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W)2008/ 009503 PCT/ EP2007/ 055072 Process for preparing
al pha- hydr oxycar boxylic acids The present invention
relates to processes for preparing

SQ%%§?p¥ﬁgg&ycarboxyllc esters on the 5 éEyﬁﬂg b9/055072

particular, the invention relates to
conti nuous process for preparing al pha-
hydpssyeasbesy| peepattng alphadhpgrbaythebpxeatbl acdfls
Caim1l. 10 Al pha-hydroxycarboxylic esters are
valuable internediates in the industrial-scale
St hepireseht aciyVventiesher selmtgwet haor ylproessees, for

th t
RS 0, ABSRIRL A P bR R £ | e
@fndmtmrahsswbepr dpalatteir wiathol Yaer sngRgtion relates
cQpol }é{mr%dﬂﬂﬁlﬁtﬁer Qe i Za;mre CoRYPAdng ANalpha-

overvi ew of the conmon Processes fo rep

M%@&%ﬁ?%@ﬂ%r%sﬁﬁsb@?mq% PRt etegﬁ?%%%e of

2 such as Wei ssernel, Arpe "Industrielle organische
Chem e" [Industri al Crganic Chem stry], VCH, Weinheim
1994, 4th edition, p. 305 ff. or Kirk O hmer
'ﬁﬁphaﬂhxﬁnﬁnyﬁrﬂﬂxyﬁixal Technbekogy", 3edeediti ypluable

\EH RAa&; 35/, Zé?gmefnﬁﬂgtﬁhgl'écéﬂ@ syphhegikssof of

acrﬁ%lc esters, or exanpl e nethyl nmethacr Iate
Ihzylllcz HRFRISKy iSSbuFFRPE T IgH BSE &S 1t he SElpRes  tO
hedraonecardioxyl i £ est eélkj/E a centendabpyermediate hokyl
30 its preparation. A of this

type.is . kngwn .
RSO S ah L, Ly GREEE PRI pFepAr g Use in
wﬂﬁu@hgﬁaﬁaytambOqukﬁymﬁﬂ$randsqmpnﬂymaﬂa whilthother
I ses the s QfgB35 reacting an
q%mﬁ¥%ﬁogbcé&b xan1 e and an al cohol in the
presence of a catalyst in a |liquid phase, while the

APOR R LORGEN AL ipR '@ohﬁ%nre@%bb%%s%%|uEan bsekaPing
V®2008/009503 PCT/ EP2007/ 055072

(meth)acrylic esters can be found in the literature,
such as Weissermel, Arpe *“Industrielle organische
Chemie” [Industrial Organic Chemistry], VCH, Weinheim
1994, 4th edition, p. 305 ff. or Kirk Othmer
“Encyclopedia of Chemical Technology”, 3rd edition,

Vol. 15, page 357.

When the aim is the synthesis of methacrylic esters,
for example methyl methacrylate, methyl 2-
hydroxyisobutyrate (= MHIB), as the alpha-
hydroxycarboxylic ester, is a central intermediate for

its preparation.

A process of this type 1is known from EP 0 945 423.
Here, a process for preparing alpha-hydroxycarboxylic
esters is disclosed, which comprises the steps of
reacting an alpha-hydroxycarboxamide and an alcohol in
the presence of a catalyst in a liguid phase, while the

ammonia concentration in the reaction solution is kept
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2-at 0.1% by weight or Iess by renpving amoni a formed
as a gas in a gas phase. To renpve the ammonia from
_the reaction solution as a 5 gas into the gas phase,

1S distilled out of the reaction sol
30 08hR9%3¥%ti on solution is heated toL%do-r'l?%pza_QﬁJHs%u
and/or a stripping gas, i.¢e. 2an  inert gas, is bubbl ed

throuhthe reaction solution. 10 The di sadvant
MO SR eRetl of SPLUL LN, 10, ThS - sadkant aueed

parejwaltn en fs alphee. hydr oxycar boxylic esters by
al cohol ysis of correspondi ng

al pha- hydr oxycar boxam des can be sunmmarized as
fiol | pesovd Sthe Simmuing adi S1oh| thg gebctthenammiittidm as a

Ie.;ra]%ce§ﬁt Va{ﬂ@n?ﬁect ﬂgé@d '1'% Efsocﬁ.&fll%%d Sout of the

ativel I ne he i nmpl ementation of thi

pregsosisin $@1—:1@|T—-‘F@% aﬁ“oex‘tl?ﬂe‘ire%ldefft@ﬁW/%a%‘éb%ﬁ‘aFPﬁt}tlon
Gl unms 203 apd BRNAG Y] extendd onakcheyelingf dachnical an

conplexity. ii. \Wen n |ner strip S i sed
AAATS SR S GBI tite B b AR SR e
ammonia renoval is |nproved but at the expense of a

further e C wh | '
11 ORarRBRSER v, LI | Ciffon DodUuE | RATRMRa  in
Elehia -SHFdrad3yi solfetryr antde andoma:mmorare ofsed agpha-

t ﬁ Coa}é:%t i ons Q"Ca andeLestdual W hanol 14 1k dinder o £

sclosed in 30 EP 0 945 423 can be
SOFHSRRFTGM one® ERfet tard rWSﬁW?’FﬁW?F gr eat®™ be

Ghirisguldas sBhaediagwd:hat it is al nost al ways
necessary to use an inert gas for ammonia renoval and

the associated 35 additional handling of a further
qt.r eamifgtlni pgingigashamoinf a Sepapamboay nEke a hprocess

proced% a'?lr0p8\l\l§gl %%8”0{%03&1;“’0 rﬂ@%?@?' Vs relatively

uni nter est In ﬁ
1neffect1ve The implementation of this proposal
requires an extremely effective separating column
and hence an exceptional level of technical
complexity.

ii. When an inert stripping gas 1is 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
used 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 difficulty.

The fact that it 1s almost always necessary to use an
inert gas for ammonia removal and the associated
additional handling of a further stream (stripping
gas/ammonia separation) make the procedure proposed

economically relatively uninteresting, which is also
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W)2008/ 009503 PCT/ EP2007/ 055072 3 reflected by the
| ack of an industrial inplementation of the process
di scl osed to date. In view of the prior art, it is

&,Eggggpoocb@%ogct of the 5 present inventi%m'tlgf’lﬁ’tg@}’)o%%o7z

Ses r preparing al pha-hydroxycarbox
esters, which can be performed in a sinple and
i nexpensi.ve mapnper.. It is_a_further_ .object. .
irﬁ&éﬁlcitgf? ﬁ@’ p£g$i &éacg( 95 5‘?10clericf{ls?‘lsltnpiv%ellccﬁﬁ)%> %%Hgntatlon
alfp tkrchpdooepcadhiealldsedesterdsitean  be obt ai ned very
selectively. In addition, it was an object of the
present invention to provide a process for preparing
anphai-evl o hydhexpearsodyt c st F sEhPF @ QPiRst of the

BY--RIQAUCE Sy 0kt O8hY tHTBblodBENtSrSfedyedr GdIC Srapering
obtained. At the sane tinme, the 53%0(]' ct sh

> ul d be
SBPERNEY AT REYFAF PREY IpGs STHH Y = i n"hAT gh P&l g%e aRgr formed
Vheweeieyeeabhd Wnlehpepwivenesgyezansunption. 20 This
obj ect and further objects which are not stated
explicitly but which can be derived or discerned
Trreid ad elfyprfihem tdiej eonnedt itdres theenssed her @upde a
ol ALy 'qﬁﬁar I PIOCLsEES bavérg
\é‘%%gl«%lssfl gtéllt Sglggﬂof a%#g& %%?%%ﬁ ate nodificati onscan
b obheipedcwesws sede6itdivVifgYt-o the invention are
grot ected in the dependent clainms referring back to
aim1l. The present invention accardi ngl rovides . .
EBnﬁWn'Soltpr"&%%s@’ésog’éFcﬁr é’%a?ti}f?g Preds &t/ 1ivEntion
abpha-gydriayxy car boxylpmaster s, forn wrimdpartiag alpha-
eactants _reacted a ha-. _hy c oxami i
B S R e
pnasucmatilx tamaiviig chf cbmppredgcts are obtained. At the

e%a%a-xﬁsﬁggpxyﬁér boxyhict eshéhia B0t a UEONVaEt ehr35as
al pha- hydroxycar boxam de and al cohol ,_ and cq—t al yst ;
RAEFEDERe FrocES | ¥ieHaF agbdr i Ya@VPA (vgrall, “with low

¥02098/ 889808pPEEHEP2007/ 055072

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
the processes according to the invention are protected

in the dependent claims referring back to Claim 1.

The present invention accordingly provides 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 alcohol, and catalyst;

where the process is characterized in that
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-4 a') reactant streanms conprising, as reactants, an
al pha- hydr oxycar boxani de, an al cohol and a catalyst -
are fed into a pressure reactor; b') the reactant

B{Oéggg?%ggseosr eacted with one another 5 igugd/B82007/055072

redctor at a pressure in the range o
greater than 1 bar to 100 bar; c') the product m xture

which resylts fromstep b’ and. conprj ses
& dha-%%%ar%%@&fﬂ‘% e%%@?lsﬁrﬁ%bnvéegt egeactants.  an
al Ipfiee-pdtroeyeadimeaiidis, smonleoldbotd 40cahdlyst are
gae)téalt%stto is Q‘et%g‘@eq%affft%?-t he pressure reactor; and

e

he product mxture is depl eted in al cohol and
aronitheyrefetant | agredns agwenirEaRtes priddsupee wAregher

11$, const apLLy¥.kept-cgkedterat hanptebatirwi tRowhd heandd of
15 of additional stripping.nedia. The inventive

FERANEs e élcllﬂa_éfvé'—q HY% A3%wi ng  advant ages anmong
;zth'her $h0prSaasti siidghise t hRiamMudsulesubrbmg Stregm ')
e, inventive reaction.can be .renoved, w .

P&t i vel YRR FEvel ofal@glﬁﬁ é’girfjifyggabgggjll? from ot
td;lmoai\mﬂt@:d Bdphexaypirexyetshroxiamide, chamnenggsedaf gphol
t a I §.0rg: Si f t .
& E)éha%#;%?%%?/cgrsb&%%}%g&%i ??@ Egl%siﬁt}f%sséf/%nreacwr'
#lmough al cohol, i.e. nethanol, and ammonia in

di'gsolired feranean Recsepar atedabpoateae inetikehoanl ¥nd
with very great difficulty under . custonar .
SEREFONS, S65CLALERE SEFarttIgh = artof £7% BHi% HRieh
dlsr easlystamt Mer ¥eptr gricatmranchaanlthas be theusedha aid
vari rocesses. .w t.hou further urification
?%é&%ﬁhtgloﬁa oﬁ%rlipglgjl%stéﬂeo *di ned 35psuch that it is
present in a quality suitable for processes and is

&%@Clﬂmeﬁltjf\% e¥@iPhfes 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 alcoholysis or methanolysis of
the alpha-hydroxycarboxamide. This is possible
even though alcohol, i.e. methanol, and ammonia
in dissolved form can be separated from one
another only with very 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. The alcohol is also obtained
such that it is present in a quality suitable
for processes and is recyclable, for example,

into a preparation process.
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into a preparation process. W?2008/ 009503
PCT/ EP2007/ 055072 5 At the sane tinme, the process
of the invention avoids the use of assistants for the
the ammonia; in particular, t
g$¥§/%§$s%os3 as stripping nedia for t he aﬂnb?ré#?goﬁ/osson
becomss unnecessary. Accordingly, in the process

according to the invention, no relativel ge :
amount® ogb’tad’bl??l SAEF CARFr é—‘ijf RiF%eam i%%,o%%li ﬁlélg?ntlon
whi ch wowdwbiids ttilren Usveof oasbhestenbyefiofr bhet hemoval of
anmmoni a. ,10 ce a ot [ ntion
af f ords tt]}h Fﬁﬂﬁggydfliﬁy% ?%2§G?F% est{}ger sﬂigﬁ hdghlnert
yi el ds arghsme i tdes. Sﬂ?hit@pit@gesﬁ&ﬁl@l | yEQ% yethq ammonia
conpar i sqn Wirdd t he, prRcRsses desoiddeding1s  in  the
EP- A- 0945423, in which the a- hydr ox%carlnggm e;nare
subj ect ePHASEF aldCHMINS%E t & he © invention, 1o
al phaI hy drepepcardigx yld €ge %rﬁcﬁlﬁﬁt Wi | @ddit hbashi hgeat gas
very | ow current a ni a entratlo [

phase. 26t i 19 'ha"% JDe%n ?oﬁ%dl?h %hﬂgbg ko
of press e:enrmtmirtﬁnm itdre winforai ssi npl e
distillation/rectification not only allows the

addi tional nmeasure of stripping with inert gas to_be

di spertsedhd tHreResal 836CAEREETA U9 R PBVeMwoRR g2 ffords

concent r aton él‘%ltléi‘ehi/aﬁéﬂcfc@fﬁﬁyli@ eleaflee swi thout high
di spensing with ectivities overall

er .
same tim¥sis fa&qgréfliwjoefs byt BdtEt S5Pe JslyAErue in
unusual | y-dngpsirilsoraddriylon, tmpeprad:és/se$ akilegcaticednt in

of the hi ity, hi cony, Qons ar
achi eved Eqﬁﬁ?%%o@éés of the presen%;f‘él nventi gtn al so “
has hydroxycarboxamides are subjected to an

alcoholysis to the alpha-hydroxycarboxylic
esters while maintaining a very low current
ammonia concentration in the ligquid 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 1ligquid 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.

e In addition, the process according to the

invention can be performed inexpensively,
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35 an extrenely |low tendency to form by-products. In
addi-tion, the process according to the invention can
be perforned i nexpensively, W?2008/ 009503

J%ﬁpggggéé)aﬁsc}?S&n‘E t Iefrgeci ﬁlel %:/a}MaIt SS?Sl USE/?%?Bey/%55072

al cohol ysi s of the al pha- hyd?oxycar boxam de can be

used over a |l on erlo vvlth the 5 sel ct|V|ty r
t he acti\ﬁst%)e%’é%r AsiAgR 1R ¢ ‘?"% FELFect e]inﬁnd & the
catal yst ssdmve ainiegh | ichet | meataFyaakly, ugdd pricoess the

of the prg entipn, ,ca p
partlcula?f d@ﬂysgd%gus?§ %%BBTOE%EQBQESS§FPFS ide can
scal e. |rbe heupe@cespye@f the iLAavent ikmxid phgithout  the

hydr oxycal baxw! i-£1 &5t SF St1Ré ea@£§9§£9dde}érbaslﬁgawhor&hls
bet ween t he al pha- hydr oxycar boxam de and g?:“hCOhfo N
e l

react ant £95P9He priEs it BistE Qg y3thl

al pha- hydr oxycar boxam des used in the reaction of the

i nvention | ncl |.ude [ cal all _of those carboxam d

whi ch *have- ]t e'as{:xg &so%(y?g 0 PReSH ﬁnven%%on
al pha pos:tatndmetp)erfmrmacﬂbpaamdelgrbupad@anb@ganudéz on
in turn qne %Q{HIPJE:}&%QL g in the technical field.
Typi cal | y; ethese are understood to mean conmpounds

havi ng groups of the formula -CONR R'-, 25 in which R

and R a)e eaphoiadgpendent |y dyyalr 09 orl OUPalpha-
havi ng 1-30 carbon atons, which co

TR oA borat L F SPEBI e Tor AR e DA LTRe KPagEaon
cRrherat odhe Th?lmhbbfwm| caapoxampirdese dnd2, 3lcéhol
or re . grou of the fornu These i ncl ud
3FITPa ilcrglscr compsunds ffaat%%\érlnuﬁa R( - C(]\IFII‘-\")'('e
in which the Rradical is a group having 1-30 carbon

AU, 1 écg¥af{o£95£ 8&%&&% Jc:s%Qi phekeablyndeddh of

i'n part rmre preferably 2-3_carbon
dthens, imRendd@IR' e legen a§Y@éF|a|3réél’ ab&vé an@fn i&hose

Y AH:888/des which have at least one hydroxyl group in

the alpha position to the carboxamide group.

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
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 1is 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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35 in the range of 1-10, preferably 1-4 and nore
preferably 1 or 2. WZ2008/ 009503 PCT/ EP2007/055072 7
The expression "group having 1 to 30 carbon atons”

denotes radicals of organic conpounds hayj
J200R/ B I1n addition to aromatic anql;d&gﬁ’z{’&%355072

het er oaromatic groups, it al $o”includes aliphatic and
5 heteroaliphatic 8rou for ex nple

SRE 0 &FRFIESS18M K ox§ T O8 cllbaa‘f’%bg(y, cy el éwmﬁﬁ% aftgoms”
Qiéfﬁméb s gfﬁagaalsATltaf gbegaﬁlnemdn@:m&myhmlm adched 30
or_ynbranc . cc ing he inventio '
éFH%ﬁgldenggg %0 radital s° g %Dﬁ%- o?ﬂbolg% %ﬁg&?ﬁl(3 and
&mmmnoaramaummndsoupaV|ng:pab$@ra@b9w@aﬁ)a&ﬁphaﬁlc and
%aerttérco% ai:PhGattJ.Q: 1$rou ar b%@)ratégfg%pl'@t §1P§‘I omalkGoalkyl,

I cal | east one

@4]@>’Q/Up ¢h€€$1ck)’=é7é‘?9>ﬁépl %@h@%&kww ofngt alkgR¥L PHEUPS-

adjacgniuH auRsh dvepasn Beplaced dy Sibrdddiasd 0.
Aromatic or heteroaromatic groups preferred in 20

accor dance Mﬁth the i nvention derive from benzene,
napiddEiene tdi phenylinvdirplieny, etlewtic groups denote

= e T T g Pt
tﬁavazmiepreiazabéy |ﬁ1d@o 281 €, 1nsaphrbzgubar 6 to 12,

éggﬁgﬁplqz razole, 1,3,4-oxa 25 diazole,
phenyl -1, 3, 4- oxadi azol e, 1, 3,4-thiadi- azole,

1, 3, 4- trlazole, 2,5-di phenyl -1, 3,4-triazol e,
he%e’%ﬁﬂd@fmnd Ve lglr&,iﬁst aéaa@éealrgz:ﬁ rédixadisazol eyhich at
i adi_ azol e triazole 0
:ﬂ??$§'40?%tF%EogﬁouBeﬁf%TbT?ﬁ?o ﬁ?&gcege%%é[gff%ﬂd/or' at
Akadgwdotwr hépaopokt Mirophengys beave| bekur areplaced by S,

[ i ndol e, benzoxazol e, benzothi azol e, benzi nm dazol e,

bean%ox- azol e, benzot hi adi azol e, benzopyrazol e,
benzot hi a- di azol e, di benzofuran, dibenzothi ophene,

%%??%ﬁg¥ﬁe cQVr'%bﬁ%mc%&QMEEaneag@bﬁ@é'neprﬁféﬁiéﬁe in
accordance with the invention derive from benzene,
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-triazole, 1,2,3-triazole,
1,2,3,4-tetrazole, benzo[b]thiophene, benzo[b] furan,
indole, benzo[c]lthiophene, benzo[c]lfuran, disoindole,
benzoxazole, benzothiazole, benzimidazole, benzisox-
azole, benzothiadiazole, benzopyrazole, 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, isoguinoline,
gquinoxaline, quinazoline, cinnoline, 1,8-naphthyridine,
1,5-naphthyridine, ‘1, 6-naphthyridine, 1,7-naphthyri-
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35 pyridazine, 1,3,5-triazine, 1,2, 4-triazine,
1,2,4,5-triazine, tetrazine, quinoline, isoquinoline,
qgui noxal i ne, qui nazoline, cinnoline,

r.idine, 1,5-naphthyridine,

Tbgf’ g})&iﬁ%ﬂ dine. 1,7-naphthyri W02008/ G034552007/055072
PCT/ EP2007/ 055072 - 8 diTe® bhthalazine

ri dopyrimdine, purine, ter.i dine ui nol i
@ﬁ- ﬁ%@ Q?rﬁgl%ﬁph€¥§ld€EW5F gﬁFﬁra Cene, BLBE1dine
Eﬁﬂ:@ﬂyﬁﬂgzinduﬂuﬁxnuﬂﬁmkmhza@]edlm@ﬂzmbxadherazenehra—

enzopyrnidin opyr i ne _
DS A RO BEh DB PEREGHL 2010l nepcfgponac
ByEOILe, nebemwp@xzeéynEWIdbﬁeZOpyrézeﬁ@pyrbﬁﬂapﬁﬁraZldlner
%%5Q XQQHEdfﬂQr'db@ﬁzo@??ﬁ@ihge BeRFAGUW it | Nepyrido-

eno Zl ne henot hi azi ne, acridjzi ne,

E’é’ﬁé@ﬁp@rl mm@azwé?rarﬂ%rﬁq Ny el prevEHI I LR, §akRa-
eb1whi cac&&maheo t8coptiiaeal | beheoaubﬁb&ﬁubed plbeoxa-
pr.ef erred alk% frou S include .he nethyl eLhyl . 1a;

ﬁﬂaﬁyl i RRPPOLyF a2 4Bt yI | FF AN 2- ne?ﬁy% ¥ erf the
b&bhﬁhuhybllmenbwd ﬁhanﬁﬂqhiﬁﬂwJ edgﬂ.@inehhthm@byalso
15tg%x%h %BJ%hb %gE gl 1, 3, 3- tetranethylbutyl

88 % déecyl 5 dec undecyl dodecyl , pentadecyl
and the elcosyl group The preferred cycloalkyl

GhRURS-d Ach de BmﬁﬁéZ%%§p£@@YﬁdeC&‘}h'eobﬁ}étyﬂyl ethyl,
X

cycl opentyl, cyclo cl ohept and_t he
ByeRBct y I SGPEERY Leac renorBulg e Aty lpropyl,
sekst-blugked byeﬁ&@nph@dn@ﬁt@ﬂhﬂ&@dhedlankghmeghmesopyl

efer ed_alkenyl, gr |,
Byl Stat el oAES IO o O MR LAY nonya
2-decgiy| 2—aim:ytlhe @n@e@méenylbdgmyr&p pﬁii?etérﬁeéﬁ‘yer r%di the
Q%Eg ?§|I %lc groups include the 30 aforenentioned
e

pr e and cycl oal kyl radicals in which at
| east one carbon unit has been replaced by 0, S or an

MR8 or NRSRS-geQup, c@'@:‘io%&k@fld R9gas€peach include the
EQgﬁggggggﬁky a%fgfgéuéGOUp hav'ﬂ%pl to 6 Caéggfohexyl,
cycloheptyl and the cyclooctyl group, each of which is
optionally substituted by branched or unbranched alkyl

groups.

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

and the 2-eicosenyl group.

The preferred heterocaliphatic groups include the
aforementioned preferred alkyl and cycloalkyl 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
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atons, an al koxy group having 1 to 6 carbon atons or
an 35 aryl group. According to the invention, the

‘car boxam des nost preferably have branched or

unhr | kyl or al koxy W2008/ 009503
ﬂ8$P§E§§§%5° 55072 9 groups_having 1 tC)%ﬁy/gg? 07/055072
atons, preferably 1 to 12,7 dappropriately 1 to 6, in

partlcular 1ltag4dc atons, and ¢ oa
G WA gr U et TS SEet30 BAFBARCALEnE, O 12
9@@ﬁﬁ¢ﬁbﬁ¢é&yt016 tar bbn dtonparbSifthéakr rhdunaléwayarbon

ve subst tue ef ¢ t [

Saanci L S g DF, Bt ey WRL Eg -
3;|ok@>0y c@nfuwzdmcyq:a:,r a:(;]e(f@rgablm 5T 6 carbon atoms.
al pha- hydr oxycar boxam des may be used in the process
of the invention individually or as a m xture WO

ghet hReeTd¢1fidte BFY f did  &UheEt qﬂedjrto%cyc&?‘ﬁoxﬁﬁ? ggred
s@b%%%%b@hk% ph&ﬂﬁmﬂﬁﬁ aﬁiiﬁgeﬁyﬁroéyp@tbﬁxaﬁldE$uor1ne,

i ncl ude aI r ox ran1d d/ aor
§P§ﬁ5?ﬁ§ﬂr %ﬁ? 6¥5§5ﬂ1 r%ﬂrﬁ%%%%%ﬁﬂ ar

interest, in a nodi fication of the process accordlng

t he | e
gﬁhaah 3%025“%3%8&%%&%§Q£§h|€% are obtalnéb e by 20 the
@%mmﬂﬁﬂﬂoﬁlS?ﬁth@§ﬁ§tﬂﬂmn1ﬁﬁkﬂkﬁp%ﬁlhl@§hﬁﬁ%§iaﬁ6Xture

Rydrogyani ¢ @i d. thped fibst st@phe theaLpfdpeayt  alpha-
conpound, for exanple a_ketqne artlc | ar gceto e

b AR XYCAERPFETIGS - exaﬁﬁFélgggﬁglaghyHEe prop naI?Tpha"
Eyﬁ&%&&cak@o&%ﬁﬁtﬁﬁ wihb1hygdr oayahaehadidxydsgbveytramide
artl % noh drin. Rartic Ar preference is

PQ@H SCSREPARGPEY “&cet al dehyde in a

typlcal nanner u3|ng a snall amount of al kali or of

h
3Q g y%grl > tﬁ&gﬂtﬁbt rlar & rht?efé’étg el Sh eRodt PEcation of

I's reacted with water to

anoh
‘@i’ll@e RiRCeS HhaccITRPEr S cERBoXENIE 10 stPedtds ohhose

b3 ph¥RhGaLY:-vRarbekaRd deR t hghpeBSenge: of obtainable by
cyanohydrin synthesis from ketones or aldehydes and
hydrocyanic acid. In 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
to reacting acetone and/or acetaldehyde in a typical
manner using a small amount of alkali or of an amine as
a catalyst. In a further step, the cyanohydrin thus
obtained is reacted 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 1is obtained by

treating manganese sulphate with potassium permanganate
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a catalyst. Suitable catalysts for this purpose are in
particul ar manganese oxi de catal ysts, as descri bed,
for 35 exanple, in EP-A-0945429, EP-A-0561614 and

EgPﬁﬁg?gﬁgﬁy' The manganese oxi de may be yse dgﬁbﬂo§;ﬁéso7z

anese di oxi de, mhlch i s obtaine
treati ng manganese sulphate th potaSS|um

p nganat.e W2008/ 009503 | E 200 0550 0
&ﬁﬁgSTaéF&Q&Ccoﬁﬂ? ?Bhgnfcffqgl Eﬁ@ﬁl %0’ 5&-

((19FL)) aaddJ.T.Chettem SoSog . 19535 D, 2189181953)95@r btyr by
LAl LM 10, AXLAAL O, 0hs nﬁg&ggﬁésesghgﬁﬁgﬁel in_aqueous
aqueous ution. Tn genera e cata s used i
rﬁmiylt&qmsegm noeherfdr m gie perderl ot gﬁénu‘ll%e‘\?\n tif amany
suidable, PRLtEGLR SirZ@ovdbadd tgz%huiélewgaﬁahygulr&ame

be applied  to a support, In particu
miﬁﬁﬁﬂ%?t%%%%eihkdi FEeR sl ?yc?53§¥6Fsmﬁy PFX@leled
V\i‘th%hrﬂ&yubéﬁp be opesatedpassablei ckl ese

b d 0 d b I

Rt CATIN T T

hwyenzynas bd&heopartabbe eszyres tmctkide hb@dllénd are
Q%%%?%ﬁ "Tgkér r§?£§|OQJJSEge§C§BQe§9§Y ey Qﬁdltlon,

creeni ng Characteri zation and
Am |bmdr©hY§iSQI%ﬁﬁQ$equbsm§Varﬁe 15a2Rpivepd by enzymes.

s al @sesh1 EN@nbided S661ud@9044it4i1M0. hfdrdteses. This
addi tion, the _hydro|ysi reactlo can be cat al ysed

RS 0 et SPPGTLRERNG ? Gt e P eting
IdeﬂadﬁdﬁizaﬂiobP Heid émiQBBéétla@ Tfe aleohdesresablkent

i.th .su cesses of .the, j.nv nijin de
g‘ﬁtr&ﬁ @oﬁ&% c%s ar% amB i %r tsgl tﬁ%ﬁsdezpskil’l Iclgg 6. In
teldel iaritorandt ipe ehurisoﬂymﬁpmﬁﬁd%tmn aeeobrs sCWﬁbrﬁed by

%Eg%ﬁhth@sg%%§51§9ndé%Fﬁﬂﬁr9E PLEsSUr erpand i g detailed,

tenperat ur are ca reacting with the 2
aloyries- wéraoxy@aﬂt?o dest 338 %n al cohol ysi s.
Preference is given to converting the

a- hydr oxycar boxa e al cohol ysi s, wth an al cohg
whicc 2 €% ?%%egsgﬁie %ﬁﬁ@ SYCES %EaﬁﬁbnpﬁPSﬁéseﬁore the
Aheferdly intdudecarldonaadtoh®ls which are familiar to

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 o-hydroxycarboxamide Dby
alcoholysis with an alcohol, which comprises preferably
1-10 carbon atoms, more preferably 1 to 5 carbon atoms.
Preferred alcohols include methanol, ethanol, propanol,
butanol, especially n-butanol and 2—methyl—1—propanol,
pentanol, hexanol, heptanol, 2-ethylhexanol, octanol,
nonanol and decanol. The alcohol wused 1s more
preferably methanol and/or ethanol, methanol 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.
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-Preferred al cohol s include nethanol, ethanol,

propanol, 30 butanol, especially n-butanol and
2-met hyl -I -propanol, pentanol, hexanol, heptanol,

&#@bﬁé?hﬁégﬁpls ggﬁ:nol nonanol and dec §H¥2§P239$/°55°72

preferably met hanol
et hanol , nethanol being very-l particul arly
appropriate. It is also possible in 35 principle to
use precursors of an al cohol. For exanple, alkyl
for nehes cony che usedihdbthylentdormat eclor Acatxiomebetfveen

t han nd car on nonpxi de.are e (of I
e E R e S ME S AR (e s L
dfrddeudeveatcoor. t fe neactdiopldet wbéa 1s understood to
- hydraxygarhoxan) de.and v@fl%‘?i::obe'r%\ﬂ%%r f %E'l”egé'e(}a%ed

pressure reactor. In principle, this is understoo
@ﬁﬁﬁﬂu&ﬁr@acbeomaéﬁﬁﬁb@ﬁ@MﬁWﬂiq§HQHQsr%ﬁc%+%%atéﬁ this

REsSUhe t Qi1RewRiaNt gi-edydudr i hdahde 4 eaatdsHurd ngﬁrab&er
cont ext , el evat ed ressure mi‘ans a essg&ﬁpgr eate

e aﬁﬁﬁ%ﬁﬂﬁm& RIS it -wh pBFt pr greater
great ert ”adian ITrbarhd ndolmemnt @xt mfnet hé nivewenbinen, the

the 10 b t hi

PRae s Tehet Moo et es G80%EarteP: FFRE, i 28P, =
fladsowshahr om tdeusl atteneh®© pade ﬂhm¢m¢w&¢#@%%uﬁ@llows
%%{gn d&iLé Moo ddifed 4 G echgacthonp Aboohobyshacal dhibeng

roxycar oxan1 de and durlng t he renmoval of
ttﬁ@ 151@Wﬁﬁhmefrdﬁﬁatcrre1%/@ulm MWBEUT e, OF s dritfat eptPha-

1A oA IRERAGII @ P! eSSl edahggeaw@ t hedmdvaiar . ofn the
particul ar, this. means that nmoni a.for med

FERAT G TS OH) s &P s PRPCES uFu U fre nﬁituggeaﬁger ghan
pitessyherdfc grpaéesurban dr bagreaftielce conghet €l Yos20  In

di.s enS|n Mﬁt h s' a Jch ;
& rrlpcp | nggf gasﬁ] : S?% q'fhtaacls ?évgﬁ@gﬁg\%a i%sffme% in the
anﬁmmu@nIxsthéseoduéinhﬁedrﬂyﬁnQéth@nm#Xﬁyﬁﬁc%R@¢r a

?r)gslérue:é S oﬁe%ﬁéggefot £@Bhy 1N pyETonighbus aksfpiBtely
nconverted 25 a cohol Pe0|f|cally in the case that
ingg wWiddy the use o assistants such as stripping

gas for the distillative removal of the ammonia.

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 is a product mixture
comprising, inter alia, the components ammonia and
methanol which are in principle very 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 is also possible in 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
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for the alcoholysis, the result is a product m xture
conprising, inter alia, the conponents anmmoni a and
met hanol which are in principle very difficult to

separate fromone another. In the sinple

g@%ﬁpgé%gsqﬁ xture is depleted in amoni ?"g@%gf’%%%“”
removing said two conpordénts directly as a

substance m xture fromthe product 'xt The_t

St t Sy 8RB As (e c %dhéﬁa GORFEERa Erom one

sepadain ng operation, for exanple to a rectification.

On the other 35 hand, it is also possible in the

context of the invention to renove the two conmponents
a]moalopre(fmlednqmocamls ammgniEacétbmt i prloglué¢nvention,

i Xt ' he,. sa t
T T O S B80 P R bl 8y e8! g
ddest rffsm@ﬁﬁé a@rfmmlbe apBmanésnal corethabiePy fism Bﬁ@duct
anethele JaBea s@;%fx%weeﬁ Bpacess1yodifdrcabhen fodhe and

i nventi on [ articul ar |nterest that the
Pexdaraecst & a%HfE?Jﬁ%n eBdiS -of FPRe Qﬁ%nlpéjfrﬁocg&ol for
fexemdifs prosust mokxt presanees eparaieat sqpat i aél provaded
on ot her an per f or ned |n i fferen t
%%%%ﬁ%bocanf(ﬂ c%g%ﬁ&ﬁed AN gho gr%sH?é 8lsggﬁlatlon
m@dunmrs Thoreslee pmr@u oo 1©randlouflees§eé§ﬁ05§ cwhmébt edre

Wit A R G5 £ Ehé' LakiqA 169U eaThese AL LRE OF a

nor e reactors are arranged outside the
FePATA tat |r(9$/1r0élact| on colum in a separate region. 15
In the wi dest sense, this includes continuous

BLOSST  JLSRE 011 P AL OB Brocensen
&Iomhaphwa?x:ygaeﬂmﬂw@mmamwmﬂmesters heén which
sence ' .
BRI, SIS 19 BB R Pl e i
atmml%phqﬂnc@nvéheedplaﬁhwqaymfow&@b@&hﬁdéo ghtain a

ahoehel, and A alysin LHRoPLOEESS1BRA By droxycarboxylic
Characterized in that

ester, ammonia, unconverted alpha-hydroxycarboxamide
and alcohol, and catalyst; the process being
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
greater than 1 bar to 100 bar;

c’) the product mixture which result 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.

According to the statements made above, a particularly

appropriate process modification envisages that
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a') reactant streans conprising, as reactants, an
al pha- hydr oxycar boxam de, an al cohol and a catal yst
are 25 fed into a pressure reactor; b') the reactant

reacted with one another in
%58?9%(?55%3 Epﬁﬁﬁ;/r?rs%072

reactor at” a pressure in thg range of greater t
bar to 100 bar; c¢') the pro dct m xture which result

: b’ 30 i | ,
iﬂr gﬁ]aﬁ%gfoigflct}r@gﬁ&ﬁ{%ogg%é?’gauﬁv&g%lv& e frother in the
ahrplsaurgdresytarbean deresrhoat B yshe Fangk sehab gear to

gbogk&he pressure reactor; and d') the product m xture
i's depl'eted in alcohol and amonia by distilling off

BriRonitieat PrOPr et s iatriec hresBl Fing orfgtoght SyeRept' 1) 1s

g%%%ﬁ%ﬁfets@%@lt Jtcblaé @,ﬁg‘ienglc_tvﬁétﬁ henshatereredmde in
ove, a particularly ppropri ate_process

YOG PrESEER éﬁ@ic§é’§e§“%h§tr Wéoéﬁl@@géo%arf

E!_GI/% ERP2Q0748550FResddd htddudte meachand sraseltéagt effirom

Wi _t ne.anat her, i.n.the .pressyre.react t. a

ﬁFS?s%rg)i A 5t Sdr &ﬁlﬁg i désgéﬁlita%lo%o%gggl; '2) the

Ar dduetnmonsituread esltdlialy drendsseplbed) ofd vHa the top

JRCOMULSSEL L0 P RISSSULELLANET LRAN (HRMAISUI, | Nene

the pressure reactor and greater than_ 1 bar; c'1) the

dosshprasien pFodUER MPRIRY e Fetl MiFGIMY ofmbest Bpnge)of

beehbedyi Bhana1dbsti kbatiees €edhundr dglhlamgonoavand and
g!éghgkgare stilled off via the t
1 |

0 1Q_in the .
t PGPS U= HeE pYREShr §eFHRFﬁe%r§’Flstsi FFatF oh’ -
nakuinecheidup lkapid Wit hammbhear ange adfcolgrleatet ¢drapriises
.10l al t bar;,,.a0d,., " th _
%?BBUCPY%%%{%?%Q&E%XE%%ule% st,_' Fom st ep dv%)t,zg)d haga lpha
bydnodrphebedanhdemmd callvstohsl darghesrpdi feomsthe
abphanhydroxycarboxylic ester, unconverted al pha-
hydr oxycar boxam de and catal yst is discharged fromthe
colum. In this process variant, reaction of the
rgag¢hant ortbss variant, reaction of the reactants and

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
different pressure ranges can Dbe employed for the
reaction of the reactants and the subsequent removal of
ammonia/alcohol. The separation of the prbcess into a
reaction step in the pressure reactor under higher
pressure than in a separating step in 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 variant in
the process according to the invention, in once again
significantly improving the separating action and of
increasing the efficiency of the removal of the

ammonia/alcohol mixture.
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20 renoval of ammoni a/ al cohol take place in two

different spatially separate units. In other words,
reactor/ reaction chanber and separating unit for the

%Eﬂ%%@bo&gs ni a/ al cohol fromthe prOd%REngébbﬁfbsso7z

aré "separated fromone another. This has t
advant age that 25 different “pressure ranges can be

| oyed._for the _reaction.aof th t.ant s
O e
dfudtieepr dyes s epstaciag r édet | grastépn nithe theespupgsure
eashYy Widelr Jygﬂ§%% PL&ETSHLE t@ﬁ@h'@h@ %@Béﬁé&iﬁgxture

sure col umm, ~bot

steplnapres st eps

cardies Undermendgatail presBate i . .egﬁol@gtgt@m tHanthe

L AmatSicLeedsumhn @rsuridmedisat ehytfiohesesablke , the
manner, in addition to_the advantag ﬁ ess

es_add dto

PRSP, (RS 281 98r PRAFCPA Pné pRokEos e cor dPRGSPETe
e dtdeeNtd@ihedtRrdiee sgdias .35 significantly

I mproving the separating action and of increasing the
efficiency of the renoval of the ammonia/al coho
Mrxtthies ¥M@QR08/ 000503 PRCTAER2607 OBEGEENCe 14s Theen Lo
aualldde J3Ulen dTRAANGG CARAR dMIRed P Ui

urther by repeating the reaction in the pressure ,
reddct dheoneECgrChormel ¥ Hare ofde e sthe 1pr otle® d'2) 1S

A EIHR: s e RILEE G ridE AP RIA taRd ralmeehdf i ddhe tbatatrgm
of the 5 separatlng colum (pressure distillation..
ZOIumBRe THECE e (T PBRE ST EBT befing fon I EIFY o acoraing to
Miled tade dfs pfedsumgo readhorthexonpeesedren sEdtey, for

ILn_thi.s_regard, -ve rti ar__pr.ef er e is given to
ﬁﬁagtﬁfgcggg'%&993%%1&%1%%%#§'c afgktéggged in that
@') tiseemsodid)ni xcude (di §éhar gaadi ndéeeép are) rspeated

%&%E?%ﬁ%%qt%ot%ep%ﬁ%%%ﬁ%nkﬂohﬁ% lahgR rfc irt.0 70 bar;

he m xture conpressed in the nanner according to
step e') is fed into a further pressure reactor for 15

ne’ckidenqgand aklkowed ter reagitiagdidy dmteg'estst ehat the
tIJn'igq)thrCe' ]glépfét} darJ].(Ijl dé12 og{g ra%%eaéfgohol is withdrawn
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 reaction wunder the
action of elevated pressure and temperature to obtain a
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
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
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accordi ng to'_the abovenenti oned enunerati on.
Accordingly, it is of particular interest that the 20
m xture depleted in amonia and al cohol is w thdrawn

froma tr above the bottom of the first, di j '
cordRR, S RO T2

( My = Tt ressed to a pressure greater
distillation colum and thed>ed into a second

pressure reactor, whence, after .anqther ti ‘ .
W%%é”@%c%c%?oﬁﬂgFaSngélzs &Pegt&{ﬁete %ﬁ%ofégé‘tlon in

teergpesdserd oreatavn, a thewideeraneattsed opr oducthe reacted
m.xt ure

it s deconpresse ac 0 & ssyte.l ;
FHATFHEE t hetld coﬁﬁeprre1 surlglt?)eac rbér g%}%l)égr egtag’;:&s;gﬁlon
tdiamn antheheterlezyicdred oifnt anmeeia f ignst @l gehel atitonthe

@l aum below fhe 152y Leemamhi chhe 3ad@addint ot heche

second pressure reactor was effected but_ above thg
serlatas thecEurst JFSTPFPEELOR céPGm e of  the

t@o@pm{'ét%c%?giy'@i@ﬁ@?'i{l%be a?gﬁﬁﬁtgéﬁlt &ﬂﬂe?@u@fef Méa@ctdihe are

0 obtain a m xture twi ce depleted in La n

ERAGIVAS TR N3 U s?%po%té%llbea? ejf)%%t gaEggm o8"he
@:&Fds_fﬁﬁcl;e f?tst?)ﬁﬂﬂﬁi@n tdorlemrt,0 4 oprodepét inixnsrarehich
articul ar our abl e . thi.s r . . pr re

6 i EIT o BrIBSEh ! GuotdstacT/ Brobaar ety 5 e st Eonon
prroseskinghi choi s tbkar avtrdrgz edni n othatPreRSEeRxct FBACFATS

the s 6 eaehQles .t he dggonmpressihonpekitheer eagteder
m xture, the feeding into the first distillation

BIOFHET HEIERER 1 dh b RATORE 2P BAd Al TaRof 2Rt RE & ©°
figg st distillation colum, the w thdrawal of the

depl eted m xture, conpression and feeding of the

depl eted m xture into a further pressure reactor, are
repeapecbpmrac ¢ hpnooass, mbdidbtatnoat arhve sesqsontlegt the

%%%Iﬁﬁ%%ﬁﬁ%ﬂﬁ% '%ﬁ%%kft%og c@lumg. ya peedHel MhXbYEe are
I C as e_en pete ntinés in amoni a and
alepsiedied awarsr dheg ©©BQhe nunber n of pressure

reactors connected in series. n may be a positive

i nt eger

Ver%gspecific process variants include the performance
of the reaction and depletion four times using four
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
a total of at least four series-connected pressure

reactors.

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

be particularly appropriate.

For instance, the pressure distillation column
generally and preferably has a temperature in the range
of about 50°C to about 160°C. The exact temperature is
established typically by the boiling system depending

on the pressure conditions existing.
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greater than zero. n is preferably in the range of 2
to 10. 15 An appropriate process nodification
envi sages that the aforenentioned steps e') to g')

defi ne bove are repeated nore than on
%’@&0??3@ %cess variants include the pe?%gr/%gﬁggiyooﬁ‘son

the reaction and depletion fléur tines usi ng four
pressure reactors connected in series to obtain a
product m xture depleted four tinmes in amonia and
afreohekmpEhbsupeocass thar | aadctsradeor gikafeyapby in the

characterized in t 5t ") +to gL) r ;
I%E0EE t Qe Pote, l?g&tcfs]a%e@hcg r%tgctig%n ﬁ&perg%g?gﬁgglia%ly
apmtairicteat tbedsiwdmuthsert eeperriece ed rpResseR@or to

reactars. 80 FaL hhe 0ivensprocess \ald afingdi bfesentoc,

tenperat’'ure  ranges in_the colum and the reactor haye
(e GARKY t 61 BECped CUPAY] yPHpr pri b, SPGFOPTiately
st anCsers t herpr essur e misd | | p&¢iOveDy uminf Bdences  the
gener al | y,t_ggd ?r fer abl%/l has a tenperature in the

gt 101 b, TGOS 160C. The exact
tenperature is established typically by the boiling

ste ependi n on e . ondit | O0s. exi-si

R oBa e Ty BLES e OFtlel | Afedbd & ¢\ may
ialddhe gty (&0 pre¢duably | Bheherepahge oFoaBBgt from
%%t%%ﬁccol tchScWery wart | gHbaeb¥ingPHRRIdaat evéDume at
I'ower the tenperature fromreactor t‘gﬁs reactor, for .
SRR IS St GRVFFELPR affe GMEEORRE  BriTerhptey 1S
413G oriaiearticul arly appropriately in steps of
5C. This positively influences the selectivity of the

reaction. 10 A further measure for increasing the
el ecalvéddy mayentisnedonsibstvei,n ridducithg faeonsakter to

%gt'H%%JogﬁergggﬁﬁEtt%ﬂf%ﬁgé”towkgh%%%H&ﬁﬁﬁﬁgfram the
reactor volune at

pressure distillation column at certain points in the
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 procedure is particularly
appropriately to feed in the decompressed product
mixture of step c¢'l), after each further reaction in a
pressure reactor, more closely adjacent to the bottom
of the distillation column, based on the feed point of

the feed of the preceding step c'l).

The ammonia released in the alcoholysis in the process
of the invention can, for example, be recycled in a
simple manner to an overall process for preparing alkyl
(meth)acrylates. For example, ammonia can be reacted
with methanol to give hydrocyanic acid. This is
detailed, for example, in EP-A-0941984. In addition,
the hydrocyanic acid can be obtained from ammonia and
methane by the BMA or Andrussow process, these
processes being described in Ullmann'’s Encyclopaedia of

Industrial Chemistry 5th edition on CD-ROM, under
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i ncreasing conversion, an inproved selectivity is
| i kewi se obtained. 15 As already nentioned above, it
is favourable to w thdraw the product m xture to be

Mg%avg%éﬁ? It Eet hgr essure distillation, C?P)ﬂﬁ%gﬁ}osswz

col umm. For orient
di stance of the withdrawal- 29 poi nt fromthe bottom
(colum bottom of the colum is used as a rel atl.\{{e .
lKxewlse

sYar@sraani of CyesPt (P W Yhe  CBRt SHBFG hed™
|Hé/eﬂét981eﬁhe._nlﬂooc&ﬁiUéﬁmbﬁlﬁalthbnulgm‘dcyess, for example

ar#%r Op“ at %ﬁggo ;%5? aﬁyér;p:%egsgcongr esgg&fégd%lle from

W fUrt hef Y eact 1 of
fﬁmmre&sure aaaEor, amst e clrogene .adj ddent ta@rwﬁ@nltrlle
ott t di n , v on ed
s%ti gt thf ee dééé# ﬁ]e&)prggégﬁg %ﬁ%% 111)D£8§?1£§ in
alﬁﬂd)m’@fl@l eaSedanihct hEhamashalysiky i nKt h‘deb?‘%@@él 3gnd

qf . the Ayendd Prgamof ofr exanpl e, be recycled in a
simpl'e ‘manner to an overall process for preparing

al kyl (meth)acrylates. For exanple, anmonia can be
Mmeact €6actM &M Hﬁinbaﬁatut:e giavie lnydwacy@naracoder Thi wide

is detailed, for exanple, in EP-A 4198
FRRYS on,t5E’ ﬁ?@ch"x}aorrlocfgrﬁec IR @gﬁ “be g’btrleﬁgﬁé % ¢ SHEE

anmnﬁmml treptpiesrae une hé?l”@lmlmpemdrtmaﬂlé@esélmlt
s %&gﬂgﬁg‘%}fsybfkgﬁ (tiﬁ%crlﬂokle,ﬂrign Miﬁ@r@fsthe alcohol

ncyc ndustrial Chem'stry 5th ed] il on. on
@I?»émM Theder e B0O0R] GOTSTF FONEPAG0TPESERT2PLY 7 1n | the

"Dy S A R Comparndsre £ o BAMIIN 20T ) | kew se
be recycled into an ammoxi dation process, for exanple

the industrial scale synthesis of acrylonitrile from
&Mnlaheoxmmeamtd p:tmpamteioﬂ'he anrylcam“*ifazeiént any

Q:Lte%?cqus geggrs{l drgg gEa §Oh|39?/€<519f\?<§s d'l@tlllatlon

Organi € i ser nehl
H:ollJ.mrAr péicin pagefewbﬂﬁ/ hrh@ redet ion maHser é?@ﬁéatlng

%ééé(e\Ma%e ¥ary,eugr aIIW d@'le 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 structured packing

or a column with random packing.

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,
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),
Rombopak (Kithni), Montz-Pak (Montz), and structured
packings with catalyst pockets, for example Kata-Pak.
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10 range, the reaction rate generally increasing with
i ncreasing tenperature. The upper tenperature limt
arises generally fromthe boiling point of the al cohol

us action tenperature is prefer i
WQ%@SBZ&?%%P%OOQ nore preferably 120- 24%%%%%%5&2??%5%072

present invention, in oneVv ant, any nultistage

pressure-resjstant .reactive distillation_ calu . ch
Br e‘?’e? Gbt i/aﬁja%n t {6 18?‘%"?%&@ e 58?%% Pﬁ% o8P agog'ls %g%%g of
used:s,| of heeptesentofi nvendéronpathéngd wumbef vegions of
separati st f i trays in a
ré‘ry}lc%&r%n p@%gi%ﬁlgsﬁucﬁgbrgrllg?ét%e@o%%sag' plates in

the case of a colum with structured packing or a

ﬁxuﬂeu%f@iﬁtr apdompackifag1 A2EXamp! egmhid comprises,

ul ti Stage distillation colunn wth trays inciude
EmssE subte as thBabiiesicgs 134983 Ry ueryragRoxyic ester.
RGN Eh e riaysla viddy eatid aysri sl eaticaysf shet beder, it
si eve trays, bubbl e-ca}g sieve trays. |et

[ .
EENMAFUGHE 1t 1y 27 £ FPPEORET T2t B8 G stfn%)figﬁgﬁtlon’ £o
cilawmo 80 witeh paodoot packitngs, dépbetsdchrasamegeti gvia
rtll'{gagsbottlbﬁzidfgtﬂé n@%stff‘iét{bﬂlgéel%l aﬁ_&dg_be§eed it to
Ital’™ox ~saddl eS; and, for a multistage distillation
colfmthen reecnandicdin ell bakkemgeolyosewhaef g alcohol

Ncht?i%;aé‘il;ln%a& Zﬁﬁ ,Yigog’ﬁ%g%p( {(S_fﬂ hitid _,ccBZDLlﬂﬁh - Pakobtain a
, , structur packi ngs wi .cat t
BUCRSES  F8p SxaipiR Kat 25 PRETCAGS00RI Q0dB0F L Sohol, and
ReHHR2007/ Q5hYE2 edl8ntd di stdddtatd.on col umm with

conbi nations of regions of trays, of regions of

random packi ngs or of regions of structured packings
Fax | ifievilss bel arslerk i@ Thengr odeceverxt upé dgb?et adprha-
' oﬁ'i@?ﬁ)&' A RUALISeEs ek Nt £F Rl ithe tHExEESEr &Ibpleted i
gjlglp a- yéir oxg_%grlboxyfig est ecF. Fgr ,fu}r{t her is,cﬁ aet ieon e
amEOpdel f pedt | DRCOROt he BIRTRTENGS 1§ pbSSPHIEVTh AP 2
QRRIRRYS al € Rhaees St dindi ke aticONded Det &l awnofdmidieia and

brodyct mxture depleted o amona Vi@ of the further
distillation column and fed to yet a further
distillation column in which the alpha-
hydroxycarboxylic ester is distilled off via the top,
and the thus obtained mixture depleted in ammonia,
alcohol and alpha-hydroxycarboxylic ester, if
appropriate after further ©purification steps, is
recycled 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.

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

column.



10

15

20

25

30

35

;O the bottomof the distillation colum and to feed
it to a further second distillation colum, where the
al cohol is distilled off via the top of the columm to

%Bé§h§k§5%ﬁﬁaxture depl eted both in ammonia. 93926654ﬁ§5072

~ preferably reiﬁcled into a reactor
For further isolation and recovery of the al pha-

hydr oxycar boxylic. ester, fromithe nixture de kN
e i St ol pr i o S PEBh gt enat
mh@cmde@u\mﬂ (d‘ﬂltﬂh.&lerd xtaur e aleptated | hammﬁpacamﬁn of

20 aIc 1ve A seharge V'a€é£§%£ﬁﬁéonﬁ8ﬁ [hecinedhetne

"o &61um and o yet a fur
dﬂsbhbﬂaﬁu&n cehunipei roahfermede aft pia- relatlvely large

g t’&ica Qeégﬁt Coﬁsti%&llc&e%iﬂ i bbRgaobl Vidt the teppha-

us obtal ned m xture depleted in anponi a, 25
éw%wwcalﬁ@oaﬂa@ﬁéehyd%&%%%%&y|Rr@f€§teac j$S given to
%)EB'E:%{%%'e%t ent_lef ?ﬁflcﬁqur ther Mdﬁi{l(ﬁﬁ:ﬁqb@n shepxedctants is
recyc e nto e reactor a dr oxycar lLic

Fuctt oﬁiaﬂﬁg' |3t?ﬁ§lpgp %?P¥% i %1%%£%1' to

e ol urm
bﬂ@hbyhg@&exandrbaﬁamﬁde ekanphe, ﬁaQQQxbéxﬂrénéMy %Q 1.

vant age usi
T
aﬁpérandsepﬁgf@paﬁl?p@§§praﬁtﬁéasﬂ dnéor éditdn, known

as reactor, in which at 35 |least one catalyst is

rovi ded ThIS reactor nm as descri bed, preferab
Eéeﬁeﬁﬁmet héSdi SEF RS | ¢ht VDl Uifh, P\%ﬁf@ﬁ@%ﬁogé’[ﬁécw are

8@5&58%@@1&@55&52ﬁ?aﬁﬂkhéra1$Ma{hymEQXycﬂrb¢mﬁmlde used
i.nve s_been. f ound_t.hat he
St | .n%ﬁr g?%tr T ? ar §8% pect ér umagglgﬁggur Tused  is

geahbinbat.i ve ratios of the reactants. For instance,
the alcoholysis can be perforned at a relatively
| arge 5 al cohol excess or deficiency conpared to the

Fhehaeagrdioox reardiskiard deo  Phet iEWeat igreftéattace in

gh¥ent@sence of a catalyst. The reaction can be
accelerated, for »example, by basic catalysts. These
include homogeneous catalysts and heterogeneous

catalysts.

Catalysts of very particular interest for the
performance of the process according to the invention
are water-stable lanthanoid compounds. The use of this
type of homogeneous catalysts 1in a process of the
invention is novel and leads to surprisingly
advantageous results. The term “water-stable” means
that the catalyst retains its catalytic properties in
the presence of water. Accordingly, the inventive
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%,

based on the reaction without the presence of water.
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processes in which the reaction of the reactants is
undertaken at a nolar starting ratio of alcohol to
alpha hydr oxycar boxam de in the range of 1:3 to 20: 1.

%hgﬁé % is very particularly appropfgﬁggggogq;b§§b7z

en nor e approprl%tely 1:1t
Preference is further glven % processes which are

character| ed in that th ha- hydr o

Teat bar 4L SRS obHESF ahPas RS TTE Soeho iged?™

ltmi nm{waﬂml, E‘IﬁheqdeaCId,onDﬁcchdr gt Ot heVH nge@f ponLlu.
ace | re a cat

thc |éﬁ“¥%n be bggeﬂ § cﬁ £ ﬁ@dﬁﬂéndl@e compound

acce era for exanple, by basic
catially stegnprilese landhataithonogeneous cat al ysts and
het er ogeneous catal ysts. Catal ysts of very particul ar

interest for the performance. of process, ... ,
535%r%ﬁ?@ﬁ%%P%%eCPHP%HFﬁoﬁregﬁéa%ﬁye&“§ié%l%O ubility 1in

hatdang dcongosnds. gfhe psefefabhysatt ypesof10 g/1, at
honﬁgsneous catalysts in a process of the invention

and | eads to surprisingly advantageous
results The term "wat er-stabl e" nmeans 30 that the

;Da e d etlaa a'nto}ci gﬁc?n%)téilu&dy opelties k] {hech are

résence of Vat the inventive
rzemﬁanablofarpﬁ%see'ftf dat édhg AR s afeE PP to 2%
by weight of water without this significantly

|wpa|r|ng the catal ytic b|||t of t ataly
AR iCOHEexY, 35 R ‘233|0W %?gﬁpg?gintly aﬁ%%anOld
tdﬁMpddﬂﬂé*ﬁMﬁlmﬁrNmﬁgeaaﬂdbarLbbe3seTheSevcompounds may

Geersoass 8 IR BLE0% Resed,on e tenct OB, sormea

Ra@r/sHR2007/ 055072 20 Lant hanoi d conpounds refer to
conpounds of La, Ce, Pr, Nd, Pm Sm Eu, &, Td, Dy,

Ho, Er, Tm Yb and/or Lu. Preference is given to
lfemgtkael:awmﬁb@@, cORpBEHd PWRAERTIIGHARFSpgvien at most

I3t RRAYBI ght, preferably at most 5% by weight and more
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.

Further homogeneous catalysts 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

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.

Another specific modification of the process of the
invention envisages that the catalyst used is a metal

trifluoromethanesulphonate. Preference is given to
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The | ant hanoi d conpound preferably has a solubility in
water of at least 1 g/l, preferably at |least 10 g/l,
at 25C. 10 Preferred | anthanoid conpounds are salts

%2@58?@2%0% eferably present in the oxi F‘gé"{/%ezﬁ&ﬁd% 072

Icularly pr eferréﬂ wat er - st ab ant hanol
conpounds are La(NO3)3 and/ Lad 3. These conpounds

may, 15 be added to.the reactjon m xture as salts or.b

f 27 et LRk IRESReAR e SR8 A8l (nin PEne
adhtatlt ageousehbenedt fmst thed byowei ghenspseiry alsify the
at, nost, 5% by _wei ght, a re, 20,preferahl t
ﬁ%eblg/env\.%% gr{) %])T[@Tlﬁ% H Q%hg?' p4r‘ ésg%}f ?%t%g %ggc%?gﬁk the
pleasiedis _renrb\l@d f AoPmE hehassot | BAeLeysrem via REFas t°
Rha: gﬁ%ée”ﬁ%%ﬁﬁe8¥ﬂﬂ%ﬁbﬂdﬁ%tﬂéﬁ%ﬁd%?hdﬂhﬂé% in which

performed particular]ly inexpensivel 5 Furthe

Heifo isriedus THARRY tedbit® %%%%f%ﬁf}%}ﬁam“{%e
present invention include alkali netal al koxides and

Qr gan tallic coppounds of tifaniun i.n d
ﬂ%n?a?qgﬁ?oﬁr df%r gﬁ@e B HiVeTT t Xaag}" ﬁ%sa ?a‘ft qRmggeneous
alakexivdd sor procaskexi deinpohebamyanddusantaralBics are
taelt roal S%%r %rq)gt%e O[u.ntc'llel} t etsroﬂl ut ylc %'cglﬁxsténces . The
parstl culfar process vartiant includes the use, _as the
dawttainpgenasfusy  SELFIIVES et HISCOdRS eRURKESE fedhyr i sBglude

A UM AN Qe t | 0 B hec BhPhanyHE ox¥ Caphoxashdtgers
35 "Anot her, _specific nodification of the process of the

iferition & sages that the catalyst used is a netal
trifluoronethanesul phonate. Preference is given to

2008/ 009503 PCT/.EP2007/ 05507 21. ' .
A | TSP BRET hakést phonat exgié% %ﬁi C%IY%EI @%e?pa{@%ses n
siliedt echér omtele sgr olip eonsizsdhigpld mheale| @tk swhich
Q!?#%iéhné% %ﬁaét bhe 121 eddh@ndeldcbal o8O dgLoup
table. Among these, preference is given to 5 usi ng

s Srangl qfri&bfuoﬁfbnéfrhérﬁésﬁ%hoﬂlat e4T i nfthhi ¥nh Nb, Ta,

Cr, Mo, W, Tc, Re, Fe, Co, Ni, Cu, Al, Si, Sn, Pb and
Bi.

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

General process operation of a 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 wvia line (2) and a
methanol/catalyst mixture via line (3), through line

(4). Under the aforementioned reaction conditions, a
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the netal corresponds to one or nore |anthanoids. In
addition to the preferred variants of honpgeneous
cataIyS|s processes using het er ogeneous catal ysts are

al s ate under sone circunsta
W@F@P%&Eﬁ%ﬁﬁ% catalysts useable successfEﬁﬁ?EF%§§%4955072
ﬁHgRGSIUﬁ]OXIde cal ci um oxide and baS|c i on
exchangers ,and the |like. 15 ref erenc
RS e OFi VBHEEOL Br &&éf?soe?ql OE %’é?é?%?fﬂ%mé%lc
ieRg@rubkedretamoaxiade mhbohveﬁoeﬂalh§dﬂbxyeaetanhexam1de

LA GG RN LoD B

Ea, Cx Neaciwr AR lBL Asnerpae@wdn92¢h§ reactor (R-1),

| %ﬁ&%r et\{%aé’anf@rﬁégéﬁﬁfgsgéa kg a VIERydO PEOSSSSEST bel

yst used Is an insol uble netal selected
ﬁﬂdmnélrfés%ﬂ ovip? céABRst (g BETj & Presgurey caimerg (K-1) .
Ghe 231Min Wld:e’pl@ﬁeﬂblyal,e@lpﬂéd Biriemd deructured

Gener.al process operation.of a vari

PRFEATIOSN h PEF@PdAce o ?FBaFQETE LPﬁrs from the
&éablt(i@harmyxplﬁfé erriath eabqobmeinin blie tlad cmw[hymosl and

g%) e%%t ot i%‘ apohysis, Cca”u?é‘f ghbectad bl LOe- ~boiling

3 pressure rec TfiCation co
sewpoaknsessthe r badroxyisheanbprylig. §8t$ﬁe the by-

I IS r a I |
Do e e e e e o
NG

drawr nbecl) , Adgetder e Wsthol "4t | TR
fetMRhbBanoldongatcalgest 4o ﬂé&cﬁ:dﬂ prdgmrd)and hfe@ligho the

Li 4 Under th d

BT BHRITS WO2608F005R05) PCTTERS00Y] DEsD7a® p5tfected
peeébkably1xhuré compesew of eddieothy drorpiestedr boxyseries
qaLer end @anggeunge deetedniydl éy'ﬁﬁ%@{ boxagLde the

anol,’ ¢ fraces o - product
ﬁoﬁmmn i n(Khé) rea%%@r (Fee) . befatem | e§9ﬂﬁ@SFﬁe rehct ofhe

%?gi%a(%/gsfole&lagbgkﬁliﬁe dstdecoppressedrt @ ay-9Iduct 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
mixture leaves the column (K-2) via the bottom and is
passed partially via 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-
product and the catalyst via the line (13).

The ammonia/methanol 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
methanol, which is recycled via lines (15) and (4) into

the first pressure reactor (R1).
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and passed via line (5) into a pressure colum (K-1).
The colum is preferably equipped with structured
packi ngs. The ammonia is separated there fromthe

fure with a portion of the skd72
8@?@?’%2@%‘% stillate at the top. The E?#a}r% {jong
conponents, the hydroxyi soc%3boxyl ic ester, the by-

product and tn.e unconverted h d4’OX ISOOUlt ram.de, are

deagt et LML HenS e S e i SO S
m@nﬁﬁl@ltux@nmcqssed to reactor pressur ézaﬂd Ded

OE{‘Ip &%eﬂh ]ﬁrl‘n /| pr courn v ~ Ann

o
o ouUr C | bu\;l. UI O CUTITITU T

fo
the 15 Z2nd pressur actor (R 2). Ther c7td on is
|oaalsmr1 Qﬁfes(sRm:‘Ie t[daR=]4) . The| product m xtltld whi ch

[eaves_the colum (K—l) vi ajthe bottormgorhsdslts of

OH h@ﬂid@vu. Socafr h oy

ocTar U\Jl\yl -e—eSter ) L -aces UI

by- pr oduct and 20 the hydroxyi sobutyram de. I t is
ki) Segr!eggﬁtt h:ﬁ'l %fnuon( |§v1%.)l t Béouﬂflﬁé@fatgga ithegetail

hydr oXyir socar boxyl'ic ester 1s obtained there as the
éqegtamaeftt@ramdufs rhiamersid tyiskamid 95ne (10). The

hydr oxyi socar boxam de/ cat al yst m xture | eaves the
colum (K-2) via the bottomand is 25 passed partially
waMlfed :(12) and (4) back into the first pressure
meachorlddrbtorA paeststpkant ( tbndistied ¢H & reactant

thin-fil t D-

Py AP SRR (st T S et e 1oy g o

promnitararﬂd/qatamtal péxtyia whsh| |aneca(tﬁsl)ysts.ocqm*éent of

dmgani g/ 'Q%'EHB“ ﬂaxﬁyrg/ﬂbéﬁ'Q?Qhésh§a§oﬁy§5bbh§§§amlde
0

in thec K- I's conpressed d fed via nﬁ
vexe feda Mrt%%?rcoéli%mwe}@@@)me%l aroét eést e
f&@mu%n L ﬁﬁetﬁo@iﬁédl hﬁh@iﬂgﬂ mneo{])l@r msalttl'tehech?@lyst
m the net i C s. rec Y} i nes
AP0 m Cf]?r%eté vaae%S%}?aef eacl(l:t of Tﬁ?é 8 gas
Wwﬁk@@%@&wmmm%ﬂ@ctﬂ&tﬁm ioathyl alpha-
0 t a C
Fer %a%@u%r%ﬁ%rbﬁ% S B e
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
of MeOH:HIBA of 14:1, but at different reaction

temperatures and residence times.
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Col um pressure [bar] 1-10 nCH3OH : nam ae 1:3-20:1
The present invention will be illustrated in detail
hereinafter with reference to exanples. 5 Exanple 1:

ory test plant consisting of
@égogzg%ﬁ%ontl nuous sti rrétzwt ank react o%ﬂ/%g%&gﬂhossfon
a net hanol/ catal yst m xtur th a catal yst content
of . .0.8% by wei ght and 35 g/ h of

_gié&q‘_lf_ rdroxvi sebytviram-de—10-were—fed—i-Ar—over—an
LI A LIS = EAYS ALEE- A4 S A AN ALEMC YN L] T TCJu LI ] UVCI [¢ 4 ]

expamipiEnt | t iRenafiot8 . Ré’hedemeacw@heo)\iaqudaﬂ or fedoy
using La(ND3)L3 g;agﬁg datalysle Th %ogﬁ,]ﬁ% M Xt &ht

formed was| anar nmeans of gas r omat ogr ap {T
The nol ar_kel ec[t‘m/]l ty flor heinyl al pha-[% [NH; ]

hydr ozxyl sobutyrgb@ basgd on al pha- hydr 0_)9$I sobutyranizde

204

+5—was—98: 1770 ant—anm—armonia concgnt T ati o 1 N

e
prodiéct m xtur@26f 0. 7% by Seight| was P8und ExafpP&S

2-7: 4Tabl el 1 shows furtiher exanpl gs whioh were| 0.154

performed—Tm 20 _the tgst apparatus speciiied at
mol ar® reactant 28fio qf Me@d HIBA of 1441 by P.28s

different reactpon terrperat3t@res and regpdence|ti Eresll

VYW 20087 009503 PCT/ EPZ0Q77 05 4 Tanle 1 E<anB|
F\’part7i an Si r{p%?Q Sel gct i vi \ OA\ y tef tpera atuy i i

for MHIB weight [C [mn] (% [NH3] 2 2005 95 0. 356

debio do syeiers ¥y 526080 ey ropdail e o

oy (meftdty 1t he—]sxedﬂecxyw@lyutxarathl Blapsmigyd not only on
ARy dLoxyl sobutyrale)-deRends, N ONL¥20Pion mixture in
the reactor but also on the reaction parameters of

residence time and temperature and hence on exact

reaction control.

Example 8:

In 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 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 220°C with a residence time of
5 min. The reaction was performed using La(NO3); 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 was 99%, and an ammonia
concentration in the product mixture of 0.63% by weight

was found.
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5 the ammoni a concentration in the reaction m xture in

the reactor but also on the reaction paraneters of

residence tinme and tenperature and hence on exact

r ' frol. 10 Exanple 8: In the | aharatopys fddor2

B‘I%?iﬁ%’%?ﬁ ned, a nethanol_/catalyst m xt u/re le}

cat al yst content of 1. O%"b)? 21 ght and

al pha dr ogyé sobutyramide in a nolar ratio of 7:1
Ihle% n continuously over an 15 experi nent

tinre othd8 h.labeeragenver sioasto MdlBnand membrerzedas 2@

giached Al A REESSHE k73 DA aNdcAraligaeti@htent of

enpera a residence tine

Thé% ednt | oreiwhs penidor @é@h@sm@r%m@@j@wgamée "in a

gr%tl%er StatfbHecRr qulclt WXt upe cEeered Maso@bahysesl Py over
nmeans of gas chromat >(%(%raph The nol ar, sel ect gﬁy
and

ey exramyrent phirfyafo AVRISTPHNC A
hyEHex SRBYdt Véand dee@ast99% @irskanranmdni a5 bar and a

L or TR, 95 Wo2008) Gbs0F et B0 BEsbIERce

25 meExafpl®ani% 12r |1 10 tthin | alfbreat oegctieen piasht performed
ment i on anol [ m e &

gngﬁysﬁgcon e%tgg Qb Q)Q%QAY§§thtX%ﬁ? pMddh mixture
lophrech yeiro et RS rav Ia%am% af 59%| GhrPRRFeIERPRY- 1 The

Wl%fmééﬁéétwlwntf@iolotﬂpféahyqveélpaa ﬁyaebkyeebbﬁtmate
48 The conversjon t.o

h.
é”@fsé'& edTat aép&aégﬁé’xé(ﬂs?%éﬁra%&i act?‘%n ammonia
tcomremainate of 200 ahd 220&3uwtth rmxtasmlermea tlilpgegf in
51“ i.N %g 10 mn. The reaction was perforned 10 using
5%3%(5‘3) as the catalyst. The product m xture forned
was anal ysed by means of gas chromatography. The
'?f%lbelr szel ect|V| ty for met hyI al pha- hydr oxy| sobutyrate

aocu of—=& plla ||yU| OXY1 sobutyram de_and the, amyoni a
Example Reaction Residence | Selectivity
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
12 220 10 96 0.889
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concentration in the product m xture are listed in 15
Table 2. Table 2: Exanple Reaction Residence
Selectivity % by tenperature tine for MH B wei ght

Cl [mn] [9 [NH3] 9 200 5 97 0.429 10
Wo29BB/ P 0 bua 12920 10 96 0889 WEAORTBTKES 072
PCT/ EP2007/ 055072 26 O ai #® ~1. Conti nuous process
for preparing al pha- hydroxycarboxylic esters, in
?¢ff*St he reactants 5 reacted are
al pha- hydr oxycar boxam de with an alcohol in the

resence of a catal yst to obtai Xt
\avhi ch ggﬁﬁﬁugg al pﬁé‘ﬁ-ocﬁ%&r oxyggfgoxsplgggégtlgrb?( " 81pha-
ammonihy dresyoardckad 1 cal phaehsdr oy cubhbeRariiye apractants
al cohql . gy 10.gat al ysits 1IChar sy 4iBedahnad hatyid) an

reactant streams conprising,” as _reactants, an .

al phaafyehedy dar bexanPaeseaficaPolfol S 2t o4t appein @
g[feg%@o‘dﬁhfc% a pltrnﬁ%wd I_:fehr eaCxM@Ic’:hlE bepmbheseeact aalpha-

s are reacted w on another in_the pr ur

react @Vdétoxé(cﬁtri’ﬁ%lelq n etsﬁé"rr’anggn%‘fmiabar ﬁ%gééﬁe%ted
b?r; %\(bi)]_:ﬁa)—dhgzl&qady@ﬁu&i_ oxumditder e Whamdh r esal¢ghékom and
step nd.conprise : dr ar boxylic ester,
uncon\?&’tlagéfsé:l'p@-aﬁfgfcoe%lyl?}r g%(ham e and cat al yst,

and al so ammoni a and al cohol, is discharged from the

pressur F%%%I o AN 1%l ) oS DEDHYICt 2 81 XEHECahEs, an
depl eted i n_al cohol
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,
and also ammonia and alcohol, 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

b'1l) the reactants are reacted with one another in
the pressure reactor at a pressure in the range of

5 bar to 70 bar;
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and anmonia by distilling off ammonia at a pressure
which is constantly kept greater than 1 bar w thout

the aid of additional stripping 30 nedia. 2. Process
accordin Q Caim1l, characterized in t ol
t"f?@or‘)gég?%\% % are reacted with one anot heé@llt/r?%étoﬁyasson
pressure reactor at a pres‘s@r7e"| n the range of 5 bar

to 70 bar; W2008/ 009503 .PCT/ EP2007/.055072_ 27 '2) .,
the prodUictthfi XRTPus bs BHSTHY Sf FéH St ey D 150 §gep bri)
deconpresskttdmpreqyebsie lowerrddmanrd hd owsrressinea i rehe
the pressure react and greater _than 1 r, 1)

t he d@foﬁﬁﬁuerseseﬁnpg% ug)trer%lsx ar erér esuﬁiaﬁ{g&1 ?f%?n‘ag%epthan
b'2) ilsdeed into a distillation colum; d'1) anmonia
and al cohol are distilled off via the 10 top in the
distillation colum, the pressure in the distillation
col ums 'B8i rigikeptecAmarsate LA tof Wgrddr& ERINIEINY
bar t xldBsSsddipnb ) by fednthdd &' @)st 1l pFioshicdolumn;
m xture which results fromstep d'I), has been

depl eted in anmoni a and al cohol and conprises

al pha-dwidr exyearikoxaid cakbstéles] avacdnseiliddd off via the
al pha-hydr oxycarbo ' at [ [ ged.
from tt_h%} C%Tlucr‘r:ﬁq.e 26(%%.&9?’}%@28% a%%:%r i'n %%% aim 2, ln
char adther | Zdgstii Lathiam e'colume plsddet Meptyr githin  the
di scharged i 9 sEeRate?) t1 | 5 KQAPEESSALkd OtRan 10 bar;
pressure1n the'range of 5 to 70 bar; f') the mxture
conpr &8¥kd in the manner

d'2) the product mixture which results from step
d'1l), has been depleted in ammonia and alcohol and
comprises alpha-hydroxycarboxylic ester,
unconverted alpha-hydroxycarboxamide and catalyst

is discharged from the column.

3. Procegs according to Claim 2, characterized in
that
e') the product mixture discharged in step d'2)

is compressed to a pressure in the range of 5 to

70 bar;
f') the mixture compressed in the manner
according to step e') 1is fed "into a further

pressure reactor for reaction and allowed to react

again; and

g') steps b'2), c¢'l), d'l) and d'2) are repeated

according to Claim 2.

4. Process according to Claim 3, characterized in

that steps e') to g') are repeated more than once.
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according to step e') is fed into a further 30
pressure reactor for reaction and allowed to react
agaln and g') steps b'2), c'1), dl1) and d'2) are

cording to Claim2. 35 4. Pr
gg?%f@hf%ﬁ% Caim3, characterized in 3%§?§g%%g§{25§f72
g') are repeated nore thaf once. W2008/ 009503

T Eb2007/ 058072 28_5.  Progess acgor d; O.a
5 ChEreeen 2 8ECPROLPAa 81 GUAT™) Ao Gy lareer el in

r epeatteﬁtatsthaste t W te gmr eresaddettdchentr ebedagsontivice
per f Or1Rd | 1A GOLAlndl Al A £8511 { QL PLERSH & 2. toral

r eact 818 “Coriifec 5 Series. rocess accor

to onefofad el4era§t3 f@us, DISTEASt erPaedora tdpnadied in
deconmpregsed product mixture of step c'1), after each
further reaction 10 in a pressure reactor, is fed in
nore closely adjacent to the bottom of t he

]gti.stdi Iphalcic@’ calimrainkased ondde eedcppimg of the 5,
ee (0]

r.ec d|n 15 7. Proce
accor&&ﬁ§a€5e ﬁge %ﬁg&ed%ﬁa ggFﬂEpresseé product
charaaﬁammzedaﬂwi&m@ the ; eadtriean eafclt hEurtrlesict a@dstion

i's undert ken tarti r 0 f oh .
al pha- ﬁyd?o cafﬁoanI%aC§h§{heggraﬁé% 0 1?%%%0 g%?%gly
20 8. aFjecens gocdhdi mptteomto] ddse Ghetbilapeon column,

precegdingy chal MneChapagt epbzad i Bet haheat rheastopnethe
al pha- hydroxycarboxanlde I's used. 25 9. Process

accor 8FRGSEH1E SLRPLE, 1dharacterized in that
a- hydr oxyi sobut yram de and/or a-

2%22??%%“%"%4%”%@% feetarng Oig qeecRiing claims,
characterlzed 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.

8. Process according to at least one of the preceding
claims, characterized in that at least one alpha-

hydroxycarboxamide is used.

9. Process according to Claim 11, characterized in
that o-hydroxyisobutyramide and/oxr o-

hydroxyisopropionamide were used.

10. Process according to one of the preceding Claims
1-9, characterized in that the alpha-
hydroxycarboxamide used 1s hydroxyisobutyramide

and the alcohol used is methanol.

11. Process according to at least one of the preceding
claims, characterized in that the reaction is
performed at a temperature in the range of

120-240°C.
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30 1-9, characterized in that the al pha-
hydr oxycar boxam de used i s hydroxyi sobutyram de and
the al cohol used is nmethanol. 11. Process according to

at__| of the preceding 35 clains,
8%2P§§?é?¥§gﬁ in that the reaction is pé%FgFﬁ%8°%&°%§°72
tenperature in the range of 2°120- 240C. W02008/ 009503

PCT/ EP2007/ 055072 9 12. Process according.to at a1
east TS AR iy 2l oFREt Char 8ét PPz BYSFRALING
t hat tdiaimesi deheeatterized time tleact ithile afedhdence time

reactants s in_the ran of 1 Nyt e 3
Proce§§l£€%%rﬁ?%ﬁgfgnone cﬁh?h%eéggggagkd%cﬁg}né?& range
char actferli zed 3i0n ntilmattashe reaction is catal ysed by at

| east one water-stable | ant hanoid conmpound. 10 14.

Process according to Caim13, characterized_in that
fRe | FMdsassi ReoHpbE FQ ansalof. t pregedsng claims,

accor ¢in@ac@ Hididd 13 ahad ciedharasdef bzeds bathhated by
t he | ant hanoi d conpound is ed.in the Il 15
oxi datitort &84t &1€1 .atﬁro'c'sé?;é &%ﬁﬁ?ﬁ’c’c SOTROEE one
of the preceding Cains 13-15, characterized in that

e | ant hanaqi d ound has lupility r,of .
%) 28058 1o SRTRY  osdalfckh oo B R AR 2
one ofthelte tiee deditignodidaicpsr3nts 1 sclfars@dtter i zed in
that the | anthanoid conpound conprises |anthanum 25
18. Process according to Caim 17, characterjzed in
fRat EROCLERt RETSIEEiEGmFSurtdaidhprd s¥s 1a( NeBssagrerized
LaCl3in3@nl?. tReocessraceaddidignddrane Ofusd® in the III
precedin%ﬁggains 1 to 12, characterized in that the

cat al Y&t grj state-

16. Process according to at least one of the preceding
Claims 13-15, characterized in that the lanthanoid
compound has a solubility in water of at least
10 g/1l.

17. Process according to at least one of the preceding
Claims 13-16, characterized in that the lanthanoid

compound comprises lanthanum.

18. Process according to Claim 17, characterized in
that the lanthanoid compound comprises La(NO3)s; or

LaCl3 .

19. Process according to one of the preceding Claims 1
to 12, characterized in that the catalyst used is
a soluble metal complex which comprises titanium

and/or tin and the alpha-hydroxycarboxamide.

20. Process according to one of Claims 1-12,
characterized in that the catalyst used is a metal

trifluoromethanesulphonate.
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a solubl e nmetal conplex which conprises titanium
and/or tin and the al pha-hydroxycar boxam de. 35 20.
Process according to one of Clains 1-12,

in that the catal yst used i
tr|%1r‘°|%(é Sébgﬁanesul phonate. W2008/ 009503&(:'1{;1“{5%@]7/055072
PCT/ EP2007/ 055072 30 21.” F%cess according to daim

aracterized i t ha

t22r]ifl Vet haRESATFHETat £° “bhzothecrﬁﬁs‘faa‘ft‘?%lzed in
selecﬁﬁdﬂframn@magrmmnfdunxbmbthgneﬁulphenakenenuswhnch
group 1 d s
perio H%éta ? i5 u%%%egéad gggﬁeggéaéggggi%ggfésgfg?nff
21, cHdractkernenrtsihn phavra Aetal, 3, 4, 11, 12, 13 and

trifl uor oetianesul phonatg i1 Wi Gfsed he metal is one

or nore lanthanoids is used. 10 23. Process according

to one of Cainms 1-12, characterized in that the

Qat. lal )’E&*ode%sﬁnﬁ'b&&@ﬁb!hbe tcETEfcgJaiﬂ\Xi ﬂ@hwﬂmm@m in
at | east .one ele ecte om t rou . .
const Sty Bt PR le tryt L ierpethgReriiodpiiBe 1p ypicn
Ta, Cthdvimetdl T dRee orfFenor@,laithafinidd ,isSiysesh, Pb
and Bi. 24. Process according to one of Clains 1-12,
characterized in that the catalyst used is an 20

i2@sol Wlosanst al asebadiag fr bt t Hengr o cofdiagfisng &f 12,

Ti, ZighaactbriMba T3 @Hat Mhe Wa L1y &0, il an HsoBBble

In, Bi and Te.
metal oxide which contains at least one element

selected from the group consisting of S8b, Sc, V,
La, Ce, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Tc, Re,
Fe, Co, Ni, Cu, Al, S8i, Sn, Pb and Bi.

24 . Process according to one of Claims 1-12,
characterized in that the catalyst wused 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.



