-1- Process for preparing alpha-hydroxycarboxylic esters The present invention relates to processes
for preparingalpha-hydroxycarboxylicestersonthe 5 industrial scale. In particular, the invention relates
to a continuous process for preparing alphahydroxycarboxylic esters according to the preamble of
Claim 1. 10 AIpha—hydroxycarboxylicestersarevalua_tbile_intermediates in the industrial-scale synthesis

of acrylc estes agg ellacii iEes P IiP LA IRIEIARLES AU RGN ACEHES. Al

(meth)acrylates in turn find their main field of use in 15 thé preparation of polymers and copolymers
with other polymerizable compounds. An overview of the common processes for preparing
(meth)acrylic esters capbedeund inihe fiterdtone, 2@ sliehas WeissernpetpAgresdsdustiiete

organische Chemigy, Jpdystrial Qiganic Ghepustivda Yk YYeinheim, 1924.4th edjtion, p305 ff. or
Kirk Othmer "Enc (%i%pedia fCheTicaI echnolog# iird edition, Vol. 15, E%%e 357. 25 When the aim
is the syntiesis St MHEthaERlic BSRIS for Bkahiid hethfimhethaSymi VF2-Rydrok§igobutyrate
(= MHIB), as thé@lph&hydesxytaiasiic esterdsassentraf intermediarafor it pregabien. 30 The

preparation of alpla-bygwxyearkpxylic estarsvia theseaetionof ap alepbol yithdib1e of

aIpha-hydroxyce baol%(a ide is detailed by way of example in the publication DE-A-24 54 497. This
publication describes 35 the use of lead compounds in order to catalyse the reaction. In this context,

mention is also made of continuous processes but without providing a technical solution in which the
products ate olnaiped vwithdhigh effotencyy 112 - 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 in turn find their main field of use in
15 the preparation of polymers and copolymers with other

polymerizakle compounds.

An overview of the common processes for preparing
(meth)acrylic esters can be found in the literature,

20 such as Weissermel, Arpe “Industrielle organische
Chemie” ([Industrial Organic Chemistry], VCH, Weinheim
1994, 4th edition, p. 305 ff. or Kirk Othmer
“Encyclopedia of Chemical Technology”, 3rd edition,
Vol. 15, page 357.

25
When the aim is the synthesis of methacrylic esters,
for example methyl methacrylate, methyl 2-hydroxy-
isobutyrate (= MHIB}, as the alpha-hydroxycarboxylic
ester, is a central intermediate for its preparation.

30

The preparation of alpha-hydroxycarboxylic esters via
the reaction o©f an alcohol with an alpha-hydroxy-
carboxamide 1is detailed by way of example in the
publication DE-A-24 54 497. This publication describes
35 the use of lead compounds 1in order to catalyse the
reaction. In this context, mention is also made of
continuous processes 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 5 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$ ot provide a satisfactory solution to the
problems which occur here. 10 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
alpha-hydroxycaséessieshd art ARohePHIBSHe préefice 8f athtaly<tdn éﬁﬂfaﬁ& bR&se, while the

ammonia concgiiratissiadhe seagtionsetition is keplaat(:4%oby weighioy ldss bysearaving ammonia
formed as a gas i a.93s,phase, 24,10 reqovedhe ammpnia i the,feactian golution 432 gas into

the gas phase, It is distilled out of the reaction solution. To this end, the reaction_solution is heated to

boiling, and/or AREpHiSy gdenid aRfert GIEPSHPBIe ARMBIRGh RERELSHon SOITHAEDE The
disadvantages DE tife-groc28s tistlosedlincEP me4s 128frthepgreparatiomefalphaocesses

hydroxycarboxyicesterslyplcohalysisofy,e corigspendingalphaziydrericaraxpmidesganbe 30

summarized as fallows: i. Simply djstilling off the ammonia in a process variant.di Ig ed in EP 0 945

423 is relatively HRHEERE. Fhe ifpfshmertafion of this préfcaat 38 reduird@it 2kf&HaRYeffective
separating colupmd ahddiente afexdeptbhsisyeallol eecHrical Eohfi®dty. ii. When an inert stripping
gas is used additionally or exclusively, the effectiveness of the ammonia - 3 -

A process of this type is known from EP 0 945 423.
Here, a process for preparing alpha-hydroxycarboxylic
esters 1s disclosed, which comprises the steps of
reacting an alpha-hydroxycarboxamide and an alcohol in
15 the presence of a catalyst in a liquid phase, while the
ammonia concentration in the reaction solution is kept
at 0.1% by weight or less by removing ammonia formed as

a2 gas in a gas phase.

20 To remove the ammonia from the reaction solution as a
gas into the gas phase, it is distilled out of the
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 solution.

25
The disadvantages of the process disclosed in
EP 0 945 423 for the preparation of alpha-
hydroxycarboxylic esters by alcoholysis of
corresponding alpha-hydroxycarboxamides can be

30 summarized as follows:

i. Simply distilling off the ammonia in a process
variant disclosed in EP 0 945 423 is relatively
ineffective. The implementation of this proposal

35 requires an extremely effective separating column
and hence an exceptional 1level of technical
complexity.

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, whose handling means
additional complexity. iii. When alpha-hydroxyisobutyramide and methanol are 5used as reactants,
ammonia and residual methanol formed under the conditions disclosed in EP 0 945 423 can be
separated from one another only with very great diﬁiéuﬁy. 10 The fact that it is almost always
necessary to use an inreé%n gas Eor e}Lero:{}%a £%r98\éal arl})dul'the %scsoc,é%tgd aeddité%nsaé hag Iin% of a further
stream (stripping gas/ammonia separatlorB make the procedure proposedX Economica y relatively
uninteresting, which isfai&6 18 TeflBEREESFthCRIBR PR aR Indudtiarpledichtafich ofR Srocess
disclosed to date. In viendaftherprior asingtis #its,an object of the present invention to provide

processes for pragaring,20 g iydiasicarboxuliseatetsieh cansbe peraned in asimple and

inexpensive manner. It is a further object of the invention to pravide a process in which the
alpha-hydroxycarboxyhé 8dte RScah & BbineBVRRAR Lale @RIy TRSddtifidn, R dbject of the
present invention toprdvideagrocessidgare parirtgalphas diydidx/cahoxykitiestérss &t whichmo

by-products or 30 onlyzgmall gmpuiys;of bysproductsarsohtaingd. Atthe same timgothesproduct
should be obtained, as far as‘gpo sible, in hi%h éielqif' , viewed overall, with low energy
t $hd &8 Wi

consumption. 35 This Bbj N oie&e w feHotslated explicitly but which can be
derived or discerned immediately from the connections discussed herein by way of introduction are
achievedihy pragesses having all features obClabadl. Apprapsiatemedificationsofusé - the processes

gccordmg to the I|1né/e£1t|on are plgioc,tecte((_gl1 in (t)f}{aiaepernéjlgg‘tf glfumgrggerrjagebacé(stg Og%p_ é.dThe present
invention accor%hngfy pro%ldges continuGus .
additional handling of a further stream (stripping

gas/ammonia separation} make the procedure proposed
economically relatively uninteresting, which is also
15 reflected by the lack of an industrial implementation

of the process disclosed to date.

In view of the prior art, it is thus an object of the
present invention to provide processes for preparing
20 alpha-hydroxycarboxylic esters, which can be performed

in a simple and inexpensive manner.

it is a further object of the invention to provide a
process in which the alpha-~hydroxycarboxylic esters can

25 be obtained very selectively.

In addition, it was an object of the present invention
to provide a process for preparing alpha-
hydroxycarboxylic esters, in which no by-products or
30 only small amounts of by-products are obtained. At the
same time, the product should be obtained, as far as
possible, in high yields and, viewed overall, with low

energy consumption.

35 This object and further objects which are not stated
explicitly but which can be derived or discerned
immediately from the connections discussed herein by
way of introduction are achieved by processes having

all features of Claim 1. Appropriate modifications of



5 processes for preparing alpha-hydroxycarboxylic esters, in which the reactants reacted are
alphahydroxycarboxamide with an alcohol in the presence of a catalyst to obtain a product mixture
which comprises alpha-hydroxycarboxylic ester, ammonia, unconverted 10 alpha-hydroxycarboxamide
and alcohol, and catalyst; where the process is chardcterized in that reactant streams comprising, as
reactants, an al hahgro?carboxamidek n alcohol Qﬁ'}? a cata!%/stcare fed into a L pressure eactor; 15
the reactant str QI%S & Teacted with ohe anotherin eeprérsléfurré rSactor at a Bressure Inthe range of
greater than 1 Bar tol®0dsareade e proties niivibfL Biduplérakn bfedhbRaRd Ammonia by distilling
off ammonia at a pressure which is 20 constantly kept greater than 1 bar without the aid of additional

ampping meciarl e PMERIive MRS £8R Agleks i plowigg.advamedes amengaiiers: 25

Surprisingly, the ammionia resulting tro e inventive reaction can be removed with a relatively low

level of compleRiPERd 2aSilyERPEMRRERRBHAE (GrBRAPIETFARARBE Aol S BRI for the
alcoholysis or methanchydis of the Etgha-hycsexycaniexamides aldis:id possibie evealhbuagh alcohol,

i.e. methanol, and ammenia i disspiyed tpmhcaerhb%ﬁeeﬂraiedimweg%ogeﬁe@nIasfv@@ very great
difficulty under customary 35conditions. In the seé)aratlon, ammonia is obtained already in very pure

form and can tHiRH ¥dtksed fh vaRGAS BrofesRES WRbUtRRIRHEF puffiicStion S8 T £ 8<5The alcohol
is also obtainechdpdtatiay itioprasenpirky buality seitsie for prowenses andizrenystatiedfor

example jipto aareRAratipHRIQGRSES 150 Addheisama tiine, she-prrscess ofthe invertionavoids the use
of assistants for lt_lhe rem%val of the ammonia; inlparticcular ﬂ}f use ghin,grt gases as stripping media for
where t ac in a

. e process 15 cCha erize
the ammonia becomeés
reactant streams comprising, as reactants, an alpha-

hydroxycarboxamide, an alcohol and a catalyst are fed
into a pressure reactor;

15 the reactant streams are reacted with one another in
the pressure reactor at a pressure 1in the range of
greater than 1 bar to 100 bar; and
the product mixture is depleted in alcohol and ammonia
by distilling off ammonia at a pressure which 1is

20 constantly kept greater than 1 bar without the aid of

additional stripping media.

The inventive measures can achieve the following

advantages among others:

25

e Surprisingly, the ammonia resulting from the
inventive reaction can be removed with a
relatively low level of complexity and easily
from the alcochol, for example methanol, which is
30 used for the alccholysis or methanolysis of the
alpha-hydroxycarboxamide. This is possible even
though alcohol, i.e. methanol, and ammonia in
dissclved form can be separated from one another
only with wvery great difficulty under customary

35 conditions.

¢ In the separation, ammonia is obtained already in
very pure form and can thus be reused in various

processes without a further purification step.



10 unnecessary. Accordingly, in the process according to the invention, no relatively large amount of
additional inert gas stream is obtained, which would in turn have to be removed from the ammonia. 15
The process according to the invention affords the alpha-hydroxycarboxylic esters in high yields and
purities.This is especially true in comparison with the’ processes described in 20 EP-A-0945423, in
which the a-hydroxycar oxamuji1es Ig:}(r)elsubjecteq tsooano%%%ho%%s to th% al_pthahé/dr%ycarboxyllc

esters while maintainin %eveﬁ/ B Clirrentammotiia concentration i the |Iql51Ia phase. Slusrprisingly, it

has been found that th®283setof pressuraipédimbinatidit dthe shapleRFSIMAGSS/Fechfi¢htion not
only allows the additionat measiyre Rfistrippingyvith dneringas jo berdispeased méfnbutdlsa makes a
higher ammonia concentrgtéoeréig} the liquid phase tolerable 30without dispensing with higher
selectivities overall. Atthe same'time, the formation of by-products is unusually low.In addition,
especiallytaking 35account of the high selectivity, high conversions are achieved. The process of the
present invention aéso Bas arhextreansdy lowntendeticy toloomdyysproductshe 6inireaddition, the

process according to the,igyaatiopgan heperfomedinexpensivelys espagially Mithua low ejgergy
demand. At the same 5 time, the (éa?glﬁ/sts used for the alcoholysis of the §I§ha- ydrox¥carboxamide
i

can be used over a lon§'Bericd W the YaIe®RAY bF e etivity) FecrdiSing” In tifv&dpect, the

catalysts have a high litstiness 18s stripping media for the ammonia becomes
10 unnecessary. Accordingly, in the process

according to the invention, no relatively largeé
amount of additional inert gas stream is
obtained, which would in turn have to be removed

from the ammonia.
.15 .
¢ The process according to the invention affords
the alpha-hydroxycarboxylic esters in high yields
and purities. This is especially true in
comparison with the processes described in
20 EP-A-0945423, in which the oa-hydroxycarboxamides
are subjected to an alcocholysis to the alpha-
hydroxycarboxylic esters while maintaining a very
low current ammonia concentration in the liquid
phase. Surprisingly, it has been found that the
25 use of pressure in combination with a simple
distillation/rectification not only allows the
additional measure of stripping with inert gas to
be dispensed with but also makes a higher ammonia
concentration in the Jliquid phase tolerable
30 without dispensing with higher selectivities

overall.

e At the same time, the formation of by-products is
unusually low. In addition, especially taking
35 account of the high selectivity, high conversions

are achieved.

e The process of the present invention also has an

extremely low tendency to form by-products.



Finally, the process of the present invention can be performed particularly advantageously on the
industrial scale. 15 Intheprocessoftheinvention,alpha- hydroxycarboxylic esters are prepared by the
reaction between the alpha-hydroxycarboxamide and alcohol reactants in the presence of a catalyst.
20 The alpha-hydroxycarboxamides used in the readion of the invention include typically all of those
carboxamides which have at least one hydroxyl group in the alpha position to the carboxamide group.
25 Carboxamides in turn are common knowledge in the technical field. Typically, these are understood
to mean compounds haiiing grédps bPthe forffia -CORFER'S, in 3FFEHFRLAAD Rtare eaef

independently hydrogen ¢ &-@rosp havingnl-30 sarbonaaiemsrmenth corprigesnis B3parficular 1-20,
preferably 1-10 and in % 1] Iﬁaij%]c%mgﬁ agonlso‘;}'h&{:%g%%xagg%%%y Gamprise 1, 2. 3, 4 or more
- R u

groups of the formula ese include In particular compounds of the formula R(-CONR'R"),

in which tife R radical i$ &%foud-RavirtP E BB Son S5 dtohRE whith iPpSTRaHRY RAS 19D, preferably
1-10, in particular 1-5 andemaréitefergaly @x3 canttonatoide R'cird Ricareieadh asrdefined above

and n is an integer in t%@ge?}%gi% preferably; -4 angd-morg.nreferablyl,or 2,.- 7 ¢ fbe

expression "group having 1to 30 carbon atoms’ denotes radicals of organic comgoundsghaving 1lto

30 carbonatoms.InaddifiGhitb&idiaticATE 5Fterd@romatil groips, it alshiREtass aliphdfic and
heteroaliphatic groups,dettedaraple dikyiecycldalkyl, alkoRyE igyeloalkoxy, cycloalkylthio and alkenyl
groups. Thke groups mentioned may be branched or unbranched. 10 According to the invention,

aromatic groups de.not%ga}lda{iz_ads of gﬁ)no- ocr)gglg/gycllif atrgrenatic comrg)ounds ha)éifgrpr%fe ably 6 to 20,

. . T a
in particular 6 to 12, carbon atons. Hé&tEroaromatic groupspdre%%?e aryjrpg(ﬁga S in'which at least

one CH group has beeR¢epheebByIRBNBRFE hi AR N adisbedi B1Y§ritHShavé bedifreplaced by
S, NH or 0. 20 Aromatig prheteroammaticlgroups preferred in accordance with the invention derive
from benzene, naphthalene, biphenyl, diphenyl ether, diphenylmethane, diphenyldimethylmethane,
bisphenone, diphenyl sulphone, thiophene, furan, pyrrole, thiazole, oxazole, imida- 25 zole,

isothiazole, isokBzole, BYfaizole PESZEHdiaz&E, 2,5-Gfeny1 4T a05hfazole, 3 thiadiazole,
1,3,4-triazole, 2 petdiphamdrb@wdriiazoles t2rS-triphenydrgBal-tridzdlg, 1 2v-oxashatuien

between the alpha-hydroxycarboxamide and alcohol

reactants in the presence of a catalyst.

20 The alpha-hydroxycarboxamides used 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.

25 Carboxamides in turn are common knowledge in the
technical field. Typically, these are understood to
mean compounds having groups of the formula -CONR’R”-,
in which R’ and R” are each independently hydrogen or a
group having 1-30 carbon atoms, which comprises in

30 particular 1-20, preferably 1-10 and in particular 1-5
carbon atoms. The carboxamide may comprise 1, 2, 3, 4
or more groups of the formula -CONR‘R”-. These include
in particular compounds of the formula R{-CONR’'R"), in
which the R radical is a group having 1-30 carbon

35 atoms, which in particular has 1-20, preferably 1-10,
in particular 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
preferably 1 or 2.



1,2,4-thiadiazole,1,2,4-triazole,1,2,3-triazole, 30 1,2,3,4-tetrazole, benzo[b]thiophene, benzo[b]furan,
indole, benzo[c]thiophene, benzo[c]furan, isoindole, benzoxazole, benzothiazole, benzimidazole,
benzisoxazole, benzothiadiazole, benzopyrazole, benzothiadiazole, dibenzofuran, dibenzothiophene,
carbazole, 35 pyridine, bipyridine, pyrazine, pyrazoie! pyrimidine, pyridazine, 1,3,5-triazine,
1,2,4-triazine, 1,2,4,5-triazine, tetrazine, quinoline, isoquinoline, quinoxaline, quinazoline, cinnoline,
1,8-naphthyridine, 1,5-naphthyridine, 1,6-naphthyridine, 1,7-naphthyri- - 8 - dine, phthalazine,
pyridopyrimidinBh purigsppeesidireor jametEnel dMiq@nolizine? dipHenyt 2ERa antfiragene,
benzopyrrole, haszgoxathiadiazelel benzooxadiazole, beszepyritine, harzepyrazinep 30

benzopyrazidin§a§bb§1[llzopy IE%I%IQG be triaziglgd' Qggline, _gdopygigg}ga@@azopélﬁi@idine,

pyrazinopyrimidine, carbazole, aciridine, phenazine, benzoquinoline, phenoxazine, phenothiazine,

acridizine, benPSHtEAGIAE PRt FEMEEnd prienddthfentEddEPwIRdH R HiSo £8Bptionally be
substituted. Tha¢trefetretiatkyd gtaupsindpde theomethyhetivd, padpwt lisoprepyeddouryl, 2-butyl,

2-methylpropyl, tegtshutyl, pentyl, Zrmethylbutyl, 1L slimathylpeonyhd Snexyh NEPiE RSy,
1,1,3,3-tetramethylbutyl, nonyl, 1-decyl, 2-decyl, undecyi, dodegyl, entadec an the eicosyl group.
oy, %ﬁﬁ, &tlohexyl,

ThepreferredcytialiGFORPsMERLHE S0 Bddlopfogyf By Efobttyt ey
cycloheptyl and the cyclooctyl group, each of which is optionally substituted by branched or
unbranchesl alky} geaupsn g5 The prefirred alkenyhreyps dncluge the vigyb-af, 2daeibyk2-propenyl,

2-butenyl, 2-pente %/(Iiazjdecegg/l and the 2-eicose%§g)§t@ The pref%rr%d heteroalépgggagroups

include the 30 aforérmentionet prel?grl}(e)a alkcilfang Cyclo yfFadi(?a]fs?lnaWﬁ%h at 1east one carbon unit

has been replabed bp®, HEEANTRE Br NRSRO grovip, ahll RBREIRY AL eabh ift@epédrdently an
alkyl group having-t4e, 6casken atoms, an alkoxy group having 1 to 6 carbon atoms or an 35 aryl

group.
15 Heterocaromatic groups denote aryl 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.

20 Aromatic or hetercaromatic groups preferred in
accordance with the invention derive from benzene,
naphthalene, biphenyl, diphenyl ether, diphenylmethane,
diphenyldimethylmethane, bisphenone, diphenyl sulphone,
thiophene, furan, pyrrole, thiazole, oxazole, imida-

25 zole, isothiazole, isoxazole, ©pyrazole, 1,3,4-oxa~-
diazole, 2,5-diphenyl—1,3,4—oxadiazole,‘ 1,3,4~-thiadi-
azole, 1,3,4-triazole, 2,5-diphenyl-1,3,4-triazole,
1,2,5-triphenyl-1,3,4-triazole, 1,2,4-oxadiazole,
1,2,4~-thiadiazole, 1,2,4-triazcle, 1,2,3-triazole,

30 1,2,3,4-tetrazole, benzo[b]lthiophene, benzo[b] furan,
indole, benzo[c]thiophene, benzo[c]furan, isoindole,
benzoxazole, benzothiazole, benzimidazole, benzisox-
azole, benzothiadiazole, benzopyrazocle, benzothia-
diazole, dibenzofuran, dibenzothiophene, carbazole,

35 pyridine, bipyridine, pyrazine, pyrazole, pyrimidine,
pyridazine, 1,3,5-triazine, 1,2,4-triazine,
1,2,4,5-triazine, tetrazine, quinoline, isoquinecline,
quinoxaline, gquinazoline, cinnoline, 1,8-naphthyridine,
1, 5-naphthyridine, 1, 6-naphthyridine, 1, 7-naphthyri-



According to the invention, the carboxamides most preferably have branched or unbranched alkyl or
alkoxy groups having 1 to 20 carbon atoms, preferably 1 to 12, appropriately 1 to 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. 5 The R radical may have substituent8. The preferred substituents include halogens,
especially fluoring, chlorine, bromine, and alkoxy or hydraxyl radicals. _.The g

alpha-hycroxy TS bR Py be decit TRSLB Broches of the RuSALH inBVidtafly BFas a
mixture of two OF tHiad Trlihaeegiffe it AlbHAR hi@idx§ cabbREfides. PRRRtarfrirafétred
alphahydroxycargnsamidesrinelpge adpha;hydsexyisabidytaizide andios, benzooxadi-

alpha- hydroxyisoRieRIoNaguAe o1 U 1% 2150, f RAIHOUBG eI el i 25uadipaan, g drocess

according to the invention, to usé those alpha-hydroxycarboxamides which are obtainable by
cyanohydrih syRERERPHEHKRATRES or RFEHRRIEE LG ST hy drd AR LE9n a PSS the carbonyl
compound, for pyariglena ketonedazgarticilat déetene porraeadebhyds,fodéxampleadeataidehyde,

propanal, butanal;is reagtedwyith Rydrocygaig acid: o, givedhe patticular Gyanohysin, Rayticular
preference is given 25 to reactin J%C.etone and/or acetalgeh%%e ina ty%icglzmannerri Lésin a small
amount of alkaff oP5f an aRiHE"SE BBV In a hE Ep e cyanshydria thus btaied is

reacted with watbetegivh tied Alphahpdroxpeardokamaies 30SEHS redktivh ity pitally péFermed in the

presencelof a %@Iy§h§yﬂ9bl@eca§alyg&sﬂeﬁtf@purpose are in particular manganese oxide catalysts,
as described, for example, in EP-A-0945429, EP-A-0561614 and 35 EP-A-0545697. The manganese

oxide may be used in the form of manganese dioxide, which is obtained by treating manganese
sulphate with pBEsssiEPpEFTRHanateYdnder atiak cbRaitiss (i Siodryt, 50° bR ¥%38-(1951) and

J. Chem. Soc.,d953yp, 218%,c1853)wr py 1 eledirolytic-oxidation oPmanghpésespliphate in
aqueous solutiqn. 1p ggneral, the, catalst isyﬁﬁgﬂ@%lwt@aises in, the dorm of, POWHERGR granule with
r . I | a 4 .

a suitable{:rgarticle size. Inaddition, thé catalyst may be applied 5 to a support. In particular, it is also

possible {0 use’&¥Aited EiTHY feactrd 8t fixed b redctors MAMEh Wy Hi58 be opePatid as a trickle
bed and are deberdbeylintel aliedy EP-A:856c8498. Iadditiod, the apdrfissiy leastion itlag be
catalysed by epzymes, 110;Hhg guitable enzymes include nitrile hydratases. This reaction is described
by way of example in "Screening Characterization and Application of Cyanide-resistant Nitrile

Hydratases" Eng. Life. Sci. 2004, 4, No. 6. In addition, the hydrolysis reaction can be catalysed by
The preferred cycloalkyl groups include the

20 cyclopropyl, cycliobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and the cyclooctyl group, each of which is
optionally substituted by branched or unbranched alkyl

groups.

25 The preferred alkenyl groups include the vinyl, allyl,
2-methyl-2-propenyl, 2-butenyl, 2-pentenyl, 2-decenyl

and the 2-eicosenyl group.

The ©preferred hetercaliphatic groups include the
30 aforementioned preferred alkyl and cycleoalkyl radicals
in which at least one carbon unit has been replaced by
0, S or an NR® or NR®R® group, and R® and R® are each
independently an alkyl group having 1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms or an

35 aryl group.

According to the invention, the <carboxamides most
preferably have branched or unbranched alkyl or alkoxy

groups having 1 to 20 carbon atoms, preferably 1 to 12,



15 acids, especially sulphuric acid. This is detailed, inter alia, in JP Hei 4-193845. The alcohols usable
with success in processes of the invention include all alcohols which are familiar to 20 those skilled in
the art and precursor compounds of alcohols which, under the given conditions of pressure and
temperature, are capable of reacting with the alpha-ﬁydroxycarboxamides in an alcoholysis.

Preference is given to co.nvert'né? the a-rg/drgxycarboxamigﬁ bég@S alc?ho@/g,is Xvith an glcohol, which
n

comprises preferdbly TP Esr oS m8fe préter&Bly 1165 carbon atoms. Preferred alcohols

include methartcBandinsropandiopdtansdl, espeyallarblitakor ind 2anetybiRprdpEndl, pentanol,

hexanol, heptagel, 2eethylhesanal: egianolk B8 Monanol,asd decanelatherlcohohgsed is more
preferably methanol and/or ethanol, methanol being very particularly appropriate. It is also possible in
principle to use precursors of an alcohol. For example, alkyl formates maﬁ be used. Methyl formate or

a mixture 35 offi8thdhol BREGRBonidhokad Gre Bepatiafy etiitable. siEFEEABFYN principle,
this is understogdide tmear atrsactiondhaiebertvaliioh geemits aspéeviatdd presSiirectoilyesnaintained

during the reactigl Ipsthis, csitext; plevaladipressiie mgans garessure egies bdhan atmospheric

pressure, i.e., in particular, greater than 1 bar. In the context of the invention, the pressure may be
within a range of greater than 1 bar to less than or equal to 100 bar. It inevitably follows from the
statements ma@le¢hataReheedsude; dxiicauhing d0iHe snvenave rdzetioVakrdholysis ofike

alphahydiexycarhoxamideandediging ke remawal ohthie-aminonis frm the praduct:aeikiuse, is greater
than atmospheg% pressure or %r]%aater than 1 bar. In particular, thlsd"nlrg%n%g}la% the %rggkoama formed in

: i e .
the 15 reaction’s also distilled dut of tﬁkelrrﬁi?(ture under ggrreessure of greater than r, while

completely dispeisharwiahe el bl assistarka shéls asatidhing BES f6rhedistiRtPE#emoval of the
ammonia. 20 Imthereaniexirefdhariesdion; ihel pupslucs hxiaraigdieptstedoint oplysiniatemonia but

also in unconv%rrt%j/8I§OQgboﬁéﬁggg&%t%ﬁgﬁﬁ%fgﬁgmproI Is used for the alcoholysis, the

result is a product mixture ing, In components ammonia and 25 methanol which are
in princirﬂegvery difficult to separate from one another. In the simplest case, the product mixture is
depleted in amionizsand atcohdl py remaovihg saithtneresrhporents dinectiyfasa tsubstamEe mixture

from the ProdUEﬁq@ipr%-cL@%twgc%{%éﬁr}?&S 80 anesthen sykigetedi o adowpsiteaghseparating
operation, for example to a rectification. On the other Ean%i it is also po sijIe in the context of the

invention to reMOPE the Kot CERPBRETE AT (metRadh) andammdiia ol the prodtitt mixture in
one 35 operatioyandizyd sanmvtivhb @dsicsto Sepparaté gieon@scordtituehBedania and alcohol

(methanol) from paeRnAiRe: -18cxid. 1In a first step, the carbonyl
compound, for example a ketone, in particular acetone,
or an aldehyde, for example acetaldehyde, propanal,
butanal, is reacted with hydrocyanic acid to give the
particular cyanohydrin. Particular preference is given

25 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 cyanchydrin thus
obtained is reacted with water to give the alpha-
hydroxycarboxamide.

30
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

35 EP-A-0545697. The manganese oxide may be used in the
form of manganese dioxide, which 1is obtained by
treating manganese sulphate with potassium permanganate
under acidic conditions (cf. Biochem. J., 50, p. 43
(1951) and J. Chem. Scc., 1953, p. 2189, 1953) or by



it may be of particular interest that the reaction step and the removal of the ammonia/alcohol from the
product mixture are separated spatially from one another and performed in different units. For this
purpose, for 5 example, one or more pressure reactors can be provided and these can be connected
with a pressure distillation column. These are one ot Hore reactors which are arranged outside the

distillation/reactitin cglunln n.ase argtecr.e ion, 10 Ignther\{\éid%st sefs%al,?eigs inl(,:IIude%1 cgﬂgnuous
processes for pereﬁacnrlfﬁgoa% thyO r&xyaca%boxyﬁc esters in Which The Feactants reacted are
alpha-hydroxycaPBexakaile with arggreekein thElipeseaéa bV s katdl§st #e6ktaita 15'Bfotuct mixture
which comprisessalpba-hydrgpycarbexylis festerwaemania, ginenuverted alpha-hydroxybarkoxamide

and alcohol, a r?lé(zg the process bgﬁ‘cgiﬂaéﬁ?tegﬁ%d E‘a@ﬂy?& rﬁ%(?agtest%rﬁg&mprising, as
alpha-

reactants, an 2 ydroxgcarboxamldeI an alcohol and a catalyst are’fed into a pressure reactor;

b) the reactant sfe&mSHBI&Acted Wittidite SHdMRET intthe e i@ rBEESIRLE phestiREin the range
of greater than dobarad k80 bal 25 ¢)the produics mixturéiresdtibg ffomestep dF, scomprisiry

?lpha-r?ydroxyq@éeoxyﬁqgétegaﬁoaﬁg%% alphazhydroxycarbpxamide gadicatglyst, isdischarged
rom the pressure reactor; and d)the product mixture is depleted in alcohol and 30 ammaonia by
distilling off amAfoHiE é%’??)‘res%ﬂ#ée\%i&?l%adonégnﬂ;Eé&éf%%t&qgan ar? g&o%%%’to the
statements madbabdued eogartiddarkeaspropriat@pibcéss nsadifidatiRpcenisageBalaess bl) the
reactants are reaeiedsyith gpeanethefit the pressuie reactorial @ presste dxthe. ramgs of 5 bar to 70

bar: b2) the proglgtpygireyesing fom iep ) [ geosp Pisaagie @ aressyie by fgan the
Characterization and Application o¢f Cyanide-resistant
Nitrile Hydratases” Eng. Life. Sci. 2004, 4, No. 6. In
addition, the hydrolysis reaction can be catalysed by
15 acids, especially sulphuric acid. This is detailed,

inter alia, in JP Hei 4-193845.

The alcohols usable with success in processes of the
invention include all alcohols which are familiar to
20 those skilled in the art and precursor compounds of
alcohols which, under the given conditions of pressure
and temperature, are capable of reacting with the
alpha-hydroxycarboxamides in an alcoholysis. Preference
is given to converting the oa-hydroxycarboxamide by
25 alcoholysis with an alcchol, which comprises preferably
1-10 carbon atoms, more preferably 1 to 5 carbon atoms.
Preferred alcohols include methanol, ethancl, propanol,
butanol, especially n-butancl and 2Z-methyl-l-propanol,
pentanol, hexanol, heptancl, 2-ethylhexanol, octanol,
30 nonanel and decanol. The alcohol used 1s more
preferably methanol and/or ethanol, methanocl being very
particularly appropriate. It 1s also possible in
principle to use precursors of an alcohol. For example,
alkyl formates may be used. Methyl formate or a mixture
35 of methanol and carbon monoxide are especially

suitable.

In the context of the invention, the reaction between

alpha-hydroxycarboxamide and alcohol is performed in a



-13- the pressure reactor and greater than 1 bar; cl) the decompressed product mixture resulting from
step b2) is fed into a distillation column; c2) ammonia and alcohol are distilled off via the top 5 in the
distillation column, the pressure in the distillation column being kept within the range of greater than 1
bar to less than or equal to 10 bar; and dI) the prodlﬂ&?nixture which results from step c2), has been
depleted in ammonia and alcohol and co lEiPrises 10 al ha—hyggo?carsiaox Iicgeersé%ré gacotng/erted
alphahydroxycfrf)%)%asﬁlfaee a%%acca{ftglf/ét IS isgﬁalrﬁgé foni the cotum, |IJ]J¥|LIIS process variant, reaction
of the reactants'&@ad! 15FenkRarsiammoHigakonol EkéPlace® fitvd-Giffepéht sHaBEMFSEbarate units.
In other words, geagiet{ieaction shambenard separatiig Hait ftidhe-emevalof ammartid/alcohol from

the product mixlye,are separdted fram o allalfet, This ks the adyaniage lhat 20 dfigrent pressure

ranges can be employed for the reaction e reactants and the subsequent removal 0

ammonia/alcohbl Athe e RIGHT dFthB I §68Eintola PeactibR 8T Inthe FEes HET8E&Er under
higher pressurectham inla $eparatiig stephie a pressears: 25 ablunihebothrsteps-lheing condacted under

elevated presswfeg%u%a%&rgh% Lparngyecgeds jga nat immediatelyforesepaple-magner, in
addition to the advantages addressed to_ date in I'e)e first variant in the rocg)si ac;orgén to the
invention, in ont&3gai sig‘?ﬁficgﬁﬂﬂ?i]mpJ?@vir%t e &haralifig AARF-&RP oFindrRagiRg The
efficiency of thef ramovdief tegemsoris/alcotiel badret Thepiafisifeaurdsrtentondd gan be

improvecheyven gedurthgiyrrepeating:thg seaclioninibe pressise regetor emee or meyehan once
with the producﬁ mc'lxture depleted in.ammonia anddalcohol in tcr'ﬁa bottom of t seggrati@g column
. 1O a% d e 2]

. XNVC xam1%1‘m a rln mov
ressure distillation coPﬂmn Cthe reac%on stré bein slhlﬁed toa muﬁﬁuge of pressure
p p g shi | p
ammonia from the product mixture, 1is greater than

atmospheric pressure or greater than 1 bar. In
particular, this means that the ammonia formed in the
15 reaction is also distilled out of the mixture under a
pressure of greater than 1 bar, while completely
dispensing with the use of assistants such as stripping

gas for the distillative removal of the ammonia.

20 In the context of the invention, the product mixture is
depleted not only in ammonia but also in unconverted
alcohol. Specifically in the case that methanol is used
for the alcoholysis, the result 1s a product mixture
comprising, inter alia, the components ammonia and

25 methanol which are 1in principle vwvery difficult to
separate from one another. In the simplest case, the
product mixture is depleted in ammonia and alcohol by
removing said two components directly as a substance
mixture from the product mixture. The two substances

30 are then subjected to a downstream separating
operation, for example to a rectification. On the other
hand, it 1s also possibkble 1in the context of the
invention to remove the two components alcohol
(methanol) and ammonia from the product mixture in one

35  operation and at the same time also to separate the two
constituents ammonia and alcohol (methanol} £from one

another.

In a preferred process modification of the invention,



-14- reactors connected in series. In this regard, very particular preference is given to a process
variant which is characterized in that 5 e)the product mixture discharged in step dl) is compressed to a
pressure in the range of 5 to 70 bar; f)the mixture compressed in the manner according to step e) is
fed into a further pressure reactor for reaction and aléwed to react again; and 10 g)steps b2), cl), c2)
and dl) are repeated according.to the apovementioned enumeratjon. Accordingly, it is Qf particular
interest that themixtdré &&pI& d?ﬁﬁ%lrﬁgrj?i%ranﬁnéﬁ%ﬁgﬁs \F(\a/ﬂﬁ ra%vﬁnelg ?r%'r:ng%?%ysgtbec%/e the
bottom of the figstdistligticreasiumh, edmphesseriolgréasdgrehgréafer hart iethekhstiliakion column
and then fed inpi & sgeendressyepraacteld Wheneei afteryanpiier reactiontbdelithe aatibn of
elevated pressyig and iemperaluria9utpin,e 20, e Teagied piagiist Miylig LS deggmpressed
back to a press%re ess than in the second pressure réactor and greater than 1 bar, and then recycled

into the first disEFIBHLEGIURR DKy IHREPAPHSRSHHIEh HRAREE TR0 TRE sECMRITELSHE reactor
was effected butrzd abrvesthedotiom obthedirsedistittatibn £okmes svireredainsmbhicedrdiadalcohol are

again distilled qff vig the top-jp.qhtain a mixfixe twice depleted in ammpgria ang aleghol, 3Q This
process step can be repeated as desired; for example, thr%{%l?sfour repetitiogﬁZ are particularly
[ |

favourable. In {AETRRERE pRIERHLE it Re M T S bro@ st MIER TS ERSACERZET h thit fRe reaction

in separate region.

10
In the widest sense, this includes continuous processes
for preparing alpha-hydroxycarboxylic esters in which
the reactants reacted are alpha-hydroxycarboxamide with
an alcohol in the presence of a catalyst to obtain a

15 product mixture which comprises alpha-hydroxycarboxylic
ester, ammonia, unconverted alpha-hydroxycarboxamide
and alcohol, and catalyst; the process being
characterized in that
a) reactant streams comprising, as reactants, an

20 alpha-hydroxycarboxamide, an alcohol and a catalyst are
fed into a pressure reactor;

b) the reactant streams are reacted with one another
in the pressure reactor at a pressure in the range of
greater than 1 bar to 100 bar;

25 <¢) the product mixture resulting from step b),
comprising alpha-hydroxycarboxylic ester, unconverted
alpha-hydroxycarboxamide and catalyst, 1is discharged
from the pressure reactor; and
d) the product mixture i1s depleted in alcohol and

30 ammonia by distilling off ammonia at a pressure which

is constantly kept greater than 1 bar.

According to the statements made above, a particularly
appropriate process modification envisages that

35 bl) the reactants are reacted with one another in the
pressure reactor at a pressure in the range of 5 bar to
70 bar:
b2) the product mixture resulting from step bl) 1is

decompressed to a pressure lower than the pressure in



the pressure reactor, the decompression of the reacted 35 mixture, the feeding into the first distillation
column, the depletion of ammonia and alcohol in the first distillation column, the withdrawal of the
depleted mixture, compression and feeding of the depleted mixture into a further pressure reactor, are
-15- repeated more than once, to obtain at the bottohr of the pressure distillation column, a product
mixture which hC S beerrwedS%pI%ted régrgggrin aarrlnc{nor}igaa{nedralggh%l alccggdir_lg to the number n of
pressure reactors 5 &onnected in'series. i may bé & positive m?eger grea]l:tér than zero. n is preferably
in the range of 239 10the\n dpproPIEES pRste R TABHFiEatiBh BhvisBgeseRALheD afdieMentioned
steps e) to g) defirgd BRQVe arerrepeniatbmerel ihani onee: Maty specitie process variants include the

performance of the reagfion.and depletion foHs imgs sigpdoyn 13 gresspre eactogs cqppected in

series to obtain a product mixture depleted four times in ammonia and alcohol. This process variant is
accordingly chatBctefiPéd indhatdbpe ki t8g) SeePBated R feasPifics Mére, d8that e reaction is
performed in 2Qasatal dhatileast fouk seriesiponngctadepressurg-teactorshin thisggenection, it is

obvious to thosg,skilledyin {hg Artihaka sufficient amaun of alcolpkis presarnt 35:ip eaghyeaction
step. Therefore(,j%lle protguct mix§1re is refetrabl deﬁlﬁtg}d onlt\{i]gﬁgiallyfin alcohtol. On Hse other hand,
the alcohol can‘Hido b&™Xtd&d & Bgr%te%}f& tWé%a‘F‘f Ufat réaction-® *FOm SLeP Cely
has been depleted in ammonia and alcohol and comprises
10 alpha-hydroxycarboxylic ester, unconverted alpha-
hydroxycarboxamide and catalyst is discharged from the

column.

In this process variant, reaction of the reactants and
15 removal of ammonia/alcohol take place in two different
spatially separate units. In other words,
reactor/reaction chamber and separating unit for the
removal of ammonia/alcohol from the product mixture are
separated from one another. This has the advantage that
20 different pressure ranges can be employed for the
reaction of the reactants and the subsequent removal of
ammonia/alcohol. The separation of the process into a
reaction step in the pressure reactor under higher
pressure than in a separating step 1n a pressure
25 column, both steps being conducted under elevated
pressure, i.e. greater than 1 bar, succeeds, in a not
immediately foreseeable manner, in addition to the
advantages addressed to date in the first wvariant in
the process according tco the invention, in once again
30 significantly improving the separating action and of
increasing the efficiency of the removal of the

ammonia/alcohol mixture.

The quality features mentioned can be improved even
35 further by repeating the reaction in the pressure
reactor once or more than once with the product mixture
depleted in ammonia and alcohcol in the bottom of the
separating column (pressure distillation column), the

reaction step being shifted to a multitude of pressure



30 For the given process variant, different temperature ranges in the column and the reactor have
been found to be particularly appropriate. In the process variant described above, the reaction in 35
step c) can be performed at a higher pressure than the distillation of the ammonia in step d). The
difference in pressure is preferably at least 10 bar, Thdre preferably at least 40 bar and most preferably
at least 50 bar. -16- Eor instance,the pressure distillation column generally and preferably has a
temperature in %%ar%ncdlésof%%%ﬁﬁ%épcio Hbout 166E. The exact temperature is 5 established typically
by the boiling system depending on the pressure conditions existing. The temperature in the reactor is

preferably in thg rangeief abeyh 120C-240¢. s verjaricyary 4@ appeoptiategtovewer the
temperature frogﬂ saciorto r@gg%,nfgr ﬁé%@gleiig Sé%%?:ﬁb@@ffggé o{ﬁ-lé]%,tpreferably 4-10C and

very particularly a prof%r?lately In steps o . This positively influences the selectlvi?/ of the reaction.
15 A furthet mebure fotncieaSigdhe iedtivig mayaEbedorsit inFed §GRE the fdactdP volume
from reactor to ceagtar Y¥itildécreasmgearsactos voluntdrat imerggsing convaersion, barmproved

selectivity is 20 gikewisg,@btaiped, Tae reductian inthergagtaL voldmedpay prefei@blybe in the range
of 1% to 50%, more preferablg 2% to 20% and most pr ferablﬁ 5% to 10%, based on the volume of
the larger reactSF fFealh cas .def%e HBusTmeRdhrdsTor iR&RBENGIhe SEs&Rity 8 be

combined partiaiadr advarstageadsipwrslst ther parsonagkiligezinahég art can optimize the selectivity in

a simple manney\by vayinigpressyrectemperature aaddesideree tiage Mosel perfetahiy,the reaction

can, for 30 exarggl be effected at a temggrature in th% range of 200 to 220C, and the residence time
A he abov?m?n 16n enuﬁsra 1? . )
can be optimized. The removal of ammonia from the reaction mixture allows the reaction to be

repeated several times, and this allows particularly appropriate reaction control, i.e. 35 high selectivity
at low costs, toeqctigvesflly, it is of particular interest that the

mixture depleted in ammonia and alcohol 1is withdrawn
15 from a tray above the bottom of the first distillation
column, compressed to a pressure greater than in the
distillation column and then fed into a second pressure
reactor, whence, after another reacticn under the
action of elevated pressure and temperature to obtain a
20 twice-reacted product mixture, it is decompressed back
to a pressure less than in the second pressure reactor
and greater than 1 bar, and then recycled into the
first distillation column below the tray from which the
feed into the second pressure reactor was effected but
25 above the bottom of the first distillation column,
where ammonia and alcohol are again distilled off via
the top to obtain a mixture twice depleted in ammonia

and alcohol.

30 This process step can be repeated as desired; for
example, three to four repetitions are particularly
favourable. In this regard, preference 1is given to a
process which i1s characterized in that the reaction in
the pressure reactor, the decompression of the reacted

35 mixture, the feeding 1nto the first distillation
column, the depletion of ammonia and alcohol in the
first distillation column, the withdrawal of the
depleted mixture, compression and feeding of the

depleted mixture into a further pressure reactor, are



As already mentioned above, it is favourable to withdraw the product mixture to be withdrawn from the
pressure distillation column at certain points in the -17-- column. For orientation, the distance of the
withdrawal point from the bottom (column bottom) of the column is used as a relative statement of
position. In the context of the invention, the proced'LFréTs particularly 5 appropriately to feed in the

decompressed product mixture of step cl), after each further reaction in a pr. re reactor, more
closely adjacen % ?ﬁg-' Snétténr?]ro? t_i%1 é)flstj ation’ co %mﬁ%%gs}éld %ﬁa thtr;hfee% ;i?r%t%of?iﬁe %%éd of the
preceding stepRNEI6Tiis proeédd vartamtars advaitagebusly teattre Fetoriafce’BEFR reaction in

step b) at a preisagre indba radge bE28darto 90 e smote prefanabiy 40 bando 88 bastamt most
preferably 50 bQ&B%ZQ{R% 15,The ammonig,ganhe digfilled i stgggg pigferablyat g pressure in the

range of 1.2 bar to 10 bar, more preferably 1.5 bar to 3 bar. 20 In ‘addition to the variant described, in

which the PeacfGBEHESIphahydFGEtEboxatidBdth (A8 alfohdi9E hErSimed BEFSately from the
removal of the ameadria whien results thereins aporiteathiel products)n wemgpatiafly Separate but
connected unitggit may be 25 preferred in a further process modification to undertake the reaction step
and the removal step in a single apparatus. Pressure reactor and pressure distillation column are
realized in a single unit, and effectively coincide. 30 In this particular embodiment of the invention, this
includes continibuspressésict prasarmgcal piahyEiGdeatioxgvdSaesin vitieh theleactants
reacted are alphadistrexicashexamide yyith ansglcohad in e 35deresaree ofapeatalystieeobtain a

product mixturq__gvé]'é &%%{ngg%ees %lglg%-tlﬁq%@(ycarboxylic ester, ammonia, unconverted
r coho

alpha-hydroxycarboxamide and also a and catalyst; in this process, a') reactant streams
comprising, as reactants, an
Very specific process variants include the performance

of the reaction and depletion four times using four
15 pressure reactors connected in series to obtain a
product mixture depleted four times in ammonia and
alcohol. This process variant is accordingly
characterized in that steps e) to g) are repeated at
least twice more, so that the reaction is performed in
20 a total of at least four series-connected pressure

reactors.

In this connection, it is obvicus to those skilled in
the art that a sufficient amount of alcohol 1is present
25 in each reaction step. Therefore, the product mixture
is preferably depleted only partially in alcochol. On
the other hand, the alcohol can also be added

separately to the particular reaction.

30 For the given process variant, different temperature
ranges in the column and the reactor have been found to

be particularly appropriate.

In the process variant described above, the reaction in

35 step ¢) can be performed at a higher pressure than the
distillation of the ammonia in step d}. The difference
in pressure 1s preferably at least 10 bar, more
preferably at least 40 bar and most preferably at least
50 bar.



-18- alpha-hydroxycarboxamide, an alcohol and a catalyst are fed into a pressure reactor; b’) the
reactant streams are reacted with one another in the pressure reactor at a pressure in the range of 1 5
bar to 100 bar; c') the product mixture is depleted in alcohol and ammonia by distilling off ammonia at
a pressure which is constantly kept greater than 1 baPwithout the aid of additional stripping media;
and 10 d') the product mixture which results from step c'), has been depleted in ammonia and alcohol
and comprises alpha-hydroxycarboxylic ester, unconverted alphahydroxycarboxamide and catalyst is
discharged frori e predstitaiésotor. 15 Fhe pREREREHge BiFdBdetié®Tn theeaBdvidescribed
variant of the inyentien,Jirefesably it a feaatvieydiatilatian compar servireg as thehkeaetntgis variable

over wide ranges: A piefierrag,embodimant of 2 e favetion encompasses he, pgrarmance of steps

a') to ¢') simultaneously In_a reactive distillation column at a pressure in the range of 2 bar to 50 bar,
preferably® baf &30 b QartidRdfs tavbuRible PHocdieid bR inSWRiER S e PERI8 B%re
performed 25 simultdree qistsisuarreactive distilatoresalabumat.a pressure in the range of 10 bar to 30
bar. In a preferred variant of the process according to the invention, the reaction of the reactants is
performed 30 mE reactive distillation Columnhdeygned as a pressure cfolumgland.the mmonia

formed is distilled ot ESRRTUCUSE Via the top S da

of the coramn du.rlngE%ﬁé'3 reaction’ '!'hllé1 achieves the
surprising effeck@retamafoniakentbe Fahoved 4AdFecotdrediimn highpurityas BE@nER imple
manner withoubpeadpg 1@ teduee the pressuten Alse ehpartictilardnteresiin this ceptextto

reactor, for example in steps in the range of 3-15°C,
preferably 4-10°C and very particularly appropriately
in steps of 5°C. This positively influences the
selectivity of the reaction.
15
A further measure for increasing the selectivity may
also consist in reducing the reactor volume from
reactor to reactor. With decreasing reactor volume at
increasing conversion, an 1lmproved selectivity 1is
20 likewise obtained. The reduction in the reactor volume
may preferably be in the range of 1% to 50%, more
preferably 2% to 20% and most preferably 5% to 10%,

based on the wvolume of the larger reactor in each case.

25 The various measures for increasing the selectivity can
be combined particularly advantageously. Thus, the
person skilled in the art can optimize the selectivity
in a simple manner by varying pressure, temperature and
residence time. More preferably, the reaction can, for

30 example, be effected at a temperature in the range of
200 to 220°C, and the residence time can be optimized.
The removal of ammonia from the reaction mixture allows
the reaction to be repeated several times, and this
allows particularly appropriate reaction contrel, i.e.

35 high selectivity at low costs, to be achieved.

As already mentioned above, it is favourable to
withdraw the product mixture to be withdrawn from the

pressure distillation column at certain points in the



is a variant in which ammonia is distilled off under pressure via the top of the column, and the alcohol
is removed from the column via the bottom or via a -19- sidestream. An appropriately adjusted
separating action of the reactive distillation column thus achieves immediate separation of ammonia
and alcohol. 5 The reaction temperature of the invahtive reactions can vary over a wide range, the

reaction rate generally increasing with increasing temperature. The uppet temperature limjt arises
L5 bt OF e a0t e The Foactin Tomberald ‘“B‘ei%&;)rr%?e%bw in the

generally from ﬁwe‘ Boiling point o cohol Used. The reac emperature IS .
range of 40-300C1ifford prsteralbfy 120L2H0C AfE-HHESt pherbEably 1896C 812260 LPBithé $hvention, it

may be advantageaus wﬁen;at mest= by V&iglﬂtem@ferabi)f at pmi‘é%)by weight arteemore 15
preferably at mosh{¥edy weiot o heAleanalpresait i hedeagion phaseisremeyed ftom the

reaction system via the gas phase. This measure allows the reaction to be performed pariicularly

inexpensively. APPTOBSARLE He rezltior €§&temR adviftage6GaYRBSTRERe iIRTRAYEE kept
constantly underix pressurefof greatercthan ldfaren thisdasé theheactioasystam may camprise in

particular the regigas gf-the systere in whigh thesegelian prageeds.and ths regiansRfibesystem in
which the ammonia is removedjarljcn)_m the 25 products and th%alcoho , especially the qustiII%tion

columns. Accoffindiy Shé S8Paratidh ot AniHomA and AESHol 88 preferablybeSHétied 4t a pressure
of greater thanthisarf asste prefehably yeasdi theanst.8ha® Iwith a very high efficiency. In this context,
30 it mayylpe particularly appropriate that at most 10% by weight of the alcohol, based on the alcohol

supplied Within?%H:eLSresidence time, is distilled tout o(i%;%e re%(ai‘?gnsélggég&%ggher ]\glé'tgé[]%gmmonia. 35

. roges Vv 1larn .
The residence time mayppreFeragly be 30 seconds to 2 hours, more preferably 1 minute to 30 minutes
and most prefeP&BIY 2FRRLESs Rf15 Rfindtea CHHE ddta BF€Préferably BasdF S Herestor volume.
In the case of a pkiratifhefereactorsptheasuntof tho Vieluimesmefitbe p26fpresbine réactoes is

employed, with,ggt g‘t?lqgér}g the.volume %fztg% ggy%ifo%@pgg@t% When, tgactive stills also are used,

the resid(fgce times are calculated correspondingly from the volume of the

The ammonia can be distilled in step d) preferably at a
pressure in the range of 1.2 bar to 10 bar, more

preferably 1.5 bar to 3 bar.

20 In addition to the wariant described, 1in which the
reaction of the alpha-hydroxycarboxamide with the
alcohol is performed separately from the removal of the
ammonia which results therein, among other preducts, in
two spatially separate but connected units, it may be

25 preferred in a further ©process modification to
undertake the reaction step and the removal step in a
single apparatus. Pressure reactor and pressure
distillation column are realized in a single unit, and
effectively coincide.

30
In this particular embodiment of the invention, this
includes continuous processes for preparing alpha-
hydroxycarboxylic esters in which the reactants reacted
are alpha-hydroxycarboxamide with an alcohol in the

35 presence of a catalyst to obtain a product mixture
which comprises alpha-hydroxycarboxylic ester, ammonia,
unconverted alpha-hydroxycarboxamide and also alcohol
and catalyst; in this process,

a’) reactant streams comprising, as reactants, an



5 reactive still. For the present invention, in one variant, any multistage pressure-resistant distillation
column which preferably has two or more separating stages can be 10 used. In the present invention,
the number of separating stages refers to the number of trays in a tray column or the number of
theoretical plates in the case of a column with structtfed packing or a column with random packing. 15
Examples of a multistage gistillation olumn.with trays include those such as pubble:cap trays, sieve
trays, tunnel-ca%wt?g]fs,%% vreot}riéfy%?g o‘f}t<r5<'§1r%\,{¥1§(f)ttéa1 si‘ggg %3;1?/2, Ul Iea‘-céﬁc&)l E?e?v%st}cay%ﬁet trays, 20
centrifugal tray$<€iér Anhaltistagbshsiaon TBRIAT with random packings, those such as Raschig
rings, Lessing tiy1gs, Palldings aBed saddles datadoxasaddies: anddfow athultisiagedistiiation column

with structured packings Jpose such s Mellapaki(Sulzen 23 Bambopaioniz:fak (Boniz). and

structured packings with catalyst pockets, for example Kata-Pak. A distillation column with
combinatiohs otP‘?‘égiBFfs oPfta Lot regions of random packings or of regions of 30 structured packings
can likewise bectised. fline produdtaiixtune xiepletedis ardswhateanpiisesa itehalln, thedesired

alpha-hydroxycarhesylig e’éﬁ?“c‘f@éﬁ'ﬂﬂﬁ&i?"'@@ anghRyyification of theresienie35/8 Rossible, in an
appropriate process modificati(i?f, to draw off the Eroduct mix%” deplete%in ammgnia via the bottom
e

of the distillatioh ot 5AG 1 feeliSPD aFhRAEFSecond lis 'Ilgt% MR Wrheréthé afdohol

of additional stripping media; and

10 d”) the product mixture which results from step c¢c'),
has been depleted in ammonia and alcohol and comprises
alpha-hydroxycarboxylic ester, unconverted alpha-
hydroxzycarboxamide and catalyst is discharged from the
pressure reactor.

15
The ©pressure range to be observed 1in the above-
described wvariant of the invention, preferably in a
reactive distillation cclumn serving as the reactor, is
variable over wide ranges. A preferred embodiment of

20 the invention encompasses the performance of steps a')
to ¢’) simultaneously in a reactive distillation column
at a pressure 1in the range of 2 bar to 50 bar,
preferably 5 bar to 40 bar. A particularly favourable
process is one in which steps a’}) to ¢') are performed

25 simultaneously in a reactive distillation column at a

pressure in the range of 10 bar to 30 bar.

In a preferred variant of the process according to the
invention, the reaction of the reactants is performed
30 in a reactive distillation column designed as a
pressure column, and the ammonia formed is distilled
off continuously via the top of the column during the
reaction. This achieves the surprising effect that
ammonia can be removed and recovered in high purity in
35 a very simple manner without needing to reduce the
pressure. Also of particular interest in this context
is a wvariant in which ammonia is distilled off under
pressure via the top of the column, and the alcohol is

removed from the c¢olumn wvia the bottom or via a



is distilled off via the top of the column to obtain a -21- mixture depleted both in ammonia and in
alcohol, and preferably recycled into a reactor. For further isolation and recovery of the alpha- 5
hydroxycarboxylic ester from the mixture depleted in ammonia and alcohol, preference is then given to
a process in which the mixture depleted in ammoniid &nd alcohol is discharged via the bottom of the
further distillatior:IL Cciglu][;nrr;a gnd f?_g to #gat a fughgq:(lag distigatLiloSr]cc(_:Q%Jn%réin\évpgchjtfrllealgh%-i 0
hydroxycarboxﬁlc esier 15 aistilfed offia the %op, ard the this obtained mix uregdepfeteg In ammonia,
alcohol and alpP&-hyiiéxy cBesEyiE @stef 1if hpprophhrnaftSifuRREr plfitatiod SEIRVAS1S5 recycled
into the reactori e dlpha: hydioxyearbexykcre siamprothuch abitaiietbyia the top of the column is highly
pure and can, for example, be fed extremely advantageously to further reaction steps for obtaining
alkyl (meth acr%l?tes. 20 As outlined, the distillation apparatus preferably has at least one region,

known as reactbiSin ¥AAGH AP ReaSEBRE Eafalyst iCfrobRRd I TRRYEAH D r FREF B YeiciiBeY, preferably
be within the distiltatiorr 28:colamm.ildehercontext oftthe inveatidn,ahhasdieen foumethat the

procedure outlipgd capdelerate gilarge specirumafpantiiative ratiqsef the feactantgfeqr instance,
the 30 alcoholysis can beé?erfor[itned.at a relatively Iarge alcqL ol excess or efici ncy £om ared to the
i

alphahydroxycBBRGRide Partictiat brefetdiseis GVBR TS processe®Th which the reaction of the

reactants is ungeriaiencdt atimelad Septing rativest aldohe| t6e35-Albba-hyampgEatbosamide in the
range of 13 toZBslMGMAHO isnvenhparticilaily appropuatedoti2,to hsdeang £¥es Ry
apmnpnakﬂylf&gl%%%oc and most preferably 180°C to 220°C.

For the invention, it may be advantageous when at most
10% by weight, preferably at most 5% by weight and more
15 preferably at most 1% by weight of the alcohol present
in the reaction phase is removed from the reaction
system via the gas phase. This measure allows the
reaction to be performed particularly inexpensively. In
this context, the reaction system is advantageously
20 notable in that it i1s kept constantly under a pressure
of greater than 1 bar. In this case, the reaction
system may comprise in particular the regions of the
system in which the reaction proceeds and the regions
of the system in which the ammonia is removed from the
25 products and the alcohol, especially the distillation
columns. Accordingly, the separation of ammonia and
alcohol can preferably be effected at a pressure of
greater than 1 bar, more preferably greater than
1.5 bar, with a very high efficiency. In this context,
30 it may be particularly appropriate that at most 10% by
weight of the alcohol, based on the alcochol supplied
within the residence time, is distilled out of the

reaction system together with the ammonia.

35 The residence time may preferably be 30 seconds to
2 hours, more preferably 1 minute to 30 minutes and
most preferably 2 minutes to 15 minutes. These data are
preferably based on the reactor volume. In the case of

a plurality of reactors, the sum of the volumes of the



-22- characterized in that the alpha-hydroxycarboxamide used is hydroxyisobutyramide and the
alcohol used is methanol. 5 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
homogeneous catalysts and heterogeneous catal ."10 Catalysts of very particular interest for the

performance of the process according to the invention are lanthanoid compounds, particular
preference beir?grﬁls\?ﬁﬁlice) wafePStl e]aﬁ%an%?é%%’ %%Undﬁ%%ugtse 6fp J%J ?h%é i ejg?e
homogeneous Eathlets iPA probess 8t teliklafticiis Aewd BhbYeads W StrprishRfly aBfantageous
results. The tergy water-stables meaps thatithedatalyst setains #s Gatadwic praperties iathe presence

of water. Accordingly, e inyentxs. 20 1gaglen,ean be gfisgledindhe piosgnce ofup (.42 by weight

of water without this s[gnlflcantli Impairing the catalytic ability of the catalyst. In this context, the
expressior "sighffRahtyemeahs that the reaction rate and/or the selectivity decreases at most by
50%, 25 based on the reaction without the presence of water. Lanthanoid compounds refer to

compounds of kg, Ce, By Nd Bk, S Eus Grb Tich By, HoEr, Toh'b apgfaralis Prefgrgnce is given
to using a lanthanoid, compound 30 which come%ises lant anun;ll. The Ianthanlfid compound preferably

has a solubility W WetSC6135 1845 I°0F Préferaniy AP feaSt 10 HHLAEISE. S0P REER tirthanoid
compounds aresaifewhlchvardprefetaisly presane irethe eridlaasn Reateséfag e 3-Cegmpdands are
La(NO3)3 @nd/gLaCl3. These gempgurgsdnay bei added tthe reagtion mixiira-as sajts or be
formed in situ. 5 Further homogeneous catalysts useable successfully in the nt jnvention include
alkali metal alkdxides ‘—f'lal!r%%inc%gagn%o"fl”tggeetgllIi(J:C giééf)gur? SO fan%%ﬁ%%%n%%lu%%%gm. rll}efgrence is

given to using & HeanilFR BEXideror theal KOHIERE Forrdx arhisie ifdri Gl Pk aRdpidbyldiie or tin

tetrabutyloxidecase of a column with structured packing or a column

with random packing.

15
Examples of a multistage distillation column with trays
include those such as bubble-cap trays, sieve trays,
tunnel-cap trays, valve trays, slot trays, slotted
sieve trays, bubble-cap sieve trays, jet trays,

20 centrifugal trays; for a multistage 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),

25 Rombopak (Kihni), Montz-Pak (Montz), and structured
packings with catalyst pockets, for example Kata-Pak.

A distillation column with combinations of regions of
trays, of regions of random packings or of regions of

30 structured packings can likewise be used.

The product mixture depleted in ammonia comprises,
inter alia, the desired alpha-hydroxycarboxylic ester.
For further iscolation and purification of the ester, it
35 is possible, in an appropriate process modification, to
draw off the product mixture depleted in ammonia via
the bottom of the distillation column and to feed it to
a further second distillation cclumn, where the alcohol

is distilled off via the top of the column to obtain a



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. 15 Another specific modification of
the process of the invention envisages that the catalyst used is a metal trifluoromethanesulphonate.
Preference is given to using a metal trifluorometha %ulphonate in which the 20 metal is selected from
the group consstmg of the eIerfggtesdm gr Lii?s 1,2,3,4,11,12, 13 and 14%]: tt}le pLerlodlcdtable.

Among these, S‘rﬁergﬁge IS given to using t oslehmgtrgﬂ?ﬁlﬁ%ro?n% aﬁrésu?p Tonated in Which the metal

corresponds toR¥riGAbley/|aptitaidlgs 2B ThcadtitisiRethE preferred variants of homogeneous
catalysis, processes using heterogeneous catalysts are also appropriate under some circumstances.

The heterogen%%l.is cq}g(lay?élsg |i2%%%§g%%e&?fU|lgljl Iu%eegg‘p%q_qpes_ggn oxjde, cglﬂyrr;rgl oxide and

basic ion exchangers an or example, preference may be given to processes in which the

catalyst is 2n ifSORANE HrtaRoRide Which 25edontaiat [ea8t dhb*diemhent SeREEE fonthe group
consisting of ShyheyM,d_az@e, Ty KrpHbN, NprédcCride, W, sTc,tRerFegCueNi, €, Af Si, Sn, Pb

and Bi. -24- Aligrpalively, prefergaes may be ﬂ}ﬁ’ﬁ@&wr%@éi@%wm?ﬁ thacatalyst yaed is an
insoluble metal selected from the,ghe‘rrou‘[%l con%]stlng of Tj, Zr, Hf, V, Nb, chp, C%Mo W, Fhe, Co, Ni, Cu,
Ga, In, Bi and Te-&PRe arhofMaTeRaE85h tFhealcshislysRORTRE prdfess i the4ivdition can then,
for example, belistytlebn sosimpleanamrer toaadlovefdprodess forpreparing afkix theth)acrylates.

For exampie, aminaeniacanike, 10 reactadith methanol to givedydrocyanis acid. Ihjsnis-detailed, for
example, in EP-A-0941984. In addjtion, the hydrocyanic acid ¢an be gbtained from a nia and
methane by theh BVIA %Vﬁ%ﬁ%)u%x er?roge%s?ﬁeég pr%)%:gagsl(ésiggng ggsc‘?ﬁbgd %Ilrrr?q H's
Encyclopaedia@®td5s [Ragstrid Cherfidty SaeaditlbdCD-REMLahEst "1AdrgaTEeYare

Compounds". Hie-amaonia candikewise giearenyeled itoarbarploxidatiore ptogess, forekample the
industrial scale y]) B ft%cryl r}lgg% fromp ammonia, oxygep and propene; Jhe acrylgnitrile 20
synthesis is degsg bed under "Sor%lo Process" in Industri;gl?%rgaﬁic Chemistry b)é/k?(. ‘Weisermehl and
FLJ.AW%QHH%@QXQﬁq@ into the reactor. The alpha-hydroxycarboxylic

ester product obtained via the top of the column is
highly pure and can, for example, be fed extremely
advantageously to further reaction steps for obtaining
alkyl (meth)acrylates.
20

As outlined, the distillation apparatus preferably has
at least one region, known as reactor, in which at
least one catalyst is provided. This reactor may, as
described, preferably be within the distillation

25 column.

In the context of the invention, it has been found that
the procedure cutlined can tolerate a large spectrum of
quantitative ratios of the reactants. For instance, the
30 alcoholysis can be performed at a relatively large
alcohol excess or deficiency compared to the alpha-
hydroxycarboxamide. Particular preference is given to
processes 1in which the reaction of the reactants is
undertaken at a molar starting ratio of alcohol to
35 alpha-hydroxycarboxamide in the range of 1:3 to 20:1.
The ratio is very particularly appropriately 1:2 to

15:1 and even more appropriately 1:1 to 10:1.

Preference 1is further given to processes which are



General process operation of a first variant of the 25 invention with reference to Figure 1
Inaparticularlypreferredembodiment,the alcoholysis, preferably methanolysis, can be effected in the
combination of a pressure rectification column 30 and several pressure reactors shown in Fig. 1. The
hydroxyisocarboxamide, for example hydroxyisobutyramide, is fed to a first pressure reactor (R-1) via

line (1), together with methanol via line (2) and a me ol/catalyst mixture via line (3), through line 35
(4). Under the ﬁgﬁeﬁéﬁ%ﬁerga&ﬁbntﬁ%ntdiﬁ:o}h%, §$§§€tﬁ% it hosan )lejseg

Rt Ccé%)rmpose of th
hydroxyisocarbosgylic kgtér exylismnhionia; amtdavereachydigxgisocarsekarhide @hdadnetAdnol, catalyst
and traces of apysHeduyat forms in the reactor (R-1). After leaving the reactor (R-1), -25- this mixture
is decompressed to a lower pressure level and passed via line (5) into a pressure column (K-1). The
column is preferably equipped with structured packings. The ammonia is separated there from the 5

reaction mixtur&iith BegGTHe AT BROABHHDI &5 SBRINST R EHifMatd akfR 1B 2F%e Rljher-boiling
components, therwdrepgdseaatkoxydi€ ester, thetaypyaduct ahtldhe naeemierted can  be

hydroxyisobutytamide .ate drawn back oug of he.colugn with the. remaining 40 methanob sompressed

to reactor pressure and fed fo the 2nd pressure reactor (R-2). The reaction Is effected ?preferably in4
pressure reactotd GoHAScted IPEOFEL ALY S0 R-47 T Sibtuct Alkture WITER TERBETRE 2olumn (K-1)

via the bottom corisisty ot the 15 hydroxyisocarboxylic ester, traces of a by-product and the
hydroxyispputyramide. It is passed into the still (K-2) through line (9). The hydroxyisocarboxylic ester
is obtained there as the distillate gnd is drawn off via.the#ine (20). Theere : or the
hydroxyisocarb(c;%’ﬁ%' ?5ﬁalys? 0 miXture leabés Fhlecclzlo Gihn ( -%:wa the botFom and is passed
partially via lineegt2pama (4ebaek intd theHrSISE8sURE FE@dn@R- DO A Haft-stREA BHY%s fed to a
thin-film evaporatqs (D-d).cHhis &nablesdisakarogget-a ikise ofaraitder theckighsbailigy by- 25
product and the catalyst via the line (1.3), The ' h i obtaine the distillate in
the column (K-Bllg %Igm%?esgg%%ﬁd%% 13}8? Iini‘eg]ﬁ%%r%gl/ a %}rt%%cgo%éngé%KG%h?é%sgpagrges the

ammonial Whickid 8bthiee i uRCIPFEAIAYE TS ARt WRES0 A tfanBE M5ER isTEcydiEd via lines
(15) and (4) inta the:first pressutesreactorvill). Readtion terditions,wolumaurgekternagllreactors

Tempemﬂumﬂchdvantageous results. The term “water-stable” means
that the catalyst retains its catalytic properties in
the presence of water. Accordingly, the inventive

20 reaction can be effected in the presence of up to 2% by
weight of water without this significantly impairing
the catalytic ability of the catalyst. In this context,
the expression “significantly” means that the reaction
rate and/or the selectivity decreases at most by 50%,

25 based on the reaction without the presence of water.

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 lanthanoid compound

30 which comprises lanthanum.

The lanthanoid compound preferably has a solubility in
water of at least 1 g/l, preferably at least 10 g/l1, at
25°C.

35
Preferred lanthanoid compounds are salts which are

preferably present in the oxidation state of 3.

Particularly preferred water-stable lanthanoid



120-240 Reactor pressure [bar] 5-70 Column pressure [bar] 1-10 nCH30H : namide 1:3-20:1 -26-
invention with reference to Figure 2 For example, the alcoholysis, preferably methanolysis, can be
effected in the plant shown in Fig. 2. The 5 hydroxyisocarboxamide, for example
hydroxyisobutyramide, is fed to a reactive distillatios olumn (K-1) via line (1), together with methanol

via line (2) and a methanol/catalyst mjxture via line %? The column is designed as a pressure column
and is 10 prefef&iy 844 %eﬁ%ﬁthﬁ?a%&ﬁﬁd@?%{eé orLearrgtalﬁt'lor%de feaction %SH&?%ng}aay reaction

mixture compobed afigdtoskyisddaebasgHc ebrt andHiimenias uscorverted hygrokyBearboxamide
and methanol, ¢atalysst and traces of a by-product forms on the trays 15 of the column. The ammonia
is obtained as the distillate and is drawn off via line (7). The high-boiling components, the
hydroxyisocarboxylic ester, the by-product and the unconverted hydroxyisobutyramide and methanol
readanwf%avgﬂﬁgeﬂ%mhqm?ﬂﬁﬂﬁﬁﬁﬁmcatalySts useable 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

10 tetraisopropyloxide or tin tetrabutyloxide.

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.
15
Bnother specific modification of the process of the
invention envisages that the catalyst used is a metal
trifluoromethanesulphonate. Preference 1is given to
using a metal trifluoromethanesulphonate in which the
20 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. Among these, preference 1s given to
using those metal trifluoromethanesulphonates in which
the metal corresponds to one or more lanthanoids.
25
In addition to the preferred variants of homogeneous
catalysis, processes using heterogeneous catalysts are
also appropriate under some circumstances. The
heterogeneous catalysts useable successfully include
30 magnesium oxide, calcium oxide and basic ion exchangers

and the like.

For example, preference may be given to processes in
which the catalyst is an insoluble metal oxide which

35 contains at least one element selected from the group
consisting of Sb, Sc¢, V, la, Ce, Ti, Zr, Hf, V, Nb, Ta,
Cr, Mo, W, Tc, Re, Fe, Co, Ni, Cu, Al, Si, Sn, Pb and
Bi.



20 This mixture is passed via line (6) into a further still (K-2). In this column, methanol is obtained as a
distillate, which can be conducted through lines (9) and (5) back into the column (K-1). The mixture of
the hydroxyisocarboxylic ester, the by-product and the 25 hydroxyisobutyramide obtained from the
bottom is passed through line (8) into the still (K-3)T%'ﬁé hydroxyisocarboxylic ester is drawn off there
via line (10) as g'is%illate. g’he droxgiSOﬁarboxamiqt(le/catglé/st mi?((teure ch%aveg gée column,via the
bottom and is passgg 30 pla‘FtQTa K/th o]fJeg el‘ﬁlee%ﬁZ), ?&5 and (g)lbaa( irto the column ?K-Jlsl. A
part-stream (11y1sifdel tolethpefin evdporaed (5-1). ahistesstied #ife diséfargé ot aThRtre of
amide, high boitersrangreatajystusa ine €53t 8hg-27f nThH3Ok-namitie 1v3-281, The present invention

will be iIIustratequ;n d‘f{?tailr_l%ere'&safte[(T %vithcrgferggce tg,examples4Sfxample 1: In a laboratory test
plant consisting of a réactarit féed and’a continuous stifred tank reactor, 157 g/h of a methanol/catalyst
mixture with a catalyst content of 0.8% by weight and 35 g/h of alpha-hydroxyisobutyramide 10 were

fed in over an eXperimendtiie of 4Bdw ddwd réactiovmewasl petiorhyed. asing LaNO ) Bassthe catalyst.
The product migtere fprmedyvas apalysed by means e gas chipmatogisphy.cthig-malar selectivity for
methyl qlphahydroxyisobutyrate based on alpha-hydroxyisobutyramide 1? was 98.7%, and an
ammonia concéntrat8k ifth& protitict r%&tuf%“of 6%%%&9%?W§ssfoun% EXamples'2:?: Table 1
shows further exakiples Whidhhwarerpdddrated inFZO- theer3nap parat@seecified 668 méiar reactant
ratio of MgDH:HIBA-oE 4451 but aldifigrest raastign @mpeotatuesandresideace tinies. Table 1
Exanuﬂel?eacg%lailed’ for example, in EP-A-0941984. 1In 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
15 1Industrial Chemistry 5th edition on CD-ROM, under
“Inorganic Cyano Compounds”. 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
20 synthesis 1is described under “Sohio Process” in
Industrial Organic Chemistry by K. Weisermehl and

H.-J. Arpe on page 307 ff.

General process operation of a first variant of the

25 invention with reference to Figure 1

In a particularly preferred embodiment, the
alcoholysis, preferably methanolysis, can be effected
in the combination of a pressure rectification column
30 and several pressure reactors shown 1n Fig. 1. The
hydroxyisocarboxamide, for example hydroxyiso-
butyramide, is fed to a first pressure reactor (R-1}
via line (1), together with methanol via line (2) and a
methanol/catalyst mixture wvia 1line (3}, through line
35 (4). Under the aforementioned reaction conditions, a
reaction mixture composed of the hydroxyisocarboxylic
ester and ammonia, unconverted hydroxyisocarboxamide
and methanol, catalyst and traces of a by-product forms

in the reactor (R-1). After leaving the reactor (R-1),



temperature [C] Residence time [min] Selectivity for MHIB EM % by weight [NH3] 2 200 5 95 0.356 3
220

-25-

this mixture is decompressed to a lower pressure level
and passed via line (5) into a pressure column (K-1).
The column is preferably equipped with structured
packings. The ammonia 1s separated there from the
5 reaction mixture with a portion of the methanol and
obtained as distillate at the top. The higher-boiling
components, the hydroxyisocarboxylic ester, the by-
product and the unconverted hydroxyiscobutyramide, are
drawn back out of the column with the remaining

10 methanol, compressed to reactor pressure and fed to the

2nd pressure reactor (R-2). The reaction is effected
preferably in 4 pressure reactors connected in series
(R-1 to R-4). The product mixture which 1leaves the
column {K-1) via the bottom consists of the

15 hydroxyisocarboxylic ester, traces of a by-product and
the hydroxyisobutyramide. It is passed into the still
(K-2) through line (9). The hydroxyisocarboxylic ester
is obtained there as the distillate and is drawn off
via the line (10). The hydroxyisocarboxamide/catalyst

20 mixture leaves the column (K-2) wvia the bottom and is
passed partially wvia lines (12) and (4) back into the
first pressure reactor (R-1). A part-stream (11) is fed
to a thin-film evaporator (D-1). This enables the
discharge of a mixture of amide, the high-boiling by-

25 product and the catalyst via the line (13).

The ammonia/methancl mixture obtained as the distillate
in the column (K-~1) is compressed and fed via line (14)
to a further column (K-3). This separates the ammonia,
which is obtained in pure form at the top, from the
30 methanol, which is recycled via lines (15) and (4) into

the first pressure reactor (R1).

Reaction conditions, column + 4 external reactors
Temperature [°C] 120-240
Reactor pressure [bar] 5-70
Column pressure [bar] 1-10
Ncy3od : Namide 1:3-20:1

General process operation of a second variant of the



598 0.588 4 180 10 92 0.154 5 200 10 94 0.285 6 200 30 89 0.611
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—26-

invention with reference to Figure 2

For example, the alcoholysis, preferably methanclysis,
can be effected in the plant shown in Fig. 2. The
hydroxyisocarboxamide, for example hydroxyiso-
butyramide, is fed to a reactive distillation column
(K-1) wvia line {1), together with methanol via line (2)
and a methanol/catalyst mixture wvia line (3). The
column is designed as a pressure column and 1is
preferably equipped with trays. Under the
aforementioned reaction conditions, a reaction mixture
composed of hydroxyisocarboxylic ester and ammonia,
unconverted hydroxyisocarboxamide and methanol,
catalyst and tracés of a by-product forms on the trays
of the column. The ammonia 1s obtained as the
distillate and is drawn off wvia line (7). The high-
boiling components, the hydroxyisocarboxylic ester, the
by-product and the unconverted hydroxyisobutyramide and
methanol reactants, leave the column via the bottom.
This mixture is passed via line ({6) into a further
still (K-~2). In this column, methanol is obtained as a
distillate, which can be conducted through lines (9)
and (5) back into the column (K-1). The mixture of the
hydroxyisocarboxylic ester, the by-product and the
hydroxyisobutyramide obtained from the bottom is passed
through line (8) into the still (K-3) . The
hydroxyisocarboxylic ester is drawn off there via line
(10} as distillate. The hydroxyisocarboxamide/catalyst

mixture leaves the column via the bottom and is passed

partially through lines (12), (4) and (5) back into the
column (K-1). A part-stream (11) is fed to a thin-film
evaporator (D-1). This enables the discharge of a

mixture of amide, high boilers and catalyst via line
(13).

Reaction conditions, pressure reactive distillation

column:

Temperature [°C] 120-240

Column pressure [bar] 2-40, preferably 5-30




7 220 30 89 0.

791 25 Table 1 makes it clear that the selectivity for MHIB(methyl

a-hydroxyisobutyrate) depends not only on the ammonia concentration in the reaction mixture in the
reactor but also on the reaction parameters of -28- residence time and temperature and hence on
exact reaction control. Example 8: 5 Inthelaboratory%e7stplantmentioned,a methanol/catalyst mixture

with a catalys
metered in co

content of 1.0% by weight and alpha-r%d_rgwﬁqtlutyramlde In a molar ratio of 7:1 were
RQH%Q}{-?-H?W@R nnnnnnnnn imaant finaa - ~f B TES - H fa AALIIOY 11N .
HIRYotSty- overaft-expetrtmenttmMe orFo i mMeconversion to-virb ana Lo ammonia

was effected at a pressure of 75 bar and a reaction temperature of 220C with a residence time of 5
min. The reaction avap pederped UsinghkadO3)3 as theeatalyst Thearreduct mixtise &drined was

analysed by means of gas dvomatearapy, Lhe malay selegiyity for 15
ona¥|§1a—%1

methylalpha-hydroxyisobutyratebased

concentration in the product mixture of 0.63% by weight was found. 20 Examples 9-12:
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20

Example 1:
In a laboratory test plant consisting of a reactant
157 g/h of

a methanol/catalyst mixture with a catalyst content of

feed and a continuous stirred tank reactor,

0.8% by weight and 35 g/h of alpha-hydroxyisobutyramide
fed of 48 h. The

reaction was performed using La(NOs;}z: as the catalyst.

were in over an experiment time
The product mixture formed was analysed by means of gas
chromatography. The molar selectivity for methyl alpha-
hydroxyisobutyrate based on alpha-hydroxyisobutyramide
was 98.7%, and an ammonia concentration in the product

mixture of 0.7% by weight was found.

Examples 2-7:
Table 1 shows further examples which were performed in

the test apparatus specified at a molar reactant ratio

25

of MeOH:HIBA of 14:1, but at different reaction
temperatures and residence times.
Table 1
Example Reaction Residence | Selectivity % by
temperature time for MHIB weight
[°C] [min] [%] [NH;]
2 200 5 95 0.356
3 220 5 98 0.588
4 180 10 92 0.154
5 200 10 94 0.285
6 200 30 89 0.611
7 220 30 89 0.791
Table 1 makes it «clear that the selectivity for

MHIB (methyl a-hydroxyisobutyrate) depends not only on

the ammonia concentration in the reaction mixture in

the reactor but also on the reaction parameters of

ydroxyisobutyramide was 99%, and an ammonia



Inthelaboratorytestplantmentioned,a methanol/catalyst mixture with a catalyst content of 0.9% by
weight and alpha-hydroxyisobutyramide in a molar ratio of 10:1 were metered in continuously over 25
an experiment time of 48 h. The conversion to MHIB and ammonia was effected at a pressure of 75
bar and a reaction temperature of 200 and 220C with®a residence time of 5 min or 10 min. The
reaction was performed using La(NO3)3 as the catalyst. The product mixture 30 formed was analysed
by means of gaﬂée&]rge%%?oegraﬁﬁé.erhé; Ir%%lart éeé(fggtﬁ/\él%/%re me?ﬁlyc#]alEheaqﬁfdrog%sogﬁt?/%te base{i on
alpha-hydroxyisstafjrapiide @ntthé ammonia concentration in the product mixture are listed in Table
2. -29- Table 2. Example Reaction temperature Residence time Selectivity for MHIB % by weight

Example 8:

5 1In the laboratory test plant mentioned, a
methanol/catalyst mixture with a catalyst content of
1.0% by weight and alpha-hydroxyisobutyramide in a
molar ratio of 7:1 were metered in continuocusly over an
experiment time of 48 h. The conversion to MHIB and

10 ammonia was effected at a pressure of 75 bar and a
reaction temperature of 220°C with a residence time of
5 min. The reaction was performed using La(NOs3}z as the
catalyst. The product mixture formed was analysed by
means of gas chromatography. The molar selectivity for
15 methyl alpha-hydroxyisocbutyrate based on alpha-
hydroxyiscbutyramide was 99%, and an ammonia
concentration in the product mixture of 0.63% by weight

was found.

20 Examples 9-12:
In the laboratory test plant mentioned, a
methanol/catalyst mixture with a catalyst content of
0.9% by weilght and alpha-hydroxyisobutyramide in a
molar ratio of 10:1 were metered in continuously over

25 an experiment time of 48 h. The conversion to MHIB and
ammonia was effected at a pressure of 75 bar and a
reaction temperature of 200 and 220°C with a residence
time of 5 min or 10 min. The reaction was performed
using La{NOs3); -as the catalyst. The product mixture

30 formed was analysed by means of gas chromatography. The
molar selectivity for methyl alpha-hydroxyisobutyrate
based on alpha-hydroxyisobutyramide and the ammonia
concentration in the product mixture are listed in
Table 2.

35



[C] [min] [%] [NH3] 9 200 5 97 0.429 10 220 5 98 0.73 11 200 10

_20-
Table 2:
Example Reaction Residence | Selectivity % by
temperature time for MHIB weight
[°C] [min] (%] [NH;]
9 200 5 97 0.429
10 220 5 98 0.73
11 200 10 98 0.544
i2 220 10 96 0.889




98 0.544 12 220 10 96 0.889 - 30 - Claims 1.Continuous process for preparing
alpha-hydroxycarboxyllc esters, in which the reactants reacted are alphahydroxycarboxamzde with an
alcohol in the presence of a catalyst to obtain a progloict-rhixture which comprises
alphahydroxycarboxyllc ester, ammonia, unconverted alphahydroxycarboxamzde and alcohol, and
catalyst; gharagterized in that a) reactant streams comprising, as reactants, an
alphahydroxycarboxamide, an alcohol and a catalyst are fed into a pressure reactor; b) the reactant
streams are reacted with one another in the pressure reactor at a pressure in the range of 1 bar to 100
bar; c) the prodiret mixturewhichesaks frofpste pis) earelrcompriselsoalphashydeoxycarioxylic ester,

unconverted alphahwdroxycarboxarpide-and gatalyst is-diseharged froaptheiessyrareactopand d)
the product mIXHJI‘S is depleted in alcohol ancjE mmonia IJt;i&gikllstqtlmglgff ammonia ata pressure which is

oxXycar, xXam S 1 a, . e, enc
constantly kept gYeaﬁer an 1'bar without fhe aid 6fadd onalstripping media’ E.ePg_rocess accoré?lng to
Claim 1, characferizetvif thatob PPthe reactaRscare feadted Witicore anbthePiftthe 3 éssukeréactor at
a pressure in theyange pEshestg ¥0dbar; ester, ammonia, unconverted  alpha-

hydroxycarboxamide and alcohol, and catalyst; characterized
in that

a) reactant streams comprising, as reactants, an alpha-
hydroxycarboxamide, an alcohol and a catalyst are fed into

a pressure reactor;

b) the reactant streams are reacted with one another in the
pressure reactor at a pressure in the range of 1 bar to
100 bar;

c) the product mixture which results from step b) and
comprises alpha-hydroxycarboxylic ester, unconverted alpha-
hydroxycarboxamide and catalyst is discharged from the

pressure reactor; and

d) the product mixture is depleted in alcohol and ammonia
by distilling off ammonia at a pressure which is constantly
kept greater than 1 bar without the aid of additional

stripping media.

2. Process according to Claim 1, characterized in that
bl) the reactants are reacted with one another in the
pressure reactor at a pressure in the range of 5 bar to
70 bar;
b2) the product mixture resulting from step Dbl) is
decompressed to a pressure lower than the pressure in the

pressure reactor and greater than 1 bar;

cl) the decompressed product mixture resulting from step



b2) the product mixture resulting from step bl) is decompressed to a pressure lower than the pressure
in the pressure reactor and greater than 1 bar; - 31 - b2) is fed into a distillation column; c2) ammonia
and alcohol are distilled off via the top in the disti#ladion-€dblumn, the pressure in the distillation column
being kept within the range of greater than 1 bar to less than 10 bar; and d1) the product mixture which
results from step £¢),;hascheen depleted;inammonia; and alcphgl,and comprises
alphahydroxycarboxylic ester, unconverted alphahydroxycarboxamide and catalyst is discharged from
the column. 3.Process according to Claim 2, characterized in that e) the product mixture discharged in
step dl)is compréssedatore piessuaredn thecrange of Beo @0 dar;l Hethie efixtureiconipressednn the
manner agcogdiegéob%z@@t? i3 %@ﬂ%{é@ flactu;[mﬁﬁ preﬁ%@reﬁ%ggﬁﬁ% élej?g@tiGltrh?r;dd@L@cV\ie_Ldl@trg@ﬁt
again; and g) ste : c2) an are repeated accordin aim 1. 4.Process according to
Claim 3, charac%(;‘.i;%%r?ln ﬁ)a{tns(i{egseg)gto)ng)%élgegéaeteg Tote t%;fcr)l ﬁ%&fﬁrotc%asg a%sgr%ilrngjct(g
Claim 4, charactériZedtihaRatisteps &) t*§)Pare repeated at least twice more, so that the reaction is
performed in a total of at least four pressure reactors connected in series. 6.Process according to one

OkamﬂS3t0SdfmmagggZ%Qghuct mixture which results from step c2), has
been depleted in ammonia and alcohol and comprises alpha-
hydroxycarboxylic ester, unconverted alpha-

hydroxycarboxamide and catalyst is discharged from the

column.
3. Process according to Claim 2, characterized in that
e) the product mixture discharged in step dl) is

compressed to a pressure in the range of 5 to 70 bar;

f) the mixture compressed in the manner according to step
e) is fed into a further pressure reactor for reaction and

allowed to react again; and

g) steps b2), cl), c2) and dl) are repeated according to
Claim 1.
4. Process according to Claim 3, characterized in that steps

e) to g) are repeated more than once.

5. Process according to Claim 4, characterized in that steps
e) to g) are repeated at least twice more, so that the
reaction 1s performed in a total of at least four pressure

reactors connected in series.

6. Process according to one of Claims 3 to 5, characterized in
that the decompressed product mixture of step cl), after
each further reaction in a pressure reactor, is fed in more
closely adjacent to the bottom of the distillation column,
based on the feed point of the feed of the preceding step
cl).



that the decompressed product mixture of step cl), after each further reaction in a pressure reactor, is
fed in more closely adjacent to the bottom of the distillation column, based on the feed point of the
feed of the preceding step c1). - 32 8 7. Process ageording to one of Claims 3 to 6, characterized in
that the temperature is lowered from reactor to reactor. 8. Process according to Claim 7, characterized
in that the lowering of the temperature is in the range of 3 to 15C. 9. Process according to one of
Claims 3 to 8, characterized in that the reactor volume is reduced from reactor to reactor. 10, Process

according to ClainP§ Séhard&enzEed HthhPthe Yed Gtidnin the réactSr Volumeas it tnerahge of 2% to
20%, based on tihexvoluhwe ¢fthedargen reactor ihceachechser ¢, Prooessactordieg to-ome of Claims
1 to 10, characterized in that the reaction in step c) is performed at a higher pressure than the

distillatiog of an%pgonia ind). 12. Pﬁ)cgss acccorgifg .tI?l aim 1égharac£erize in.tri]wat%rklle gre ure
differencé is at leaSt 40 bar 13 Process accor ing 10 oné of Clams Eetojlé? Characterizeéd in that the
distillation of thel airwarig ire Stelphd) is efieeteritatzepressiire intheFange of £.530&t0 Pbar: 14.

Process according to one of Claims 1 to 13, characterized in that the reaction of the reactants in step

b) Is perfgimed g g pressure In i iande o1 20J0JP by, Iy Process gocaringla Clam by
characterized in that a’) reactant streams comprising, as reactants, an afpha ydroxycarpoxamide, an

alcohol and a c&faR/st ARETEFRET-Q presstird@feadior: Sy fiicreaEtiht SHreah R areestrRe With one
another in the pressure reactor at a pressure in the range of 1 bar to 100 bar; - 33 - ¢') the product

mixture ig geplefed, in.alcohghand gmmoniaby distillingff ammoniaat & pregsure, whieh, s censtantly
kept greater than 1 bar without the aid of additional strrlfplng media; and, d') the product mixture which

results from step ) hks BBert Hepiéiad fi-amhionia’ St &fcondi and coiprides?ds oL 2% to
alphahydroxyca?liéxylidestsrsunconvertedalphaume of the larger reactor in each

case.

11. Process according to one of Claims 1 to 10, characterized
in that the reaction in step ¢) is performed at a higher

pressure than the distillation of ammonia in d).

12. Process according to Claim 11, characterized in that the

pressure difference is at least 40 bar.

13. Process according to one of Claims 1 to 12, characterized
in that the distillation of the ammonia in step d) is

effected at a pressure in the range of 1.5 bar to 3 bar.

14. Process according to one of Claims 1 to 13, characterized
in that the reaction of the reactants 1in step b) 1is

performed at a pressure in the range of 50 to 70 bar.
15. Process according to Claim 1, characterized in that

a’) reactant streams comprising, as reactants, an alpha-
hydroxycarboxamide, an alcohol and a catalyst are fed into

a pressure reactor;

b’) the reactant streams are reacted with one another in
the pressure reactor at a pressure in the range of 1 bar to
100 bar;



hydroxycarboxamide and catalyst is discharged from the pressure reactor. 16. Process according to
Claim 15, characterized in that steps a') to c¢') are performed simultaneously in one reactive distillation
column at a pressure in the range of 5 bar to 40 bag3L7- Process according to Claim 16, characterized
in that steps a') to ¢') are performed simultaneously in one reactive distillation column at a pressure in
the range of 10 bar to 30 bar. 18. Process according to Claim 16 or 17, characterized in that ammonia
is distilled off via the top of the column under pressure, and the alcohol is removed from the column via

the bottom or vid & sf&b%tr@én%qggﬁP%Jc@E&@cokﬁnéjﬁp&ﬁéc8%hé%r@ée%%§&lai%§l cARaFaRtErZed in
that the reactiorrgf theseadtantsiisantermkem ata atolar starimguato ehalcbhalstoconstantly

alphahydroxycakhoxamidedn the range af 1:38 19:20:1,,20rBrocessaccording te pneLfdhe pregeding
claims, characterjczred in .tgat a—hgdroxyz%%f)utyramzde and/or ahydroxylsoproplonamzde is used. 21.
Process accordlsng to"Claim 20, eharactérized in that the alpha-hydroxycarboxamzde used is
hydroxyzsobutyramzde and the alcohol used is methanol. - 34 - 22. Process according to at least one

of the precedingiclpims.ccharasterized inithatthe reaction isreertormed atartempespture jn thasange
of 120-240C. 23, Frpeess aqcprding o algash ppe ohihepreceding daims. charasterized infhat the
residence time in the reaction of the reactants is in the range of 1 to 30 minutes. 24. Proces

according to CI&ANTZ8*cHzradtenized in that the F8diGénce time isYATRETATJE6k 2 to 15 MRS, 25,
Process accordingctocatfeastlonesafittie preceting eladmsgstharaeterided i thagatlmast 30% byie
weight, based op,tbe algohol sypplied within the residence time, is distilled out of the reaction system
together with the ammonia. 26. Process according to one of the preceding claims, characterized in that

the reaction is catalysed by at least one lanthanoid compound. 27. Process according to Claim 26,
charactetized irPthat tresreactionr isicatalyseddyratiedst onehwate s stable kothiamoitheompouties 28.

Process according)to €ain 26 o246 charaeterized indhatthedarthanoid compaund isra sak. 122

Process accord@gstgjt%rgeﬁ%f.the pcr:%clelging (é“,ltairgs %6 to 28 charact%lzed in that th§ I%ﬁtggr%ol%o

) 10. ressure 1n € range o
compound is usedn oxidation stIg?e. g
40 bar.

17. Process according to Claim 16, characterized in that steps
a’) to c¢’) are performed simultaneously in one reactive
distillation column at a pressure in the range of 10 bar to
30 bar.

18. Process according to Claim 16 or 17, characterized in that
ammonia is distilled off wvia the top of the column under
pressure, and the alcohol is removed from the column via

the bottom or via a sidestream.

19. Process according to one of the ©preceding claims,
characterized 1n that the reaction of the reactants 1is
undertaken at a molar starting ratio of alcohol to alpha-

hydroxycarboxamide in the range of 1:3 to 20:1.

20. Process according to one of the ©preceding claims,
characterized in that a-hydroxyisobutyramide and/or o-

hydroxyisopropionamide is used.

21. Process according to Claim 20, characterized in that the
alpha-hydroxycarboxamide used is hydroxyisobutyramide and

the alcohol used is methanol.



30. Process according to at least one of the preceding Claims 26 to 29, characterized in that the
lanthanold compound has a solubility in water of at least 10 g/l. 31. Process according to at least one
of the preceding Claims 26 to 30, characterized in that the lanthanold compound comprises
lanthanum. - 35 8 32. Process according to Claim 31, characterized in that the lanthanoid compound
comprises La(N08)8 or LaC18. 33. Process according to at least one of the preceding claims,
characterized in that the catalyst used is a soluble metal complex which comprises titanium and/or tin

and the dlphahydroxyEaibGanMaE 134, PrBcéts attdting’ o at tdast Bhie BF tHeSprecddifg T,
characterized ircthat theteatalkstiuseadhis & hietal trifleoronsethanesulphienates33. Rroedss atcording to

Claim 34, charagtefizeddnthat a metaldriflugrgmethanesylphaimate 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 is

used. 36. Process according to Claim 35, characterized in that a metal trifluoromethanesulphonate in
which the fetalfis @pesst nisredanthasioidls isiisele 87 LPtesLAccording & aElRABEorTel 6fithe
preceding claimspeharacterizeddn that the eatalyst iscan insotuble-metal Dxidenwhiek gontadns atfdeast

one element selgl%edrfég tggtggolig Cﬁ?ﬁSiﬁﬂ'%g 9g§€e88’f\/’1‘-a¢’ QC%'OTim%Eﬂfeg’. Nb, Ta, Cr, Mo, W,

Tc, Re, Fe, Co, NI, Cu, Al, SI, Sn, Pb and BI. 38. Process according to at least one of the preceding
claims, characterized in that the catalyst used is an insoluble metal selected from the group consisting
of Ti, Zr, Hf..V, RbpTasCr, MocWEeaLCotNi, CuaGa, 2 ,Bi ahdhTecterized in that the

residence time is in the range of 2 to 15 minutes.

25. Process according to at least one of the preceding claims,
characterized in that at most 10% by weight, based on the
alcohol supplied within the residence time, 1is distilled

out of the reaction system together with the ammonia.

26. Process according to one of the ©preceding claims,
characterized in that the reaction is catalysed by at least

one lanthanoid compound.

27. Process according to Claim 26, characterized in that the
reaction 1is catalysed Dby at least one water-stable

lanthanoid compound.

28. Process according to Claim 26 or 27, characterized in that

the lanthanoid compound is a salt.

29. Process according to one of the preceding Claims 26 to 28,
characterized in that the lanthanoid compound is wused in
the IITI oxidation state.

30. Process according to at least one of the preceding
Claims 26 to 29, characterized 1in that the lanthanoid

compound has a solubility in water of at least 10 g/1.

31. Process according to at least one of the preceding Claims
26 to 30, characterized in that the lanthanoid compound

comprises lanthanum.



32.

33.

34.

35.

36.

37.

38.

Process according to Claim 31, characterized in that the

lanthanoid compound comprises La (NO3); or LaCls.

Process according to at least one of the preceding claims,
characterized in that the catalyst used is a soluble metal
complex which comprises titanium and/or tin and the alpha-

hydroxycarboxamide.

Process according to at least one of the preceding claims,
characterized in that the catalyst wused 1is a metal

trifluoromethanesulphonate.

Process according to Claim 34, characterized in that a
metal trifluoromethanesulphonate in which the metal 1is
selected from the group consisting of the elements in
groups 1, 2, 3, 4, 11, 12, 13 and 14 of the periodic table

is used.

Process according to Claim 35, characterized in that a
metal trifluoromethanesulphonate in which the metal is one

or more lanthanoids is used.

Process according to at least one of the preceding claims,
characterized in that the catalyst is an insoluble metal
oxide which contains at least one element selected from the
group consisting of Sb, Sc¢, V, La, Ce, Ti, Zr, Hf, V, Nb,
Ta, Cr, Mo, W, Tc, Re, Fe, Co, Ni, Cu, Al, Si, Sn, Pb and
Ri.

Process according to at least one of the preceding claims,
characterized in that the catalyst used is an 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.



