‘Method for producing alpha-hydroxycarboxylic acid esters ~ The present invention relates to
‘processes for preparing alpha-hydroxycarboxylic Sesters. Alpha-hydroxycarboxylic esters are valuable
intermediates in the industrial-scale synthesis of acrylic esters and methacrylic esters, referred to
hereinafter as alkyl (meth)acrylates. Alkyl (meth)acrylates are used in large amounts for preparation of
10polymers, for example polymethyl methacrylate. An overview of the standard processes for

preparing (meth)acyylic esters can he found in the literature, such as Weissermel, Arpe "Industrielle
organische Chemi ﬁ%ﬁfétﬁﬁl'@ %ﬁ!%@iﬂ%ﬁ%})’ YOARRRHTHCL 861 8§%%ition, p. 305 ff. or Kirk
150thmer "Encyclopedia of Chemical Technology", 3rd edition, Vol. 15, page 357. When the aim is the

synthesis of methacrylic esters, for example methyl methacrylate, methyl 2-hydroxyisobutyrate (=
MHIB), as the alpha-hydroxycarboxylic ester, is a central intermediate for preparation thereof. 20 The

preparatoe ptedehaihyercashoxylio esterssdadher ieagtinmel apraloopdloiibarboxylic
alpha-hydroxycarboxamide is detailed by way of example in the publication DE-A-24 54 497. This
pub icatfH%i&scribes the use of lead compounds in order to catalyse the reaction. In this context,
mention is also made of continuous processes, 25but without providing a technical solution in which

the products are obtained with high efficiency. Furthermore, the document DE-A-25 28 524 describes
processBb i DI ALy o S AT ANE S BT SHHE o A0 B Erles are usect
which 3@yintiede lahthapitresterpanddaamangiioteetsrd kb aerghd b e i 624 adskyinentions that

the processges described can he performed continuously, this publication also does not provide a
satiotacti5 CU U A EH IO A GEALF SR 1B amBurts fo preparation o1

10 polymers, for example polymethyl methacrylate.

An overview of the standard processes for preparing (meth)acrylic esters can be

found in the literature, such as Weissermel, Arpe “Industrielle organische Chemie”

[Industrial Organic Chemistry], VCH, Weinheim 1994, 4th edition, p. 305 ff. or Kirk
16 Othmer “Encyclopedia of Chemical Technology”, 3rd edition, Vol. 15, page 357.

When the aim is the synthesis of methacrylic esters, for example methyl
methacrylate, methyl 2-hydroxyisobutyrate (= MHIB), as the alpha-hydroxycarboxylic
ester, is a central intermediate for preparation thereof.
20
The preparation of alpha-hydroxycarboxylic esters via the reaction of an alcohol with
an alpha-hydroxycarboxamide is detailed by way of example in the publication
DE-A-24 54 497. This publication describes the use of lead cdmpounds in order to
catalyse the reaction. In this context, mention is also made of continuous processes,
25  but without providing a technical solution in which the products are obtained with high

efficiency.

Furthermore, the document DE-A-25 28 524 describes processes for preparing

alpha-hydroxycarboxylic esters. In this context, various catalysts are used, which
30  include lanthanum compounds among others. Although DE-A-25 28 524 also

mentions that the processes described can be performed continuously, this

publication also does not provide a satisfactory solution to the problems which occur



‘A process of this type is known from EP 0 945 423. Here, a process for preparing
‘alpha-hydroxycarboxylic esters is disclosed, which comprises the steps of reacting an 5
alpha-hydroxycarboxamide and an alcohol in the presence of a catalyst in a liquid phase, while the
ammonia concentration in the reaction solution is kept at 0.1% by weight.  For this reason, ammonia
which forms is removed very substantially from the 10reaction solution. To this end, the reaction
solution g,f,iaﬁeeated to boiling, and/or a stripping gas, i.e. an inert gas, is bubbled through the reaction
solution. The disadvantages of the process disclosed in EP 0 945 423 for the preparation of
alpha-hydroxycarboxylic esters by alcoholysis of corresponding alpha-hydroxy15 carboxamides can be

summari s .fall : L.Simply distilling off la.,under conditions according to a process
variant d‘%:@?é%gé%ngéﬁ% S)%D Jf%grfg vr\{gtg\r/%rpy@e{ﬁgggg %‘?Be' ihg%rlgh?eﬂfgﬁgﬁso h%‘ft)‘?gﬂl}@al requires an
extremeBi@itetydecsgparainglmhsiensaisditeiresdn \wkigptionghiees! bitethmical campiexiy:

20U.Wh i rppi as.is used addijtionall exclusively, the effectiveness.of the ammonia
rem%val%&%ﬁ%e‘é&ﬁ%@tg é%eméXSeannsé;ao g'?&ﬁﬁ(‘a?ngr%%ggg %%ﬂ?yo??e%ﬁqféﬁgﬁaﬁrj@q& hich means
addition@hemaptéxity the arimWhiencalptentmtooxyisbleutycatiitesahdioretb ket ateQus¥dgs reactants,
25ammcw' @r{u_d residual methanol formed under the conditions disclosed in EP 0 945 423 can be

separated from one another only with very great difficulty. The fact that it is almost always necessary
to use an inert gas for ammonia removal 30 and the associated additional handling of a further stream

(strippin gaﬁ;( i ration) make the procedure pro ose(%e onomically relatively
uninteregtlng, %ﬁ%géwa%?ﬁ&ﬁé%&ﬁ@]t e [aekof %O%%gjs\ﬁ%% it fgﬂ%ﬁé&ﬁﬁ%fﬁﬁ process
10 reaction solution. To this end, the reaction solution is heated to boiling, and/or a

stripping gas, i.e. an inert gas, is bubbled through the reaction sotution.

The disadvantages of the process disclosed in EP 0 945 423 for the preparation of
alpha-hydroxycarboxylic esters by alcoholysis of corresponding alpha-hydroxy-

15 carboxamides can be summarized as follows: |

i.  Simply distilling off the ammonia under conditions according to a process
variant 'disclosed“in EP 0 945 423 is not very effective. The implementation of
this proposal requires an extremely effective separating column and hence an
exceptional level of technical complexity.

20 ii.  When an inert stripping gas is used additionally or exclusively, the
effectiveness of the ammonia removal is improved, but at the expense of a
further process component, the handiing of which means additional
complexity.

iii. When alpha-hydroxyisobutyramide and methanol are used as reactants,

25 ammonia and residual methanol formed under the conditions disclosed in
EP 0 945 423 can be separated from one another only with very great
difficulty.

The fact that it is almost always necessary to use an inert gas for ammonia removal
3¢ and the associated additional handling of a further stream (stripping gas/ammonia
separation) make the procedure proposed economically relatively uninteresting,

which is also reflected by the lack of an industrial implementation of the process



-3 disclosed to date. A process improved over the methods detailed above is described in publication
‘DE-A-10 2007 011706. In this process, the reaction of alpha-hydroxyisobutyramide 5with methanol is
performed at a relatively high pressure, and the resulting methyl 2-hydroxyisobutyrate is passed out of
the reactor, optionally together with residues of thg alpha-hydroxyisobutyramide used. Even though
this process can be performed much less expensively compared to the previously known methods and
the prod&ﬁ%;fq @ggdqlatai&%d with very high selectivities, there is a continuing need for an improved
10process for preparing alpha-hydroxycarboxylic esters. In view of the prior art, it was thus an object
of the present invention to provide processes for preparing alpha-hydroxycarboxylic esters, which

conserv [ r >rfQr in.a simple and inexpensive manner. 15 It
was a fu%tﬁg(?%%ga&%{ %@?ﬂ%%%n@% t?éé%ﬁe%a%%%%eééﬂ) ?ﬁl\éfavﬁ?c%t%%%%%%% rog?ﬁ:ﬁaor?)oxylic esters
can be dbtaivdd E§7selectvelynithimpradarthichebjeatiidnhef pipkenbjuvertisotatgramdiea process
for prepati - [ i lers,, in:whic ly small, amounts,of by-products, if any,
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overall, @itty@ninyinghuwyesigyispassegion ot has esdtire opbijeuaibf thgginesenitinesitioageprovide
process I6h ¢ : ith pla ich require a lower level of capital costs and
maintengietﬁ%ﬁ%m%%ﬁ %ﬁﬁj{ﬁé%ﬁgnﬂﬂgg%dggﬁgﬁ%%m@r%@ %??%g ‘g?&%%s%%ﬁl&’érsnc% edin
DE-A-10Red7€sE1 ZReeTHesly chjaeiiethtd filreherasipesty Winishnaneatiot dtased &xplioitsiiuis are
immedi ' i iple fram ecti j ed herein by way of introduction,
are chio e B e S R e e R RS e
prd€esspEcaessriingrepaidip wipliernpdecpistadiedylic esters. G |

In view of the prior art, it was thus an object of the present invention to proVide
processes for preparing alpha-hydroxycarboxylic esters, which conserve energy and
resources and can thus be performed in a simple and inexpensive manner.

15 |
It was a further object of the invention to provide a process in which the alpha-

hydroxycarboxylic esters can be obtained very selectively.

It was a further object of the present invention to provide a process for preparing
20 alpha-hydroxycarboxylic esters, in which only small amounts of by-products, if any,
are obtained. At the same time, the product was to be obtained in maximum vields

and, viewed overall, with minimum energy consumption.

It was another object of the present invention to provide processes which can be

25 performed with plants which require a lower level of capital costs and maintenance
expenditure than the plants needed for performance of the processes described in
DE-A-10 2007 0117086. "

These objects, and further objects which are not stated explicitly but are immediately
30 derivable or discernible from the connections discussed herein by way of
introduction, are achieved by processes having all the features of Claim 1.

Appropriate modifications to the processes according to the invention are protected



‘4 in the dependent claims which refer back to Claim 1. The present invention accordingly provides a
‘continuous process for preparing alphahydroxycarboxylic esters by reacting at least one
alpha-hydroxycarboxamide present 5in the liquid phase with an alcohol in the presence of a catalyst,
which is characterized in that the resulting alp_ha-hxdroxycarboxylic ester is at least partly separated
from the reaction mixture via the gas phase. The process according to the invention can be performed

inexpensively, especially 10 with a low enerqy requirement, At the same time, the catalysts used for
alcoholyijllﬁ o% t(ﬁe SPp‘ﬁea”-\ﬁw3%#6“x%§}19§;<%%%%%c%q8e8@% 1)Ver a long period without any decrease in
selectivity or activity. In this respect, the catalysts have a long service life. At the same time, the

formation,of hy-pr ts is. unusually.low. In addition, 15especially taking account of the high '
selectivif';‘/r,]%ﬂi%%e%%(?r]lquile'\(%r\és‘%‘?\léI %lréecggﬁlé@éf PIREDPERSES %rt%'é) bF ’@rﬁ%ﬁ%&ﬁifﬂ?ﬁ@%@%ﬁ%xtremeIy
low tendeyadprydarbiatidic ebtmrphycecsti2g Fuitesmore Ahentotmdree/obithexesentpeseass does

not gequi f ts assaqeciated with very, high capital and maintenance. costs. The process
accérdiriéﬁggﬁé%’r%gﬁ%% eﬁc@%} tﬁlé: %|&iéﬁ5§?8§§%%?88x§\?8 ggégﬁgﬁﬁ i H;gliglds and purities. 25
Finally, #eaproberszedfiththptésemesuiénticr ptem padticafadybadyiintegeous ly e riemned on the

industri Ip the,process .of the invention, alpha-hydroxycarboxylic esters are prepared by the
30 reac?%c‘%g gtgtwge%ét%et%?p%gﬁﬁ ronQ)’/)é{gF 0‘{(’3%’?5693}?0‘3 ﬁ%so%‘ol reactants in the presence of a

catalyst.
The process according to the invention can be performed inexpensively, especially
10 - with a.low energy requirement. At the same time, the catalysts used for alcoholysis of
the alpha—hydroxycarbokamide can be used over a long period without any decrease

in selectivity or activity. In this respect, the catalysts have a long service life.

At the same time, the formation of by-products is unusually low. In addition,

15 especially taking account of the high selectivity, high conversions are achieved.

The process of the present invention also has an extremely low tendency to

formation of by-products.

20 Furthermore, performance of the present process does not require costly plants

associated with very high capital and maintenance costs.

The process according to the invention affords the alpha-hydroxycarboxylic esters in
high yields and purities. |

25
Finally, the process of the present invention can particularly advantageously be

performed on the industrial scale.

In the process of the invention, alpha-hydroxycarboxylic esters are prepared by the
30 reaction between the alpha-hydroxycarboxamide and alcohol reactants in the

presence of a catalyst.



‘5 The alpha-hydroxycarboxamides usable in the reaction of the invention include typically all of those
‘carboxamides which have at least one hydroxyl group in the alpha position to the carboxamide group.
5Carboxamides in turn'are common knowledge in the technical field. Typically, these are understood
to mean compounds having groups of the formula zCONR'R" in which R" and R" are each
independently hydrogen or a group having 1-30 carbon atoms, which in particular comprises 1-20,

referal - j - n atoms, particular preference being given to, amides where R’
o R e e B B e rormula
-CONR'RpiThtsalire] teresin gakizdanidesphucit b afehs forstm® 6 GOORIRIUR iwhieh the R radical

isa groggyg%}?}%ﬁg&(?t%atr}pé)ga@@&éhﬁ#éc&gglgarticuIar has 1-20, preferably 1-10, especially 1-5 and

more pr carbon atoms, € each as defined above and n is an integer in the
range of 1-10, preferably 1-4 and more 15preferably 1 or 2. The expression "group having 1 to 30

rpon ! Jradi f | unds.having 1,t0.30,carbon atoms. In addition to
Ikyl, 20@iEloafigns ,rogeio g a
se%ranwgggnar@ng@%gi%dwg g{%g?y '}n %ntign %romatgz rou s:f(gnot radicals of mono- or
polycyclic aromatic compou'rrﬁs %avmg })?e@r%agl é‘ torzao, E%U ec%ﬁﬂ?g to F@&%&rfiﬁi’g}ﬁs; 25
HeteroaYdtritidngratijss de mowmpisemdicdls preferiehhatl ldAsand e Gt gediyp! Ras irben replaged by N

ﬂgge/(r)(;aar%ér?]ﬁa%% groups pre#ercéeéﬁgog%oegéﬁacgjgvgﬂ%%e% Efre?\%%gsﬁf geHr?\% ﬁgfi{%@é&lﬁg&gphthwene,
bipRenykaiipbssiylidense dishensiactnans, diphengteigrethyinudttrentarbisphne@oieRhenyl sulphone,
thiopherg, dWEahJAYARlR JBIBEQIEr compounds of the formula R(-CONR'R"}, in which the R

radical is a group having 1-30 carbon atoms, which in particular has 1-20, preferably

1-10, especially 1-5 and more preferably 2-3 carbon atoms, R’ and R” are each as

defined above and n is an integer in the range of 1-10, preferably 1-4 and more

15 preferably 1 or 2.

The expression “group having 1 to 30 carbon atoms” denotes radicals of organic
compounds having 1 to 30 carbon atoms. In addition to aromatic and hetercaromatic
groups, it also includes aliphatic and heteroaliphatic groups, for example alkyl,

20  cycloalkyl, alkoxy, cycloalkoxy, cycloalkyithio 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, especially 6 to 12, carbon atoms.

25 |
Heteroaromatic groups denote aryi radicals in which at least one CH group has been

replaced by N and/or at least two adjacent CH groups have been replaced by S, NH
or O.

30 Aromatic or heteroaromatic groups preferred in accordance with the invention derive
from benzene, naphthalene, biphenyl, diphenyl ether, diphenylmethane, diphenyl-

dimethylmethane, bisphenone, diphenyl sulphone, thiophene, furan, pyrrole, thiazole,



‘6 oxazole, imidazole, isothiazole, isoxazole, pyrazole, 1,3,4-oxadiazole, 2,5-dipheny1-
1,3,4-oxadiazole, 1,3,4-thiadiazole, 1,3,4-triazole, 2,5-dipheny1-1,3,4-triazole,
1,2,5-triphenyl-1,3,4-triazole, 1,2,4-oxadiazole, 1,2,4-thiadiazole, 1,2,4-triazole, 1,2,3-triazole,
1,2,3,4-tetrazole, benzo[b]thiophene, benzo[b]furag, indole, Sbenzo[c]thiophene, benzo[c]furan,
isoindole, benzoxazole, benzothiazole, benzimidazole, benzisoxazole, benzisothiazle, benzopyrazole,

benzothiggiagler HriERaROIE dha0zRlan. bsneabianhons  Lalbpzale, DYECG, Bipyridine.
pyrazine, pyrazole, pyrimidine, pyridazine, 1,3 5-triazine, I,2,4-triazine, 1, f -triazine, tetrazine,
quinolind, Jstuipdirie guindXaliriadpratez dlidet-tiiansliae? O disheapyhthyiditria ZoB naphthyridine,
1,6-naphthy#di -naphthyridine, phthalazi id impieli ing, i r quinolizine,
ol T 088 caciazole
benzopytidiRelrisgaioplridelabierstpyberiatie]tbiamtomeiriiae|hiémzotrimznts, indolizine,
pyridopyidinge 'Wi icli razi rinigl iridine, phenazine,
bengoqﬁr%%[%g,&%ﬂhenoxaéf;%%é[ﬁgﬁéﬁﬁ%g{% |2%%%§%€)%é?ﬁ%§%h§%§ﬁfhroline and

phenantRPEFENEEAD S, \bﬁf&iﬁ%@'z@l‘% loptioaallyiadeubenzopyarhie proterrothikiazmteips include
DS ot SR S DR AR T
- dodecy| PYERH o BN A8 thwitBisingraupidazine pteldrréigcingod it griamisanclude the cyclopropyl,
b o b o o e QU R A i v,
allyP 2-nedriyRbYypeing, 2-buteapihzrisineeiyf-pakkibnyidine thd-antdbgrigingoup.
phthalazine, pyridopyrimidine, purine, pteridine or quinolizine, 4H-quinolizine,
diphenyl ether, anthracene, benzopyrrole, benzooxathiadiazole, benzooxadiazole,
benzopyridine, benzopyrazine, benzopyrazidine, benzopyrimidine, benzotriazine,
indolizine, pyridopyridine, imidazopyrimidine, pyrazinopyrimidine, carbazole,
15  aciridine, phenazine, benzoquinoiine, phenoxazine, phencthiazine, acridizine,
benzopteridine, phenanthroline and phenanthrene, each of which may also optionally

be substituted.

The preferred alkyl groups include the methyl, ethyl, propyl, isopropyl, 1-butyl,
20 2-butyl, 2-methylpropyl, tert-butyl, pentyl, 2-methylbutyl, 1,1-dimethylpropyl, hexyl,
heptyi, octyl, 1,1,3,3-tetramethylbutyl, nonyl, 1-decyl, 2-decyl, undecyl, dodecyl,

pentadecyl and the eicosyl group.

The preferred cycloalkyl groups include the cyclopropyl, cyclobutyt, cyclopenty!,
25  cyclohexyl, cycloheptyl and the cyclooctyl group, each of which is optionally

substituted by branched or unbranched alkyl groups.

The preferred alkenyl groups include the vinyl, allyl, 2-methyl-2-propenyl, 2-butenyl,
2-pentenyl, 2-deceny! and the 2-eicosenyl group.

30
The preferred heteroaliphatic groups include the aforementioned preferred alkyl and

cycloalkyl radicals in which at least one carbon unit has been replaced by O, S or an



30 7‘NR8 or NR8R9 group, and R8 and R9 are each independently an alkyl group having 1 to 6
‘carbon atoms, an alkoxy group having 1 to 6 carbon atoms or an aryl group. Most preferably in
accordance with the invention, the carboxamides have branched 5 or unbranched alkyl or alkoxy
groups having 1 to 20 carbon atoms, preferably 1 40 12, appropriately 1 to 6, in particular 1-to 4 carbon
atoms, and cycloalky! or cycloalkyloxy groups having 3 to 20 carbon atoms, preferably 5 to 6 carbon

stors, g Rylesh iy BRSsubRiRedts e AiRIesEn sy Al Nstls halng

10especially fluorine, chlorine, bromine, and alkoxy or hyd

alpha-hy@ o gsafsbRifTIge sty gsednimevingrdcdess eathenraiomiowimiiadyaipopas a mixture of
two or three or more different alpha-hydroxycarboxamides. Particularly preferred o
alpha-hydroxycarboxamides include alpha- 15 hydroxyisobutyramide and/or
alpha-h)pEkAsirabiyiamnrserdancs s ibr hariivaatipne tber carborauiitesibavss tengoedss
accerdi i TaT) Mg &Iwgaﬁ I | s(%!l?lf;h ' by
cyaﬁohggrgﬁ]gﬁﬁﬁgg f%)k%%gt%%g? ;ﬁ aldehytljae}zogjrli agri%l/ %%%%ﬁﬂgﬁzam e. I’rﬁégfflgs%t gl(? Zﬁrg) the

carbonyl éoRifsaRaatshekdmpleranastisniaict fe datigraeetatemer anchiysinalisyfor syainple |
acetaldeliiB,raRAIIAL IRRY 15 RACRBIN I g YAN de o ie S3n paiaular cyanohydrin.

Particular preference is given to reacting acetone and/or acetaldehyde in a typical manner using a
small amount of alkali or of an amine as a catalyst. In a further step, the cyanohydrin thus obtained is

reacted Prenihaunial 1o velaesaiBhaduiosraheramide i RARLIAd e ikabyaRdormed in the

presence of a catalyst. SUitable catalysts for this purpose are in particular manganese oxide catalysts,
as'@escRPRECRINNERHE; flepos.duesYyDe, ErlAlEsKY S1h¥HPEA IADGS697. The manganese 30
oxide may be used in the form of manganese dioxide, which is obtained by treating manganese

sulphate with potassium permanganate under acidic conditions (cf. Biochem. J., 50, p. 43 (1951) and
J. Chem! "Sog/phasydsonyearbraayigepynay be used inthe process of the invention

individually or as a mixture of two or three or more different alpha-hydroxy-
carboxamides. Particularly preferred alpha-hydroxycarboxamides include alpha-

15 hydroxyisobutyramide and/or alpha-hydroxyisopropionamide.

It is also of particular interest, in a modification of the process according to the
invention, to use those alpha-hydroxycarboxamides which are obtainable by
cyanchydrin synthesis from ketones or aldehydes and hydrogen cyanide. in a first
20 step, the carbonyl compound, for example a ketone, especially acetone, or an
aldehyde, for example acetaldehyde, propanal, butanal, is reaéted with hydrogen
cyanide to give the particular cyanohydrin. Particular preference is given to reacting
acetone and/or acetaldehyde in a typical manner using a small amount of alkali or of
an amine as a catalyst. In a further step, the cyanohydrin thus obtained is reacted

25  with water to give the alpha-hydroxycarboxamide.

This reaction is typically performed in the presence of a catalyst. Suitable catalysts
for this purpose are in particular manganese oxide catalysts, as described, for
example, in EP-A-0945429, EP-A-0561614 and EP-A-0545697. The manganese
30 oxide may be used in tﬁe form of manganese dioxide, which is obtained by treating
manganese sulphate with potassium permanganate under acidic conditions (cf.
Biochem. J., 50, p. 43 (1951) and J. Chem. Soc., 1953, p. 2189, 1953) or by



‘8 electrolytic oxidation of manganese sulphate in aqueous solution. In general, the catalyst is used in
‘many cases in the form of powder or granule with a suitable particle size. In addition, the catalyst may
be applied to a support. In particular, it is also possible to use so-called slurry reactors or fixed bed
reactors, which may also 5be operated as a tricklgsbed and are described, inter alia, in EP-A-956 898.
In-addition, the hydrolysis reaction may be catalysed by enzymes. The suitable enzymes include nitrile

hydrata 1S Toley | nple in.'Sereenip haracterization and
A);/)plica%gﬁcg; yﬁ%ﬁ@@mgg%ﬁ%géﬁ%%%ﬁéﬁgé%i_%ec}%c?gg%gh '4q,ﬂ e’rgfrﬁnﬁz 8ition, the
hydrolysigtedgstisrisad e aryycaskbyn tecfdsresppoiathe sotpdranc ciditThis istalelkailed, inter alia, in

JP Hei 4; 45; itiqn, oce [ for pr i - ycarboxamides
are det;ﬁl) Ié %?r?tgééaé;igﬁ |%%%O$O%@§1§%[%§§A@gr‘?dg tégf%%%gésgeg %%%Qflqéﬁﬁ %@gﬁ%&% ion are
inserteddls® pesgikde datugepticaiitiedplafyreardddos distiesliedSpantosesvitibe aleyrmiousable
sucgessilly Ja aeeessesAL i daveatien Ddide alalconols.phigh A fagukagdg those skilled in the
art and precursor compoungs of a%co%o@s W%](Ié(i% undeer’t e given’concﬁffoﬁs of pressure and
temperaddeitiane Ewphpisalysiorsastiog witythe afthbyssd foxpranpogamitessinithaienanner of an
alcoholygi e IS rting t -bydr r i iS. with an
loohol i o T Y BRI PR I
Preferredaleshong irfehifaginsthaiion atcbhphisaiemof, Gvends-mysEalNitrbatbydraieses”

2 methvERpiopansti Psgsand; Rexaneh hsaiel fesiiiofaliexanglarianchd naipLand decanol.
The alcohol used is more prefera ly methanol and/or ethanol, methanol be!ng very particularly
apfloprRisia: esaRGHYSSWRM iHipasithiehis isdpaitatstreonlba, AicdRdatér EX38difle, alkyl formates
may be used. Methyl formate or a mixture of methanol and carbon monoxide are especially suitable.
30

In addition, the processes detailed above for preparing alpha-hydroxycarboxamides
are detailed, inter alia, in WO 2009/130075 A2, and the processes detailed in this
publication are inserted into the present application by reference for disclosure

15 purposes.

The alcohols usable successfully in processes of the invention include all alcohols
which are familiar to those skilied in the art and precursor compounds of alcohols
which, under the given conditions of pressure and temperature, are capable of

20 reacting with the alpha-hydroxycarboxamides in the manner of an alcoholysis.
Preference is given to converting the ocmhydroxycarboxamide by alcoholysis with an
alcohol, which comprises preferably 1-10 carbon atoms,- more preferably 110 5
carbon atoms. Preferred alcohols include methanol, ethanol, propanol, butanol,
especially n-butanol and 2-methyl-1-propanol, pentanol, hexanol, heptanol, 2-ethyi-

25  hexanol, octanol, nonanol and decanol. Thé alcohol used is more preferably
methanot and/or ethanol, methanol being very particularly appropriate. It is also
possible in principle to use precursors of an alcohol. For example, alkyl formates may
be used. Methyl formate or a mixture of methanol and carbon monoxide are
especially suitable.

30
Preference is further given to processes which are characterized in that the alpha-

hydroxycarboxamide used is hydroxyisobutyramide and the alcoho! used is



‘9 methanol. The reaction according to the invention takes place in the presence of a catalyst. The
‘reaction can be accelerated, for example, by basic catalysts. These include 5 homogeneous catalysts
and heterogeneous catalysts. Catalysts of very particular interest for the performance of the process
according to the invention are lanthanoid compougds. 10 Lanthanoid compounds refer to compounds
of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Td, Dy, Ho, Er, Tm, Yb and/or Lu. Preference is given to using a
lanthangideompound which comprises lanthanum. Preferred lanthanoid compounds are salts
which are preferably present in the 150xidation state of 3. Particularly preferred water-stable
lanthanoid compounds are La(NO3)3 and/or LaCl3. These compounds may be added to the reaction
mixiure Al AbR (ERad o 3 BHIKIelingeRe g calalists usaltla supgiossylipin the
present invention include alkali metal alkoxides and organometallic compounds of ti gnlum, In and
aluminilif@ HirsTarmbe isagivienats dsfoy exarmnienbsl kesidecatalysitkd)ids eforcidenple titanium
tetraiso |@é(,l%%' I 19| IC ess variant includes the use, as the
catglysttj)@:‘;gS solubleé:? %n%ﬁg%%ﬁgﬂv%ﬁ%ﬁéﬁn%%eg%téa%%ggn and/or tin and the
alpha-hydroxycarboxamide. Another specific modification of the process of the invention envisages
that the Sgealustasd ismatal rlliaemeanssHighooae: SralerBRcI AleeRifpigd @ metal
trifluoromethanesulphonate in which the metal is selected from the group consisting of the elements in
groups iheiryention arg lagthaaqid spmegpeisdic table.

10  Lanthanoid compoundis refer to compounds of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Td,
Dy, Ho, Er, Tm, Yb and/or Lu. Preference is given to using a lanthanoid compound

which comprises lanthanum.

Preferred lanthanoid compounds are salts which are preferably present in the

15  oxidation state of 3.

Particularly preferred water-stable lanthanoid compounds are La(NO3); and/or LaCls,

These compounds may be added to the reaction mixture as salts or be formed in

Situ.

20
Further homogeneous catalysts usable successfully in the present invention include
alkali metal alkoxides and organometallic compounds of titanium, tin and aluminium.
Preference is given to using a titanium alkoxide or tin alkoxide, for example titanium
tetraisopropyloxide or tin tetrabutyloxide.

25

A particular process variant includes the use, as the catalyst, of a soluble metal

complex which comprises titanium and/or tin and the alpha-hydroxycarboxamide.

Another specific modification of the process of the invention envisages that the
30 catalyst used is a metal trifluoromethanesulphonate. Preference is given to using a
metal trifluoromethanesulphonate in which the metal is selected from the group

consisting of the elements in groups 1, 2, 3, 4, 11, 12, 13 and 14 of the periodic table.



*10 Among these, preference is given to using those metal trifluoromethanesulphonates in which the
‘metal corresponds to one or more lanthanoids. In addition to the preferred variants of homogeneous
catalysis, processes using 5 heterogeneous catalysts are also appropriate. The heterogeneous
catalysts usable successfully include magnesium-gxide, calcium oxide and basic ion exchangers and
the like. For example, preference may be given to processes in which the catalyst is an 10 insoluble

metal OfdeoWgigbsentETsRheaH @%ﬁlﬁmﬁﬁgqiﬁg@@ﬁm heURHRARARRISENBI RllesC: V) Lo,
Ce, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Tc, Re, Fe, Co, Ni, Cu, Al, Si, Sn, Pb and Bi. = Alternatively,

preferertNEY BEJRRIR BYHFEER5ES 9 WAR KRG IAYEI#Ra|W s an 15insoluble metal selected from
the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Fe, Co, Ni, Cu, Ga, In, Bi and Te. The
preferred heterogeneous catalysts include especially catalysts based on Zr02 and/or Al203.

ParticuliF e & e AR GANRrgPE HeREEeABRAH 6RiR N RISERREIYSINE JP 6-345692,
the$at@w§@§mwa@%%%%%$ﬂ%@&@%@%@R)BE%@(E\E@E@@@%L@ébﬁerence for
disclosure purpases. The ammonia released in preferred variants of the process of the present
inventioAHGEESRIH Bk Rinde reagss N RE0Sn RS HR PR R 3R RS 1 Broe¥ehaBeRFe 88Fing 25 alkyl
(meth)agiylakes. For example, ammonia can be reacted with methanol to give hydrocyanic acid. This is
detailed, for example, in EP-A-0941984. In addition, the hydrocyanic acid can be obtained from
ammonia and methane by the BMA or Andrussow process, these processes being described in

Ulimanrre Earympragaisiatinsiisingl Kehgmisti pFoediien an GRCRQ. dlidg/stIRosganic Cyano
Compounds”. 30 The ammonia can likewise be recycled into an ammoxidation process, for example

thddnduSFRIFDle melRlResR whidh fonirirsRiie art oI eRegE relratBrobRRE I EN abR lonitrile
synthesisissigtaiibed birslervsphicRioress, wfindustiatoanito 1, Tc, Re, Fe, Co, Ni,

Cu, Al, Si, Sn, Pb and Bi.

Alternatively, preference may be given to processes in which the catalyst used is an
15 insoluble metal selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W,
Fe, Co, Ni, Cu, Ga, In, Bi and Te.

The preferred heterogeneous catalysts include especially catalysts based on ZrO,
andfor Al,O,. Particularly preferred catalysts of this type are described in detail more
20  particularly in JP 6-345692, the catalysts detailed in JP 6-345692 being incorporated

into the present application by reference for disclosure purposes.

The ammonia released in preferred variants of the process of the present invention
can, for example, be recycled in a simple manner to an overall process for preparing

25  alkyl (meth)acrylates. For example, ammonia can be reacted with methanol to give
hydrocyanic acid. This is detailed, for example, in EP-A-0941984. In addition, the
hydrocyanic acid can be obtained from ammonia and methane by the BMA or
Andrussow process, these processes being described in Ullmann’s Encyclopaedia of
Industrial Chemistry 5th edition on CD-ROM, under “Inorganic Cyano Compounds”.

30  The ammonia can likewise be recycled into an ammoxidation process, for example
the industrial scale synthesis of acrylonitrile from ammonia, oxygen and propene.

The acrylonitrile synthesis is described under “Sohio Process” in Industrial Organic



‘Chemistry by K. Weisermehl and H.-J. Arpe on page 307 ff. According to the invention, the resulting
alpha-hydroxycarboxylic ester is at least partly removed from the reaction mixture via the gas phase.
In a particular 5configuration of the process, preferably at least 60% by weight, especially at least 80%
by weight, more preferably at least 90% by weighf fand most preferably at least 95% by weight of the
resulting alpha-hydroxycarboxylic ester can be removed from the reaction mixture via the gas phase.

Accordimghini pIopResiroRiGsiahly RIeFUICABE U1 AYES Y 2 maximum proporton of the
e

product is converted to the 10gas phase. This aim can be achieved especially through the selection of
the reactor, through the choice of pressure and temperature, and the gas volume in the course of

operationcebiinteastal RrRetIBHY ihe ekaimmip dismaveyataglumsayihediquidyglyme thereof 15 The

process according to the invention is executed continuously. Continudus processes are notable in that

all reactBADAIREBHRGLR) NS IRREPM B MK ke 4h 2 SR BIPPRSEU s BRdigadRfrom the reactor, such
thasthe geangoratan beherinunessoyesrbraieIalsrEPEgdydipis: <8t alfagtad By dpterruptions

which are necessary due to maintenance or ¢ anig/g measures. 20°In this context, the reaction can be
X

e
executetdi W aI Gy THEEIRESARS AR, A I8t B ak e weishissharabarpieraalyarhleaskp from the
nitrogerceomppuRsldieieasae feamithe mgﬁaq%maw@réyw!iéi@gt@%aﬂtﬁa%%%d‘%ﬁveﬂ in

embodiments which are characterized in that the aIpha—hYdroxycarboxyIic ester is 25 separated from

the readfiGT HASHGS TUSRIFRYV RithSARiRbRsS: AsirpulingYelbssetposesdrapistarkivnia released.

Advantagesatiseiesrsialwiyenahrrserses iprapirhdheomelanratie &fig pbavkydreyeatboxylic
ester to ammonia d% ing the segaration,of these components from the reaction mixture is in the range
froht 2: 985 PBagsor Pb?é?@?a% Po-3gjavedespedialydbinuaniin $5srdrmoidbssandess than
20% by tveighh fefenaity lessriwi0sh dYenqiaha R, MR REIRIALDIIASS thanDdslwavsight.  The
molar ratio of alphaf- droxycarboxylic ester to algha-hydroxycarboxamide in the

operation of the reactor, especially in relation to the overall volume or the liquid

volume thereof.

15 The process according to the invention is executed continuously. Continuous
processes are notable in that all reéctants are constantly intfroduced into the reactor
and all products removed from the reactor, such that the reaction can be performed
over an indeterminate period. This is not affected by interruptions which are
necessary due to maintenance or cleaning measures.

20
In this context, the reaction can be executed in such a way that the alpha-
hydroxycarboxylic ester is separated in a separate step from the nitrogen compound
released from the reaction mixture. Surprising advantages arise, however, in
embodiments which are characterized in that the alpha-hydroxycarboxylic ester is

25  separated from the reaction mixture together with the nitrogen compound released,
preferably ammonia released. Advantages arise especially through processes in
which the molar ratio of alpha-hydroxycarboxylic ester to ammonia during the
separation of these components from the reaction mixture is in the range from 2:1 to
1:2, more preferably 1.2:1 to 1:1.2.

30
Of particular interest are processes in which the concentration of alpha-

hydroxycarboxylic ester in the liquid phase of the reaction mixture is preferably kept



5liquid phase of the reaction mixture is preferably less than 1, more preferably less than 0.8 and more
preferably less than 0.1. Surprising advantages with regard to the productivity of the process,
especially with regard to the costs for performance thereof, can be achieved by introducing the
10alcohol into the reaction mixture as a gas. The1#pe of reactor for performance of the present
process is not restricted. Preference is given, however, to using those reactors into which relatively

large arfemsniisanf 8@% danvbeight ashpeedatiy leswotresh Postersneeishaconstlingyydiventtmabusing
multiph actors for performance.of t resent progess. It is possible here to use multiphase
reactorsa‘ ?r?/\/gveﬁ%wg%;gsa%#n r%‘é?ueéecf?ﬁagc&E?S?&H?Engf‘ééﬁ\%e@% e liquid phase. These reactors
include reactors based on sparged stirred tanks or cascades. In addition, a gas can be passed in
countergyrrent 20to the liquid through a tray column or column containing random packings, and this
arrange?#eén IS glﬂi!i'%il) eott?éi Bdgﬁbhr C%% BiREpIess r&%@@%@?rﬂ@&é?&ﬁ%ﬂéﬁﬁﬁ)@&%%&he
alcohol bauidehasecided netectienneaxtion iniptaferabbogseihia hisrearepiaiesaityhesdone in a

reactor j #hbcﬁ ghn%%c%t%ol is 9&9“61%825 S a ﬁals in cocurrent. Particularly suitable reactors include

: re ano. T, T )
trickle bed reactors, bu COlUMA Tead ors, jet scrubbers and falling-film reactors, particular

preference being given to trickle bed reactors and falling-film reactors, or the combination of trickle bed

reactor lina-film reactors..30Trickle bed reactors .are generally understood to, mean reactors
Iomich e O T B e o e B ALy
interfaceegenetatihg icnstadts pelfedsidncelibdredfreactdrs aohisotableyforttbdiraragrive

10 alcohol into the réaction mixture as a gas.

The type of reactor for performance of the present process is not restricted.
Preference is given, however, to using those reactors into which relatively large
amounts of gas can be introduced or removed. Preference is accordingly given to

15 using multiphase reactors for performance of the present process.

it is possible here to use multiphase reactors in which a gas is introduced in

countercurrent relative to the liquid phase. These reactors include reactors based on

sparged stirred tanks or cascades. In addition, a gas can be passed in countercurrent
20  to the liquid through a tray column or column containing random packings, and this

arrangement is suitable for performance of the present process.

in a preferred embodiment, the alcohol can be introduced into the reaction mixture in
cocurrent. This can preferably be done in a reactor in which the alcohol is supplied
25  as a gas in cocurrent. Particularly suitable reactors include ftrickle bed reactors,
bubble column reactors, jet scrubbers and falling-film reactors, particular preference
being given to trickle bed reactors and falling-film reactors, or the combination of

trickle bed reactors and falling-fiilm reactors.

30  Trickle bed reactors are generally understood to mean reactors which are typically,
but not necessarily, operated in cocurrent of gas and liquid by means of interface-

generating internals or beds. Trickle bed reactors are notable for their narrow



13 residence time distribution for gas and liquid phase. Trickle bed reactors can be designed as fixed
bed columns or columns with random packing. Falling-film reactors enable simple and effective supply
and removal of heat, which is found to be advantageous especially in reactions with high exothermicity
or in the 5case of phase transition of a reactant ctdroduct. More detailed descriptions can be found in
the specialist literature (e.g. Ullmanns Encyklopadie der technischen Chemie, Volume 3, 4th edition p.
357ff amdgiiS00Effirfedestabution &fitiheprasbiyprd pbssopréfendedesd greeivespanidlyy to multiphase

;géi?grﬁr?)gﬂ c(ﬁ'u aaﬁ;fé)cﬁ?e% forlﬁtrph h 38, FL%‘E ‘%tpe reactor V(})(Iume Particular reactors

eature a gas conten Ich'is refer y at eas?gbg’/a% Er\]/%lume more preferably at least
60% byﬁmilmgérimrrearmr@anebraﬁmwmmr gifentbfelse ;nemcmdvr&uhwaméheahewhrch is

alpha-h & er e at least 100
. e e S A S N B B RSB I S e
reatorsaan b’em@@mmmﬁa‘renmdanepapmdmdg to the reactor type. As well as the introduction

of ener dP t'&%t“é’[é‘?g?f#&‘?é?o% AeTipeply ﬁ%eégac fist3ite Bﬁﬁ%g‘& C@f] r&?&%é 's 20

especra y appropria ruc ure ernals inclu ndom pac INgs aschig rings,
Interpals e\stiopidied!patkdhgisshein ﬁxmeirlap‘dalm th Kﬁta@élqmpa’p)@?dfmraﬂew 20fferogeneous
catalyst in a corresponding appropriate shape. The liquid which remains after the reaction with the
alcohol and the removal of the 25 alpha-hydroxycarboxylic ester may contain

alpha-hferosyeautioraphtie. MeisarnTegsaefaretan iscoverkes pecisllvdstorabighpsrfication
b d
e o S L R e om the

circuit byeariars asfcadinalydeatirdar ee%&erﬂseré binigtesnpreferality-fiieash 56\ 4t by
volume, more preferably at least 60% by volume. The quotient of mass fransfer area
of the reactor which convetts the alpha-hydroxycarboxylic ester to the gas phase to
the reactor volume may preferably be at least 100 m™, more preferably at least
15 500 m™.

The generation of gas-liquid interfaces in multiphase reactors can be effected in a
different manner according to the reactor type. As well as the introduction of energy
in the form of kinetic energy or pressure energy, the use of structured internals is

20  especially appropriate. The structured internals include random packings such as
Raschig rings, Interpak, or structured packings such as Mellapak, etc. to Katapak, or

appropriately a heterogeneous catalyst in a corresponding appropriate shape.

The liquid which remains after the reaction with the alcohol and the removal of the
25  alpha-hydroxycarboxylic ester may contain alpha-hydroxycarboxamide. This
remaining reactant can be worked up by customary purification processes.
Processes of particular interest, however, are those in which the alpha-
hydroxycarboxamide is circulated in the reactor. it is possible here to remove by-
products with a high boiling point from the circuit by means of an evaporator, for

30 example by means of a thin-film evaporator.

The vapour phase removed from the reactor may, as well as the products, also



14 cd'mprise unconverted alcohol. As well as customary purification processes, especially distillation
‘processes, the recycling of the unconverted alcohol, either in liquid or vaporous form, is of particular
interest. 5Processes of particular interest are therefore those in which the reaction is performed
preferably at a temperature in the range of 50-300€, more preferably in the range from 150 to 200C.
The pressure at which the conversion takes place is not critical per se. Since the 10boiling
temperamenoisth e ralp heehigdt adychohokylivabter tsidhomwere pulipatidenptbessensand the

alpha-h % WPZ) | ter has to be converted to t as phase, the pressu ell s to be selected
as a fungc E)‘%@g rﬁéﬁﬂéﬁ?&p 5%%%%%%58&%%?& ge%lﬁrt]%n!’}ﬁ?ﬁﬂyg ?(ﬁ/\g&%ig[lr i%errhlg reaction can
preferaliyuli preyigrotedsaficarpréssiipsititkarantgrdsim 0.01 to 20 bar, more preferably in the range
from 0.1 to 1510 bar. The above measures allow the reaction to be performed at relatively low

temperatures and pressures, which achieves particularly high selectivities and very high yields of
sulstaricepotsattreoMbistsianialezssheragharafosdoh preformaide thb2@thetiteactipartordesdhese

EO”O"“‘? Pearrékﬁ(y'éi% ?é’%'&é‘{ﬁgﬁé‘%”ﬁmeg'faeﬁ‘ 8%?'%%:§663&’a%8fe°§.[‘e 4ENng thereaghion is found to
e particularly advantageous with regard to thie energy consumption per mote of
alpha-hfréroxieeineox§fié@ster and ammonia formed and purified as a pure substance. The energy
consumption is essentially determined by the conversion of methanol per pass. 25 Example 1: In a
continuous laboratory test plant consisting of a reactant metering system, a trickle bed reactor

designethaspiessuraratwthichridencpackisig il L Hes plane 13000 onitizdhpepak. Bioentrendom
PagKiNgsA LY {M%Pgﬁh’@g?ﬂw@%pmﬂ%roxycarboxylic ester is, however, dependent
thereon and the alpha-hydroxycarboxylic ester has to be converted to the gas phase,
the pressure has to be selected as a function of temperature, and low temperatures
result in relatively low pressures. The reaction can preferably be performed at a
pressure in the range from 0.01 {o 20 bar, more preferably in the range from 0.1 to
15 10 bar.

The above measures allow the reaction to be performed at relatively low
temperatures and pressures, which achieves particularly high se!ecﬁvities and very
high yields of substance of value. This also makes the apparatus for performance of
20 the reaction under these conditions particularly simple and hence inexpensive.
This way of conducting the reaction is found to be particuiarly advantageous with
regard to the energy consumption per mole of alpha-hydroxycarboxylic ester and
ammonia formed and purified as a pure substance. The-energy consumption is
essentially determined by the conversion of methanol per pass.
25
Example 1:
In a continuous laboratory test plant consisting of a reactant metering system, a
trickle bed reactor designed as a column with random packing (ID 100 mm,
F1000 mm, Interpak 10 mm random packings) with liquid circulation and vapour
30 phase removal, and also a production condensation system, vaporous methanol and
alpha-hydroxyisobutyramide supplied as a melt were converted with the aid of a

catalyst soluble in the liquid phase over 48 h. The catalyst used was La(NO;x6H,0



J'30phéise removal, and also a production condensation system, vaporous methanol and
alpha-hydroxyisobutyramide supplied as a melt were converted with the aid of a catalyst soluble in the
liquid phase over 48 h. The catalyst used was La(NO3)x6H20 15 with a concentration of 2% by weight
in the liquid phase. The temperature of liquid circd#tion was 180C; the pressure in the reactor was set
to 800 mbar. The vapour phase was condensed completely and continuously, and the composition

was detgithinesbhygasabroaiatogmphgighditittaiomibesatrctiviy terpetayire of liquid
alphahydroxyisobutyrat liﬁés%ed on methano] was 99.8%; the ammonia concentration in the
condenSHU LGN a5 H5 U SigHIS FREHGAR DR OF ARLeh AV S6bIAGUDVEPInd BRJERRnt time was

12%. Compssatize Exadaplect ddhprishosa®notast iashcansistigmpesegmniyastering system
and a continuous stjrred tank reactor, 157 g/h of a methanol/catalyst mixture with a catalyst content of
SRR e b %

0.8% by’ S QDRI RPN A AR A s EGRBIE dBVBR K e3P ment time of

48 b. Th@cmmwbutwﬁmmﬁy@@d m@ngaha(hd%&@sm%; Ctataib/ﬁtrnbd' fuﬂycﬁmwj@lrm‘mmhaﬁ @bar at ﬁ
temperature, of 200C. T uct mixture formed 15 was analysed hy means of gas chromatography.
The mof&FSFEER 7 %g%j%lwﬁgﬁ% drB&y PSSR T?d?&ﬁ%’i‘% FH&! QNebHiRyramide was
98.7%, etplerthesetentvitgdoratiethyl hydroxyisobutyrate based on methanol was 99.2%. In the fully
liquid product mixture, an ammonia concentration of 0.7% by weight was found. The average
conversion of methanol was 1.8%. 20 Example 2: The trickle bed reactor used in Example 1 was
modifieCitmtipatrativetérogapaous catalyst based on Zr02 (3mm pellets) was used as the catalyst

o G AR o 40 AR Ol ConiEpONe i
circulatistirmgalstaf Gsdbmpresgusinfthatetcinb s St tovBR0 M Rdth Bheavapet cphrse was
Con N B T 38 L D B S B B S S e X R d over an
experiment time of 48 h. The conversion was performed using La(NO;); as a catalyst
in fully liquid phase at 60 bar at a temperature of 200°C. The product mixture formed
15 was analysed by means of gas chromatography. The molar selectivity for methyl
alpha-hydroxyisobutyrate based on alpha-hydroxyisobutyramide was 98.7%., while
the selectivity for methyl hydroxyisobutyrate based on methanol was 99.2%. In the
fully liquid product mixture, an ammonia concentration of 0.7% by weight was found.
The average conversion of methanol was 1.8%.
20
Example 2:
The trickle bed reactor used in Example 1 was modified in that a heterogeneous
catalyst based on ZrO; (3mm pellets) was used as the catalyst instead of random
packings. Over a period of 48 h, vaporous methanol and alpha-hydroxyisobutyramide
25  supplied as a melt were converted. The temperature of the liquid circulation was
170°C; the pressure in the reactor was set to 800 mbar. The vapour phase was
condensed fully and continuously and the composition was determined by gas
chromatography and titration. The selectivity for methyl alpha-hydroxyisobutyrate
based on methanol was 99.85%; the ammonia concentration in the condensate was

30 4.83% by weight. The mean conversion of methanol was 13%.



chromatography and titration. The selectivity for methyl alpha-hydroxyisobutyrate based on methanol
was 99.85%; the ammonia concentration in the condensate was 30 4.83% by weight. The mean
conversion of methanol was 13%. 16 Claims 1. Continuous process for preparing
alpha-hydroxycarboxylic esters by reacting at leadBone alpha-hydroxycarboxamide present in the
liquid phase with an alcohol 5in the presence of a catalyst, characterized in that the resulting
alpha-hyHaixg- carboxylic ester is at least partly separated from the reaction mixture via the gas
phase. 2. Process according to Claim 1, characterized in that the alpha-hydroxycarboxylic 10ester is
separated from the reaction mixture together with ammonia released. 3. Process according to at least

one of the préedingala ms s fatenepdringrap hbiegsrORY6 D ovgight sichebye sediingg at
alpha-hydroxycarboxylic. ester is, separated from,the reactjon ixture. yia.the gas,phase, 15 4. Process
according to %ﬁ%a%f' én%%ﬁ'hﬁé/ %?%&%ﬁ%oﬁ%g?&rgﬁa%qgﬁg%eiISHH%%{ m@%%gﬁ'@ﬁﬁgt%lﬁ%ﬁé}
alpba-hydroxiyctrb @ogizesteoia thetditysid ghase el thedreratiain e xtwnal s g eppltesb yhaoxi0% by
weight. 205.Pcr§398%sxs ﬁ\g%or{%irn% taQ[ ?telg s'fa ﬁpesof threa ergc%redg%%larims,{.characlferized iﬂjthat the molar
ratio of alpha-hydro ycarBoxy ic’esterioalp a-%%roxycar Q% amide h %Ww‘ ft'f%ﬂgs 6r9A8 reaction
mixture is lesgltha@. 1. 6. Process according to at least one of the preceding claims, characterized in
that 25the alcohol is introduced into the reaction mixture as a gas.

2. Process according to Claim 1, characterized in that the alpha-hydroxycarboxylic

10 ester is separated from the reaction mixture together with ammonia released.

3. Process according to at least one of the preceding claims, characterized in that
at least 90% by weight of the resulting alpha-hydroxycarboxylic ester is
separated from the reaction mixture via the gas phase.

15

4.  Process according to at least one of the preceding claims, characterized in that

the concentration of alpha-hydroxycarboxylic ester in the liquid phase of the

reaction mixture is kept less than 10% by weight.

20 5. Process according to at least one of the preceding claims, characterized in that
the molar ratio of alpha-hydroxycarboxylic ester to alpha-hydroxycarboxamide

in the liquid phase of the reaction mixture is less than 1.

6. Process according to at least one of the preceding claims, characterized in that

25 the alcohol is introduced into the reaction mixture as a gas.

7. Process according to at least one of the preceding claims, characterized in that

the reaction is performed in a multiphase reactor.

3¢ 8. Process according to claim 7, characterized in that the gas content in the

multiphase reactor is at least 50% by volume.



7. Process according to at least one of the preceding claims, characterized in that the reaction is
performed in a multiphase reactor. 308.Process according to claim 7, characterized in that the gas
content in the multiphase reactor is at least 50% by volume. 17 9.Process according to Claim 7 or 8,
characterized in that the quotient of mass transfen area of the reactor which converts the
alpha-hydroxycarboxylic ester to the gas phase to the reactor volume is at least 100 rn-1. 510. -

ProcessdaccaPeingds atieasinneodiGlaims b0 chaataniasiz af it ieaphasRy dianyearboxamide is

circulated in the refctor. 11. Process according to Claim 10, characterized in that by-products having a

high boiling pORAPE PERRROEHR SRAGHRT UG B9 miessdle 2 phamrevassraeryio asteptacess

according to #idegst phasy thasecading wiime icharasierized imthat a heterogeneous catalyst is
used, preferably based on Zr02 and/or Al203. 13. Process according to at least one of the

preceding claims, characterized in that 15a homogeneous catalyst is used, preferably based on a

lanthandid. cofmpoess! atdoRiingersaceartingderOLAhEe Riecadintelaibsccharstenizrsl in that
ahydroxyisobhj}téramide %ndlor a—hydroxyiFopropionamide and/or a-hydroxyisobutyramide, and
methanol as the HIESRBICIHATNER 'S 6 BREEERGRTIAG to at least one of the preceding claims,
characterized in that the reaction is performed at a temperature in the range of 50-300C and at a

ressure jn the range from 0.01 to ar, _
P ure r?f?roce s according ¥o é?apm 10, characterized in that by-products having a high

boiling point are removed from the circuit by means of a thin-film evaporator.
10
12. Process according to at least one of the preceding claims, characterized in that

a heterogeneous catalyst is used, preferably based on ZrO, and/or AlLOs.

13. Process according to at least one of the preceding claims, characterized in that

15 a homogeneous catalyst is used, preferably based on a lanthanoid compound.

14. Process according to any of the preceding claims, characterized in that a-
hydroxyisobutyramide and/or a-hydroxyisopropionamide and/or a-hydroxy-
isobutyramide, and methanol as the alcohol, are used.

20

15.  Process according to at least one of the preceding claims, characterized in that

the reaction is performed at a temperature in the range of 50-300°C and at a

pressure in the range from 0.01 to 20 bar.



