 6 PCT/ EP2006/ 062283 acid. Preference
is given to acrylic acid (propenoic acid) and

nmet hacrylic acid (2-methyipropenoic acid). The
organic acids a) may be used individually or as a

m xture of two, three or nore different acids.. The
organic ester b) used for the transesterificati j

|| K& 20064128M2i n  the technBcal fi el d. %Tdﬁggééﬁ%%%@
typically conprise groups of the fornmula -COOR, in
which R is a group having 1 to 30 carbon. The organic
esters may conprise one, two, three, four or nore
groups of the fornmula -COO-R . These include in
particul ar conpounds of the forrmula R(-COO RN; in ‘
whizeh, trefeRericads givenits acrgicoagid lpropenpid acid) 3ud methagyic
whi ch @Pngﬁj es in particular 1-20, preferably 1-10,

i n 855} GrEBINYIPOPERBICRS )or e preferably 2-3 carbon
atons, and n is an integer in the range from1l to 10,
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The acid radical of the ester b) differs fromthe
organic acid a) in at |least one feature. For exanple,
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b) nay %ave different substituents, for exanple a
di fferent nunber of hydroxyl groups, fromthe acid

2) ypd L] i i ObgA Pbr Moré f
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PGB 00GILD GBRPEses in particular 1-20, preferably 1-10, in particular
1-5 and more preferably 2-3 carbon atoms, and n is an integer in the
range from 1 to 10, preferably 1 to 4 and more preferably 1 or 2, and the

R’ radical is a group having 1 to 30 carbon.
The term “group having 1 to 30 carbon” has been defined above.

The acid radical of the ester b) differs from the organic acid a) in at least
one feature. For example, the acid radical of the ester b) may have more
carbon atoms than the organic acid a). Moreover, the ester b) may have a
different substitution pattern from the acid a). For example, the acid radical
of the ester b) may have different substituents, for example a different

number of hydroxyl groups, from the acid a).

The boiling point of the organic ester b) is preferably less than the boiling
point of the ester a) obtained from the acid a) by reaction. The difference
in the boiling point is preferably at least 5°C, more preferably at least



10C, this difference being based on a pressure of |

bar and the boiling point of the pure substances. The
al cohol radical of the organic ester b) is |ikew se
known in the technical field. The al cohol radica
preferably has 1-20 carbon atons, nore preferably
1-10, in particular 1-5 and nost preferably 1-3 carbon
at ONE 2006é1289d8hol  radi cal ndy be derlvecw'%//EB’ﬁQ%/Ofizzg?’
saturated or unsaturated al cohol, and from an
aromati c al cohol, for exanple phenol. The saturated
al cohol s used with preference include nethanol,

et hanol, propanol, butanol, in particular n-butano
and 2-net hyl - 1- propanol, pentanol, hexanol and
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prefer abI y an al hydr oxycar boxyl ate. These
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carried out preferably at tenperatures in the range

fr,%ré organic ester b) used is more preferably an alkyl
a-hydroxycarboxylate. These include methyl a-hydroxypropionate, ethyl
a-hydroxypropionate, methyl a-hydroxyisobutyrate and ethyl a-hydroxy-

isobutyrate.

The organic esters b) may be used individually or as a mixture of two,

three or more different esters.

In step A), at least one organic acid a) is mixed with at least one organic
ester b), for which any process known for this purpose can be used. This
mixture can be prepared in a still. In addition, a mixture can also be

prepared outside the still.

In step B), the alcohol radical of the organic ester b) is transferred to the
organic acid a) to obtain the ester of the acid a) and the acid of the
ester b). The conditions of this reaction also known as a transesterification

are Known per se.



50C to 200C, nore preferably 70C to 130C, in
particular 80C to 120C and nost preferably 90C to
110C. The reaction may be carried out at reduced or

el evated pressure depending on the reaction
tenperature. This reaction is carried out preferably
in the pressure range of 0.02-5 bar, in particular 0.2
t 0 Wchbanos/erebior e preferabl g 0.3 to 0. 5PGHEP20A@062283
nolar ratio of organic acid a) to the organic ester b)
is preferably in the range of 4:1-1:4, in particular
3:1to 1:3 and nore preferably in the range of
2:1-1:2. The transesterification can be carried out

bat chwi se or continuously, preference being given to
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transesteritication of at |east one organic ester b)
wth at | east one organic acid a) is preferably in the
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The transesterification can be carried out batchwise or continuously,

preference being given to continuous processes.

The reaction time of the transesterification depends upon the molar
masses used and the reaction temperature, these parameters lying within
wide ranges. The reaction time of the transesterification of at least one
organic ester b) with at least one organic acid a) is preferably in the range
from 30 seconds to 15 hours, more preferably 5 minutes to 5 hours and

most preferably 15 minutes fo 3 hours.

In continuous processes, the residence time is preferably 30 seconds to
15 hours, more preferably 5 minutes to 5 hours and most preferably

15 minutes to 3 hours.

iIn the case of preparation of methyl methacrylate from methyl
a-hydroxyisobutyrate, the temperature is preferably 60 to 130°C, more
preferably 80 to 120°C and most preferably 90 to 110°C. The pressure is
preferably in the range from 50 to 1000 mbar, more preferably 300 to



a- hydr oxyi sobutyrate is preferably in the range of
2:1-1:2, in particular 1.5:1-1:1.5. The selectivity
is preferably at | east 90% nore preferably 98% The
selectivity is defined as the ratio of the sum of
anounts of organic esters a) and organic aci ds b)
formed based on the sum of the amounts of ani c
est\iCs2006/42qb1@r gani ¢ aci ds 8) converteoPCT/E %ﬁ%@@%ﬂ‘%
to the reactants, the reaction mxture may conprise
further constituents for exanple sol vents,

catal ysts, polyneri zati on inhibitors and water. The
reaction of the organic ester b) with at |east one
organic acid a) can be catalysed by at |east one acid

or g heast PRe hasEr Irbtibs @rosmehhecrym; useid eitd henethyl
honogeneous or heterogeneous cat al stsfggilrtécul aad{é% lar
suid-hysirexyisehutyratecist piejasaRlY dpet ?nr%ﬁ?tc? A2 ARYUA'Y
acidsq_4-p5 exanpl e sul phuric acid or hydrochloric

aci d, and al so organic acids, for exanple sul phonic
aC|ds in particul ar p- tquenesquhonic acid, and
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conmer cl a from Rohm & Haas
undaganﬁmmtemeandmmrbe% yi;cqmoert@dd from Bayer under
the trade name Lewatit(r). The concentration of
catalyst is preferably in the range froml to 30% by
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The reaction of the organic ester b) with at least one organic acid a) can
be catalysed by at least one acid or at least one base. It is possible to use

either homogeneous or heterogeneous catalysts. Particularly suitable
acidic catalysts are in particutar inorganic acids, for example sulphuric acid
or hydrochloric acid, and also organic acids, for example sulphonic acids,

in particular p-toluenesuiphonic acid, and acidic cation exchangers.

The particularly suitable cation exchange resins include in particular
sulphonic acid-containing styrene-divinylbenzene polymers. Particularly
suitable cation exchange resins may be obtained commercially from Rohm
& Haas under the trade name Amberlyst® and from Bayer under the trade

name Lewatii®.

The concentration of catalyst is preferably in the range from 1 to 30% by
weight, more preferably 5 to 15% by weight, based on the sum of the

organic ester b) used and of the organic acid a).



hydr oqui none,

4- hydr oxy- 2, 2, 6, 6-t et ranet hyl pi peri di nooxyl (TEMPQL)
or mxtures thereof; the effectiveness of these

i nhibitors being inprovable in sone cases by use of
oxygen. The pol ynerization inhibitors may be used in
a concentration in the range from0.001 to 2.0%b

wei \gio 20081t2291@r ef erabl y in tthe range frR)’.n‘;ﬂ'/EPQQO6/662283
0. 2% by wei ght, based on the sumof the organic ester
b) used and of the organic acid a). In a particular
aspect of the present invention, the
transesterification can be effected in the presence
of water. The water content is preferably in the
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pr ef er abl 1-10%
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still. The distillation WD 2006/ 122912 11
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The addition of small amounts of water can surprisingly increase the

selectivity of the reaction. In spite of addition of water, the formation of
methano!l can at the same time be kept surprisingly low. At a water
concentration of 10 to 15% by weight, based on the weight of the organic
ester b) used, preferably less than 5% by weight of methanol is formed at
a reaction temperature of 120°C and a reaction time or residence time of 5

to 180 min.

According to the invention, the transfer of the alcohol radical of the organic
ester b) to the organic acid a), i.e. the transesterification, is effected in a
still. Distillation units suitable for this purpose are common knowledge and

are in many cases used for separation.

At least one organic ester b), for example an alkyl a-hydroxycarboxyiate,
and at least one organic acid a), for example (meth)acrylic acid, may be
introduced individually or as a mixture into the still. The distillation



conditions are preferably selected such that exactly

one product is passed out of the still by

distillation, the second product remaining in the

bottom and being renoved therefrom continuously. The

ester a) obtained by the reaction is preferably

renmoved by distillation, V\hlletheresultlng 2
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‘produced fromany material suitable therefor. These

i nclude stainless steel and inert materials. If a

catal yst is used, it may be provided in each region of

the still. For exanple, the catal yst may be provi ded

in the region of the bottomor in the region of the
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ar LasgRIRibs He ddem.catal yst region is preferred, in
whi ch case the reactants can be passed cyclically

through the catalyst region. This continuously forns
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)acrylate, "and also the acid of the organic
estnédeB)Sfalm’@&?S sirahanddnart Maleid§car boxyl i ¢ acid. By
virtue of this preferred enbodiment, it is
surprisingly possible to increase the sel ectivit %( or_t
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or n']f%H%t%'ut gaﬁgg'tﬁﬁ%ecét%yﬂng correspondingly. In
addltl on, the tenperature of the reaction can be
ried over
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Cayatly shse Bils Reyiselicedftbois to the further regions of the still, for
example the bottom and/or the column. This separate arrangement of the
catalyst region is preferred, in which case the reactants can be passed
cyclically through the catalyst region. This continuously forms the ester of
organic acid a), for example alkyl (meth)acrylate, and also the acid of the

organic ester b), for example a-hydroxycarboxylic acid.

By virtue of this preferred embodiment, it is surprisingly possible to
increase the selectivity of the reaction. In this context, it should be
emphasized that the pressure of the reaction can be adjusted
independently of the pressure within the distillation columns. This allows
the boiling temperature to be kept low without the reaction time or the
residence time rising correspondingly. In addition, the temperature of the
reaction can be varied over a wide range. This allows the reaction time to
be shortened. In addition, the volume of catalyst can be selected as
desired without having to take account of the geometry of the column.



desired wi thout having to take account of the geonetry
of the colum. WO 2006/ 122912 12 PCT/ EP2006/ 062283
Moreover, it is possible, for exanple, to add a
further reactant. Al of these neasures can
contribute to an increase in the selectivity and the
productivity, surprising synergistic effects bein
achweyeaos/AR2srief erred enbodi f@nt of a stPCT/ER208 283
schematically i'n Fig. 1. The reactants may be '
introduced into the distillation colum (3) via one
comon |line (1) or separately via two lines (1) and
(2). The reactants are preferably added via separate
lines. The reactants can be fed at the same stage or
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the colunn the | ower-boiling conponents being netered
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in"atray colum or the nunber of
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For the present invention, any multistage distillation column (3) may be
used which has two or more separating stages. The number of separating
stages used in the present invention is the number of trays in a tray
column or the number of vertical plates in the case of a column with

structured packing or a column with random packings.

Examples of a multistage distillation column with trays include those
having bubble-cap trays, sieve trays, tunnel-cap trays, valve trays, slot
trays, slotted sieve trays, bubble-cap sieve trays, jet trays, centrifugal
trays; for a muitistage distillation column with random packings, those
such as Raschig rings, Lessing rings, Pall rings, Berl saddles, Intalox
saddles; and, for a multistage distillation column with structured packings,
those such as Mellapak (Sulzer), Rombopak (Kiihni), Montz-Pak (Montz)
and structured packings with catalyst pockets, for example Kata-Pak.



saddl es; and, for a nmultistage distillation colum

W th structured packings, those such as Ml | apak

(Sul zer), Ronmbopak (KChni), Montz-Pak (Montz) and
structured packings with catal yst pockets, for exanple
Kat a- Pak. WD 2006/ 122912 13 PCT/ EP2006/ 062283 A
distillation colum w th conbinations of regions of
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structured packings may |ikew se be used. The colum
(3) may be equipped with internals. The col um
preferably has a condenser (12) for condensing the
vapour and a bottom evaporator (18). The distillation
apparatus preferably has at |east one region, known
herei nafter as reactor, in which at | east one catal yst

is provided. This react X F\Mthlnfre ¢ . £
di i idistilafioh celgmapnith w@m‘ ong Rf &eging phrays; of regions o
pr ebabGR Yadkingdnaess R%ijl&isd@f %ﬁ@ct@@duﬁébk(ﬁ@)s inay dikewise be

separate regi on, one these preferred enbodi nents
beﬂﬁ@ explained in detail in Figure-1. In order to
carry out the trahsesterification reaction in a
separate reactor (8), it is possible within t

col thencelsmao(3) aeay he ssuinpss wnrth internpisgJing wge ‘preferably
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it out o urm as a The position
of (1&e collector is deternmined by the concentration
profile in the colum of the individual conponents.

The concentration profile can be regul ated by neans
of Thiedistiiglienatpparatusdpreferablye hagfatubeastr Imeectﬂgicebtmwn
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points in the distillation co i n which case the
In order to carry out the transesterification reaction in a separate reactor
(8), it is possible within the column to collect a portion of the liquid phase
flowing downwards by means of a collector and to pass it out of the
column as a substream (4). The position of the collector is determined by
the concentration profile in the column of the individual components. The
concentration profile can be regulated by means of the temperature and/or
the feﬂux. The collector is preferably positioned such that the stream
conducted out of the column contains both reactants, more preferably the
reactants in sufficiently high concentration and most preferably in a molar
acid:ester ratio = 1.5:1 to 1:1.5. In addition, a plurality of collectors may be
provided at various points in the distillation column, in which case the

amount of reactants withdrawn can be used to adjust the molar ratios.

it is additionally possible for a further reactant, for example water, to be
metered into the stream conducted out of the column, in order to adjust
the acid/ester product ratio in the cross-transesterification reaction or to



anmount of reactants w thdrawn can be used to adjust

the nolar-ratios. It is additionally possible for a
further reactant, for exanple water, to be netered
into the stream conducted out of the columm, in order
to adjust the acid/ester product ratio in the
cross-transesterification reaction or to WO
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selectivity. The water can be fed fromoutside via a
line (not shown in Figure 1) or from a phase

separator (13). The pressure of the stream (5)
enriched with water can then be increased by a neans
for pressure increase (6), for exanple a punp. An
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The stream ca ?F conduct ed through a heat exchanger
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can be heated or cooled as required. It is
addjtionally possible to adjust the ester to acid
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he reactro erature and 8¢t aRt Fatio an
theaachmtmnpemtw\ater added, is first passed through a
heat exchanger (10) and adjusted to a tenperature
whi ch i s advantageous for the introduction into the
di She kleateéstarificationmmeadionfteken pace over Hen catalyskeint ihegixed
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upwards. The reactor output stream (9) comprising the products and the
unconverted reactants to a certain degree, the content of the components
in the reactor waste stream depending upon the residence time, the
catalyst mass, the reaction temperature and the reactant ratio and the
amount of water added, is first passed through a heat exchanger (10) and
adjusted to a temperature which is advantageous for the introduction into
the distillation column. Preference is given to setting the temperature
which corresponds to the temperature in the distillation column at the point

of intreduction of the stream.

The position where the stream leaving the reactor is returned into the
column may lie above or below the position for the withdrawal of the
reactor feed, but will preferably be above it. Before the recycling into the
column, the stream may be decompressed through a valve (11), which
preferably establishes the same pressure level as in the column. In this
context, the distillation column preferably has a lower pressure. This



of introduction of the stream The position where the
stream |l eaving the reactor is returned into the

colum nmay |ie above or bel ow the position for the

wi t hdrawal of the reactor feed, but will preferably
be above it. Before the recycling into the colum,

the stream may be deconpressed through a valve 6 é
whi BIO 2¢H641229481 y est abl i shetSthe sane pre5SHPE0PE €783
as in the colum. In this context, the distillation
colum preferably has a | ower pressure. This WO

2006/ 122912 15 PCT/ EP2006/ 062283 configuration offers
t he advantage that the boiling points of the
conponents to be separated are |Iower, as a result of
V\Ihlcdnflglhatlﬁi'l Sbﬁférls atha)radvaatagee thalr rthedboiling apoiats| @hethe

@gipahﬁét% tQ %ﬁga{aﬁ%c? ﬁ%ﬁ )V/Jet& e-%{ 3 ﬁ&uﬁ nl?)f t\«{%chstﬁéé istillation

dl Sahl beathiedcalt e (Wer tehpepatoduisielrias tai resuitsoft Weigh it
separated. The, | ow btgl I eri c@‘? §ferabl y the ester
f orSFYES Brergyand ismosPerallyginiSn s  renpved via the

top. The distillation colum is preferably oper at ed

such that the water added ream of . t
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discharged partly from the still. The high boiler, preferably the acid formed
in the cross-transesterification, is discharged from the column (19) as a

bottom stream.

The present invention will be illustrated in detail hereinafter with reference

to examples and to a comparative example.

Example 1

In a reactive still shown in Fig. 1, 4619 g of methyl a-hydroxyisobutyrate
(MHIB) and 3516 g of methacrylic acid (MA) were fed in over a period of
48 hours. The reaction was carried out at a temperature of 120°C and a
pressure of 250 mbar. a-Hydroxyisobutyric acid (HIBA) formed was
removed from the bottom. Methyl methacrylate (MMA) was distilled off.
The reaction was carried out in the presence of 16% by weight of water
hased on the weight of methyl a-hydroxyisobutyrate. The reaction was



to exanples and to a conparative exanple. Exanple | In
a reactive still shown in Fig. 1, 4619 g of nethyl

a- hydr oxyi sobutyrate (MH B) and 3516 g of nethacrylic
acid (MA) were fed in over a period of 48 hours. The
reaction was carried out at a tenperature of 120C and
a pressure of 250 nbar. o-Hydroxyisobutyric acid
(RIBY 2005/ 1a2@18as renoved ftom the bott Sm/EREPAR/PE2283
nmet hacrylate (MMA) was distilled off. The reaction
was carried out in the presence of 16% by wei ght of

wat er based on the wei ght of nethyl

a- hydr oxyi sobutyrate. The reaction was WO 2006/ 122912
16 PCT/ EP2006/ 062283 carried out using an acidic
catagkriest ogicasingrneacitiancptalyst @ation ekehanged Jewati®n2431
Baygg% Tth gives rise to a selectivity of 99% which
i s 1cR% PA¥d)as the ratio of the sumof ampunts of MVA
and H BA formed to the sum of the anounts of MH B and

MA_converted. Exanples 2 tq 18 Exanple. 1 .was -
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under the conditions specified in Table 1, especially
wi MHIBasMACoNYtser at ure, residence time and nol ar
ratio of the reactants. The selectivity, defined as
the ratio of anpbunts of MVA and HI BA forned to
anByanples2 8B and MA converted, of the reactions is
i kewi se shown in Table 1. Table | Exanple Reaction

Mol ar Residence Selectivity tenperature NH B/ MACH ge
[ vExampe T wes espeitigly repeated, except that no water was adde to

the reaction mixture. The reaction was effected under the conditions
specified in Table 1, especially with regard to temperature, residence time
and molar ratio of the reactants. The selectivity, defined as the ratio of
amounts of MMA and HIBA formed to amounts of MHIB and MA

converted, of the reactions is likewise shown in Table 1.

Table 1
Example Reaction Molar Residence Selectivity
temperature MHIB/MA time [%]
[°C] ratio [min]

2 120 1.00 28.33 93.21

3 90 1.00 42.50 95.06

4 100 1.00 42.50 94.81

5 110 1.00 42.50 94.64

6 120 1.00 42.50 90.67
|7 90 1.00 85.00 95.53

8 100 1.00 85.00 94.95

9 110 1.00 85.00 93.55

10 120 1.00 85.00 91.78

" 90 1.00 170.00 94.83




2 120 1.00 28.33 93.21 3 90 1.00 42.50 95.06 4 100
1.00 42.50 94.81 5 110 1.00 42.50 94.64 6 120 1.00
42.50 90.67 7 90 1.00 85.00 95.53 8 100 1.00 85.00
94.95 9 110 1.00 85.00 93.55 10 120 1.00 85.00 91.78
111 90 1.00 170.00 94.83 WD 2006/ 122912 17

PCT/ EP2006/ 062283 Exanpl e Reaction Ml ar Resi dence
Sel W 2OOG/Y22%%per at ure MHI BIRA ti me [ 94PCTEP2086/062283
[mMn] 12 100 1.00 170.00 94.06 13 90 2.0 42.50 91.61
14 100 2.0 42.50 91.73 15 90 2.0 85.00 90.63 16 100
2.0 85.00 90.30 17 120 0.50 28.33 92.05 18 120 0.50
42.50 92.62 Exanples 19 to 38 Exanple | was
essentially repeated, except that the reaction was

cafExamible OUl Jundesctiche Fondilblapns |spesidenee | nSekiotidty
2,lespecially with re ardw_g ?l@& t emrmer at ur ¢ anc{o]
reki dence ti rfeleMPREAYS| hr B ot MBI was 1 f’ In
addi tion, dififerqnt) proportigis off wafram]wer ¢ added,
which are | 'Lk#;pwi se .
12 100 1.00 170.00 94.06
13 00 2.0 42.50 91.61
14 100 2.0 42.50 91.73
15 90 2.0 85.00 90.63
16 100 2.0 85.00 90.30
17 120 0.50 28.33 92.05
18 120 0.50 42.50 92.62

Examples 19 to 38

Example 1 was essentially repeated, except that the reaction was carried
out under the conditions specified in Table 2, especially with regard to the
temperature and residence time. The molar ratio of MHIB/MA was 1:1. In
addition, different proportions of water were added, which are likewise
listed in Table 2. The selectivity, defined as the ratio of amounts of MMA
and HIBA formed to amounts of MHIB and MA converted, of the reactions
and the molar ratio of HIBA to MMA are likewise listed in Table 2.

Table 2
Ex. Reaction Molar Residence | Selectivity | Molar
temperature | HO to time [%] HIBA to
[°C] MHIB [min] MMA
ratio ratio
19 90 0.20 42.5 98.61 1.33
20 100 0.20 42.5 98.18 1.21
21 110 0.20 425 97.44 1.1
22 120 0.20 42.5 96.27 0.99




listed in Table 2. The selectivity, defined as the
rati o of anounts of MMA and HI BA forned to anmounts of
WMH B and MA converted, of the reactions and the nolar
ratio of HBA to MVA are likewise listed in Table 2.
Table 2 X. Reaction Ml ar Residence Selectivity Ml ar
tenperature H2Oto tine [ HIBAto [C MIB [mn]
MVAWCR2O@B/1 22912 19 90 0. 20 #2.5 98. 61 1PGBEP2008/062283
0.20 42.5 98.18 1.21 21 110 0.20 42.5 97.44 1.11 092
120 0.20 42.5 96.27 0.99 WD 20061122912 18

PCTI EP2006/ 062283 Ex. Reacti on Ml ar Resi dence
Selectivity Mol ar tenperature H2Oto time [4 HIBA to
[C] MH B [mn] MMA ratio ratio 23 90 0.20 85 98. 34

24 JURLLaEn 89 Imdear L. Uﬁesiéfe%cleﬂOsékacf;?tﬂllt@‘) Uolad
1.02 26 100 0.20 170 96.95 1,00 27 90 0.50 42.
9g. 80 1. 6] termperpbme (. 5dQip 5 j08. ¥Me1. 36 E/el 110 *%.Bédo
3_2'58 gg. Sg;. %.6%%]330 1204850 [42. (3 97. 58 1.08 31 WA
ratio ratio
23 90 0.20 85 98.34 1.18
24 100 0.20 85 97.66 1.09
25 110 0.20 85 96.56 1.02
26 100 0.20 170 96.95 1.00
27 90 0.50 425 98.80 1.61
28 100 0.50 425 98.64 1.36
29 110 0.50 425 98.21 1.22
30 120 0.50 425 97.58 1.08
31 90 0.50 85 98.76 1.39
32 100 0.50 85 98.35 1.20
33 110 0.50 85 97.78 1.10
34 100 0.50 170 98.08 1.10
35 90 1.00 50.0 99.41 2.090
36 100 1.00 50.0 99.65 1.618
37 110 1.00 50.0 99.82 1.360
38 120 1.00 50.0 99.54 1.319

The above examples show that the present invention can form esters with
high selectivity, the ratio of the products, for example of
(alkymethacrylate to a-hydroxycarboxylic acid, being close to 1 even at

relatively high water concentrations.

Accordingly, relatively little methanol is formed. The molar ratio of the

products can also be controlled via the temperature.



32 100 0.50 85 98.35 1.20 33 110 0.50 85 97.78 1.10
34 100 0.50 170 98.08 1.10 35 90 1.00 50.0 99.41
2.090 36 100 1.00 50.0 99.65 1.618 37 110 1.00 50.0
99.82 1.360 38 120 1.00 50.0 99.54 1.319 The above
exanpl es show that the present invention can form
esters with high selectivity, the ratio of the
products, for exanple of (alkyl)nethacrylate to
a- hydroxycarboxylic acid, B8 ng close to 1 even at
rel atively high water concentrations. Accordingly,
gnﬁalvely little nmethanol is forned. The nolar ratio
products can al so be controlled via the
t enper at ure. dainms: 1. Nmmaumforpafmmng
a process for tr sesterificati
131 b paRRR Tty LRSI G ARIRCESS T drabester b aibn, SoBPriing
tﬁ@gmg% dfransferring the alcohol radical of the ester
to the acid a) to obtain the ester of the acid a)
Pe)nd rhixing@rdorganictacid a) wlithl@n est/aeb)samdthe transfer of

ey o f SR8t P4 Bonl ok STk Ster g0t Aficoro.bifpin

one mébsbk@ftr@rb@@byaﬁd&ﬁé adkitbfahe keR$b)one react or
8), characterized in that at |east one |ine between

einethet tsansfen obthe aleeholradical| afttheresten bhie thy arig a) in
s?e%uéPge&r%& Bu{ainrgegﬁlp of increasing the pressure (6).
comprising at least one distillation column (3) and at least one reactor (8),
characterized in that at least one line between the reactor (8) and the

distillation column (3) is equipped with a means of increasing the pressure

(6).

2. Apparatus according to Claim 1, characterized in that the top of the
distillation column (3) is connected to a phase separator (13), the phase

separator (13) being connected to the reactor (8).

3. Apparatus according to Claim 1 or 2, characterized in that the reactor

(8) is a fixed bed reactor.

4. Apparatus according to at least one of the preceding Claims,
characterized in that the stream to the reactor is conducted through a heat

exchanger (7) to adjust the reaction temperature.

5. Process for transesterification, comprising the steps of

A) mixing an organic acid a) with an ester b) and

B) transferring the alcohol radical of the ester b) to the acid a) to obtain
the ester of the acid a) and the acid of the ester b),



2. Apparatus according to Claim1l, characterized in
that the top of the distillation colum (3) is
connected to a phase separator (13), the phase
separator (13) being connected to the reactor (8). 3.
Apparatus according to Caim1 or 2, characterized in
that the reactor (8) is a fixed bed reactor. 4.
Apparatus according to at |east one of the preceding
Claims, characterized in t4tht the streamto the
reactor is conducted through a heat exchanger (7) to
PRASLriZ i ﬁu%?fﬂé’ﬁaﬁ&@%f ﬁ{éiéfcohﬁl ra%'icfé‘F %ﬁﬁhef Qéser b) to the

transesterification, nprising the steps
aud<ahgp stap ﬁ)ganammiomui m)ammpparatmseaiﬂmst bﬁeanidh@precedmg
éfansf?rrlng t he al cohol radical of the ester b) to

¢ a) to obtain the ester of the acid a) and

the acid of the ester b), 20 characterized in that
the transfer of the alcohol radical of the ester b) to
& he PRrotessapceardisgele Blaims5cahanasterizad inrthahit 4 sarsad sut
Cgb'l@®§ﬁ one of the preceding Cains 1 to 4. 6.

BE %ccording to Caimb5, characterized in that it
is carried out continuously. 7. Process according to

Claim5 or 6, characterized in that reactjon step . B)
Tis caireress acrordingde Glainy 5<ﬁt%|§t@r@,cte@ze¢mdbafsgeactlon step

Bj%%ﬁ{e?igo\}t%n%r Bgﬁ%ﬁtﬁyﬁe"f Caims 5 to 7,

haracterized acid is nethacrylic acid
and/or acrylic aC| d 9. Process accordi ng to at | east
one @f C ains characteri

8 s aPIOFRRH %%Pﬁﬁj'ﬁﬂatﬁo?tcle@?t Qpe %ﬁ@llmsas to hfitcharactenze in
tf?athMQ ra%?@’@%éi@?bﬁ/hc %%fdeéndé&p%% i©ag@s according to at

| east one alrns racterized in

9. Process according to at least one of Claims 5 to 8, characterized in
that the ester is a 2-hydroxypropanoic ester and/or a 2-hydroxybutanoic

ester.

10.  Process according to at least one of Claims 5 to 9, characterized in

that the alcohol radical is derived from methanol and/or ethanol.

11.  Process according to at least one of Claims 5 to 10, characterized in
that the transesterification is carried out at a temperature in the range from
50°C to 200°C.

12. Process according to at least one of Claims 5 to 11, characterized in

that the transesterification is carried out in the presence of water.

13. Process according to Claim 12, characterized in that the water
concentration is 0.1 to 50% by weight based on the weight of the organic

ester b) used.



that the al cohol radical is derived from nethanol
and/ or ethanol. 11. Process according to at |east one
of Clains 5 to 10, characterized in that the :
transesterification is carried out at a tenperature in
the range from 50C to 200C. 12. Process according to
at least one of Clains 5 to 11, characterized in that
the transesterification is carried out in the presence
of water. 13. Process according to Caim12,
characterized in that the water concentratlon is 0.1
148 5084 @ésé"%ggg@iﬁbaﬁne%t l%%sf Ofte WF IS5 td '19 eﬁ&‘%té?lzed in
est er use rocess according t | east
thatthef trﬁsesﬁenf&:atlon 18 carrieak cult &tra peabsure in ﬂm range of 0.2 to
éhansesterlflcatlon is carried out at a pressure in
@l-range of 0.2 to 5 bar.
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