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-1- Process for preparing al pha-hydroxycarboxylic
esters The present invention relates to processes for
prepari ng al pha-hydroxycarboxylic esters on the 5
industrial scale. In particular, the invention relates
to a continuous process for preparing al pha-

hy FPEXGREF bERY | PECRATEMS AR ThYRr vy el prebi®| esbers
Gaim1l. 10 Al pha-hydroxycarboxylic esters are

vahuable intermedi ates in the industrial-scale
EheHEST actP PR 8 er TR TRE hd& yI PECEERERE, for
rpfepaeﬂn@o hepaanraltieozgsaabbyly1ioet hpatreylsat esin the
ALl (e} Mgyl atgs Lo fuon i ndepbeln i i el aees
of 'usé 1n 15 € prepara ion’ 0 polyne s an

cbpol yaer scaitinorher potyeesizaide compmadsng An alpha-

W?&ﬁbQ%é’%b&Qﬁf@mé%%e%“socgéé&?d{ﬁé E%eptﬁﬁé NBreamble of

acry Ic esters can be found ih the terature,
3iBhlas Weissernel, Arpe "Industrielle organische
Chen1e" [ I ndustri al CXganic Chem stry], VCH, Wi nheim
5 ff. or Kirk O hmer

4t h edit )
R T op sy oF FERBRHESI TecRRBPOBy", BP0 Cediti gipluable
VbhteﬁﬁedpageSBSIn 26h¥hednthe taimli-scehie sytgsissi sof of

| h
%%%ﬂ% k%zlsdi?%%(% |sob3§ rate (= (%I/Et%éegm %Céyéﬂed to
a¢©h%i%@ﬁt@&ycarb@xyl|élk§éter (neth) @@ﬁwﬂ@tes Alkyl

;%é%ﬁﬁ%%f?fééé% iﬁstﬁfﬁpﬁiﬁﬁ'QHe1r39aIBefﬁ%QBa6¥'d§é in
ha- hydr oxycar boxylic esters via the reaction of

a%h%lEéﬁ@ﬁrﬁﬁﬂﬁnaﬁx%lEﬁéyﬁ98?oﬁyd(ﬁﬂQﬁ&%ﬁ?%% with other

Bjheth tybraycohpexadapl e in the publication DE-A-24
54 497. This publication describes 35 the use of |ead

conmpounds in order to catalyse the reaction. In this

chnt externsw i ot | sthed s ccamden ofprc&mﬁde”mo@mr goEgsasing
e%t%‘? 1. PLoyisqlicng ac%{? %@hcﬁém%ém T PR MU LR e,

produ are obtai ne

such as Welssermel Arpe “Industrlelle 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.

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.

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
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 are obtained with high

efficiency.
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efficiency. - 2 Furthernore, the docunent DE-A-25 28
524 describes processes for preparing

al pha- hydr oxycarboxylic esters. 1In this context,

vari ous catal ysts are used,- @hi ch 5 i ncl ude | ant hanum
conmpounds anong ot hers. Al though DE-A-25 28 524 al so
nentions that the processes described can be

df:@ntlmuwcuﬂéﬂts giblioatign als0 @%%%mbes
not prOV|

a satisfactory_ solution to the probl
Vit @ DEUr fpler BYeROr ANPr 84858~ detrﬁ’?é’cwsexwélﬁn@\mers

fJJrzomtEﬁsg %6511:%%% Fﬁkﬁouét pé@@@wzf@rlﬂ@gafs&ag which
a r ar Dox | C es s I'S I SC e |

coteri s AR o npgiefrngpty” oehers. "Maithougn
abpire-dy droxaaar beam demantdiansal cohat | ntHeb tlpeocesses
ESENGE LT & {r?t al yst. 'S?gf!a!rﬂgad pE%E%PnWBh'sﬁyéhE this

anmmbnia conceniration in € reaction solution
arulgl doatbiomei ghsoor dpess Pt erpveidam®ni éarcgrSrf@@tory

3§oltﬁ::9c§’}§ 14 hdgsrdiasss A0 dIP0 SE&IBY end e, anmoni a

fromthe reaction solution as a gas into the gas
phase, it is distilled out of the reaction solution.

L) Fﬂfo&e@@da?fhethiﬂaﬁﬂﬂj’é s@kut keewni Sfiheat @ 100945 423.
1l n an or a stri nert

e n DR R tohe e T i < 6rEhro Ry Bk tBonyLic

obsstarhmntleegesimfchd@cbr ocdsischdi soimgsedasn tHER 0s34ps of

%é@fﬁ nglﬁ gaﬁ?g%c%'r%%amﬁg@%%&Oéxhbﬁol in

ers correspon 3
aﬂl’fﬂ]eplfﬁﬁiﬂl’m@c@f b@x@éﬁ@lbkés*éahnbé l3guidnhBApged wad le the

f WS donmPryt dbstkh! itha Oféadiﬁ%rﬁr@@fﬂuﬁld)ﬂ ds kept
process variant disclosed in EP 0 945 423 is

radt aQ11vfeIk§/Y THEFectT vESSTHRY i RTEIRAPaPIBR R (fREGed as

R aposaln 3D gaguyiass an extrenely effective separating
colum and hence an exceptional |evel of technica

conpl exi ty.
To remove the ammonia from the reacticon sclution 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.

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

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
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
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ii. When an inert stripping gas is used additionally

or exclusively, the effectiveness of the amoni a - 3-
renmoval is inproved, but at the expense of a further
process conmponent, whose han@l+ng neans additiona
conplexity. iii. Wen al pha-hydroxyi sobutyram de and

met hanoémaval 5issddyas>vashet dntts, adnmmbhea expense of a

resi dugl, E@éPaEﬁlocésog ”%%m%%%rngt he,f00di thONS1ing means

di scl osed I n P 0 945 423" can be separated from one
anot herddbhignad t GoRtgxgr8at difficulty. 10 The fact

thad | iwnésS &l IPdsd-ralarens, NRARESAAmlde USedamnmet REAG1 are

gas for ammoni a rem)va%_S and t he . assoc at ed it 1

handl i AES9f 28 FIrFREI" ST eAMPLLA gt reaagwaﬂm&'fﬁ o

separafmrm@dnakEndhe prohedureonddmdsaa ecomatiossld vy in

re' a“ $ ot éﬁ‘% nj 25 eS g %E_plrgtgldso }émfe£¢£Cta%%ther
ack

an |n ustr Ial enenta I on
proces@ans@ib@eﬂerb gaeat dhffiewldf-the prior art,
it is thus an object of the present invention to

provi de processes for preparln%_ 20
al phafRAgar SXpcartoxyti € LBSEEr S LWAIT MR HF peF PoMiEd 21

lﬂn@r@l nphe apdri nam@ﬁiaver@m@ma& thd s taef uretsi”fﬁzfc:Lated
pr.ocess [

{. of t [
HeSE e hy iR B bt | F ettt D T OERR e e o
V@as//&arhmia vedgpatat boldl t inorke i ttheas amaljecst  gfrddwsed
p{,&ﬁﬁ%hé%i’fm 'rgér]b él%&fvhﬂﬁn%efe%%\%%% df %hPEﬁpa{é N%1so

oxyl1c esters

blye%l@@mcﬂ sbm 36 oht gk sl |aran@nﬁt1§téﬁ-a%y-lﬁr};dw@r§:atlon

a5 £ 9%35% sfdidelosaiecdi aBeet he product should be
obt ai ne as far as possible, in high yields and,

viewed overall, with Iow energy consunption. 35 This

omecieandff tﬂhtehegrm egts, WicCh sarghuot aist ebgdet of the
can deri ved or d i scerned

tly but
%Iﬁg':ll?;\tfe?%?vf%rn&rhofjhet%orﬁftec‘f!rcg sPEPSETESEd Tt e SRATINY
mmyphﬁ hyd roxiycd Tlork pl ec achiteved byuﬂﬂDC@Qsebeh@ﬁnﬁyrmed

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

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
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.

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
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all features of Claim 1. Appropriate nodifications of

- 4 the processes according to the invention are
protected in the dependent clainms referring back to
Claim1. The present invent+dn accordingly provides
continuous 5 processes for preparing
atiphaphydesxysacbooyidicgedtcershe invehtthnt hee protected
ERCH ROt S L ERRLEl A181 Al Pharo PY Q1 YEak oy dey v L

an hot™§ he presence of a atalyst to obtain a
product n1xture whi ch conpri ses

ai"lﬁ)@apmé@%%%ycﬁﬁ@éﬁﬂbﬁ %%tc%rmlalr@ngnl laroum@@ve;rdrﬁ;qn&us
pha- hydr oxycar boxam de and aI;gg and. cat

vﬂ’ﬂé‘?%e% &S pF OEeBESPErRdr 2¢PEAT Lo YEREP Oy 3&Fa|%3ters'

simean&h@@ﬁprlsﬂng aseaeaahaﬁts ﬁﬂhdﬂ¢ma- are alpha-

Wsogrsaboxan de. an.al conol anda;eatalypt ae Leds o
A Pressure Teactor’ 15 the® reac tant st Féaims

resica Bsi th ovetahot kerpiaduche nErdsegr evhealt monm?tm@es

f%fﬁﬁ%”%?é{?ir@éﬁﬁgﬁ§if% Y@l er tQﬂﬁoﬁlgar M%dg%%erted

e ro uct - mxture i s de l'eted i n al cohol

MW@XW&W@EWW%g g aﬁﬁﬁﬁbalm ADpr eSEfed ysts

Wi &Fe | Bhe %Qf@@é@é ang | yhkeptt gF ead@r i hamad bar
without the aid of additional strippin
AT e Sl S CARPRLATBGe i PBAFLAALY

&cﬁv@m:agmrmgl@éheas a2cohsur pangi laglqatethestarmnal ded

re$¢#té %g éhge ntive reacti on can be renoved
evel of conplexity and easily

fihoen rh@caaeﬁhcﬂtréms eﬁaﬁplreeamttehhnwrtthv\mnﬂw fggoBger in

used slheeal cahotYsi 530 snethanghysi siof thhe range of
al pha-hydr oxycarboxam de. This is possible even

tHRRfIE Bl deivl 1 Bae. teetHARAL s anmoni a i n
mﬁ@%y@du&@r i ganree l%ep.m;auet@cf rDfin @NecRBDt AaH a@ftlonia

reat di i culty under, cust omar .
Y G (A T o Ao hdgh is
akn&mhmtly kept greater than 1 bar without the aid of

additional stripping media.

ag alpha-

The inventive measures can achieve the following

advantages among others:

e Surprisingly, the ammonia resulting from the
inventive reaction <can be removed with a
relatively low level of complexity and easily
from the alcohol, for example methanol, which is
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

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.
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very pure formand can thus be reused in various
processes wWithout a further purification step. -5- The
al cohol is also obtained such that it is present in a
qual ity suitable for processgs and is recyclable, for
exanple, into a preparation process. 5 At the sane
time, the prdcesslof ishealswentitedinealosdsht hehase igf is

assi st arEL?%e fher #ﬁ%@ﬁt#ﬁsuﬂngﬁgn9ﬂL@ %fgcesses and

partic Usé of 1 rer gases as stri nmedi a
for thdsamreavalpbdemestan Gﬁﬁ@%@é@aryntﬂcdbr&Pﬁ@@?atlon
in the ygyfneess according to the invention, no
relatively |arge anount of additional i nert gas
streamis obtained, which would in turn have to be
remavecit f the tdammeaanbbnep. the Jhecpseceds docoddivegtion

ot ers AR HGILYT PGS Hnd DU [FRC This T Podbaf of

especi dlley Emoeniim; conpapasbhcwieh, t heherosesssefd inert

deSCrlg%%é§1g@ §€59§89ﬁ§4%%dlbnfMP‘%héh§mmon1a becomes

a- hydr oxycar boxam e subjected to an al coholysis
to theQﬂqﬁﬁﬁsﬁﬂkﬁoxyc%?ﬁ@??%?%lﬁsteréﬂMnI%b process

mai nt a'a!’@id’@ﬁ:c& Yo koW Ciiventian)Ohicd £ONCENEBY i 0Arge

in the I| ase. risjngl, i.t has been found .
that t K& t:use E ‘3§§%f 11 rﬁatlgﬂSMAtrkﬁfam 18
sinpleohﬁaﬂnddﬁuwhﬁﬁmeabuldcahlamnmnhandytalbewsembeed

addi ti sur fs strlpplng with inert gas to be
dlspenggg)mn %E%ﬁﬁlq}so makes a hi gher anmoni a

concentration in the liquid phase tol erable 30 w thout

di spensig pﬁrbeeggghﬂc%& %I \tl“@ﬁe oMEFHt ion Ak rlERRds

same tine, formation of ro ucts i s, unusually

| ow. |ﬁﬁﬁﬂﬂ%9&ﬁ1hxgﬁﬁﬁﬁ%ﬂqu% fhgesters in high yields

and purities. This is especially true in
comparison with the processes described in
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
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
without dispensing with higher selectivities

overall.

e At the same time, the formation of by-products is
unusually low. In addition, especially taking
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.
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35 account of the high selectivity, high conversions
are achieved. The process of the present invention
al so has an extrenely |ow tendency to form

by- products. -6- In additi-ofi,—the process according
to the invention can be perfornmed inexpensively,
especially with a | ow energy denand. At the sane 5

Loms e calaiyshy, usedd of J[—)Qseegco%@ae%caq%f the  the

al pha- hydr oxycar oxami can® used over a
peri od MivELton he & ectb@u t yper fpREedact |1\Vl|etxy>en81vely,

decr easd dybcildl TN $ifESREGbw (R rLAtRNSS. h@ﬂetﬁe same
high lifetinme, IO Flaall , the process of i present
 nvent itoManthe SHEALITE ard | éararﬁv Sn8IFEEE! of

advant agepual yhanhyeoxiyodubbrbali decalan 16 lusedheover a

procesgaof the Lnvention tph hénu%%ﬁ%%éiigﬁﬁgigr the

esters ar & priépared by t reaction
al pha- hydnomyqarbdxameaél@md al Eéohol thigactzarredty t hghe

pr esen%ﬁlﬁ@tfﬁé@t Y NE fetime.

al pha- hydr ar boxami des Used in the reaction of the
i nvention |nclude typically all of those carboxam des

whi Gh hae_\h%lﬁt Ia@sé ©PRecdydr oRyther pupsent theeakpba can

posti 16 (g LS, SE00LAM AC AP 28 CHLIRAAIICo,A " e

Typic&ﬂqﬁudﬂnxﬁizﬂuahmwerstood to nean conpounds
havi ng groups of the fornmula -CONR R'- in which R

and R' are each independently hydrogen or a group

Havi ngthe30 carbeasat onsefwhi ciheonprinsentiyprg0  alpha-

ﬁg{ caarrbio%&loor gfecabl Me 119r@ﬁgréa RRY ikl %a&aon

bon "at ons. “The _car boxam d e onprisé 1, 2, 3,

&e e gr&@ﬁs of lPhe oI RA%Y a@-lde Thése | né|l&a>é101
e Rardrtailiar epoEin of dﬁ@fdﬁﬂmyﬂsﬂ( CONR R*)n in
which the Rradical is a group having 1-30 carbon 35
atons, which in particular has 1-20, preferably 1-10,
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.

Carboxamides in turn are common knowledge 1in 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
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
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.
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in particular 1-5 and nore preferably 2-3 carbon
atons, R and R' are each as defined above and n is
an integer in the range of 1-10, preferably 1-4 and
nore preferably 1 or 2. - /7 -The expression "group
having 1 to 30 carbon atons" denotes radicals of
organic compounds having 1 to 30 carbon atonms. In

gcgalxl %s% mat,| oﬂ@d @ﬁf{ér oar %%Ht 6§ ALLURSH attoms”
in es alip at| and teroali phati c groups,
fctﬁfn@mprrédapﬁgzs @y cPEERRYE, ccam@;(yfs chevéagkdxyto 30

ehaat kyl hhbRsand alkenyhqgrewps. ke OredBsatic  and
ment i oned may, be branched or nbranc ed, 10 According

e P 3 TRHL + DnITaHB Rt i it gf:‘ 8Ps des rahiparEigs and
mwﬂhrdﬁliﬁﬂamyﬁlgﬁoﬁpﬁnamdr(EMHmpE@Salh§WLn@ycloalkyl

erab articul t 2, 0
15 YERRT b Bt PC b BOLL hBto: 88 gL roups.
mrhe/mmum méreia:sctn@henﬂmg&d@upama&e@n wepptaceedy N

and/or at |east two adjacent CH groups have been

replaced by S, NH or, 0. 20 Aromatic or heteroaronatic
Prenpd et it edian Wc%?td’éﬁbe AERAHE | RN denote

OL%rhdlvc,ea%g ohraﬂvew dJraphy | dlcb| memdh mhcdl RIrgidunds
et her i phe eny i met t han
6F§ﬁﬂ§hoﬁ§e ngﬁ’ suF%h , BSEEﬁg ?5raﬁ, to 12,
;nafmﬂmaaﬁdmﬁzole oxazol e, irnda 25 zol e,

i sot hi azol e, isoxazol e, pyrazole, 1,3,4-oxa- diazole,

2, 5-di phenyl -1, 3, 4- oxadi azol e, 1,3,4-thiadi- azole,
Hes: el qat el i Qrﬁumpﬁ@nybltel @i t¥adierks in which at

hyeZasx L bhBheRy | glodpdidd agaks, Iﬂeglaécwagyazz\pl 8nd/or at
1,2,4-thiadiazofle, ﬁ 4-triazol e, 2,3-triazole, 30
denst 4tvet ﬁalzér:@ntbé%ﬁz oV B R oaﬁérﬁe basth BEBI 45 AnPY S/
iNgal€,0 benzo[ c] t hi ophene, benzo[c]furan, isoindole,
benzoxazol e, benzot hi azol e, benzi m dazol e, benzi sox-
azol e, benzot hi adi azol e, benzopyrazol e, benzot hi a-
mﬁnmﬂmncdibﬁmzoﬂummroaﬁmmMZhihi@mmnpﬁ caeefaatmesd 35 in

LA DG P R NS1e PYARINE oY ' 28 e I Yelrene,
naphthalene, biphenyl, diphenyl ether, diphenylmethane,
diphenyldimethylmethane, bisphenone, diphenyl sulphone,
thiophene, furan, pyrrole, thiazole, oxazole, imida-
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,
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,
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-
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pyridazine, 1,3,5-triazine, 1,2,4-triazine,
1,2,4,5-triazine, tetrazine, quinoline, isoquinoline,

qgui noxal i ne, qui nazoline, cinnoline,

1, 8-napht hyri di ne, 1, 5-naphBhyridi ne,

1, 6-napht hyridi ne, 1,7-naphthyri -8- dine,

phithel aphbbalpygindepyrymiciipws ingubinme, pteihdi n@tegridine
ool 2@& &b 162 1 AdH qwhnghiabmziﬁ!éphe%heﬁwe@th%@,hraéfthra-

enzopyrrol e enzooxat hi adi azol e; _benzooxadi - .
SND, beRRBPRYTHPAR; bBRBEPYFAtNAEIIBERISPYr PANFIRRadi-

%m,op)ﬂé:dﬂcngdib@lzo!Hér&deﬁaz!m@| | Heteoptazdatine,
gé%ldth,.lﬁ}.aZOpy i m dine, p¥ra2|nqﬁ§r m di ne,  dom
PRI 1 | dPREZOPREREIT e, bERIBHUTHBF1 ne PYTLdO
phenickize zi irei dphepet hmadine, pgredinopgrimidine, carba-
b pt eri.di.ne,. . ph t.hr.ol i ne t:ny ene _
PO oty e, SRl AR R G s
prieteer r edphkkpkhgradps i ncl acel dheimet hyl besrappteridine,
RERRYAn t H SOPIRPYAnd lpReh Yhe h 2e B! Yback- BBt BRkPHORMY: also

tert;butfl, pentyl, %-nethylbutyf, 1, 1- di net hyl propyl ,
TPHSRALL R yFub ek iHted: 1, 3, 3-tet ranet hyl but yI ,
nonyl, 1-decyl, 2-decyl, undecyl, dodecyl, pentadecyl

d the _eicosyl .graup. The preferred cl ga
iR rErene eidv b ey Gropi s P ey diontey YL, ethyl,
eodmplent yilsopmyogdyadhex yil-butgyicl ofeftydyland 2-4methylpropyl,
yel.oqct.yl, gr ach, ¢ [ i opt i1Ql
andieal b?gﬁ;cg%éhglqg?%%@é%%%’edﬁéllk)rﬁqH%Pg&ESfOpyl'
d8xHe phePeried ositdny| 1 gt odipd-taEragethliébyf Ry, nonyl,

aﬂidéoyl,Z-ﬂE&@ai(iz- phepeRyl,, ddudenylpert HEBERTYhnd the
2-decenyl and the 2-eicosenyl group. The preferred

et e iPIRHER ¢ groups include the 30 af orenentioned
preferred al kyl and cycl oal kyl radicals in which at

| east one carbon unit s be replaced by .0,.S or a
R T R i
idepandait] y ancatkebugybup haychgpeéntyleé cadyodohexyl,
I u ' t ar aLeMgLHokn
?ﬁ%}?&%{kﬁ %@?BQ ByRa¥Re v IR fifardom, al Eh is
optionally substituted by branched or unbranched alkyl

groups.

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

and the 2-eicosenyl group.

The ©preferred hetercaliphatic groups include the
aforementioned preferred alkyl and cyclcoalkyl 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

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,
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According to the invention, the carboxam des nost

pref erably have branched or unbranched al kyl or al koxy
groups having 1 to 20 carbon atons, preferably 1 to

12, -9- appropriately 1 to-69 -in partlcular lto4
carbon atons, and cycl oal kyl or cycl oal kyl oxy groups
rm@rtgaﬁaumlﬁo lcatboné at dirs, ppn:éﬁ@malalry 5 too 6 Lachaon

S h
pr eﬁr T edlw g ;Lég ;Lsgl%xc eo l{{ﬁ e@%z%e%-l g?vmg 3
ftuctq n@rb@hlﬁqmﬁa Rﬁ%ﬁﬁl‘r@lban?d =Y l&@a Orhyaﬂ}cgggw

radi cal s. The al pha-hydroxycarboxam des may be used in
the 10 praocess of the invention individual

B ufe ZBRLERY oF¥nret or SHRHNTEren; Tpngretetred
htas eayaaariox ani eBudPar hatogans y pespectedlgl pifauorine,

d I | ph d
S S e AP eyt 0 O B B A B SRR

particular interest, in a nodification of the process

#Héh)rd us ho .
a‘J?] roxy%g?%kgag%bﬁg&“l&@s RalNO0$R used in the

am des whi ch are”obtai nabl e by
cg/rmﬁﬁﬁjr@ﬁ SRt Hesian §hPm ket breduat L4l @ehyrtfes? afid *30 e
hygdr ocyaii ¢ aei d. thivea fircst stzﬁcpret hedcarbesyt  alpha-

und f or exa Ie a ket ane, artic eto
3?3’ exarﬁﬁréné:é’é‘(aﬁ ehyé’ge%rr&r? A1pna-
biytcﬂftaiyca Bam&mmtceﬁs wiitnfe lyidy oey ahiaehgcdird:tya sg:bwe ytrlamlde

parci rulaalr hcgq{lpcmlq!nrg éﬁgﬁl&%@{ aﬁor eference is given

o r éadt I'ng Acet /"or ac ‘dehyde in a
typical manner using a small amount of alkali or of

aﬁﬂz and Ng &5 of ﬁéf@lé’éiarl Mheefust heinsheﬁodﬁﬁﬁcatlon of
yanohydrin thus obtained is reacted with water

di% PRECAPPhACINFEHEKY cBP boX&Em HRVERD Thi s troea‘r‘ﬁ‘? oﬁhose

|81 BRER Rl d ok ﬁwﬂm{dldébtheh@bﬁsen@geof okst Lt yest .
Swta | e catal ose are |nalpcfa\rt| ul ar

pu
éjé“d&l ez‘:?’llfst Emg‘s %gg%??%eaorfor eé‘)é’anepﬁ e,
Ihydﬂ6d¥£@M542ﬂ;uEP Aif568614 iaret 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
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.

This reaction is typically performed in the presence of
a catalyst. Suitable catalysts for this purpose are in
particular manganese oxide catalysts, as described, for
example, in EP-A-0945429, EP-A-0561614 and
EP~A-0545697., The manganese oxide may be used in the
form of manganese dioxide, which 1s obtained by
treating manganese sulphate with potassium permanganate
under acidic conditions (cf. Biochem. J., 50, p. 43
(1951) and J. Chem. Soc., 1953, p. 2189, 1953) or by
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35 EP- A-0545697. The manganese oxi de may be used in

the form of manganese di oxi de, which is obtained by
treati ng manganese sul phate with potassi um

per manganat e under acidic -ddrditions (cf. Bi ochem

J., 50, p. 43 (1951) and J. Chem Soc., 1953, p.

24189t 1958) i orodhidatilen e Ecranpgnéscogizdphhba 6h aqueous

% yslﬂnphalzu,ﬁelaglaqu@@éls caRQ1Uidion o g@@erlq{ . many

is"used in many cases in the tormo
povRRY B BRandPEMWOEh ROWIATR T ITPALF cVEERI 2e sunlﬁable

afsﬂect.*t!i@lrb dhes catrl y@&lﬂwn Joetla@pbaea1§stOmaysuﬁp@rpblled
artlcular 1S al SO ossi ple to,use

s Sty T ey EL TR T hbctor 815 anpeRSikls Ehcyse

b -epelaiceds hsray t keakberbedrantli e bedsceabedrsi nwéich

aI ia, I P - 95 n ditjo Iy
FEaCt | ogscgay gg?%?tggd b% enéz rnrterslé]% Th]gé(gw ?hgl e
eiezsme:doerdwcl ud@em taliae, hyidy aEBsés95$hB§8 r et ﬁ@lﬁll‘téon,

qﬁ%rh?@go? ysWRY s @sadp! falyn bSCkaeRiN8ed by enzymes.
Characterization and Application of Cyanide-resistant

NiRke | FBLIFpHI Gt SEEINnglneirge %trléﬁomﬁrawe% his
atghdtidh 18edbydrobysi Ly eagyi off eaarjelcaial ysedebyiing

ac especially s ric ,acid. This is deta
T T AR b hBBLEGE: P800 of DoRgri kR ant
\Mﬁﬁtﬁhﬁ:d@g@rammm’CeEsgs ofi fehe Sdinvettdon 4 ncNadeo. In

%iﬁléﬁmﬂ§h 2 sfyniéggt %Q Qﬁie$§¥%%%§ﬁd by
e ar't an ecur sor conpoun | co cn,
u‘:mjleis it h@S@le\fﬁé@léG’ndiStlllﬁhSlréfl p@fés@ur glhighd is detailed,

LeIRer allurL, @l grcapabl e ofzgpacting with the
al pha- hydr oxycar boxam des in an al cohol ysi s.

Preference is given to converting the
@Heldé@wﬁawowﬁkﬂea byifh aleekelsysis wirdreadmes of the

al coh whi. ch. cqnpri-ses abl 1Q_carbon
SR e o B PARaRa S RE b e R hi i one®” B LiaR gt
dhocdwl skiihékeddeimetthanodrt etdnm]op;:epnopanolqompounds of

bd%@d}% s GHPESH Lxﬁgrb%@n%@mhéﬁn;@ﬁ%né BEO %@%'sure

pent ano exanol ept anol xanol oct
w%omer@W%came ﬂ@é’aéll@oh@lf u§@élcit§nr%ré’lth ' the

Rrgfrelapldr SRR ANHL 8t hanok 1 cBRENGROL . beirRGerence
%%!ygiven to converting the o-hydroxycarboxamide by
alcoholysis with an alcohol, 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,
nonancol 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
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
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particularly appropriate. It is also possible in
principle to use precursors of an al cohol. For

exanple, alkyl formates nay be used. Methyl formate

or a mxture 35 of nethanol-J&ind carbon nonoxi de are
especially suitable. In the context of the invention,
tmﬁe$awn¢imaabeoweeﬁxxapphaehyﬂeoxybaﬁbokanudéeaauood to

al, copol 'Sr@%éf&{mdc £l hmﬁs Sit82CLY - hRvated

principle S I's understoo an a reaction
chEeBRIrQhtehbpemwing admes) @mw Presseretignpeln this

ngbit &k hed JdWidigd he readlreoNmebAst his J%HEL@@ greater
el evat ed $r essure neans a pr eSSUF etl?lr eat

a.%%%pﬂ%? %p$?E§§uPEeSFuEe’ Fn€par ti'cifa 1ca}8§fegreater
tiadn 1 basarln ][Ihe tdfmt e)dntcéxti hef n\tﬂ.'rﬂl omvetnlte_on, the

pressure. na e of -gr 1.b
ereraiee Tty e "Wl bhin o' 98550p« pERREEy) lny ¥ Bar =0
fb¢$$)v\$hahr o t heustlattemehﬁ@ haae tIHat lnﬁelbalelszswf@llows

bﬁi&n g & nQR&Qeﬁl&% nyeaL i {{ﬁaEe%ﬁE' 9%§lsﬁeaol ¥oi® Quring

dr oxycar boxani de and_duri ng the renoval
(ﬁh@helnaﬁﬁﬁﬁﬁﬁfr%ﬁﬁ??&??ﬁ%&ﬁﬁ%o%wﬁ%%reoﬂ:5Eﬁ%atérpha_

t}ﬁ'@ﬂ\roﬁﬁé’@mmﬁd@r essdr e dofrigieatigfe t haemdvdRr . ofn the
partic this means that, the nnonla formed int

WA ot i G ted TC B hén PEdRE Sandgnan
aatywesiser & of pgesatier t han 1 darateshi | eheonplketisdy.  In

éﬁ?{‘édfhgr""' {:H%gh?rielé‘?l% Qél%g?‘tfskﬁéa%& %‘i%hlfc?:%me% in the

1 pping he di | atrve renova
armadl son 2®5| alske digitiekdtedf ovheoifndift ikt ke under a

Qs QUCE - dT XBET € ghg o rdepl etredh Not 9pky | phamEonicailetely

also in unconverted al cohol . Specifically in the case
tHatrsRT Hhor 1§l thediseopit ﬁéSéF‘EBHBPy§P§h ffe St&dPLng

ifa PE5O0ted di s A Bat COAPrBd Nl o NlEie adronide
conmponent s ammoni a and 25 met hanol which are in
principle very difficult to separate from one

ahntths cémtetie sfnphesineasejiothethpr pdoducti xtietaries is

fé@e‘l%' Haﬁf%@ 2R 4 ?anﬁqb ol BY: L§IVing %%'cgnhr\@q_“ted

onen as a substance mxture from
pammlmS@wJeflcmelymnsub@tﬁﬁ@@sthat methanol is used

for the alcoholysis, the result 1s a product mixture
comprising, inter alia, the components ammonia and
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
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
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,
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30 are then subjected to a downstream separati ng
operation, for exanple to a rectification. On the

other hand, it is also possible in the context of the
invention to renove the tweIicsnponents al coho

(et hanol ) and amonia fromthe product m xture in one
36t apey abeonfapdraficthersanterese ahst tbesepacatent ls¢ep

L0y &?Qsﬁé&l&x‘?gisof”’&m errengQL’SQEBhoﬁ”%?:Bﬁ”%le fp Bt

one anot process nodi fi cation
tTEx § @R nBiren, seg@ramd mepalsd adfl Ypaf ¥ PB uloae |?@‘é’?1é%¥ and

ﬁ@éféﬂseaqulemfﬁéeenta%iw remevathok therpose, for
ammoni a/ al cohol fromthe product mxture are

st ed SpSt PAI MPIer dth Ehot PR HY CpRr PGr REQViRed
dirid etlegse uahh Sbe Foonhbtsepuwpoiea beaesSueranplseildreion

re prgssure reactqrs can be Rrov nd e
c%?}f%%n conﬁlec? %d WiTh oanepr essure éa st %\ecq:t |]%n wtclzqgl%?}rm
'ﬁm%ﬁﬂgﬁ@ onesbdenthe rdastidrin vty eraticy remleen in a

éfﬁ%ghf §q§ﬁlllat|on/react|on colum in a

arate re 10 In the widest sense, this includes
contlnuous processes for preparing

al phendydi exyeasbaxy) i enest enslifcvhiceht ihboukeptbarisses
r acted are, alpq§¥qégro carboxam de. with _an al coho

t h&FPasdnde VHCTP DR R §5155r otfuctPich
rmh@Lﬁéﬁ&wmmhscoe@cts&saabphaphydhgmyoaybaprxamlde with

esteln e ﬁ"ﬁzm& wgogyésggﬁgea'oﬂéﬂa h%@%%&g%@f boxapl,dgin &

and a and cat t'he 'proces
cﬁmc&m%rmzéﬁurﬁ Wha@haFOH@aéﬁaﬁt aé@b@mwd@mﬂagh%yllc

@PCtaQﬁﬁonﬁg 2QnabRbarhydr oxy PXRAPIE ca¥Boxamide
coho and a catalyst are fed in pressure

r%t oralgnhahe r@eﬂﬁ antcaé‘{arléfa‘%% ar &k‘reeact@t?cﬁstsh oh&ing

%%Hf&ﬁteﬁité@eupﬁg&ﬁyre reactor at a pressure in the
eater. than 1 to 100

nge of r bar ; th
Ui At o FEAUIET ngrPBRISTRR by 2° coRgFrerng: o
Eﬂlﬁha*hyﬂxnxymﬁibngdmxd$ﬁt@m alincboVeahdda 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;
c) 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
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

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
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al pha- hydr oxycar boxam de and catal yst, is discharged
fromthe pressure reactor; and d) the product m xture
is depleted in alcohol and 30 amonia by distilling
of f anmonia at a pressure whHi®h s constantly kept
greater than 1 bar. According to the statenments nade
aboyeprasparei cabardy angpyopariart etiprocesisar;

t bl e e
reactedﬁ%nﬁﬁaong anot erB?% ?%t %%gggﬁ%eaféég%éﬁﬁéu E;om
p$%%@u¢% |h5tﬁ%drb%@% @deSbbilt%loﬁoc%%anbZ) t he

p&pﬂucatmmmwgnaeaqt:bh@g faemetepi bldd i 6£f via the top
ressure | ower than the ressure in

deco
5 "PhE® pAastdAEGE ool et (RERCTOBAS . 201 ) the
tdnﬁsthel:bampi@xsseﬂb]pnmducttelmwt keetr esliithing tmemratquo of

I

are dis
dqilr,tu | §hat i pﬁod@b@mﬂnlxwarqor@h's@nerieﬁutlﬁ@ Wi Brapi &%) -

cﬁ%&”ﬂe@ﬁ'BQPK%EEdW1H“dhﬂJHEJaﬂ&§ Qicoﬁ&@a%%HEQﬁﬁrases

bar to |l ess than or equal to 10 bar; and

rﬁ%ﬁﬁﬁﬁhYﬁ§Q%ﬂ%@¥%ﬁ%¥#%%suI?§t?Fon1SFQEOEE?rteﬁas Fe&ha

Bfcd rbexamida and aaeehglstands cOMPEhse§edO0from the
?gfa hydr oxycar boxyl i c ester, unconverted al pha-
h tarboxantde and catalyst is discharged fromthe
colum. In this process variant, reaction of the

ﬁ@C{ﬁpgs %gggsgsv%%qgﬁil QE%ﬂﬂﬁﬁﬂgaéﬁ'EHQO e%@%gnts and

celn rent  spati eparate units
oltquv%r@lé ampead bdpLcetet mlﬁwaﬂme ahd §@9ardatf|f|¢gfent

Wi+ {011 § he &Vl of ammiy a/ al cghol  fgremd he words,
product ntxture are_separated from one another Thi s

MRS ARAME e CRAIMPSS dPRF eriSRA redilr 8N hngheT  the
Cioinddea e ngpf omdoﬁpa/&h@ohdseaﬁtomntné blﬂedﬁeaChﬁEﬂt&rénére
ST Oh Tot e pr aneleet ne BPRt “hEacElSn gt tre: bt
MEﬁ@menUeQMQﬁmmﬁmnanMErcwne@ﬂwemmuwam dgor the
5¥§EﬁfﬁéﬁmbftéﬂbiPe9c95§§§u5ﬁd 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
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
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
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
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25 columm, both steps bei ng conducted under el evated

pressure, i.e. greater than 1 bar, succeeds, in a not

i mredi ately foreseeable manner, in addition to the

advant ages addressed to dat€l4+ the first variant in

the process according to the invention, in once again
3bescgor$i camégtedpinviagieéhe separating action and

of increasing the efficiency of the renoval of the
ammoni a/ al cohol m xture. The quality features

neft FBAEd FE€gR e iMASTYOVRRIC anspigfeRercpyis given to

rgpﬁﬁéb@?itﬁériﬁﬁﬁtW?ﬂc?Rléh@h§f§é§éf§zeﬁe@ﬁg@h?@nce
nor e an once w eprout m Xt ur.e e et .
) o P e ok T helseReghes (ihe SEBRCSED i
sepap At s Higd Cob uamp t s esBar ndilséi rdmage oof cbl uom)( bhae;

ERC of Sk LG ARlad f o [l thLHE oL ALSRIUGe ¢

react ors connec in series IS re
vetgp pant i cal afedr éigoense furigianpressargr oé%@@tor for

vagheplothicl Lo shanactertaed é@air‘i‘f"‘t afqe) the

pro uct m xture di schar in ste ) conpressed

t® a pPeRBEreZin ?Eérrﬁgée38§ @19 ay§ ﬁﬁpque [fecording

Mxttie gospsrssedohddt Beunanaefomaccording to step e)

is fed into a further pressure reactor for reaction

and allowed to react again; and 10 g) steps b2), cl),

CQQCGEmﬁm@)yareUreﬁeated apeotdingart oinberest that the
%@ %th%ﬁﬁéﬁiwn?ﬁa% nﬁ¥cgﬁg|@¥%?hqf ig qgthdrawn

nterest that m xture de
afm@m a amdvalbeivsl thse vm%mrav\ﬁf thef rfémSé tdrlﬁﬁlékicﬁ}‘elon

t@@l@f%w&bﬁl{oﬂeg%eel red di iiddAldONgeakHBR, than in the

onpressed to a pressure greater than in the
GRSEE LT 2T 49 coP LR afBSt hBADT BB ARGOa s GEGIAY Pressure

PrESSts e, IeREHOE, V\JélEﬁéE ahbeheanotrbactrieact nmaier the

under thef g gf@f el evat ed pressure a%d te %&yre

13° obt i At a0V W eePFRAETET BF 8d EPRESGFE, 5 ain 4

dmemmwr&amEb@apkodUOtanpﬂEsemwe.iESSStHanompreBeed back
ond ctqy a a

Sﬁ%ngr gégﬁagélnt%%thea%|rst %%s%?Fnglgh g%%UanQ%Ctor

b@mquqqgﬁtﬁﬂaytha§n1hhb@ﬁ, fnd then recycled into the

first distillation column below the tray from which the
feed into the second pressure reactor was effected but
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.

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
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
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feed into the second pressure reactor was effected but
25 above the bottomof the first distillation colum,
where amoni a and al cohol are again distilled off via
the top to obtain a m xtureiia ce depleted in amoni a
and al cohol. 30 This process step can be repeated as
despeatid frovre elkampl encehree obtaburatepbei bostsmapé the

Rardd sular by scfayque ahl &olldhut i 8 (RGRAGL PREEEHAICGhich

&
i's given to a _process which is characterized in that
thaes r RN ol etask pr eddiies r dact gAmop@ and  alcohol
GREIRIAES| 080 0f thize reashed 3h mog urgretberéeediengtors

into t@&ﬁ%irst di stillation_ _colunmn, _the de%Letion f
ATOHT & hd Al catfdi* 9% t Ae 3% s©©O%di §ti PRE-ON Scol iy 2=
theeatidthdrteamal zaxfo t he isleprefedalni xt inetheompngsspdn2 to
feeding of the depleted mxture into a further
pressure reactor, are -15- repeated nore than once, to
obtain at the bottomof the pressure distillation

Q| UBp r Sp PLLEMCHrBEXEUTN @ oiifGRathan Qﬁ&ﬁ@@%@t €Haf the
times 1 n amonja and al cohol accordlqg 0 eﬁgunber

I LS AT eatt RS 5%¢onkéet &d i P %jtrril%é My bé&re

aqusitdd/endrd egein gfeater than zero. n is preferably
in the range of -2 to 10. An appropriate process
nodi fi cati on envi sages that the 10 aforenentioned
Steaps ®etdf iy debiped atovierndrse inehede etheppertiamance
QRCEnYCT Yo SRS | GrBl 06E58c Y BEh At NELMEE Weing four
performance of the reaction and depletion four tines
PERPHSUr LS te1ds s freaesd@br d coffEdeSd TR sebtedn @
Rl N RLEAUCHePI Xt uHe depletethdOurid i MEdria and
amoni a and _al cohol. This process variant is .

gly TlehBr acPEPFSEG | n WSt epst®) t §°GPrarEILtyY

rtEeaEtkdtized ehst thaitcest@pe, e$0 ttday) t herer easpéedredsat

erforned. in 20 _a total,qof at | t .fao . :
sé?ﬁ%sjggﬂﬁ%é?%ﬁebrgésﬁpét ﬁggﬁﬁggﬁ?gﬁéﬂth?sperformed +h
confietiilonofi tats doustaur t Isegd eskiddnegdtied pressure

reactors.

In this connection, it is obvicus to those skilled in
the art that a sufficient amount of alcohol 1is present
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.

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
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.
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the art that a sufficient amount of al cohol is present
25 in each reaction step. Therefore, the product

m xture is preferably depleted only partially in

al cohol. On the other hand;1é-he al cohol can al so be
added separately to the particular reaction. 30 For
the given process variant, different tenperature

r@&ges 1&65}%{“ U“Ehea”d oﬁﬁ@sg@@&t ordlfgaafleubaec%rr ounRg, 1 umn

fal‘tICU arlg riate. In the process
v%?m%ﬁ?ﬂ Hesard bege %E%}ély t ]ﬁésr BatPMBRTPHUCSS 15t dhec)range
CR BeoRer BoPrre%atabaadﬂ ahes ° I esB4r @xtab@ntteh@erature is

di sti atlo ft e ni a . The_di fferenc
ot linet; hpnEratiniY athPedttPliGlhary Shihe dEehding
pasrefm@t;byeatuieeas«:bncﬂﬁ bans aexli sioshg pref erabl y at

| east 50 bar. -16- For instance, the pressure
distillation colum generally and preferably has a
t%et@m@ﬁéautwrﬁhelmaﬁg@ sPagbout SOYCrirefgpehtlyiehT. the

acls tsﬂeﬁﬁatwﬁd%aﬁo est abid shed Jyp) c@ldnt iRdG1arly
the oi | ng stem dependi ng on the pressure

&H\%W?H’%%%t%x 8t |¥@”eﬁ'h§hﬁen5%‘i‘%?ﬁ?%u¥% T e5eRBFOF s tO
pf@écei@b,l ybe thamprangen oétapsutinl e Zﬁ&Cg%Ibfl $-15°C,
cularly . 10 appropriate to r the .
SEIEREI GULa0 Y 10, SPRORY e L0, VR L onrtacery
sIrepsstap$heorEan@eCof FHEC, ppsefevabyy 4nfQGeands the
VEL Ve PR i.&r ﬁl%@plpééa ighely in steps of 5C. This
n

positive uences t select|V|ty of the
reaction. 15 A further neasure for increasing the

sel eglritkly fBYsuAd S@oeoNshSteh HiAQ@AWEANTsE NS LALEPT may
vol une from reactor t&ér eactor, Wth decreasi

(B orCUBT Uie ot | FERBGERAg EBRveFSRAGHCTan VO |ﬁ'8‘m?vedfrom
setaeiowi ty |rsea2ﬁdm kewd ste dl@t:alelaedngThsaarcetobmtiromuina at
the reactor volunme _my preferab

49 cheraly. e n Lhe rangecof ;g
1% 10 BO%° nor & %F%%% ably Do 1S 20% and rost Y
plridf et iz yOE%i@edowhebmcmlqrhelwotlmﬁer@fact:he volume
ln@ﬁgebr%%%%%%ﬁy'nbgaqnac%%%' 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.

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
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.

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
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25 The various nmeasures for increasing the selectivity
can be conbi ned particularly advantageously. Thus,

the person skilled in the art can optim ze the
selectivity in a sinple maliver by varying pressure,
tenperature and residence tine. Mire preferably, the
razgiotniron Bamn, of pent3dt esmnptlee Bésthheet ed dheawithdrawal

%%%ﬁ LRet Bgtrt@ﬂge(c%flurr%o%c; c%r?)oq':faﬂﬁ P%lumn is

nce tinme can timzed e renova

atafshi &5 r 6 tﬂ?elartéléfcﬁl @r’?aﬁﬁ%@lﬂte éﬂﬁ oWeSitHe-eady ofthe
tébﬂ%%iﬁﬂﬁf“@ﬁbSﬁﬂﬁéﬁfléhﬂﬁﬁheaﬁgobadﬁreahbpwﬁrt1cularly

t | ar t trol 35
R U (Y Ot 950 cobhs, FhD bESHERPEGEaSaas Product
alineadye neft sesed cigvegfid¢r i eathvdurabler tocaai iddr aw a
I ALAAICE L XL € plQeDe Qﬂé 405560M NS PLESHYEom
di'sti ai n

|on (o40) uhn at cer 0|n S 1n
cdl une @@stgllemanu galumhe diasteghen o’¢h€t héeed point of

"HHQ%‘&%’@'of P&i@pfé&!ﬂfd‘!f fatg am(col um bottom of

the colum is wused as a relatlve statenent of
position. In the context of the invention, the

procedupe dcespar t yaubanty Scappr Qiﬂﬂ@i’@gédlﬂsfﬁed fleature
t he econ%e%?ssid roduct, . mi xture, of

§ e soh IS PR BlaBrop Presstre in
d:llrﬁetgm@elj acEerﬁO thea 1t hieo b&0t ber, ofmd e plrefebhlalyoﬁo bar

gtr eced| ng s %%éﬁ%é?e%ﬁp\??c(gg%a%g% ;ﬁfd%&g{l the

advant ageousl y feature performance of the reaction in

STHRP dhndHi R ﬁ&%@r&wllié@ mnggegf diopbefeﬁcabﬂg at a
bar, nore preferably 40 bar bar an

RRESSHR y B0 B&e ¢t &ameoap 1@ ?hé’agm&m aléaﬁ?aﬁe more
dradfiddegd y N.¥ emd)tprefiermbly at a pressure in the
range of 1.2 bar to 10 bar, nore preferably 1.5 bar

to 3 bar. 20 In addition to the variant described, in
v]hi cladtitieioneatbi orhef vialg aaltphdebydibzrycar boxahiidd the

J{b% : a%ﬁoh%e' S PEIHLHRA SERU A Bl fdOM hen  the

rennva
alcohol is performed separately from the removal of the

ammonia which results therein, among other products, in
two spatially separate but connected units, it may be
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.

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
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
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amoni a which results therein, anong other products,

in two spatially separate but connected units, it nay
be 25 preferred in a further process nodification to
undertake the reaction step-l#ivd the renoval step in a
singl e apparatus. Pressure reactor and pressure
(ﬁkﬂha+mudxwxymﬂmwa&mtdeea$mZ@Hc©h0h shdgke catiatly san@re

%J&C{AQ/@;}V réég)cﬂ(g%l his particul ar enbodi nent
[

he |nve ‘udes conti nuous processes
flor) pr%rrﬁ@cwr@hastﬁ?é%x@c—'@r besaaied edibh song wRiodher
the F1each sl Sureact oAl gt ahppachydrexyaachexaghde of 1

th an q%} hol in the 35 presence of a catalyst to
33%%1 m xture which conprises

@ha1hyﬂr@x¢datmoxmiktuestans daepirited GnconMssheld and
alrﬁp?anlha{dﬂ Yﬁ%Q:pL(ﬁﬁ Lgdeoiafpd 881@' %%hoA ?9Qgsure which

thi's eact ant
cnnpc@gsh@ntég k@@@tamQﬁtQﬂltnan 1 bar w1thout the aid

al P hashmdr ey aboxa e médh A cahel and a catal yst

are fed into a Eressure reactor; b') .the reactant
H'reartdiear BT PEREE e d i i onkhARbt F&SULLS t HECPr 8dsH &)

neactiesemt d@pméeéauria iafnidie J ange #fcdhod kan Tc.@mb&@.ses

bar: c' he uct mxture is depleted i ohol
Pt B GTIS ng. S FSBtmonFaCHR VA= PdesaPdpha-
\MydﬁbxycanhnxﬂmmdéyakepbagaéaBErusuﬁuspmﬁwgawtﬁoqm the
t pAdditional stripping media; and 10 d") the

roduc n1xture which results fromstep ¢'), has been
depl eted in anmoni a and al cohol and conpri ses

hQJ‘a' gy Qrcarboxyd i cstige, ypsepyent ednal pha- apove-
drox arboxan1de and catal yst is dlschar g@r6%£n1the

qfeé(éFéﬁntlSOfrhet}k?r edBYFBtERRge BB Brvidy @
lﬂédd’iﬁ\ﬂbﬂiﬂﬁstﬂEMicﬁlﬁchmmranéeﬁlm@eaBmz',ﬁat redctor, is

Rrelienapl voba  {eactive.di sl ! |atien col USSR of
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
simultanecusly 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
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
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
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vari abl e over wi de ranges. A preferred enbodi nent of

20 the invention enconpasses the performance of steps
a') toc') sinultaneously in a reactive distillation
colum at a pressure in thé9ange of 2 bar to 50 bar,
preferably 5 bar to 40 bar. A particularly favourable
p¥obestsrean orfen | apwhdchistepy adjusbed’ pepreapénforridon

Z3e sippl t aP&%éi%ei ndfsfffgatys%d' égnh}aat i eﬁugol a@nl@tves

a pressure 1n t range o
prrenedade ARt o (e PETESS aertd: lcﬁ%ﬂt-o the

invention, the reaction of the reactants is perforned
n a reactive distillation colunn designed a
e et S S tHeS ahorfe, TOPRBGIYE GrafripRg can
ofdryonverucusky del ardhgef o haf thectrbbnmraiurl ggnelmelly
0 Thi hi ur £ct t
l;nerir%o%éaa ca% b@l@gmgxgj? %ﬁngco%ér@ ntq‘{# gh p%lpléltyupﬁer
Izmpamaturs mpliaikanAsi sest hostehebly ngflt@n r édifcebohe ing

HESSUrer M&0,9EcRaIT haWar ef@&étiéhthéﬁ?ggat;ﬁfé is
i's a variant in which ammonia is dlsgl under

PSSR N alﬂhetheoprapgﬁh@%oﬂawﬁ Oakd tHFQl PERGPTRRLY

riermyven) fa emd ke aolpraratapIhel g0t am @r20A@ a - 19-

sidestream An appropriately adjusted separating

action of the reactive distillation colum thus

dthd evies inverdiabe separat iven advarimorsaiandhah cohohost
Lh By t i ayenti : cti.an

T R RS PPELRITE B 08 SYPBL ¥EipRECkha Rore

gerferedbly |&i'er1@<a%"; ng¥wtrh W%s@ﬁ]gtfﬁ%nﬁéﬁabeﬂepmﬁ@nt

URPEekhet eppeEaibh e dHddd ald Sesmgenar aftomf o t Reaction
boi | i ng oi nt _of the alcohol used. The reacti

SRt IRE | §he0 PRef dPBdP- i nithe FGRGd st 1@@@0 the
Jir:Eoatesifes) fcifezte Y pelﬂf)oﬂﬁé)&: ﬁﬁ]dtﬂﬁﬁlablﬁf ¢habkbyniBOEL0 In
2‘:[%1OC For th% |n nti on, . may be,C advant ag oustvvn N.s1
Tos O 6% Fght$ ‘% $eraby- At most §5}a8 agsousLy
ittt 1 ea nich mdn@t is pseﬂ@;&blq@r’aﬂtams]ty 1%@ayr\/\e| ghesefire
tJ]ee @lr%gtag' PLRSANt 11 Pthe fga ﬂl@ @d%%e '%hreﬁ%s@tlon

the reaction sy stemviat hase.
mgﬁﬁw@ @@yow§mpﬁgse in partlcular the reglons of the

system in which the reaction proceeds and the regions
of the system in which the ammonia is removed from the
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,
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.

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
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reaction to be perforned particularly inexpensively.

In this context, the reaction systemis

advant ageously 20 notable in that it is kept

constantly under a pressure20f greater than 1 bar. In
this case, the reaction systemnmay conprise in
pardsowtar rehetoegi ohs eptleyedsyswvébhontwhirehludieng the

r j on 0 ds | [ .
P SRR oatad L1ec 108, Mk Rle bl MRhETLEacycve
t#fel Bl & ohal soespaks al Pyethe dildti | Irﬁfslléﬁnc@ol urifees are

Accordi DNy, dderSERSRLL QT Of £ ApMONtRe angolaheohelf  the
can Preferably be effected at a pressure of greater

G¥arstiddre preferably greater than 1.5 bar
mnth a very high efficiency. In this context 30 it

be artlcularl a t S
&§¥ght g? tﬁresen :BPE%Qédgén tEg alco ol%%%%p red 7Y
\mulﬂrsttarme r@mme-mwestarst disstiliatdbor epluma which

reS| denc ﬁtv%e@ togst her Whib the AmmnA. sgégsae can be

ime may preferably be 30 seconds to
Hotgd, ndPe pritder QEP?eﬂ}tm MAER LG i hlifes %‘HEPer of

'EéﬁaﬁﬁﬁﬁﬁﬁagFagasmﬁ?ﬂéié:fblih@IﬁHMﬁerThES&ﬁkyéi1n a
are prefera se t he reactor vo
éﬁ%%yo?o %W%Iﬂ¥a?ﬁ?yn F%éé?% ghe?$ﬁ§ ?§#T#l?ﬁ%s in the
\ﬂﬂamesfobtdmﬂuﬁ@ wnt65$mﬁnatumﬂ®rEacklegpknyem,column
V\‘@JF{],PL&{ vol ume of the distillation

us.

appar a n t|ve stills also are used, the
resi dence tines are cal cul ated correspondingly from

tE Ol dUTE, 0F 5 the1 + Ps £ 836 HY S 811 Lt i oROECL BRNPLES BNk rays
invention, in one variant, an mul ti st age

prsskide- FBePSt aTHCI 8Fi I7ERY %%Puﬁﬁa .,chSleve trays,

prefresaklap has-dy orvamare saparst i Bgost ageayean e ot@ed
used. In_the pre i nvention, the nunber

n of
STt | G LE Age P AR €00 ¢ AECHanber o6r t r ay&t i ntEaYS:
toayt cidfwgal drraye; ntombea ohlthebageti dabtplatgs ohn cofamn

Qﬂ?ﬁ1ran3bn]pagECWEBBfStrHﬁBQEedsQ@ﬁk'Jgi‘ﬁééﬁﬁ%ﬁ UM ngs,
Lessing rings, Pall rings, Berl saddles, Intalox
saddles; and, for a multistage distillation column with
structured packings, those such as Mellapak (Sulzer),
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

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
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
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Exanples of a nultistage distillation colum wth

trays include those such as bubbl e-cap trays, sieve
trays, tunnel-cap trays, valve trays, slot trays,
slotted sieve trays, bubbl-€@lcap sieve trays, jet

trays, 20 centrifugal trays; for a nultistage

distivtat deplebkdmbotli t hnr sammmipackndgsn tdbsehaslchand

i, r) S S r all rings, Berl
?a%%%%g]lg’ﬁt% Cl%déggfﬂeg% a% ) %}'Lr3 a multistage

distillation colum with structured packings, those
3%9? a%g%@ﬁiﬁpﬁfs&ﬁﬁ%%?ﬁz,agé R@@E@ﬁékﬁ(KHEnii?e alpha-
nt z- Pa ntz), and structured packings :

A R £ BR et i, PAXEALE: SHe RS in
Ot aM ihdcoabcarbl pnspot feeghons iaf theaysgioén to a
regi ons_of _rapndom packi ngs, ,or. . of ' .
SR oo b e i Tl S HERER T honia end
rd htalrel dépl edechargedhoniia cohpr ibsdg om | pferth | gurther
tcﬁeswﬁlﬁl'ai{s £l pha1hydr oxygarbopyd i cegstefet FOI  further

furth olation and purification of the ester, it _35
i bl okt on i n afCAPPropri dfe pr JBE<E nodi Fi'Rat i oR1IPRa-
oy d v ok el Preguet Hisxtan e depbet edfi riamMmenéatop,
via, the bg&%on1of t he gistil{ation %gL m, and to_feed
1304 o th2  hPRer SBERDAG I BHFFRLT | GHFRTith, MherBTERE:
adlcattodl i sadidsti | édhafhvdiraxyberbopybict he edlamn toif
Q ' . -21- i re d A s ni igggiin ;
éﬁg%éhﬁa%é% g?g%grab y H§%§CIEQE?§%gagqggac?%r. or %S
fagaseed sohbei sheaneadcover Yhof alhbaghyRgoxgcarboxylic
hycraxyganhaxy! i ghestrila f 4ol thee mexburer depketeshimh  is
anmoni a and al cohol, preference is_then given to a
groBelss  PRIGh 8Adt Hetthi xtfiife 8E8BMBLEd | PF amfshi §x&Rgmely
?d‘xﬂhﬁi_ | ladef,bLCHl%ﬁr’@é g@dr\éhfarg he: deatiteim ?fe@mheféur bbeaining
I.Sti ti CO an ed to yet a further 10
d?@ﬂf]i I %ﬁt&ﬂ ac%qqu%' whi ch the al pha-
hydr oxycar boxylic ester is distilled off via the top,

0 [ ixtyrse d i '
N g L e
&pr dpeisht eong t die g hekKNpWR| fa T atticg¥ torepsinj gvhich at
least one catalyst is provided. This reactor may, as

described, preferably be within the distillation

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
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
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
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15 recycled into the reactor. The

al pha- hydr oxycarboxylic ester product obtained via

the top of the colum is highly pure and can, for
exanpl e, be fed extrenely -aiantageously to further
reaction steps for obtaining alkyl (nmeth)acryl ates.
Z@hésa@uériﬂed ithehdtsthel atlipta -aypacatyes: npoekerias ysed
093 | ARARh AR SahRe kNG ATHESACtRland ! WILEN s
a | east “oreée “cat al provi de Thi's reactor may,
asetieset i bed, preferably be within the distillation

25 columm. In the context of the invention, it has

been found that the procedure outlined can %oler te a,

| Erger SPEGEPUNPECOTGRER (Hoat T TAYPBEIGR fRESS Place in
r€ﬁ§taﬁréseﬁﬁé i Bt apcecathey3@.al cbkol yeiastdan bean be

erfo el ativel Iar e | cohol _excess, or

d%??% %E%EG%Onﬁ%Péd%ﬁ§ € al He-gﬁyﬁ?oi?%%r ?%%IdThese
Pamticdé ar pombgeraocesi s ghtedysts precessedidtenggagieous
tggtéfggﬁéon of the reactants is undertaken at a

nmol ar

arting ratio of alcohol to 35
al pha- hydr oxycar boxam de in the range of 1:3 to 20: 1.

T@@téﬁ&é@sls<M§VYV@§5IICbb@&hhu@BEropihﬂéEéytl 2(¢® the
15:1 and even re apg riatel to 10

FPT EoBRRRST & ofur ol PEPUBRCt GO, iR dnyention
iﬁe Qhﬂﬁﬂﬁﬁﬁﬁkﬂedompomﬂat therticular preference being

ha h dr ox carb X d S, h bu a e
VEhotEl Baion 0eh Les Tt EohRE g THE AR of
athn$dtmget@ftm@mqgﬂﬂaquawQ&ﬂﬁﬁyqﬁ%cenlﬁ prheess of the

p{r‘?é%qgfoﬁ)f a}gat alywdy Thengeactd s cande surprisingly

acce ated, for exanple, by basic catalysts. These
i AV kA HoRBYenedtsl tat al TR s AR het & idjerdoile” means

cahat Yshe JdD 4Bt Yeb6aDhsvany pedta Tyt ¢ pmbgées&es in
for the gerforna ce of the proces n geordln

ta t
| Fient PERESEFE. | Bht hARGRG - conboRTaenatdrt | diitar RvEREive
prehet eatechei ng 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%,

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

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.

Preferred lanthanoid compounds are salts which are

preferably present in the oxidation state of 3.

Particularly preferred water-stable lanthanoid
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given to water-stabl e | anthanoid conpounds. The use of
15 this type of honbgeneous catalysts in a process of
the invention is novel and |eads to surprisingly

advant ageous results. The t-@3m "wat er-stabl e" neans

that the catalyst retains its catalytic properties in
tdwenpresencerof Laval@y).; Aaddpdi AgiCy:. t ibeEavenmpeengd® may
IECRARDL 5RO RECCLEEE AR Mt SAONGEL 00 PP b8 Fimea
by~ weight ~of "wat ér mn Rouf thi s S|gn| Icantly

iinuﬁ#ﬁwg the catalytic ability of the catalyst. In
this context, the expression "significantly" neans

that the reaction rate and/or the SﬁIeCtIVI

JeprtdifdeshaloRERECHY Stvha b hasdges l@hé?%%%??%‘f#ly in
wiHdopt-ekbatpr eseaceiof imicude Labkbanoinkcanpalkdsides

refer to conpou of La Ce Pr, S Bu,. d
fHF?DﬂrQQR£$§F££$% s A AT Pre%g?énchlsEéPve%nd
taolumiimig.ma I émdf&n:@mteconrpougdveao whi cksioonprEd ségtanium
aajl CE?J] Lhe lant hangid, )&I oungopr eferall ve ha%l%anlum
sol u at 1 east

Ity in_ water o /1, preferably at
|teetsta MPRPIPY xidm @r HSLTPrféfffe?qk?ékFﬁI]a‘?ﬁ%m d
conpounds are salts which are preferably present in

t he oxidatjon state of 3. PartlcuLarlg E eferred th
at RRL 1 GBI RT | RACRERSI FABRN e ohPotRdES aFdL at3003)3° the
and/a0rydCl3f Theselabipounssa mayompécaddedi ¢tlo tcheprises

aCl i, ] I .
Sy eRe oo ek FRIZHE kT4

t he present |nvent|on i nclude al kali netal al koxi des

%}}PO ganouetaldiic Goappypds: 0f td# aRium p£b8e§§d of the

alumnium Pre erence 1S glvento usmg titanium
dinist ideoror SRV hSagRdxither fide eahplBsti vgscuns 18 metal

tat i Al RORIRH e Slel PHord te |t et paéﬂéybﬁ&ede idA glven to

A I t des 1h
CEa1g e ML SO kbl GORBTar P EBDN LRPURTER. danpYitad the

tidtarll umsandédbected afbom heehad phbaobpdr oxysasboxaniae. 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.

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
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
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.
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15 Anot her specific nodification of the process of the

i nvention envi sages that the catal yst used is a netal
trifluoronmethanesul phonate. Preference is given to

using a nmetal trifluoronethaesul phonate in which the

20 netal is selected fromthe group consisting of the
ehkrermast ivey oupsefergncg, may bk diveri3tangrdgestes in

mlCQGEthbgtgﬁg%tal t” éh&%emgs@uﬁi Brhd HM&Rted

usli ng hose uor onet hanesu onat es I n
WEFeh theeoheynl censiasppadeft Sionéror Hipr &, Nb, Ta, Cr,

lawt hanords.cad N, add) téon 1w, the a&ﬁ&ft@éred variants
of honngeneous cataIyS|s processes using

het er ogeneous catal ysts are also appropriate under
sTie amcnist aeteasedhdn heterabestenlgs Cat ahyshe process

usegapl e successfull [ de m QXxi
SEAPhE, SUPSERIRY' kel AR S BRI T Y BReyepea in
Fc‘or séxwdel enapnef ert@hc@nnay\fea@lg]t VEHOLESPr otess @y engring

W e they é:@;)aa{a/é}la@»e@n ifsol ubl gt al G hicGh  be

35 contains at 1east one el ement sél ect ed fromthe
FRABERD N} B i gt bRnsh, tocgiye pydregyagic aciduy Thys is
Nt dBied O £oMD, ed¥mdTe, Rein FEp- @OQN&QS@U Bh, aadltlon,

-24- t t
Tror R B rubhice Sl oot TR 8o bue B LGRS §oMBY 4 anc
imstchand e bt altlsel eRiiRd ofrr omArndmugF@Up poasessi ng tdfese

s o N ; - ,
ol oo s e, gLty O B, o
al bkt st s i Phemesprvcelth ofdiféonnvent i 6R-E&M t hewmder

fofn & cpsnee@&&;%h s 2 @hapla@rmrmﬁraerca@ an kewise
over al process for al kyl L)f‘(acr | at es

RR ERSHPLEd dfkshi ca él%@tﬁegctﬁé@%ﬁ nEPRaEmoLe
tithgi Vedipdragyans€adsi ynfitiesiss oﬁetmipﬂoniorlle from
exar%I eé in EP-A-0941984. | n addition,

ni ¢ BIFtan BE obtH Fsd S r omr"glmmm‘_”‘cr agnitrile

synthesis is 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

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
and several pressure reactors shown in 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
(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),
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met hane by the BMA or Andrussow process, these

processes being described in Ul mann's Encycl opaedi a

of 15 Industrial Chem stry 5th edition on CD ROV

under "lnorgani c Cyano Comaéunds”. The ammoni a can

i kewi se be recycled into an ammoxi dati on process,

firi sexaivpt wre the dedompreabedcdloe ssyhmesi grefsure level

I I r a ni X0 0 T
e ged | B4 T B g T 1B
Flscesa@lumn  IhRIuRFSER T Hani eIChRRARSt r Y1k Kstructured
el senrel qml;é Ia!mfbnlélfr pqs?ns@@%at%@afffthe@@nembm the
process operation o I rs valrl an 0

ITRASTHIGh WERUFES eFeitet PRFtre £F nt%epéﬁzﬁ'sfanoaﬁn gnd
refaaireel &ﬂbddsﬁ&m&atbhmt athehaloysi sTher bfighakbtpoiling
TARRNQINS S, 62 REELESGLE A LR, A CORBLATLT 0Rpal By

pre S Fect i ron c several pressure
meachets shdwkhien ﬁngonyern’ﬁé Wiy ssouHr eEie, are

fQawRxamy & hygdroxyd $0-+ it Yéémngﬁ ¥schedeha arfefnéihlng
pressure reactor (R1]) via line (1), together wth

FSTRETAL viICPTRLFS () hdE R CHRE hafetSYEat algsted to the

Wit Upe¥baréi teacor t hrongh |Tme 3atd)onUnder efifected
afo nment.i oned reaction conditi

S aphed ST o RGP SbsarhERTEEed otR epories
a(rﬁ?d—larmom R4 uncd]’neer pedduydr omyksocar bdxarh déeaarss the
t a d b f
CRRE L EeaT VR ATy ¥ﬁ?ﬂ%§actor;§'é?l) the
hpmir axiis oraxbeey lils detlonir e§§é§e§00§ |SovieY ~P¥ ed¥Ek eand

lgnel hy @k PESSISE: Vi anl doe (3) @t@ags@ae%%e €iod UBBi11
(K—L;%) The col um |s preferabl q}g Eged Wi t

JE#et drPuPackings.(%The %fﬁ‘m’iﬁ%%r‘i’ %\"f"éki’%’ﬂy]th%r gster
firsonyis el Ped eabkiren 48 XtHee dm'stmlaapmtam dfs tdweawn off
net hanol and oi'neﬁras istillate at,the t The

R gner Shoi iy CLahborti st ke Kotk G4y eaams BBLgRre y=t
estEnret hieedwes ptoduch lamag tH@Zﬁncwn&elthed bottom and is
?él %ﬁyvﬁsﬁ&t% gfa qn %efdr {§ Q!dt ‘Haékh nto the

e enalnln? 0 nethano npressed to

fdaettoPrssessier € sa-ded(Rol k hep 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-
product and the catalyst via the line (13).

The ammonia/methanol mixture cobtained 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
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
Ncr3os  Namide 1:3-20:1

General process operation of a second variant of the
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2nd pressure reactor (R-2). The reaction is effected
preferably in 4 pressure reactors connected in series
(R1to R4). The product m xture which | eaves the
colum (K-i) via the bottom2gensi sts of the 15

hydr oxyi socar boxylic ester, traces of a by-product and
tirevdrydiraax yw isdbute/ffaarmardee 1d Fispypassed into the still
(K-2) through line (9) . The hydroxyi socarboxylic

ester is obtained there as the distillate and is
cﬁqwme@amplqjathﬁeahqq@qhugiahepreferably methanolysis,

hydy ol seeaebexan g/ gatal y3tan?0 ahzsmolr eih eavep, the The
colum (K-2) via the botton1and i's ed parti al
V1 Gl QP {38 back Pht o tﬁ i?st pﬁ ﬁ&lso_

|ﬁﬁﬂ¥$&ﬁi&él)1sAiﬂaItt&tr£ambébtﬁvES degkilba@ion column
i | mevapor Thj.s, ena e_. .
dﬂégw g¥lg nf; %o%?%%%1de h@gkﬁéﬁggofﬂﬁnélgﬁ-
2ndr cadua:rtetammdlh’e:admladqtst mnixtutee lvige (13 TRe - The
ha r bt I ;
o t I Cgfg 8%%}?&&&” §s0 a@'k%%ééhﬁ@e gbﬁuhﬁ akBd is

I's conpressed and f via line
(pferadly f ur tBiRFsiUm (K | Tmﬁﬁﬁﬁeparap€§eﬁhe the

?Hﬁ6¥3ﬁbntﬂﬁﬂé&'téa@bi@hn%@nﬁﬁtﬂ@h@ f of mrabcthent apxture
fron1the 30 netth which is rec cleng|a Ikpesn&QS)

SRIRWST i HE TS iR oma,
Reasdrwricandi t ik osxgalataa rbok anxitdr nal am@hct omethanol,
Te ature 2 React S b -7

At oa b T687 ] OF- 20 L SR oty T 100555 Ropye
@Hherahepraoégmnopeﬂaﬁionammoaléecémj\Rﬁﬁ%ﬂﬂeQﬁ ghe the

{1 ﬂ%ﬁﬂn{' QAgW £ a%fa%erwft%@ Ol §e 2 (FQT. em@plhq,gn-
sis, preferably methanolysis, _c¢an be
é‘-foJe]@tréﬁ CF?WI?WIHF%Nt]%%oWdFﬁXFFEOCEIb?HSllS ester, the

@@@a&@@xﬁﬂéd@nc&ﬁﬁe@ﬁé&ph@dﬁ»&&@&bb&@yramlde and
bun¥;anlde is gs r eac ve d till at.ion,_co
"t

SR Fendtet o S KRB UG BT L on.
(12—)15 and xaumet hawolpacateal ystiam kin:uee Md)a Enhe (8) fuFtder

(é%fﬁg]kg geS|QHegh§§ LAY, %ﬁ?um%éﬁgﬁgﬁlf@dob§alned 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
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10 preferably equi pped with trays. Under the

af orenenti oned reaction conditions, a reaction m xture
conposed of hydroxyi socarboxylic ester and amoni a,
unconverted hydroxyi socar be@atd de and net hanol ,

cat al vot and tracpe Nnf a2 bv-nreoduecet forme Aan +t+ha +r avuc
uuuuu DA T T ACCO O oIy prouuct T OIr1To UTl CITe U1 uyo

Ienedi: theqcol um. The ammoni ali:s-@dt:di ned as the

distillate and is drawn off via line (7). The high-
boi I'i ng conponents, the hydroxyisocarboxylic ester
tHee IByregesducindpgtine uﬁﬂehhvgw@t edllustrated in ‘detail
hyehr Oxyd sobutyy @i der anshcdret hadwdnp BAST ants, | eave
the columm via the bottom 20 This mxture is passed
via line (6) into a further still (K-2). In this
cExtatpl e mei hanol is obtained as a distillate, which

n he nduct ed 't S ) ba
ﬁﬁ%otié§£o¥a£or¥K_fﬁ héﬂg 55951§t$ﬂg %% e? %%actant
i@aﬂ@xqm@o@ap@@xwmuoue?st&énrnﬂtb ynlpr pdactonnd 16AegZb of
*y%emﬁﬁ%agéﬂ},g@ fﬁ?‘g%h%d Wi 9M 4 hsafegi 91)5n lc%ﬁtent of

assed rou % into the still_ (
H%d?o%%Ys%%hg%Bx9Pﬁc sPép ps é@é@ﬁiﬁﬂdqﬂﬁﬁ%§QH%§ﬂq%m%de
(d&%e anélii Stiir | @ﬁ@r leﬁ hygpexyinsacar bomam se/ cam al ystrhe
m xture | eaves t col uym via_t ttom an S
G o 195: REGToTEdis (113) Lo (AP knahs of "Back Aot -
tThB pxbdmmt(m&ﬁjuré\p@rmeétweana@alyseg bgdmﬁana of gas

Séﬁarg 6§Mgfor@ﬁ rm&£§%)seI§E§1§9@?|E%rt%%thgl alpha-

ure o oi |
ctmczbzrq/zsyls@mmymte ( h;a)sedssorRe@éph@rr M&Mwutymmlde

f%é§59§e7ieaﬁhﬁv%nd%ﬂﬂdﬂEﬁ'éﬁhcéﬁﬁﬁﬁﬁhoﬂéﬂﬁeﬁﬁbu%&oduct
120-240 Co unn pressureé%?g@l 2-40, preferably

5“@@5‘11237 o AHBbH PR W undThe present

invention will be illustrated in detail her ei nafter

vgth ref er nce to exanples. 5 Exanple 1: In a
est pl ant consisting of a reactant
Table 1 shows further examples which were performed in

the test apparatus specified at a molar reactant ratio
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] [%] [NHs]
2 200 5 95 0.35¢6
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
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feed and a continuous stirred tank reactor, 157 g/ h of

a nethanol /catalyst mxture with a catal yst content

of 0.8% by wei ght and 35 g/ h of

al pha- hydr oxyi sobut yram de -Bwere fed in over an
experinment tinme of 48 h. The reaction was perforned
wséng:lémﬁéxloajﬁnas are datrglepstturerheargt odEntceani xtnur exact

f gnced QF@J! sed by nmeans of gas chronatography.
Tﬁ no ar selectivity for nethyl alpha-

hydr oxyi sobut yrat e based on al pha- hydr oxyi sobutyram de
I Was1 &8 7% and an ammonia concentration in the

product . mxture of 0.7% by wei ght was found. Ex
Dy Skbpe 1 SRR T ner LeS bl ST o feppioned, ©

ek la e/ dat a P@s i hmlb;esltreap@atnt us speallfjlsed cacbniaent of

|af neactant ratig M?} gy ng ugF
?T@erew rS1don @ errpe ra s and resi é’nce |rresJLrl a

Tedbl & Ir8xbrpde Rehcvéon ﬂetededcenS@IO@@ﬂiﬂvpﬂlﬁl% lpyyer an

t i f | B we t 9
2‘5%%%%%@0%55% (gfz% 2 QST%QS cs&%eilégo&llo[téﬁz %%%]4 and

SRRy 1) 9’&50.?QQGCBGQO@%OE‘%PU?%TFE? ofp780bgy and a
Ocd2dr 1 A5 dakberdtiRKes i tzz@l earnyithata t hessekreki tilmg of

GPIyirtm TRACEANREAPY. Boe ERFEAPTRR 150 cHo Toatifignas the

nadalesi n Thee peaddor hutxta;lrszo Dorndd meactanalysed by

t f d
A5 e, FPoedens, | R PTGt ebYe 8] soc
|reeioir gl or yalelsa- @y@mxmﬁ@b@hﬁaat@ nbtaﬁaﬁm PEat alajgtha-

M XA M-8, Y Sl By Ccat AlySt gaBt entggef, and an ammonia
concentration in the product mixture of 0.63% by weight

was found.

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
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
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.
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concentration in the product m xture are listed in
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9

11 200 10 98 0. 544

tenperature tinme for
200 5 97 0.429 10 220 5 98 0.73

VH B wei ght
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12 220 10 96 0.889 -30- Cains 1. Continuous process

for preparing al pha- hydroxycarboxylic esters, in

whi ch the reactants 5 reacted are

al pha- hydr oxycar boxam de wit30-an al cohol in the

presence of a catalyst to obtain a product m xture
whletmsonpri ses al pha- hydroxycar boxylic ester,

amoni a, unconverted al pha-hydroxycarboxamn de and

al cohol, and 10 catal yst; characterized in that

react apPNSiRERRS coRFIE Ty, asfieact HPATHNI alpha-

al pha-W@f@%&f@@f]@@%@m@eeﬁ@r@,wml windha tkat alepsdtants
are fed into a pressur&ﬁgea t 15 the_reagt ant

r; .
streamsSar &9 eadéd wPLR 8N y§58§ﬁgﬁr PRAEhESpr ekt e A1
react osil@bhal pipsshee presehea anjea oftdlpar to ©8@ain a

bar ; he p m xt i.s denpl i.n al c _
and Zﬁg%nl%éby d+§??€%?ng o) Fﬁghnnnigog %gsggessugggha
whi ch hgdeeonscarkeyykiept greRer t RAEMORiFar windeeerted

the aighofs h1d0nal ristxiPPhag megdhd. 25a2c0BbeGess and
according to aim1l, characterized in that a)

r eact afRt 3ty EansC UMt ST heed akn rieikt ant s, an

al pha- hydr oxycar boxam de, an al cohol and a 30

catalyst_are fed a pressure.reactor; th
r

| b
react ant®s ?%%nsséfég?%ac?gﬂpﬁﬂfﬁnghe aSnoF%SCt%nts an

in the
pressuskphedrydroxycarlpresside, i n athe rangbodf labgdr a
to 100%51@5%%% S L1183 PLAGCL %%éé%ﬁlee walche gesul ts
fromstep and conprises al pha-hydroxycarboxylic
ester, unconverted al pha-hydroxycarboxam de and

cgt1 al yste t8a8tarbacgedafnsomiderHiOsSUritRabher arditther
""" in the pressure reactor at a pressure in the range
of 1 bar to 100 bar; and

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

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;

¢) 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
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d) the product mxture is depleted in al cohol and

ammoni a by distilling off ammonia at a pressure which
is constantly kept greater than 1 bar. 5 3. Process
according to Caim2, characilerized in that bl) the
reactants are reacted wth one another in 10 the
pressure reactor at a pressure in the range of 5 bar

to 70 cli’)arth@n%rbaﬁc 9&5&%1@ ﬁéir&ey%ifé&&cﬁ' ng g&em&e%nd
bl) is deconpresse pressure 1ower than the

pr essURENGHL 3 hé’ypr‘éls%WJeu%ctoérf aFTETeR Bt it tﬁarﬁ’refsure
bar; clnidmhei sleconprasses pepEugtedt &t Utigar eBUbit Ng
fromstep b2) is fed into a distillation columm; 20

c2) ammoni a and al cohol are distilled off via t he top

i 3. t hePrhhsdsd | aldamrdiolqume t Adapmes3ur eliaradtherized in
di stiI ﬁ%%on columm being kept within the range of

gr eat er an 1 bar to less than 10 bar; 25 and dl)

the product mixture which results fromstep c¢2), has

been dep) etedl i poormNi & apd akgebel @ndh eaeprah%%aer in
al pha- hydr oxycar boxylic ester, 30 unconverted

al pha-FRRIrBRGeaH o xERR GeCRNAT cat BFGSFULPs 18j §Eﬁ"a|r@é’éi‘e of

from theL£ol tyn70 doaf¥ ocess according to Caim 3,
characterized in that 35 e) the product m xture

di scharged in step dl) is conpressed to a pressure in
the rame ofhd pooddbtbarixti8 f:?stlhéirri;xtﬁm step b1}
conpr lanper, , acgordg stief, i+, 4ed
into ?%urte%w ot pefessure rea%gt ﬁ%l%r l)%eactl on tgl the
M|(NMﬂ¥QQﬁ¢@%C%n 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 wvia the
top in the distillation column, the pressure in
the distillation column being kept within the
range of greater than 1 bar to less than 10 bar;

and

dl) the product mixture which results from step
c2), has been depleted in ammonia and alcochol and
comprises alpha-hydroxycarboxylic ester,
unconverted alpha~hydroxycarboxamide and catalyst

is discharged from the column.

4. Process according to Claim 3, characterized in
that
a) the product mixture discharged in step dl) is

compressed to a pressure in the range of 5 to
70 bar:
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again; and 5 g) steps b2), cl), c2) and dl) are

repeated according to Claim2. 5. Process according

to Caim4, characterized in 10 that steps e) to Q)

are repeated nore than once.3%6. Process according to
Caimb5, characterized in that steps e) to g) are
repeat®d attHeastmiwtiwe norejpreEsdeht tie r ddet i omanger

perforned gy aytofal 15.0f af |1ast sfgQur jREESSYUr € rurther

reactors connect ed in series. 7, Process_according to
one ofPXFHWEE 4¢¥- T EparaeeerioRdanf phaPWERetO react
deconpygssed Mpduct 20 mixture of step cl), after

each further reaction in a pressure reactor, is fed in
nore closely adjacent to the bottom of the

di stild)ati teged ume) , badéd on2y heafieéedipoi ntreof repeated
feed of the rece tep cl). 25 8. Process
ac:(:orcfchco GER :to?d%%n?rrzg 4 to 7, characterized in
that the tenperature is lowered fromreactor to

ri'ﬁaCt Prodhd HHLLeESACERr dbngiho L a'd’Has.cacterlzed in
aracterized in that the | owering of the tenperature

is in G SRR OF D B IﬁPeEPj’r?f%é%%r% Hitfto
one of Clalms4t09 35 characterlzedlnthat t he
actor volune is duce icw)rr{ireac or to reatct or

PR B AT ar JARATEL 43P 0
that titeatr edtiepeore)i ntd> hg rm orepebtipg iax | hed¢hb twice

-33- range of, 240 lﬁe@rggé\?g%ﬁnﬁgg e\f%msdofé tgeti:otal

| ar ger rea{ctor in eac ess accor

one ofofCl aknsleasto fopr PrIvFHEt erPAEHONS tRRRNePeed 1n
reactign.idy step c) is performed at a higher pressure
than the

7. Process according to one of Claims 4 to 6,
characterized in that the decompressed product
mixture of step c¢l), after each further reaction
in a pressure reactor, 1is 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}.

8. Process according to one of Claims 4 to 7,
characterized in that the temperature is lowered

from reactor to reactor.

9. Process according to Claim 8, characterized in
that the lowering of the temperature 1is in the
range of 3 to 15°C.

10. Process according to one of Claims 4 to 9,
characterized in that the reactor volume 1is

reduced from reactor to reactor.

11. Process according to Claim 10, characterized in

that the reduction in the reactor wvolume is in the
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distillation of ammonia in d). 13. Process according

to Cdaim1l12, characterized in 10 that the pressure
difference is at least 40 bar. 14. Process according

to one of Clains 2 to 13, chatacterized in that the
distillation of the ammonia in step d) is effected at

a pressamgei pf 155t e r2ige bhseds drar the Idlamme 18f the

Procesfaf”‘z?&%éﬁ%é‘&t P pRe.Qfn G algs 2 to 14,

characteriz n that the reaction of the reactants
in step b) is performed at a pressure in 20 the range

0f2 50 ppodfsbaracdbraPrgcess aeger diofg A aGhai M 1to 11,
characteri zed ip hat %ﬁl ") Reactant.streans .
Conpri%@?@ﬁczﬁr+%% t aft o %%]t.e reaction 1n step c) 1is

al pha-pedfexyear boxani de, anigiheoholprbure catidiast the
are fed; (nip 2 pressirg reactop, ) the reactant

streant are reacied w one other in the
pressure reactor at a pressure in the range of 1 bar

t{?3.1001;P@éeis§' Jadde-Prfuel Mexpehe1bs depheiefeiNzed in
al cohol and anmonia by distillin off a ni a g a
pressu?%at3@h%m9%%s?%r%oﬁ§¥5ﬁ¥?9cgeb§ @Fggg%?tt% nP3r-
bar without the aid of additional stripping nedia; and

d) th roduct mxtyre which results frgm. step ¢'),
h%%'begﬁgﬁ%%ﬁetiﬁc?ﬁgéﬂﬁnnlg aﬁ&ealgghol 345 %nd%CP 13,
conpr i slesratpda: hydr oy carlboxy| e estisst, i1 atciomverafed the
al pha- ooy carboxal dg and caialdely bt dl sphasgdde in
fromthe pressure reactor. 17. Process according to

d ai milse e¥gaceerizeddan tehatbPa¥eps a') to ¢') are
performed sinmultaneously in one reactive distillation

colum_at a pressure . in the range of. 5 har. to, 40 bar.4
1H°18. PPreRess aceoFdifg t5°a aPMm 195 clardd®erd z&d i n?r
that st¢epsa@teripeg’ ) iar e prator ngte si malatcarieous| £ i rthe

one reﬁgéégghégsiﬁlgggbog)ngug%r%%r%e%r%%S%{%messure in

the range of 50 to 70 bar.

16. Process according to Claim 1, characterized in
that |

a’) reactant streams comprising, as reactants, an
alpha-hydroxycarboxamide, an alcchol 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 is depleted in alcohol and
ammonia by distilling off ammonia at a pressure
which 1s <constantly kept greater than 1 bar

without the aid of additional stripping media; and

d’) the product mixture which results from

step ¢’), has been depleted in ammonia and alcohol
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in the range of 10 bar to 30 bar. 15 19. Process
according to Claim1l7 or 18, characterized in that
ammonia is distilled off via the top of the colum
under pressure, and the alecaifol is renpved fromthe
colum via the bottomor via a sidestream 20 20.

Pr ocessndccocahpyi s®s oneabphehbygresgdanyosliains, ester,

char act,grd Hdh ¢ %%F%hﬂyﬁ%%%&E%Qb%%ahH@eréﬁ@tﬂﬁ&%lyst

i's undertaken at a r Starting ratio of alcohol to
al pha-Hy dtloesaleaidsk e Fhe tReeS P59 iR e?r41: 3 to

20:1. 21. Process according to one of the preceding

cl.ai ms characterized in_th a- hydroxyi.sobutyrani de .
anti/ orP ERHRRI 0RO H B oFame L §60s CHFaSe AL in
Processhaccorehsngatp Gbach Za;recba_trﬁotrmidzsdniwitatdwusly
the a'Pha'h¥d28é323980%g@q¥iﬁ$ﬁﬁﬁi%xﬂum .at a pressure

e and the alco

hydr oxlyI? s%%utyr am a ol used is

met harigl .t185 RR1gProtds Pk clo? ddhgoan- at | east one of
the preceding clains, characterized in that the
reaction is perforned at a tenperature in the ran

. e .
of8 - 1 RERIS ﬂ§§9r§4PgPrB‘ée§slaa36%oHi'ngd't‘%r%l?t?’éjag?d in
one oftide Prgeeding ebakns, agbapactfernzed simulhameadusly

residence tinme in.the reacti.on.of the reactants _is in
the ranye™® S?afgﬁgeS(S{lrﬁ%ﬁd‘ll@snc.l%.chr%r%neséséagc&r g
to daimt2dk mharaocteri®doshy ntothatbahe resi dence tine
isin the range of 2 to 15 m nutes. 10 26. Process

according to at |east one of the preceding clainms,
char adterdeas awqmn@ttmgwi@wﬁ%yor 18, characterized

in that ammonia is distilled off via the top of
the column under pressure, and the alcohol 1is
removed from the column via the bottom or via a

sidestream.

20. Process according to one of the preceding claims,
characterized in that the reaction of the
reactants is undertaken at a molar starting ratio
of alcohol to alpha-hydroxycarboxamide in the
range of 1:3 to 20:1.

21. Process according to one of the preceding claims,
characterized in that c-hydroxyiscobutyramide

and/or oa-hydroxyisopropionamide is used.

22. Process according to Claim 21, characterized in
that the alpha-hydroxycarboxamide used is
hydroxyisobutyramide and the alcohol wused 1is

methanol.

23. Process according to at least one of the preceding
claims, characterized in that the reaction 1is
performed at a  temperature 1in the range of
120-240°C.
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wei ght, based on the al cohol supplied within the
residence tine, is distilled out of the reaction 15
systemtogether with the ammonia. 27. Process
according to one of the prededi ng cl ai ns,
characterized in that the reaction is catalysed by at
| east one | ant hanoi d conpound. 20 28. Process

@ﬁporﬁfgbéé%(géﬁg%ﬁg C@@f§€t§éé§€doh@ th%hetB%ecedlng

reaction I s cat | east one water- st abl e
| ant hm@w%on%@ﬁact%l?@d Pribcklat addsr d’F‘ﬁ@l‘fl%n@f aitrhme
27 or 38, ckdaragteibredr i thd hatathankantikanoi dthe range

conpo(%g is a It %p Process according to one of
the pr W' to 29, characterized in that

t he Ianthan0|d 30 compound is used in the Il

Jat . AL o i Beocess Arggd g I Al deast.Qne in

‘t he "precedi ng aracterized In
that tthet | Bihe harsiideasepourte has disotidi Frpgei pf 2 to
wat er 16f ni3R@ls | east 10 g/1. 32. Process according to
at least one of the preceding Cains 27 to 31,
characterized in that the |anthanoid conpound
QEPr imesdantharmaing@6beo 38t Peasessnacodr dhegpreceding

G aim32, charagterized.n hat t |.ant_han o

conpoutif 'Tipri% ﬁé;ﬁﬁﬁﬁ %§ q34%%iocé§? by
accor d»ierig;h‘to abaedspnonghof aﬂ_hehpﬂecsemmgLeCtImthin the
char aq:te%rl el nthﬂ the ealal ypLq usgd 'osf @hémrlé%lc%lon

met al conp Conprises titanium and/or tin and

t he mqﬁﬁ¥¢wdﬁﬁxyééﬁbd%$ﬁ(ﬁﬁe:ﬁﬁmﬁﬁl¢¥ocess accordi ng
to at | east one of the precedlng cl ai s,

characterized in t e cataly S i ,metal. .
it | &&aﬁ?&%a@@w%ﬁa{:@ vs ot *%P%cegﬁcsgéasdicr}almsf
to ClmﬂnﬁﬂttdﬁﬁﬁéﬁniﬁlﬁmwtIﬂhe reaction is catalysed by

at least one lanthanoid compound.

28. Process according to Claim 27; characterized in
that the reaction is catalysed by at 1least one

water—-stable lanthanoid compound.

29. Process according to Claim 27 or 28, characterized

in that the lanthanoid compound is a salt.

30. Process according to one of the preceding Claims
27 to 29, characterized in that the lanthanoid

compound is used in the IIT oxidation state.

31. Process according to at least one of the preceding
Claims 27 to 30, characterized in that the
lanthanoid compound has a sclubility in water of
at least 10 g/1. '

32. Process according to at least one of the preceding
Claims 27 to 31, characterized in that the

lanthanoid compound comprises lanthanum.
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that a netal trifluoronethanesul phonate in which the
nmetal is selected fromthe group consisting of the
el enents in groups 1, 2, 3, 4, 11, 12, 13 and 14 of
the periodic table is used-3%> 37. Process according
to Caim36, characterized in that a netal
trifluoronethanesul phonate in which the netal is one

0f3 W%A@égéﬂa%bg%d%ﬁg%@@ 22138 3P 0CasSr ACEOF 1 & in

to at ast one_o receding clai s,

char acti&t Z&e | ﬂaaﬂhaﬁn%@ esrROyed iOmRT igef ki) or
met al xtide which contains at | east one el enent
selected fromthe group consisting of Sb, Sc, V, La,

Ce, Ti, Zr, H, V, Nbo, Ta, G, M, W 30 Tc, Re, Fe,

@i . NiBrdagssAlac®rdiSry Rb andl8ast30nePpécéds preceding
accor di\ng f.th [e [ -
char acci g%résgdac?hérteaﬁé{ ]{)ﬂ% cga %I% ugg Egtai StMsed is
i nsol ubl echebae @éﬁéﬁ&e@ompbﬁ$th@ﬂgﬁbuﬁo@ﬁrb%ﬁ%l§ﬂ¢ﬁ@lum

%;'ﬂ’a éoﬂ{bln’aﬂﬁJtHELafﬁhaiﬂ&dﬁﬂxyéﬁtbé%hmf@e ,
35. Process according to at least one of the preceding
claims, characterized in that the catalyst used is

a metal trifluoromethanesulphonate.

36. Process according to Claim 35, characterized in
that a metal trifluoromethanesulphonate in which
the metal is selected from the group consisting of
the elements in groups 1, 2, 3, 4, 11, 12, 13 and

14 of the periodic table is used.

37. Process according to Claim 36, characterized in
that a metal trifluoromethanesulphonate in which

the metal is one or more lanthanoids is used.

38. 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,
S¢, VvV, La, Ce, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W,
Tc, Re, Fe, Co, Ni, Cu, Al, Si, Sn, Pb and Bi.

39. 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, VvV, Nb, Ta, Cr, Mo, W,
Fe, Co, Ni, Cu, Ga, In, Bi and Te.



