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WD 2008/ 061822 - 1 - PCT/ EP2007/059041 Process for
preparing carboxam des by hydrol ysis of carboxylic

acid nitriles in the presence of a catalyst

G oY s reganese di oxi de-5 The presectr/ERZe0UV/ 0689041
relates to processes for preparing carboxam des by

hydr ol ysi ng-carbonitriles. i : C ;
DA e OB LLE el Pt S P Ry BoRass ot

i raebokyl itupchdr nigiriles o &heppsessiceoriprefatidyst
al kyl (met h) ac kb 8$1 nl0 mERg aple@RA @R xAmeOf
carboxam des by the hydiolysis of carbonitriles in

the presence of a catal yst conprising nanganese

¢ieXi dgrbgeheng- aséabt ished reniagesar t to Caimensades for

are in many cases required as an .15 internedi ate | .

EFRERSTAS ForE RaBABIacS RV Iy Ry IGoHR y raRr el hnies 0

seleve pﬁeﬁéﬁ@arﬁfﬁfthacrwbtalyam(jmmmpmﬁ$¢mgylh@nganese
ter.s, especia net hyil t.hacr 20

Eiﬁﬁﬁq§*ﬂogﬁﬁaﬂ%r%% %%Eﬁf§¢§ﬁ€?§}e%gg%ﬁgrnﬁ€§Ya¥%¥tﬁ%) @

miteldecat ifor DEEEO33R0 .2 1bE 11508330 dusthatiss a

process for hydrolysing nitriles to amdes with the

aid of nmanganese dioxide in which yields up to over

Jiss huerabebhoRcifieveaTRPEAMALRENATY c CHEt rmfi@lyﬁ’rﬁ% of

22 RGaSS 1 ofdstBe0grEkehds Wi ha achtghyspeedmprising

However, a disadvantage is the | er%i e life of
RECREAS st F1OF B ontiThuo gnﬁf8§g§%2§ Blodd®i¥n 2Tt

themiene s tarbe imt emanpt edcadd®r aeghoredti mstoan

exchange,.the catalyst. Thi tion i ssocC
\Rﬂ%‘?@%ﬂ}%egh 30 %:%_st S, ?k@u%&%ct i Vi t@ogf t he@kﬁﬂplé,
ovénaldoxpricods s heimigle |eapreer vy thePraParfuperbacrylic

Ihg pat g}émJ R O9L0466D; descelpesst he pegratatlion ohethyl

active nganese oxi de and defines Tts activity
viekhaggtligdesi ze of the surface area. The catal yst
descri bed herein exhibits a very high activity.
However, the above-describe em of %om;servLc

bl
PvF @vagki Xt SHFRTRLS thier WY ﬁggg‘é‘gﬁ%m F§*ErGe<of 18%made
¢ atlyst puphiiehthave oE 1593320. DE 1593320 describes a

process for hydrolysing nitriles to amides with the aid
of manganese dioxide in which yields up to over 90%
have been achieved with aliphatic nitriles. This
process affords good yields with a high speed. However,
a disadvantage is the low service life of the catalyst.
In continuous processes, production therefqre has to be

interrupted after a short time to exchange the

catalyst. This operation is associated with wvery high

costs, the productivity of the overall process being

lowered by the interruption.

The patent JP 09104665 describes the preparation of

active &-manganese dioxide and defines its activity via

" the size of the surface area. The catalyst described

herein exhibits a very high activity. However, the
above-described problem of low service life exists here
too. This is especially true of catalysts which have a

particularly large surface area.
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particularly | arge surface area. WO 2008/ 061822 - 2 -
PCT/ EP2007/ 059041 To inprove the lifetinme of the
catal ysts used for the hydrolysis, many efforts have

al read een undertaken. For exanple, th P
3% %ﬂ.sihgafgg%ribes t he 5'h§dFonsis OPC%/%%%%%9?%5§O41
a- hydroxycarbonitriles in the presence of nanganese

di oxi de catal ysts which have a high content of alkal

%abﬁpr%eatﬁgsq'tf@:fir&éﬂ fh:\:QE %%Qtaqryst%f usaéci(aj_f&r the
metals, these catal ysts exhibit a particularly _high
defdxeypiahd BeRYi €ELPIrFE. THYE nbreRdsi %e@anu@éezgaken-

ReLF OERBEL1 8, PARE WAt aEPHaizD tihe rangee8érdpé® the
%H’ However, é.ggégnthln this ranff mnthpuﬁ t he use of £
tHET TS 2 IFPRUCIFPRE BF FLER tHi SPPuBFPESEEFEN®
deasgarede | @adxi Qe a da@Bq ysereviwel dh f eaf)é tshehtgl abpatent
cf. EP, 379 111 A2, Conparatiyve e.1).. 15 |

i e om 1 Retalar asbnr e bt oo T g fehfrae of
wslécafi ceetal a, hethesgpotyaeidst £ n cothdéritt 2 i pproveutbely
lLif@ati .t he t 3 her. - d e
I}%Jfgg% i %tg{,_l%geaglg_t a%éé:\{lccégni ‘géé ac ElhlgcreH y t heléug%élgf be
FCrummserig W%ﬁ%@urﬁﬁ aret atfdebhe oraRgesgSt énto 8.

dididigEr t e peaglindn Thesphanyd Re thedlol iisd Suse of the
react.i on shoul d, _pe._l ess .t han ,,S|€ce t he ?cetone

PRESH T oF hePwAsE 3t | PAR{TRREBP ¢ Haes
caital yedd Ab pHlorsd uesrofcabavéed oft thaacesoakysts (cf.

Qpﬂy ri.n e decompose easily to form
%%?prodgbjsz%zigﬁ%ﬁﬁﬁéﬁf't e g%?ﬁi??f properties.
This publication explicitly contradicts the teaching

o, thes doiHrenty ERy 390 dbkli A2 wf CEas EPo D4R 6%z_eélants the
page 3 lines 3 to6). 30_In addition, the publication
EE e 3 61arpdigeberpEeBOlYREIdSe 16 PHH A Dyt HgERTS] the

thlﬁta.bdézigdﬁ tlg@ @at:%ltygtﬁ. A ﬁdﬂdl’};ﬁﬂ yirraﬁf@z&mmem the
P 945 4 escrjbes the us of _axi dizi,n ents

Ao Sraioomh H S he BT P yo L 2Bert AET IR T rre nese of
pon@rerent ﬂhérqpmpﬂﬂnﬁ&ﬂﬂxekgdd@@ B85 adei syotenfduring
%Iﬂ}'i%l llie%%ﬁ.rgﬂs thgnbﬂein %&a%ﬁ%mygigfreéggigy gﬁoéld
predetermned value 1's not described in

be 1less than 4, since the acetone cyanohydrin used
otherwise lowers the lifetime of the catalyst. At pH
values of above 4, the acetone cyanohydrin used can
decompose easily to form by-products which impair the
catalyst properties. This publication explicitly
contradicts the teaching of the document EP 379 111 A2

(cf. EP 545 697 Al, page 3 lines 3 to 6).

In addition, the publication EP 433 611 Al describes
the use of oxidizing agents to stabilize the catalysts.
Similarly, the document EP 945 429 Al describes the use
of oxidizing agents for prolonging the catalyst service
life, a further improvement being achievable by the
addition of small amounts of amines. An adjustment of
the pH to a predetermined wvalue is not described in
either of the documents EP 433 611 Al and
EP 945 429 Al, and improvement in the serxrvice life of

catalysts being achievable merely by the use of amines
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either of the docunents EP 433 611 Al and EP 945 429
Al , and inprovenent in the service life of catalysts
bei ng achi evable nerely by the use of am nes WO

2008/ 061 - PCT/ EP2007/ 059041 acgo
L#’RE /8‘5231% 212 Therefore, the PF% g@h&ﬁpwml

descri bed in EP 945 429 Al does not result from an
aﬂ;iqmtdﬁerﬁ 6b td@cmntbutEPr ather Ar2onhihe Troordfiarat,i obhe

Ol d ORI 80501, ACUIEBLS JBR 173 212 e AR ERauie

hasi ze hi's cont ext

tﬁmm cy’r’a‘noﬁgidklﬁﬁ@epﬁ p%tftltélﬁ apHarebaénelfaatrhleyr from the

dddzebb addid | 08 @i 2¢d dss §6cthahtsher 773 212 A1
ex Eel‘l ment al data det ai_| ed e exanpl es hav

By otn a8 dhod NndERouLT A CBRBIRFORS T sthis
icsan]db:ai sohevi dgrinoHyalriexanph e pafritdmulbe Pt | gah’eeal ly
a 7% 611 A2 cited bove Thegefore a parti c%l ar,

e €ex

Zedconglyude%id Jro%ﬁ’th pe?lcﬁgﬁt’s deT ai | h(?t the
@mmenrt@ta?. 4382641 AetarddeBP 9#% 428eAl .exBnfem have

;41;8(;%% pdepchingmal biedogurer ch&?Jf}LSﬁIS abye ;g

to an I nprovenent In the cat

ﬁrl@;svertfe'ésde%erefuog a PeaTRRent RESH td:hehpr Bykligation
I et7igres sfiuraihes i £ 8q OL@Rk/et.0 m@f@f@ré he aexthangeilar pH
cycles in cont |(_;1Luo S oEeratl of the EI antszﬂand tocﬁo
SINCE the ¥t ur‘%‘rdt E°8x g8*BFTLRE"ESL 119, in
duicaineontsedp, 433 siaulad kamdemmwwszemst at. very Iar ge
anounts of catalyst are required. In view of the prior

art, it is thus an object of the 25 present invention
Eyepr ovhdegpr ddes sésafadringsepaki righe c aldsoxemitgesdehbthed

caR-Re perdogyed by a panhi Cl%ﬁéyeméﬁ@phﬁ aHk catalyst

i nexpensi ve manner and with hi'gh yield._ A particular
ProPEEhieSs bePrs n ifard i BEFEAIEHTpRAYeta PRI the

whireh.imd t Fulictlerspeed, ok-awrenebgypeen¥agsi 8Re30eABHange
service

| o eld lo ensures a art C r
RS e e Thpe abibht Chat b ST SRl sto
weidtlreartthanotost at €dr et | extdhayndpeit ofthitdle arsetalyst. In

eriv di erni 35 y . fram
connegtt%lrgcneg[td’l s%gssgl l{’%% 5 éggﬁgé%% cHERMIS, 1arge
amounts of catalyst are requlred

In view of the prior art, it is thus an object of the
present invention to provide processes for preparing
carboxamides which can be performed in a particularly
simple and inexpensive manner and with high yield. A
particular problem has been in particular to provide a
process which, with high speed, low energy conversion
and low yield 1losses, ensures a particularly 1long

service life of the catalyst.

This object, and further objects which are not stated
explicitly but which are derivable or discernible
immediately from the connections discussed by way of
introduction herein, are achieved by a process having
all features of Claim 1. Appropriate modifications of
the processes according to the invention are protected

in subclaims. With regard to the process for preparing
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i ntroduction herein, are achieved by a process having
all features of Claim1l. Appropriate nodifications of
the processes according to the invention are protected

W?% Wth regard to the processpﬁtr%;ﬂpgro%gyosg%‘n

- 4 - PCT/ EP2607/ 059041
(nmeth)acrylates, Claim23 provides a solution to the
motr emmader hgingathes GBpdot 23Bypndvides of shéution to

reaction i xture added to the,cptal yst 5 conprising

manganese di oxi de having a pHin the range of 7.0 to
11.0 and the hydrolysis being perforned in the

e seneeudf o an: ui ﬂéétﬁgoﬂg@mktuké la&déasﬁbmtﬁet @atalyst
provi de IHgrocess for H#% car boxam

HRIPRT Y31y CarBonreri | Pristefic® fl% Ythe range
et ayst tB) TONPr Bﬁdngcmngﬁﬂes@ydnexnhm,ngmpehfoame@e in

r f or ned |n acparticul ar i mpLe.and .i nexp '
BEIE SHPREeh O AR S AT kg, o0 NeEBEYBe <o
mmnxm%@s accardiarps o fhe  IEFdpaveEmd onceuvporehiéye aby

Wi Adrd hesodvant agesn ey késéﬁé& Bbeap&%gﬁst

a CO 1 ng to the I nvention can surpr|S|n y great
FTBIIHE et 1939 of LeRkde carhl §8t CathPs QPF—”@\%W‘?% in

Rf 068861&Q1 Q@lpersflarpnéd a@r theupankyvef frzgiret | ynandith
|n%§£en3|v since an 20 interruption of operation

s éﬁéﬂéﬁ the catalyst is needed only rarely in a
conti nuous operatlon of the plant. The process

%ForQ1 ng t%l Venﬁﬂ%gsiﬁégk e%heac%%r%.%!0|%gt the

prepara ion o car Oxam
carvsoviitani | esni achaeviec aseﬁn@swﬁiﬂ f\;\ml@ehrg@ﬁl@aalltages

ha\e ﬂiO@H§tO£hEh%r%%%@%l%cégidﬁ%ghﬂ%aﬂﬁge§ngeﬂﬁﬁb§ecan
at | east, one group of the fornula™- hese

EOHFEHTISH e KIFBFRE T t RECLEBAN eéae f.Je}ch%mﬁ argf3othe
@%&%ﬂyﬁﬁd fI@i’ls‘EXaiI]Iﬂcﬁss | mh@Oﬁmo@é&@ e tbexbkkonpe2fidrmed
edi ti.on react ants, use

‘ﬁ&ﬂlfrrlﬁ’e ggglﬁﬁéﬁf%lé’r ag cljol}ﬁ}f%%?%/vefy’ since an
oaﬂﬁamUpuﬂms oSabtpeatedoar tmsakohatgd t3fe catalyst 1is

SRR tphhgs And AromRti & ARG NGLRFQEYEbLation of the

plant.

The process according to the invention enables the
efficient preparation of carboxamides. In the process,
carbonitriles in particular are used, which generally
have groups of the formula -CN. Carboxamides comprise
at least one group of the formula -CONH,. These
compounds are known in the technical field and are
described, for example, in ROmpp Chemie Lexikon, 2nd
edition on CD-ROM.

The reactants used may in particular be aliphatic or
cycloaliphatic carbonitriles, saturated or unsaturated
carbonitriles and aromatic and heterocyclic
carbonitriles. The carbonitriles to be used as
reactants may have one, two or more nitrile groups. In
addition, it 1is also possible to wuse carbonitriles

which have heteroatoms, especially halogenr atoms such



10

15

20

25

30

35

carbonitriles. The carbonitriles to be used as
reactants nay have one, two or nore nitrile groups. In
addi ti on, is al so possible to use carbonitriles

B Sap bR oo o espeEially bl o o 2y

brom ne, fluorine, oxygen, sulphur and/or nitrogen
aonshiarihe, abseRLne oﬁkHQHﬂﬁﬁdcoxﬁgﬁ%alSulphur and/or

Raf 4 Ghibar |a¥o§1'sl:' tﬁpl enearbephisid e%rpre?ifﬁl%gﬂ:_*{c radical.
conprise 2t freferabl 3.to 20 and np

p?%?"e%‘“alb]r%/r]sYt%uBta}B ®afBEROBE bt L eFh BT EFPER iYc comprise

Cﬁr@@nlds@s j | sBe i1 pagchtbaye ansatueat edefetably 3 to 5
turat ed hydrocarbon group include acetonitrile,
?ﬁh%ﬁn? Y97, butyronitrile, isobutyronitrile, 10
valeronltrlle i soval eronitrile, capronitrile and

e s 0 [
e AR L T ERRRIL L LTy B ORELE, bivp = sgruraced
c;tlheunsaturat@d hd'udmop@nb@gl A n@pf:bmi@nuatclercpéutrlle,

sAHP ety & hi o- bHﬁV&QBhEEkH@e, isobutyronitrile,
a-am nobutyronitrile, am noacetonitrile 15 ang-ot her

B TROM E5  t s TROGRORESET erAts d SRBTYBRREF1ILR aRfl eSher

vgattmﬁtﬂed;arrb@pmugfpy@s; n ﬂé@bn@&&@leam RQc3-inonitrile,
am_nonitri

ionitril an
Qﬁ%ﬁﬁ qqiﬁ %ﬁﬁ%%ﬁlezﬂh IyPtg§ﬁh|d§aturated
(ﬂxnxnmmmés;Iea,@Mumopnmpmnnuunx&bnltalbmsnomﬂdhylthlo-

%ﬂ% éﬂgégfﬁgrb%pl%HAS%&%%%%?&tr le, nunoacetonltrlle
Cyclo exanecarbonltrl e or "ot |cyc IC nitril es.
Brd apbhati @ -Gty les i neyeadeapeheniaddid eang- other

M1 @ s G K Qﬁ?@z@ﬁ}%ﬂzﬁ gPoupMnakdch- Ehyar ObARZe~ 3 -
nitrile, o-,. m an ni trobenzonitri p- am nobenza

BFapiaiiteile c%%iaﬁléﬁ GmmﬁPl’éﬁaHSStol""EW PPiGELle,
Zhi?hi?ﬁqmdﬁﬂfﬁmkoméll*B c?aﬁidechbebebﬁnnmﬁrtnelepther
i fluorobenzonitrile, . anisonitri

SRR T Be LR hasithany € L PP el SHIE GTFET™ b i | 879
ruyuﬁuhaxdnﬁcarqﬁnﬂuﬂxﬁﬂtqrIqﬁhanxﬁﬂmdxﬂkwﬂtniﬂnﬁleS-
terephthalonitrile 30 and other aromatic dinitriles;
benzyl cyani de, cinnanmoylnitrile, phenylacetonltrlle
el etematic ecarbomier bkgphengl adet banepnierile, o-, m-

Ry ARSI RR i@ rilid F i |2, m-  and p fluorobenzo—

met hoxyphen Iacetonltrlle nd ot her tril
Y P y trgbenzonltrli P- aminobenzo—

nitrile, o-, "m- and p-ni

nitrile, 4-cyanophenol, o-, m- and p-tolunitrile, 2,4-
dichlorobenzonitrile, 2,6-dichlorobenzonitrile, 2,6-
difluorcbenzonitrile, anisonitrile, oa-naphthonitrile,

B-naphthonitrile and other aromatic mononitriles:

phthalonitrile, isophthalonitrile, terephthalonitrile

and other aromatic dinitriles; benzylcyanide,
cinnamoylnitrile, phenylacetonitrile, mandelonitrile,
p-hydroxyphenylacetonitrile, p-hydroxyphenylpropio-

nitrile, p-methoxyphenylacetonitrile and other nitriles

which each have one aralkyl group.

The heterocyclic carbonitriles include in particular
nitrile compounds .which each have a heterocyclic group
which containg a 5- or 6-membered ring and has at least

one atom which is selected from the group consisting of
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whi ch each have one aral kyl group. 35 The heterocyclic
carbonitriles include in particular nitrile conpounds
mhich each have a heterocyclic group which contains

ered ring and has at |eas
4%fsé§%2ged fromthe group consis%FﬁZE§?8§ZVb5904l
2008/061822 - 6 - PCT/EP2007/059041 a nitrogen atom
&N TSIt IeRncR XiYpeurabevnead a Shéperbarbapn as a

i XML 2-t Rbephensgarbani tril %th%hEHE@B'\:E&hhgrlle
and other nitriles which each have a Sul phur atom or

iRyt it len #4819 RePEFoalbhf1522- c¥lakopy Safitheave 2

FoMANEPY rd b e, o4 - CArRNOPYFd&hh Neatolyanopysazheeeaddtom;
other nitriles which_each contain a nitrogen atom

2 ToCEr AT i oy andi RIGTEPAAd Ot Rer | f Geagenopysidine,

hatearcaoite eiste caa@oplthem diineriloysanebi per aziche camthin a
dr at ed r I t f d

i G L s o AR e M e

Farstsohi tlr@tt@socrmewE myalp@mp@m@tne, cyanopiperazine

%M@&M%Mééﬂi@d (ﬁa@émw&mé)mEP{le@xagrﬁaefused
hydroxyaceton|trll - hydr oxy-4-net hyl thio 15

HﬁﬁﬂﬂXQ%HQEn%¥q%}&ﬁb xy-y-met hyl t hi obutyronitrile
(4- et hyl t hi o- 2- hydr oxybutyronitrile),

S RS b o B PPUFRiEk 408 include in
@ﬁaﬂtolwﬂmm) o- rmamimoemcarrbpmfcecnéme (bgbnghgivénst o for
%%%%&ﬁ% cy ﬁg&?&%&b%ﬁt%glé%gﬁ%d'”g &ngynxeﬂétﬂ?lthlo—
r ol e car Onltrl S pe or ned
Ypflcéls"énfdéeof a cat & Mr%nwrmgrhglﬁhh@h%zéomtrlle

otu%&@lyl{l?ﬁostzalr@fax@ﬁxﬂdt%&ﬁm@ebI ong ohy82bidtopio-
and s ntheflc manganese di ox é bé virtue of_the
PRESG at %ﬁ??ﬁnﬁkﬁﬁﬁﬁﬁese ?ﬁ drgxy efcBe iyt BEOPLiO-
inAta-itllke qaw&t@helatyb@ehyﬁainprefpaabhyulbe i préherence
Manganese di oxi de

b
i))?l g]t g%%/\’égg\;& ﬁceglolntgg é’&ndh 5difications. They

differ greatly in their behaviour as a catalyst. 30 In

RUCRL¥SHE het apaanganese dhoxi daL. hPar-OPsList aBke che

carbonitrile is performed in the presence of a catalyst
comprising manganese dioxide. The stoichiometric
composition of natural and synthetic manganese dioxide,
by virtue of the incorporation of manganese of other
valence states into the crystal lattice, may preferably
be in the range between MnO; ; to MnO;,. Manganese
dioxide exists in several allotropic modifications.
They differ greatly in their behaviour as a catalyst.
In pyrolysite (beta-manganese dioxide), the most stable
modification, the crystallinity is the most marked. The
crystallinity in the further modifications 1is less
marked and extends down to amorphous products which
include alpha- or delta-MnO,. X-ray diffraction can be
used to assign the modification. Some of the chemically
and catalytically particularly active forms of
manganese dioxide may be hydrated and additionally

contain hydroxyl groups.
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nodi fication, the crystallinity is the nost marked.
The crystallinity in the further nodifications is
| ess marked and extends down to anorphous products

whi c [ n al pha- or delta-Wvn02. X-r ffr Cl.i

iR %%o%,é&%@g%zt 0 assign tﬁet7rmd| ficatid /g f/°t5%2’41
chemcally and catalytically particularl y active
fBrescotalpangarepe idiiow denggndse hydeaide mpd comprise

a%ﬁﬁ@ﬁabb%goﬁﬁﬁéabQ hYAIOX L QEOUPS -1 W 2008/061822 1 ax
- [ -_ PCT/EP2007/059041 The catal yst conp r|3|n
M@%s@%bx?@@/%yaéb%i*ﬂéeeaFE%t W@Faéoﬁﬁaﬁna@l@h are

| pisrodiese incbudeae @x@@"ttdlcmaaitl@é kahi tAet ghrepRgh@nr on
al kaline earth netal io0 which are _introduced.into

tPe EFfst P9%4t%5% e n e Brefrat Pon B'%r Caralyst. The
depesétest onallel surhacel of ibhe cahallyst. The particular

e{lg.ﬂ?,d al iéialulm 1513{0 oéa%céllﬁ%e Hgngar t'f}?é“ ggref rred
I| ium sodi uman otassi um ons 8
o Ked 1 free ezatth neead L | @cn:vsS| hoflddei mnp@atflte@uéar calcium

Y1 FRgResisum irgRs. cJH@eﬁ@ntc?f‘t AficAlikakeral
metal 10 and/or al kaline earth netal ?referabl be

| 3/ QT gl KDL Bneat o bl r e dh ‘BFYnﬁﬁﬁgﬁééE YTRe aE8fi Ehan
r@td 0a8bm ghdwal krort abf apdhotnakkal iTiee e&ﬁzbﬁlﬁehﬁitic@ of

nese pref er abl t he range of
B e eal PofuRin s e e PaRGD OFF Glostd Pghganese
QL h: ﬂ»refsrlablyddml the trengat afysa. (Ebn:‘pr ktsi Ngy.5:1, more
e di.qxi cQo r ter whi ch may
I£| Eevvl sazblt?g lc}lg(n‘{i"r?eod-ucec'ﬁ:3 idr? f(ﬁseplc?f!)}&s)t(g]451 attice or be
deposited on the surface of the catalyst. The

Né?fgeﬁfglgﬁongh@r%a%%ﬂj@ﬂ W%%@lefﬁg N%n%@meg@adgﬁxide

Ge, "Sn and .. The content of,
Ffrot EOSPFIFSpr ePEPRBESTHe |@§%clflharfnfsvs HRigee  be
atrmndﬁudmgﬁm@@ethahergbeauc laftatiice afr psONBEPdsiOed on

R ERER U e PRI TR N T aRE° 23 T T DDsPToTRE e

OLric 1 deTHeL caral y¥t, aumprissi ngr maMgan&se Zmi cda delmayGe,
e A SO S0 b APARYIS ot gy ne
less than 0.3 atom per atom of manganese. The atomic
ratio of promoter to manganese is preferably in the
range of 0.001:1 to 0.2:1, more preferably in the range
of 0.005:1 to 0.1:1. The catalyst comprising manganese
dioxide may preferably comprise 0.01 to 10% by weight,
more preferably 0.1 to 5% by weight, of promoters, this
parameter being based on the weight measured as the

metal or metal ion.

In addition, suitable catalysts may comprise fractions
of 8i0, or other binders in order to increase the
mechanical stability, as detailed, for example, in
EP-A-0 956 88%88.

Particularly preferred catalysts comprise, for example,
0.0 to 25% by weight, in particular 0.1 to 2% by
weight, of SiOy;
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par anmet er bei ng based on the wei ght neasured as the
metal or netal ion. 30 In addition, suitable catal ysts
may conprise fractions of SiQ2 or other binders in

O Aoy SEEEESS e ThCTER A0 ome sgk/gE2d07/059041

Particularly preferred catalysts conprise, for ,
eXahpte, 108. Dyt wedBithy Meirfttigwnlagard i €al aF Ov1vedaht,
2% by o.wei ght, of SiQ2; WD 2008/ 061822 - 8 -
PCT/ EP2007/ 059041 0.1 to 10% by_wei ght, in particula
201® 9% by Wei Yaight of 1R2PRTHIEULBTEYs By TReffGhPY MFignt,
paf tzeel aindd. 2 to 4% by weight, of ZrQ2 and 5 75 to
99% b jght, in particular 85 to 98% Laht, _of
NH%Z?XT% °c%YaV?%?ﬁﬁaylgoﬁﬁFF§gu#ﬁFtﬁé}%élgﬁéngg ysroht,
has keey. dehai bedaabeve matheammcs: t fontlodrt Bdements as
ataly ca : ernj by sem i ' - Eay
??ag gégn Be%gﬁggh gﬁ?ﬁ%. q&gﬁ%?%f%igﬁ XoEQY the

uor eScence anal ysis. Preferred cz sts
comprlsity mangdresdetiponitedhdve, semhaeaet )akive X-ray

& 4 XRD) wed as the powder, at |east one
re eé%%%n in ?ﬁ%ﬁfange of 32.0 to 42.0. The X-ray

spectrum can be obtai ned, for exanple, with an 15
XpestePrad syst amy/bt emddanaligtinealmarkdise sef Heckiqa have,

the range of 32.0 to 42. re preferabl s the
rﬁ@hEg? %ﬁf@ﬁsﬁpfc%ﬁupblggﬁgnW%%%%ﬁ?éﬁﬁ%hgﬁe powder, at
indensishesrenl ¢beiomnye bhe2fahge66f ABaduted4d@s 0fheThe
X f re Ci.LO r.ticul rre
ey s eBe kA 1D e W y B ThEe an' fe” ™
Serert | prer salstem f Feamt Iﬁ’énxliz’ﬁycéléectr‘-m}rﬁ Thelection in

stdict g eof opardd cyl awl yapred ernd cgkaka%myama@e the
assignedto the structure 44-Q141 or 2-198%hewhi%h'

I
Feditited i PHCHE (Y nt efthat i LiGht r &S or urther
DAde@eit 06 in the range of 20° to 65°, measured as the

maximum of the reflection. Particularly preferred
catalysts exhibit low crystallinity, and this can be
seen, inter alia, from the X-ray spectrum. The
structure of particularly preferred catalysts can be
assigned to the structure 44-0141 or 72-1982, which is
presented in ICDD (International Centre for Diffraction
Data), particular preference being given to the

crystals having a structure according to 44-0141.

The alkali metal and/or alkaline earth metal ions and
the promoters may be added, for example, in the form of
salts 1in the ©preparation of the <catalysts. For
instance, it is possible in particular to use halides,
nitrates, sulphates, carbonates, phosphates and
hydroxides of the aforementioned substances, preference
being given to wusing compounds which are soluble in

water.

The catalyst comprising manganese dioxide may
preferably comprise at least 50% by weight, more
preferably at least 80% by weight, of manganese dioxide
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25 Data), particular preference being given to the
crystals having a structure according to 44-0141. The
al kali metal and/or alkaline earth nmetal ions and the

pro e added, for exanple, in t e r m.of
gg ?é;9%?%%€ preparation gf'the catal§§yg&gﬁgb/°5904l

|nstance is possible in particular to use halides,

nhdyanes arsubmpategalcabeUnlales Mnghospheres xangs 1in the

g§§ |g@slo@ the, aforenentioned substances,
r

ence eing given to using conpounds whi ch are
soluble in 35 water. The catal yst conprising

rrmgen%eertdi@m&te EBYechr efer ahky emuHsei ateh€dsh, the
50% b npre preferably at east 80@6b

wett YS%f ﬁﬁﬁ@ﬁﬁ@%@gdl JRAFENRES20 _have a

R@'é&PQﬂE)?/diﬁ%@e haeiang ( BETEIT‘[I[HII a:aie fmattglea MO50 to
isin_the _ran 2

DAY b e acpector ERETAraERN TOfdnt 1 b0 Theett 9 =nd

oam%nyspreﬁﬁpabsynglﬁﬁngameséﬂﬂiomndeIWEy have ghich is

%@@éérhfné&ra(@&&@{ﬁ% %EJQ Mnd 8o a5Ees #1350 to
1 per g, nore era y 100 to 300 n2 per g and

nost preferably 150 to 250 n2 per g, which is
Q%ﬁérﬁﬂti}@ @@poeﬂengré@cteﬁt d’ﬁié’lo‘jt@b'\ﬁéé-tsélyé@ can be

di on the reactor the atal can
T B SR Rl SE o (o8 gfanule,
titee p@at:td:beesmz;fze nlrraman;aseasbel mg,-::td@e@elieeundemtonupon

t.he, rgeacci; h \ﬁsssgél Lh%gg 15 The preparation of the
ca aI conprise " nmanganese di oxi de and have

been descrlbed above is known per se and is detail ed,

XameheyratAonEP-fF 0 3% 1Lt HR-AD 956: 898, comprise
EP A— 45697 and 20 EP- A—O 433 611. The catal yst _
% a%@é’(? 18

VIRRIPRIr (HOXisIfgardse NaVvexi Becandefer ke
ihawmcor gance swi t idie iknveertiagnedgan Mef erabdnpbe, in

ahaned by o et Tan ol o Wi 58l =, SO SABLS)  ans
EP-A-0 433 611. The catalysts which comprise manganese
dioxide and are to be wused in accordance with the
invention can preferably be obtained by oxidation of
Mn?* salts, for example MnSO,, with permanganates, for
example potassium permanganate (cf. Biochem. J., 50 p.
43 (1951) and J. Chem. Soc., p. 2189, 1953). In
addition, suitable manganese dioxide can be obtained by
electrolytic oxidation of manganese sulphate in aqueous

solution.

Catalysts with structures according to 44-0141 can be
obtained, for example, by adding an aqueous solution
containing 0.71 mol of Mn(II)SO, (total of 15% by
weight of Mn?' in solution), 0.043 mol of Zr(IV) (SO.).,
0.488 mol of conec. sulphuric acid and 13.24 mol of
water at 70°C rapidly to a solution of 1.09 mol of
KMnO, in 64.5 mol of water. The supernatant solution
with the precipitate formed can be heated to 90°C for
3 hours. The precipitate can then be filtered off,
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exanpl e pot assi um per manganate (cf. Biochem J., 50 p.

25 43 (1951) and J. Chem Soc., p. 2189, 1953). In

addition suitable manganese di oxi de can be obtai ned
electrol tic oxidation of manganese sul phat

2038/ 86184% on. 30 Cat alysts with stHct & 9%7/059041
accordlng to 44-0141 can be obtained, for exanple, by

adasngd aficaguednssselivhi eme clotzs nohgwdtdt apfl diied at

§6$é5§mr(%?t%$ ; 1596by wei ght of M2+ in

of zZr (1V) (804) 2, 0.488 nol
of conc. sul phuric aC|d and 13.24 nol of 35 water at

H%%éfﬁﬂﬁ@YtBotﬁeS@ﬂ#éﬂﬁldﬂ 1109 pohcofon KMAAuLE added

wat er. The supernatant sol utj.on mnth t he
p*i‘%ch?t &taéafldﬁ%oc@%i?Fh%l%aW@B%Be%Cdel H&tt s2 PH
g%gsf%%ig@mgét@fCanoépﬁeréégegf?} bﬁselfe@‘abﬂﬁ; ﬁV‘? fto 10.0 and
59 41 washe o] .
TS Wt 66?1%}% rg 5P \ﬁa% FrecaO%'feX‘iiojé{‘?oPH 18

1Pe friomed . éscotUengnegatheelndenadmn, flbgareabtni onf the

] e_.added a St :C i S .
R R
Uﬂe‘i%r ébP§n665tt @p@@ (faa:wramsmcbwéi@ abhg gegpegature,

%pig! ﬁbf£%§t&9nﬁgfﬁg bhscfHohs chdefiened ias theperature.
negative decadic Io%arlthn1o t he actlvlty of the

OO tRT i BHEPPRR® PI FhiSs IFafitetdt: ikE 195t hjs™any cases

depentendntipes fiaeb@msmneﬂm Ngatwetenpeiahuedectrical
this $araneter p basgd on the reaction .. . o
tETHEtat o eumlggr Groosds of CRESFAVERFISR, 3% FSO™
| rempeye tase sbe sog f 'rsun‘:‘ém: ieotdetaer mamy t pusppaﬁarrenercead
gxé el ecdddcaly 4fig-dini ts (pH meters) a

termnation at room 15 tenperature being sufficient
for many purposes instead of the reaction

tpipehat Usgqai Wbhodt addiddon ef aasaci da Gfibases @f the
m xture of the_ reactants used custggarl é generthX he

HRE L S nUERE DTG of 9°FBT8 e} oPE,
preies eoge 3 st@i ¥es .t ariaskek Migred, base€esahstanee ¢goven to

S0k, & ¢ e os L BPESrEn B ek Bhte FiE udE Of the
l@&kmbdmnﬁmxxtmmade@omWMhhsaperpgse, it is possible with
preference to use hydroxides or oxides which are more
preferably formed by alkaline earth metals or alkali
metals. These include Ca(OH), and Mg(OH),, MgO, CaO,
NaOH, KOH, LiOH or Li,O. Very particular preference 1is
given here to using LiOH or LiO. Theoretically, amines
can also be used to adjust the pH. However, it has been
found that the use of amines can have a disadvantageous
influence on the lifetime of the catalyst. The content
of amines, especially for adjusting the pH in the
reaction mixture, is preferably at most 0.1% by weight,
more preferably at most 0.01% by weight and most
preferably at most 0.001% by weight. In a particular
aspect, no significant proportion of amine is added to

adjust the pH of the reaction mixture.

It should be emphasized here that the catalyst

comprising manganese dioxide in many <cases |has
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preferably fornmed by al kaline earth netals or alkali
25 nmetals. These include Ca(OH)2 and Mg(OH) 2, MO,
CaO, NaOH, KOH, LiOH or Li20 Very particular
preference is__given here ta using Li OH_gr

TRt %48c% 1822 ani nes can al’so be used Ptcg/é:iﬁéggg/pﬁgocll

pH. However, it has been found that the use of am nes
cavplhstver zc di padpemtageous Brafdugencetba thpgl of the

l i of - at:al e N
e%{)%%%% ytfn%%?]ggc%j t&gt i)tzltgef t{égcp%% jtj%wegggggc i gﬁlﬁuemed

ikt Bhe, tysepraferasiuptatoinshe 0catpbysthei ghe, exmspesion
Fxﬁﬁ@rﬁg%&tﬁénnﬁﬁkt%r%é%?@%dMH@hﬁ?@n?aﬁﬁ§ysttpom rising
prefera at, nost 0. oby weight. In particular. .
3@3%@%‘%@? %@Hﬁﬁfi d#Ht®Sr dor (9161 0f Hiitne TS alded S
tbmbasm&etst Wit ofthichepreaehicen of Xtthe. ddtzdleitl.d The
enphasi zed, here_that the catalyst., conprising.
THga e Al 651 ABoPRomity CaGed AL R 2008 DEIgEactude,
For PEHMER2005106902,1 wargphotsreoprtopele i estc.
therefore, the pH of the reaction mxture in the

reaction is greatly influenced by the type and anount
oft thies degeir yseundhehekpr 845PBhs1nNghE, r BHELPOHSHExLBr £he

A the qataliyst CPrishas somanggaesecdi #xigel ong
makes |t clgar t hat t%;s' His measured w thout the .
Pt hBec &30 L HREELF e MRBAREF ERe At 8% oS

the-gehioidIon nikd useodaed utecordtng exanphe, isokuehdbn can
egerfuggﬁggnlt%lE8Vegtctn;o Iédﬂ%f bf?@h£8¥nchH?EUnds,

Sur prisTngly, ﬁygr ol'ysi s I*n tHhe esence of |iIthrum

ieoredicddy twatepaseiwelarlithony s4lteti he bhet heaction

%ﬁ%@élﬁ%, cepprisidgoianganase g gxi de.; sbgcontidigl ¥ng/or

t he process according to the invention can be further

ilfpPovedllsy a88RRENITIERIGH coMpouhdSiits esqigRende  is
ersubl & | thbi wahgal b3, ot.@oihed esEtbpnwe AGKE U Rore

o Same 1Sy LS Lol LOhendler (Lgn e,
tahiei:g;ajgge o?‘:aﬁi Oftoile t (()J/e!gi’@bygtﬂﬁit giuTrhingz)(r)eoggr téi@?cam y the
glé’%éﬁléﬁsti\éggl%uﬁtnigo%‘ro before the hydrolysis reacton.

According to the invention, the hydrolysis of the
carbonitrile to the carboxamide takes place in the
presence of an oxidizing agent. Suitable oxidizing
agents are widely known in the technical field. These
oxidizing agents include oxygenous gases; peroxides,
for example hydrogen peroxide (H;0z), sodium peroxide,
potassium peroxide, magnesium peroxide, calcium
peroxide, barium peroxide, benzoyl  peroxide and
diacetyl peroxide; peracids or salts of peracids, for
example performic acid, peracetic acid, sodium
persulphate, ammonium persulphate and potassium

persulphate; and oxo acids or salts of oxo acids, for

example periodic acid, potassium periodate, sodium
periodate, perchloric acid, potassium perchlorate,
sodium perchlorate, potassium chlorate, sodium

chlorate, potassium bromate, sodium iodate, iodic acid,

sodium hypochlorite, permanganate salts, for example
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According to the invention, the hydrolysis of the
carbonitrile to the carboxam de takes place in the 25
presence of an oxidizing agent. Suitable oxidizing

agen e W dely known in the technical_ {j .
o@?d#iqgéc%&%s i ncl ude o"x;ﬂlr}enous gasegéﬂﬁfg?ioggg,%%o‘n
for exanpl e hydrogen peroxide (H2Q2), sodi um per oxi de,
ot tasss Lm pzeetmm@anmgnesbdhumep@xinaega@al:@i gmd30ithium
gﬁ%:gtg%rgfan&@é | um-per 0xj de, okfenél%’cgmpger Qdide apd- example

per oxi de; peracids or salts of peracids, for
eBéa’iﬁﬁf‘e‘—LH@arf ShIPEEEId, PRAHEBt | ChFOMELesodilsh ammonium
pefsethahat e, amoni um per sul phat e and pot assi um
per sul phate; and oxo acids or salts of oxo acids, for
35 exanpl e periodic acid, potassium periodate, sodium
PEté¢ ogtabent pef chher ickiadizd ngpaiogssi wegreday obat eithin a

sodi um erchl t ot assj hl rat '
chtoF ra%g pbt asg'l ‘litr%1 rléﬁ%?l:grqg%dlaglm i aoa(ﬁg&éljg%]fl%uld not
dui d,oxishidiasn ppodiiier icxd dipameangasatte sdhes, okadation

eﬁ@{@iiﬁm 0(9§/ QﬁéggzsubégancggﬁgﬁzQg&fg§89@1 limit the

pOt assi um per mangana e, sodi um per rranganate and
l4gehi i 53 nBnyahat By auendd t sTBE M clidid, resMlts

AR | &hQOLMMﬁ&@miﬁ, sRndi Ufﬂb@ﬁﬁ_@@atglﬂad of the
amoni um chronat e amount t he ,oxi di .
T e e o AT o TP QB agd it P he okidizing
reepeitants amlrhmsmﬂmi]se shaeul dradbérabeyoxirdi zbd byarnde of
oxigizing a t | 1 v t hese
b&{ ancgcso %g;hthere?g&e i'm %Eh{ f‘]cgrtﬁo usﬂeéo OEEhle

OXI di zing agents. The lower linit results fromthe

'm&’egﬁﬁhlbﬂngheaééﬁﬁ’é Caahi fEeOfaddiey €8t alwst rbackeon
achieved. The nblar ratio o OXIdIZIng %?nt to

dHPHOHIG 1 i FeTi §2F5TEFEratty Pn TN FiRigeaBf/©6. GFL:a £6S-
2vle BRAEipheberadbycd. Qilselitaré Sndre lprERsebly gases

B o B Bamp Py %y 190l GRroh SAdfor 4% g88. "
Hmnpmmsch zmmglexgehas.zs usxexdgane ose poef epabhy gd$es. In
addition, the gas used as an oxidizing agent may
comprise further gases, especially inert gases, such as
nitrogen or noble gases. In a particular aspect, the
gas may comprise preferably 50 to 98% by volume of
inert gas and 2 to 50% by volume of molecular oxygen
(02) . The preferred gases include in particular air. In
addition, it is also possible to use a gas which
contains less than 20% by volume, in particular less
than 10% by volume, of molecular oxygen, these gases
containing generally at least 1% by volume, preferably

at least 2% by volume, of oxygen.

The amount of gas which comprises oxygen and is passed
through the reaction mixture may preferably be in the
range of 1 to 5000 litres/hour, more preferably in the
range of 10 to 1000 litres/hour, based on 1 kg of

catalyst comprising manganese dioxide.
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whi ch conprise oxygen. In this case, the gas may 20
conpri se nol ecul ar oxygen (02) or ozone (03) In
addition, the gas used as an oxidi zi ng agent nay
conprise,further gases, especially iner - SU

0 %9??6% f4% nobl e gasésqiﬁﬁ'a parti%8%2%%§§825§29041
the gas may conprise preferably 50 to 98% by vol une
dfhe@5waper t wiyhsh ahel 2eede80% byryduobupeeofthgokesboartrile

Q§%?e@n Q@%gr EQSeBr%%?rﬁggdgéﬁﬁstEQC%%Q%ehﬁ._ The molar
par In add

icular air. itron, It Is also possible to
Ut B0 gas WhiteR tcontarheniesslends Zowinraklhwnet igast
p?ftk%@|?ﬁiﬁ%§sraﬁﬁégdi@@W?isMQLMﬂEcaQEoFFEQ@EE?Vistlnore
oxygen, ese, gase cont ai ni ener.a at | eas
% %ﬂhﬁe,lgrefiﬂ@ablfﬁn% | 8 gt %Z%ﬂy'%%llurre?ngf most
ygRdradhe atihy wingasoi ch- xopri ses oxygen and
is passed through the reaction mxture nay preferably

be in the 35 range of 1 to 5000 litres/hour, nore
prlef enadltleyr | nsele fangelsf bdrolyB06 | neyedidromr 2 high

FEEEN RS oenumy) Brog e Ry S ERnRhy MRt e 2
vieglek  aRi direisy edded t dthyidr of s RRECC RBEHIRYT | B0 use

MY TRy £8S88 Recksed amtddie Wl MentomdhesaBl gieater
ratiQ of water to car%athrlle i,S preferab

y a{ | east |
PT t HESFEFar 2FALT6° 0P Mat-BPUES te&Phort trPT & 1S Yor &5 18
prlieferaddsiblre the yangeofcled viat2y Fandhmdtydrolysis.
preferably in the range of 1:1-10:1. The water used

for the hydrolysis may have a high purity. However,

thi sagdigpertt y ferpor obdhgll begnt Asmay Oboebreasntr éshthe
Wal&loidd 1 Snibus @l sospessi bl to Uge-SBFIHLE WBEET the
or process water which conprises _greater ~ or |esser
St g e uFieses IngéeRdiGRgdPrvilt qmpoynds such as

ROSE IR d b ecdas)ed ededpd €laf Dy thesdydhotyShavelbeen
In addition, further constjtuents may b resent i_n
(RET e aTIRATR XA T THe hy Dl Yerd B Chpgrererence

Gar bothé r i berbdhéseilacl udercardamglec,onpackidsns uchndgor
%ég%gﬁggh d %géoQ%§’ggéggﬁ£ahh¥ Eng%égHéib$a¥ﬁxture.
een  use 0 prepare tyanohydrins 0 be used w

pihefer éacelescribed, for example, in US 4018829-A. The
purity of the aldehydes and/or ketones added is
generally not particularly critical. Accordingly, these
substances may comprise impurities, especially
alcohols, for example methanol, water and/or methyl
o-hydroxyisobutyrate (MHIB). The amount of carbonyl
compounds, especially acetone and/or acetaldehyde, may
be used within wide ranges in the reaction mixture. The
carbonyl compound is preferably used in an amount of
0.1-6 mol, preferably 0.1-2 mol, per mole of

carbonitrile.

The temperature at which the hydrolysis reaction is
effected may generally be in the range of 10-150°C,
preferably in the range of 20-100°C and more preferably
in the range of 30-80°C.



10

15

20

25

30

35

20 as the carbonitrile. For exanple, acetone and/or
acet al dehyde nay be present in the reaction m xture.
This is described, for exanple, in US 4018829-A. The

purlté of the aldehydes and/ or ketones added is
934048 2%articularly & tical . AcEGrdERGLY7 /059041

these 25 substances nmay conprise inpurities,
epechdd thy oalddholSeaﬁbnoﬁxaﬁmb@naﬁunﬁuﬂth@ah&droly31s

slor, gethyl, asbydroxypsobutyiate (M. e amaydteq
oF 5

tarbonyl nmpoun peci al Ty acetone an
zﬂ%ﬁ%ﬁ@@hydePrﬁéyrebeeuse§\M93ﬂqnvw@e rﬁﬂgé@rmhnghethls

reactd iy mx{ ure. Jhe30-carhomd Qﬁ”p@uridllos bar, more
preferablf used in an anount of -6 nol, preferably
Y

Puete per> et e d?3E car boni tri I e. The t enper at ur e
at which the hydrolysis reaction is 35 effected nay

Iy be inth f . 10-150C,
| ARGE PR YD Coand Hor VAP RdELEl AT e PaRGESS
ofp30- SHEt I 200811@@]182_32 thel caRCENER200A058648, the
De h '
TP Sh B8 el ot ohbart LPn SFEge Rt
mretsuheseprmneatre@ter$sn@yvehet oigevifror witdg t#anges. The

MRACd Qb | E‘lrﬁe pggsewee HyR098 1 O dedO: Dt 1@?%eférab1y

preferably 0.5 to bar.” The reactjon tinme of
Hyarfolwslr%nsa%a%%.%% HRPORdS CAphR PREESrsTPREI RAPAGTably
tihe qanbesst bl a9 Uusellks t Bad awlsitvigne drddle, cad ahystites
3§y5%3$ reaction tenperature, 10 and these paraneters
Fii n wi de ranges. The reaction tine of the
hydronS|s reaction is preferably in the range of 30

SGEONds g‘.?ni';@ugou %&e%r ef i abl yre%?dé‘hﬁ@t e%ltn% 104

hour s nost pr 0 minutes ours.
13 ceﬁqqrrﬂmueo pﬁécé’é%e%ﬁ: there epraépEablyne 5 smlrg@tes to

SRE RS- Qurkb U @é&rx%m fer abinhces MW esurgs . 10
hours and nost preferably 60 mnutes to 5 hours. 20 _

The | oading of the catalyst with carbonitrile may be
The loading of the catalyst with carbonitrile may be

within a wide range. Preference is given to using 0.01
to 2.0 g, more preferably 0.05 to 1.0 g and most
preferably 0.1 to 0.4 g, of carbonitrile per g of

catalyst pér hour.

The reaction may be performed, for example, in a fixed
bed reactor or in a suspension reactor. If gases are
used as oxidizing agents, it is possible in particular
to use so-called trickle bed reactors which enable good
contact of gas, solid and 1liquid. In trickle bed
reactors, the catalyst is arranged in the form of a
fixed bed. In this case, the trickle bed reactor can be

operated in cocurrent or countercurrent mode.

The reaction mixture thus obtained can generally, as
well as the desired carboxamide, comprise further
constituents, especially unconverted carbonitrile and
any acetone and/or acetaldehyde use. Accordingly, the

reaction mixture can be purified, which can, for
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within a wide range. Preference is given to using 0.01
to 2.0 g, nore preferably 0.05 to 1.0 g and nost
preferably 0.1 to 0.4 g, of carbonitrile per g of

cat al yst, per hour. 25 The reaction may be perfaqr
idets %§éﬁﬁﬁ%§8%%w a fixed bed®°réactor orPF59§P28°g$859041

suspension reactor. If gases are wused as oxidizing
agentrsle | tspkiposscdheerreparyacohpdrihoinse goetantednd
thrd d, reactors _whi napl 0 jacte
G PR qurd TREE BR SBed ™ macrare. e
datenapat ian o digedoyanehedrior m Bre asare xeegPbeds fa the

tdies Sasand e tddadd eigdid eagidfegan be operated in

cocurrent or countercurrent node. 35 The reaction

m xture thus obtained can generally, as well as the
desi é@dlj.lﬁﬁbeXQ;Medepuﬁﬂfmé% seefaultlﬁbelr rr(ljﬁﬂﬂ' sté t yemp8ising
especi al |y, unconvert carbonitrile an any _acet gne
TSI dERde fSe. ACTbIHThgly-C t héCTPYACL | BAE CheT
rdottauries uweart shéoypurarf ieedshamlyec lwadamns.or WO 2008/ 061822

- 15 - PCT/ EP2007/ 059041 exanple, split unconverted
cyanohydrin into acetone and hydrocyanic acid, in
didertibs uperppes agdi nig aposHEdler epammtitoiridan Heo use

RNy i i o Jher s agBg applibes &QHAye@cet ohe aRdhohgers
acet al dehyde remgved. 5 In addition, the purified

mi5&tur & RiGhprf $IRRSE c fTox it dE cahebe S€- For
RiManfdled teuiteimMe fatiber exehhabeigertas e iavtained by

exchange .col ums. 10 For._t.hi urpose, it i sib .
SRR "R vable R B BRHRRREC, sobaaiafeRy afsic
exdltangexshahgrrexchampeise spidtabirafior ammosipor pgseups

3h8. dthown. PeJ, d,Fg5va§é§ byetx§ug&?PEEeCQEbQHylbenzene

exchangers can be obtal ne sul phonati ng
iS¢ nyl benzene copol yners. Basic 15 ani on
exchangers conprise quaternary anmoni um groups which

are bonded. alentlLy t t - di 1 b . .
Ao ot 5L SR BUPT T Pe RS DRy en, BosdraBbDed

ii$: deserilhednter alia, in EP-A-0686623.

The carbonitrile used for the hydrolysis may be
obtained in any way. In the process according to the
invention, the purity of the carbonitrile, for example
of the cyanchydrin, is generally uncritical.
Accordingly, purified or unpurified carbonitrile can be

used for the hydrolysis reaction.

To prepare cyanohydrins to be used with preference, it
is possible, for example, to react a ketone, especially
acetone, or an aldehyde, for example acetaldehyde,
propanal, butanal, with hydrocyanic acid to give the
corresponding cyanohydrin. Particular preference is
given here to reacting acetone and/or acetaldehyde in a
typical manner using a small amount of alkali or of an
amine as a catalyst. The amines used to catalyse this
reaction may preferably be used in the form of basic

ion exchange resins.
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20 in detail, inter alia, in EP-A-0686623. The
carbonitrile used for the hydrolysis may be obtained
in any way. In the process according to the

inventi.o t purity of the _carbonitri

?@ %%ﬁ@@%omdri n, is ggr?er ally unc%?'{(%ﬁ??@*f?ﬁ?b@ﬂ
Accordingly, purified or unpurified carbonitrile can
BecarsBadlor, t hehrydr epyBPBIFBAER | orfaTo prESEFEPlY  be

AN | ns,tohgcused widh peebgeence, id1déd/ds  with
possi bl e, for exanple, to react a ketone, especia I¥
VSR aTgc AL deRy déie TSI B adet Hehydatatyst -
Ao Ransd vt it lanal emk\é\d)cgimétytdf ocyarbes Aci datalgéveusdd may
orrespondi ng.cyano rin, Particul r.ef nceci s :
eveﬁmhe?gktaglr erﬁ%ﬁ%g P %}ﬁleé%’nd/%l:e gé—’le Og{ngehége basic
al3m ity qate fraratety usé hgo assiabtednsush ¢thadl Kdle BF of

Qﬂ¥§n mf&%#?éasugeﬁaték¥5tTﬁﬂye | NeS,Ised tQaction  is
catal yse€ I'S reaction may preferably be used in the
fastimfedbasicc ai ovabbt@halﬁgetﬂ%@siﬁéngvo 2bod d61852 11-0,

%}@e'fepxgyl@P%Q%th)Ggﬂﬁ]O DEE HSH s £ drhe1sardienidy id 6 .

an preferably be obtained by reacting a ketone or
al dehyde with hydrocyanic acid in the presence of a
has eaidlysts rddaveiqarst ctiharpeabed mentent henbasi’cin

catal yst. used may 5 be an.al kal ] I r oxi d
ERUC U halF £V c4fal Y5t lrﬁ#%?@?%g%%gbg:%g? sié}le ﬁeﬁggses
dich thatpehéngH ofmetttheaanwtisr e asedsf or ithe particular
lysi .eact,l | .ad] ust; t % [ i

A BT Bt af A R ol
prefeatdni preEne ©. acid)0arhe Q%ofiﬂdf%i dmpEReproylaEes-
e g ESRNty | NeRt | @rdBnd N inRentiicw aklser verasides a
internediate step in proces‘l}se]i fol[l repa in%h. n h
ORIDSEr §PF c PEEPEL 1 7%h Parity cular agE}’g#% i
?%mmhmii@ astel) andometihacryd iz prbdesS of the present
2- met hyl propenoi ¢ [ .and a e
ASESHHI Ay, p’fﬂ%esb%géen li%%ven&rjl ¥ oiﬁgg{esonqj}%%?&die%ggé Step
prioceysnbbydpiepariag pmepiayle nénelbiet §EEY ighiadichagng/or
hydral Y Sins $HER ABGHS NGO ARLAGRSS Ofinkhe puesant in
EP-A-0 406 676, EP-A-0 407 811, EP-A-0 686 623 and

EP-A-0 941 984.

In a particularly preferred embodiment, it is possible
to obtain alkyl (meth)acrylates from carbonyl
compounds, hydrocyanic acid and alcohols in a simple
and inexpensive manner by processes which comprise the
following steps:

A) formation of at least one cyanohydrin by reacting
at least one carbonyl compound with hydrocyanic
acid;

B) hydrolysis of the cyanohydrin  or of the
cyanohydrins to form at least one
o-hydroxycarboxamide;

C) alcoholysis of the o-hydroxycarboxamide or of the
a-hydroxycarboxamides to obtain at least one alkyl

o-hydroxycarboxylate;
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i nvention. Processes which may have a hydrol ysis step
20 of cyanohydrins to prepare (neth)acrylic acid
and/or alkyl (meth)acrylates are detailed, inter

lia, | -A-0 406 676, EP-A-0 407 81 P- A-Q .6

o3 %\?1@5/%5%&) 941 984. 25 ]Iﬁ“a parti cﬁc |Efé°%7/%@9°41
preferred enbodinment, it is possible to obtain alkyl
(et h) acaybesesrifbprchebonydt corpounds Ky dr cyarirexy -

aci d ang-glephols bR 5Sidplea1rpd iNexpeRshe lates
by processes which conprise the "follow ng Steps: 30
A forfhERomeEhhacrehst 8RédclandRydr AR g?aﬁéaepﬁnﬁlkyl

at | eaghe ONEaERy POIY| compourd W 18adydr ameani ¢ -hgairdixy -
B) hydrolgsis of the.cyanohydrin or of the

cyanohyAr ey 14 fafhiat | east one 35

aE hy dr @atygdr bokami d€; tBe al-dohidorsicamdfostiieic acid or of
a- hydr car bgxam r . _a- hydr oxycar boxam de

to obtg%% at egg?ggﬁgcggéf%gﬁé? hyd%%%é%%rboxé?ate;%orm
WO 2008reBi8ryl1q acET/ EP2007/ 059041 D)
transesterification of the al kyl a-hydroxy carboxyl ate

or of the al kyl a-hydroxycarboxylates,K with .

(FFeRPS o) yRRE BLi B2Y® P8P gkPleasedond drkpil above. In
(ﬂ@%h)ﬁﬁ&i|akﬁgﬁﬂg)@g,LeﬁﬁkaQn@—ﬁ¥@yﬁkﬁdarb5xamide thus
carboxylic acid; ehydratjon o e

& W%@éca‘?%xﬁ? c Cé’é}")(ge% eaof q:ot héghe alkyl a-hydroxy-
(cattyckeokycar bDxyéi caacbds dand,orfor (emitpber ybycthe use

id St ). .and, B) : .8 ' il

T (U S
tieishy bbtfginred ecanrbea carverukel ©6 thethargl and carbon

andWOH 0XY - calRoxytata: 1 Fi Healy bedenandor wxamhe, of
by the use of alkyl formates. especially suitable
rERTRIR 3% BE A48 ¥ ormate or a mixture of methano

and carbon nonoxide, this reaction being described by

B, £, o, SXapl; g iﬁgf$g£V049¥81%éacting the a-hydroxy-
carboxamide by 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-1l-propanol, pentanol, hexanol,
heptanol, 2-ethylhexanol, octanol, nonanol and decanol.
The alcohol used is more preferably methanol and/or
ethanol, very particular preference being given to
methanol. The reaction of carboxamides with alcochols to

obtain carboxylic esters is common knowledge.

The molar ratio of a-hydroxycarboxamide to alcohol, for
example o-hydroxyisobutyramide to methanol, is not
critical per se, and is preferably in the range of 1:3
to 20:1. This ratio is very particularly appropriately
in the range of 1:2 to 15:1 and more preferably in the

range of 1:1 to 10:1.

The reaction temperature may likewise be within wide

ranges, the reaction rate generally increasing with
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Preference is given to reacting the a-hydroxy- 20
carboxam de by al coholysis with an al cohol which
conprises preferably 1-10 carbon atons, nore

S S o ® oo ! BRI Bssoas

especially n-but anol and 2-net hyl -1 - propanol
pisfmminmextafmeraﬂﬁmmmm @m@txhyltlﬁemnf@lture limit

a e ol | &S |
erre Fer af?ﬂy Ao ‘Eﬁ@ bOll-El?l% %&C}{‘to ofIS€Hel 81conol

et hanol and/ or hanol , very
;}aﬁq%uﬂ&e pF@@@Fe%e tk%m?g'fag?% tl§ ReeFaRaPly TH& the

reatdd onoof £ar boxed) derﬁoiﬁéthp@éﬁ@h@b$yt0160b2@0ﬂc The
car box J%%‘lc esters i s_conmmon

AT Do S5y DR o dbh e o  SRLGHGR. CrBPerakarpr eDe
Ppdwyfbsaad sohut yramduded o oet h@l’l@lv,atlesi nqbreammte cal This

per. se, and is ef bly in the t
ST o8 AR Pkl PR Bhedaira: Brpossor
ih. & heor aﬁge kgfr 1. Qariolq@larh‘nd amrreprﬁrlefceﬂ-abllyl id rhage

fange t‘g the 1,eacdian | eTREs ading, JTay

Iﬁewi se Zﬂiﬂ n Wlmo?e r%nges e reaction rate
general ly | ncreasing with WO 2008/ 061822 - 18 -

RGI/ EP2094+058044r | ReRASHRGLL, ermﬁ{@t Uf@acﬁri@n Uppetween

eSS LD b 21265 SEReal v LT o e feulars.,

I];&epfsef:ﬁf abkyctart hehirsange afn 4@r366¢plﬂbnmderstood to

ri’\'Leaxner aabl ¥feja%%1 %OCC -gq\%e? r%?ﬁtc onp ﬁ‘l’lt?epg di Q%eggted
reaction te ure, nme UCG or
alraset pressar @almhasneded@mm@ ithepregagtalsy. In this

ReSFed N R aREe8SSHLEsEAnge Biand. & t §r2QQuURAT , greater
particularly appropriately in a range of 1 to 100 bar

M%@E%F%%Fh%l PISSEHTE0 bharS- 167 P Pfthaty greater
e/edi ey . the: neasddore hﬁﬁmﬁef@reﬂyﬁy Oy C&h b@hém:dﬁge

| cohol b f
B < SRR [ RERRI & UndBREt o0t ¢ o-oHean HFeactd bn

Glrardyeti ngliygh petmets apretevat ed ldoglessudertiogbe the
@a@t@o&% 1%@10&%/5&@5 r&act éf;gha 1 Hycﬁ:%}?yc arboxamide and
during the removal of the ammonia from the product
mixture, may be greater than atmospheric pressure or
greater than 1 bar. Therefore, the ammonia formed in
the reaction can be distilled out of the mixture under
a pressure of greater than 1 bar, and it is possible to
completely dispense with the use of aids such as
stripping gas for the distillative removal of the

ammonia.

The product mixture may be 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
gimplest case, the product mixture is depleted in
ammonia and alcohol by removing said two components

directly as a substance mixture from the product



10

15

20

25

30

35

context, elevated pressure neans a pressure greater
t han at nospheric pressure, i.e. in particular greater
than 1 bar. The pressure nmay preferably be in the

ran er than 1 bar to less th :
ngﬁé%ﬁgqg e pressure, bot i duri ng ?ﬁg%%QZ%%%/O%%°41

reactlon/alcoholysjs of al pha- hydroxycarboxam de and

duritrgre he Thenovep cfulidteramronpact rigmn heupdedaed to a

g x4 é%&%rﬂ?y ?@rgEgékﬁr:&ﬂ?neﬁgﬂg§9h%{'?e@f§§§@£@1§ﬁ In

greater than bar. Therefore e ammoni a formed _.in

2ld Hel 9pactifeh ¢H#R bECHPSPENFEd dLECP t nashbangle and

Witeni2 PRASH esebagkeatierrddiantBe byrodand lrhl:ktSure in
possible to conpletelg#dls ense with the use of ai

S R5°TStrChpi nghgast or e GPETFIFAFIGE S opnd

talecolasinD i@t hdBoThe qumodact thet saee mrynee deplkepedated
t onI nia but also in unconverted al cohol
ﬁ%%?flcwﬁméggm%he case that nethanol is used for

the al coholysis, the result is a product mxture

ris 8et ﬁﬁef akid the 35 qomponepts,@mmni randepe

net ano are in principle verg difficult to
PR %#Qﬂﬁ%%e aneBttherthg n PREAUSE nplEsttUsse, Cithe be

Ritindd Xépaeihs1gdepbphedteny FrHaNichaNshet 6@hohn8Y in
sai d, two conponents dlrectg%éas a subsg?nce

I N
SRR oRiEHe: pf BAUCALAODYGESI 61 Tgo88t
REEMA2007¢ 6590411 del xdner eor Therewpsadmstidncesaarers and

t&en ?%F @&t@ﬁeﬁo gpg%gﬁkggggesgmemmf %mmm%ﬁls

rectification. onent
éxﬁﬂﬂm (¢mmmnh@¢$ aﬁﬁe aﬁﬁbmﬁ?ﬁ§n1iﬁﬁ@ﬁ@%ﬁat@hlﬁhonﬁre

N8 LW Sut8 M Nehd el e BPY Ad Qa0 Gdditord WO
constituents ammoni a and al cohol (rethanol) can at

the sane tine be separated from one another. The

reactd @hdcd emand dahe giemyalcof ehp@oylifhlg a continuous
moni a/ al cohol fromt he oduct m xture ca

SRS o TS Re Rt BRSO SREEarOL or ARG n

ailfifcdr emrtl plvai -thy d deoty dahikoxpurigies e reiac tias tpos sirkl erehoted

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; by

a') feeding reactant streams comprising, as reactants,

an alpha-hydroxycarboxamide, an alcohol and a catalyst

into a pressure reactor;

b') reacting the reactant streams with one one another

in the pressure reactor at a pressure in the range of

greater than 1 bar to 100 bar;

¢') discharging the product mixture which results from

step b') and comprises alpha-hydroxycarboxylic ester,

unconverted alpha-hydroxycarboxamide and catalyst from

the pressure reactor; and

d') depleting the product mixture in alcohol and

ammonia, ammonia being distilled off at a pressure

which is constantly kept greater than 1 bar.
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exanpl e, to provide one or nore pressure reactors and
to connect themto a pressure distillation columm.
This 15 system conpri ses one or nore reactors which

are _arranged outside the colum in a s regi.an.
ﬂ%f%q%%fg be given to @r@pl'oyi ng a %gﬁ{/%%‘ég&g%%@ou
process for preparing al pha-hydroxycarboxylic esters

iIm 20th$ chcakpha- ky droxycarbbxaly deappacpahésear @rocess

r tedawdh &fh%&%vic{b& presence of a catal yst

to obtain a product mxture I ch conprises al pha-
R3ldr oxgesitBagy| Feeesteact atipdnivd, tluneshv efRebnar phgt the

W Oxyearhoxai deat addoab ool andegat ahige; obys2bar to
a'nc? f eedi ng reactant streans conprising, as reactants,
al e]ﬁ’aﬁ'ia- hydr oxycar boxam de, an al cohol and a catal yst
IBH)0 depb@psueeinhgactios; dy'gduacininguibe reacttanig from

st.rea W th one_one _another. in the _pre re actor
3790 prhbsife 7 LRSS TARGa S5F | Biy: SaPertie iy the
tgnfezﬁlfmlﬂmmeaﬁgozdiMaJ@atgan Hehgor oddmtr i xt ur e whi ch
resul t - f ' cuIgy i : :
ﬁgha-%yg(ﬁlg%czﬁb%gx%ei)cﬁg%teer, u gg)r?\l/lgﬁt e(rJIanture which
AqsvaL Ry drrsy cerio i dettendt Bt yslha i cq e ;
RI9Ssil echeagtiarii1a8d id3a il e edi s thengredectlcohol
m xture in alcohal and anmonia moni a bel n

A%t i | PEECRER afvi@ prelSur &Rehi chi'ts é’&??tsé(lﬁ% y Kept the
grieatiar dtham lcdhimn Ve 2008k6861822 -tIRD range of greater

RETLER2001 Q9904 o b Lhi, Gase, Aparticularly
appropri ate process nodificati'on can be provided by
W1) reébethanpgite teacpardsicl tixngandiher raswhes from

@&%&?Qﬁg,rQQﬁgcﬁeéﬁ &bﬁié@é&rﬁnigm&gﬁiéaﬁgﬁ Qfi c8nBar ang
to "5 70 bar;_ b2) deconpressing the product mxture

CESHRLSSE f romhatier Yy erRrpr esSur esFess t HaropRerted
RIS d b R r HY:898HE iRRGiOlalaft gfeai edhd hasluln .

bar; cl) feeding the deconpressed product m xture

which 10 results fromstep b2) into a distillation

dal umhisc2prefierheddi stotéasi ovactdunn, mwhiattiddn ngfof £he
%ég)égnts 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, for the reaction of the reactants and the
subsequent removal of ammonia/alcohol, different
pressure ranges can be employed. The separation of the
process 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,
surprisingly allows the separating action to Dbe
improved significantly once more and the efficiency of
the removal of the ammonia/alcohol mixture to be

increased.

The quality features mentioned can be improved even

further by repeating the reaction in the pressure
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and ammonia via the top, the pressure in the
distillation colum being kept in the range of greater
than 1 bar to less than 10 bar; and 15 dl) di scharging

b88 20887 BB 282 amoni & ‘and bl cohol sy AR /AEY 041
al pha- hydr oxycar boxylic ester, unconverted
arphathydpoggcarbowras deaandnest aliyfst thyeomudeelcdtolminirure

20nt Bnt Biag Hkﬁ&?rﬁéﬂlé%&§e§ﬁ Vot drRfchi O8nof Eﬂethe
reactants and renoval of ammoni a/ al cohol take place in

t Rt PP eferitiss p%e@aarqr%/l%pa%%nuﬁprsssrlﬁeoﬂ@t1llatlon

\A@bﬂﬁmn [e@ﬁéOkéééﬂﬁbhoQtébaEﬁQ@hga@;@ll$Q@dr ald Rg rdlitli tude
amopni a/ al cohol qﬁthe r oduct
het. 1%h

f
rﬁg it BF%S %‘r‘ﬁe %e‘%‘éi)‘é?%t ‘é]al?]P ot © n‘éo%%cf S hag-

the advantage that, for the reaction of the reactants

glf‘r?f £hgs %ggﬁg%e”ger&gr’g&@ti%l%g“g%%? L3k g&% ﬁs given to

erent es can _
sepprate¢en viridet rpho@essm@h@r@cr@atz@@nlrste@tn t he

PE SSSiH £ rﬁ%@&&%t3QmHHQ%F'“dHE%h£ﬁ£§§UG§1tQ&%ﬁ'1&1 is
separating_step in a pressure colum, both ste
bePHBL eTPRicE@ P UPHIRFSUBE elviat blie prarseret 5.0 era%r

t flﬁlntlle brﬂixtuﬁélf pbinpragk¥dak howaikh@agepar @rtle@g edClis0Fed

f tl
LPRES, e EGYERe? ) PRrrasalh  sR o e e arsresign  and

na Xt owed ttoo beeadcthcagased. ardde qual ity features

MENtLonsd. §30, beg P oypdaguenf WLher B L ERCALAG aing

reacti on e pressure
PETNEP?ObW$©5@©%%¢ reactor once or nore than once with
the product mixture which has been depleted in

annDnla and al cohol, in the bottom of the separating
JoF e BEsurid dilsti PEat PRRCIERE &) it HeeTeadtiadn the

Srﬁ:B;ptlbm Ndephictead 19 amrmhtlla_t ughed 5 a0k oprassis ewithdrawn
ERFhCT 0aYy SBAVE: COlar breTbr 2heE o TaFUbn Crat i3 lation
p:r@he&s vaprmapresekdch o sach_:are&caueae zedeapet hathaa) imethe
MO A & A el LD L) 2gellng opeocure
reactor, whence, after another reaction under the
action of elevated pressure and temperature to obtain a
twice-reacted product mixture, it is decompressed 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
feeding into the second pressure reactor was effected
but above the bottom of the first distillation column,
where ammonia and alcohol are distilled off again via
the top to obtain a mixture depleted twice in ammonia

and alcohol.

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

the reacted mixture, the feeding into the first
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f) the mxture conpressed in this way in step e) is
fed into a further pressure reactor for reaction and
all owed to react again; and g) steps b2), cl), c2) and

dl r d according to the list., ahqQue.
Aﬂbo?éSﬁéﬁgig%? is of particufar i nt er et ﬁ‘t2¢§7 055041
m xture depleted in ammonia and al cohol is w thdrawn

f doatalleaayombovelts, bothem deptlied ibiy stofdi sminidndei omnd
2%18858?“ conprggsed g @ Pras sy e1gt eaher IRl N the

distillation colum and then fed into a second
présedravat ek orth%éﬁ@éetgfit efizRbBtRer FRERAGTHLOD and

updeaihfeos a@heoaegﬁeeb@v ati 8 uREe S Sle aarfduttel@e lp&tetsrselre
to obtain a tw ce-reac roduc m Xt ure

dEEBRhPESsEdSt 0 TR 7 ssm £ e aﬁhanO?%éthE Og e CBiF LN/
pdesstd endg eaohor tansl gnﬁhéer tthanofl baresandet heractors
recycled into the flrst il ol .0
tra%n?rgedmh?cﬁe¥ﬁ ’feeg % |ﬁt%l$%ﬂr% d%ﬁgnggsgL%g%es
re:actaomowag gfifi®caédohbiit aaboivleet o tlhormt om otheh@ressure
E F1§Ei$%at&8FFﬁgl %Q wh%%e %”W@QSQtQQQ integer

are disti agaln via the top to obtain
a9ﬁ$%¥%¥et&éﬁl e%ee@tmpcéa PERFRIFARLY ahl &h@owangerhpé 2
process step can be repeated as desired; for 35
exanple, three to four repetitions are particularly
favourable. In this respect, particular preference is
gANeappnoprpabeepsomhsshmbﬁifhaaaabarbnadsbgeshabpbhelng

ti regsurf
CFES T s3hpey el P BN #hs FRAT SN Howe
2@@8¢0®$822 - 22 - PCT/EP2007/059041 distillation
colum, the depletion of amonia and alcohol in the
first dlstlllatlon colum, the wthdrawal of the
d%%¥%t%Eeﬁ%i%%rErOE%ﬁ%r¥§§F6ﬁt§n60mP§é§Fn§h6fPFH ormance

d@pl ethed fraaaswi@nl rtrel adépléh@bnprm&dr elﬁleéeaﬂéﬂ[g afeur
eated nore than once to .0ob endi n

BT of ' FHELRUT e FEHITrE aclg%négcerp n Ser %’%alg a
procdict £ mnxitirneredeplepiled ed t Eoes tmmammm aamebnia and

aéf&g‘r%l at t 'E‘ﬁiQOt t %@o%festshe REESSHLE 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 pressure reactors connected in

series.

For the process variants specified, different
temperature ranges have been found to be particularly

appropriate in column and reactor.

For example, the pressure distillation column may
generally and preferably have a temperature 1in the
range of about 50°C to about 160°C. The exact
temperature is typically established by the boiling
gsystem as a function of the existing pressure

conditions.

The temperature in the reactor is preferably in the
range of about 120-240°C. It 1is wvery particularly



10

15

20

25

30

35

distillation colum. n may be a positive integer 10
greater than zero. n is preferably in the range of 2
to 10. An appropriate process nodification envi sages

repeati steps e) to ment i oned '
a@gvgbhg?86igzzthan once. iég@ épecific‘%gﬁké§g§6¥?%59°4l
variants conprise the performance of the reaction and
depbeebohateurta i heweusitip f bempeppessar € r@acrepstor to

cg@&@eggd IR SLRHLO Pt atnapa 4Q ww@uggngéxwr% 150°C,
depl eted four tines in_amonia and alcohol” This

pPBEESEARAY | 4ntl G°C aBBEr diST] yPRERAFRERELY 7 @PHEPRHAL LY
siepsseppk0 @F arzecepeahed aposleastliyW GRfMOERCeS0 the
thai tF react#og IS gerforned in a total of at |east

f 3UT Spre¥LY e°F ealttoF S2ChhAected in 25 series. For

the process variants specified, different tenperature
rgn tl?l%\fe lggggui‘%u%rt oilggrgggillﬁ%mt%{ sef‘BBE%’H t?nay
in co umm and reactor. 30 FoOr exa € pressur

dassd | |ernwirstcolimm demyeagéner akhg an@lagt@f erablynehaeom
ard SAPSF atis € iy iher r%&ﬁ:égsﬁ'@mre%&cho Lt'fme with
160C. The exact tenperature |s typical est abl 1 shed
bR EFeEHHRY | ngC3BVEYELem aslakeyhee| onaé?‘/f Ré exildPreyed
pE€Bst evitepndi tions. The tenperature in the reactor

is preferably in the range of about 120-240C It is
very particularly WO 2008/ 061822 - 23 -

PG/ ER2087A405904ht iappdopribatve ,t 0 doweist héavourable

t r r r t eact ar, I
SFLDEEEY Pub ! SRIEAE Puliled P20 Ble ¢ HEERP BeR che
\RFSSHEFE | SUFALLYaBppRomalaTEl yat | ﬁe§ﬂ5@9§ d?OlBGS Thms the
rasidhy el ¥n | h] yleasgsekhe férsgkﬁéhtﬁtEMnOf Ehg relative
reaction. A further neasure for i ncreasi ng

HEATH T yOfray AP onsPSt AL aBEFe & n@h? h#ithdrawal
resicdtor  ¥ebtme dHeom bbeachor dfo renet olcolbeer eass NQused.

rﬁ%%%fguf§%ﬂﬁe g&%?opriately, the ©procedure in the

context of the invention is to feed the decompressed
product mixture according to step cl) after each new
reaction into a pressure reactor more closely adjacent
to the bottom of the distillation column based on the
feed point of the feeding of the preceding step cl1).

In addition to the wvariants described, in which the
reaction of the alpha-hydroxycarboxamide with the
alcohol 1is performed by the removal of the ammonia
which is one resulting product 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 unit. In this
case, pressure reactor and pressure distillation column
are realized 1in a single wunit, and effectively

colncide.

The pressure range to be observed in the inventive
variants described above, preferably in a reactive

distillation column serving as a reactor, 1is variable
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10 i ncreasing conversion |ikew se affords inproved
selectivity. As already nentioned above, it is
favourable to w thdraw the product m xture to be

it h the 15 pressuyure distillajd
2@¢tg§ﬁ¥g%%%? in the coluhﬂ%qlh this c§%¥§zﬁé§4¢ﬂ?b§H°4l
orientation, as a relative statement of |ocation, the
dbsernceiol t angiashdr dwal Prebepredr ofitPhRdipentomesf the

Loy &0t Lsm. ic%m#%%@es Rard i Sut-as1-yaApRr BBN A&y af heo c)
procedure in the 20 context of the inventionis to

f et FRNYREDHYr dfsetl TRREHUYE ML&Tdrd BAdCRY ittt at a
spePsehte af tar each newgd eascti 0B i Mz a pyessirebar. A
react or fvrﬁyclos§%% adé cent _to the bottom of %heh .
RIETF At on’ coPERACBASEE Son RHPE ©Feed Doi RESof “IHE™ 15
feestraxgt ©f 1 td@ pirecediang stepscly) 2 | n) adalre | gedtformed
the ' sGLi bed, _j jch.t r i 0 h
TRy s E5T B Ae R LRt Rt danar ol N
peréoryee by the renoyadbf oio thar aheod? datihi ch is one

resulting product in tw spatially 30 separate but

connected units, it may be preferred in a _further
procRsBYRBEF Pt 35 HderhakBr PReSF eabfPokeastdpn of

afiek t bearerByal i epetrfodBm&ENgle ainkbactivehids stdasetion
pngfsure react or, and pressure_disti.l]lation golym  are .
rC’e % 3 e ammonia

TP dIPRIEREAngi% TInPFeSERECef et Vel 37
cohormeedlel s Thespi essdr effangettioubesbseivedhien tbpe of the

| VRO Ve 4 ‘&airr{qa”t %h%eSCEFQEQiQHQVe’ rRigferablyddk a the
reaCtI'\/e. d'}stl | ation co Unn_seer ng as a reaCt.Or, | S
VTR sl VD @bberostBay ampaniapcrnEbeogEresedain gysery

W de-TaNgesnes Phefiesied rebadigrent ofedile tRYeMr-@Rure
c%ggrlses t he Qerfornance of stggs E) to c@& ,

GHUl AR ITSTFPRE RS e Bt PYERIPYELEYat PERTOSFUMRT ey ©f
pessireldn thateaage ofisd bariet 0140 batictA Sammonia  is
part.icul arl pprQpriate process .S .one_whi [
RSO | deEPRRARE B RIOECSR d Sl il 6P Lhe column
simdll theeocastyghoh a g emetmoveddi St dttisoncodlimnm wta athe
bottom or via a sidestream. As a result of an
appropriately configured separating action of the
reactive distillation column, immediate separation of

ammonia and alcohol is thus achieved.

For the present invention, in one wvariant, any
multistage pressure-resistant reactive distillation
column which preferably has two or more separating
stages can be used. Such reactive stills are explained
in detail in connection with step D), and these can
also be used for the reaction of the carboxamide with

an alcohol.

The product mixture depleted in ammonia contains, inter
alia, the desired alpha-hydroxycarboxylic ester. To
further isolate and purify the ester, it is possible in
an appropriate process modification to draw off the
product mixture depleted in ammonia via the bottom of

the reactive distillation column and to feed it to a
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pressure in the range of 10 bar to 30 bar. 10 In a
preferred variant of the process, the reaction of the
reactants is performed in a reactive distillation

colu signed as a pressure columm, and_ t
fvg?n%"EO?ZO@f%% led off contdhuously vi &"%?f 11?&97 f°59°41
the colum during the reaction. This achieves the 15
stuprhsr ngeebhdctdidiat 1 lanmbon acodnmbe rémovedtha alcohol
VELY d§§@Pife§Hn8§£emb£QOUEtheg'Bg S r%%. edgg?mq] and

pressure and can recovered in h purit
VRFE Bealoly  pafyFeafadntat @ve‘%etaqtso@n*ém ﬁbV\BF@ha mlxture

fed Sin dbsth | 4Reb0f4 Amder1 pressure via the top
of the columm 20 and the al cohol is renoved fromthe

colum via the bottomor via a sidestream As a

resul fusfhan a@@wpél akaby Q@ﬂblv@w e(ih%epalfl@ﬂ‘ianglydroxy—
act i,on t he |ve %%Stl| t|on qu
a

SERAr Aty ot oF o &hm S Al EhEI S S éa%h%%v@&‘moma

ZﬁuFoalthbobreseaﬁememe&tu&n thenogevearnanta papcess in

tist t | :
DU oRe MSRpe nEPRta Leochie,d il BligR o
sdlaﬁ;é@a@ﬁﬁ belaséde Pehteraeti st frrshare dé)@éllgllﬁédon

IBliumsles il Fba %@n@@ﬁﬁ'é”EN!EEb§tQPsgalléﬂgohhééﬁuQQn1n
al.so be used for thé _reaction of _the carboxan de wth

Aokt FhRRPr BUTEPXHFRERPEYALHI 22T n HimoAsgllled
it av ks, that ebp 3&dﬂﬂhh ties destaefled mixture depleted

al pha- h droxyc r.box st e further I solate and
pd?l?m e™ testali‘cog)l ¥ |scgoss %?eBY%rOX E% opr i tat §5ter,
pocess Inidi f edaeiron fortdhew offuthéicprbowct smegsure is

e TTE | A Lor fin AR 10 1 ool £ P0 % VO 2008  bhTEsd -

eger PEFREPROPHGHITRA Viar tHee §ePorf ditEei | Ftyen is
qm;y eee $he aLHoholror sedhsbilbl edof fray aekh%emely
0 | umm an%} referably rec cled into
AR Ethl o TS FeRCEeR | 6 C55Eh aRaoAPEain
adkydl claalh) drrylates.

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

column.

For the invention, it may be advantageous when at most
10% by weight, preferably at most 5% by weight and more
preferably at most 1% by weight of the alcohol present
in the reaction phase 1is removed from the reaction
system via the gas phase. This measure allows the

reaction to be performed particularly inexpensively.

This reaction can be accelerated, for example, by basic
catalysts. These include homogeneous catalysts and

heterogeneous catalysts.
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To further isolate and recover the al pha-hydroxy-
carboxylic ester fromthe m xture depleted i n ammoni a
and al cohol, preference is then given to a process in

whi c ] Xt ure depleted in anmonia and cohol_j s
1@0d$g§§ZQ€L355.a the bottomdf the furtﬁﬁﬁjEP2°°7)°59°4l
distillation colum and fed to yet a further
dTBeillbmemﬁmﬁwmwn1i¢atawy$ﬂsttuﬁnclude alkali  metal

a%ﬂ@@xbd@é Oéﬁﬁawﬁé%h ﬂ?g mibdihk '%‘% QfbrMifh, tin

eto an us O talne ure ep ete N
aRRBNPAUTANEBRe| PARE CAPPRE- Hﬁdrmr%@xyﬁpagegt éritapg um

oagik@ﬁf&éyo@ftteirnfaxkaﬁd@urlfbrcaéx Z.Séeﬁ§tah§um tetra-
rec cled into the reactor The a ox carbox lic

TR € &bt aithéd Q?Sr?h\ét?ﬁgdﬁf t Shprageneocus
fﬂ:@myy'@welmd_m mégneexanplexide, fedlexumermkyde and

dvant a eousl to further, reacti on steps.to,obtain
KT Ot b tan e PR T el SRR TSt on”
apparatus preferably has at | east one region, known

§%§ IJE wh t ca is
provi ded. WTn%} reg%?X? c%g§é§&ug§§ es%€¢%§%8& for — the
RETEIERINCDeORi (i RRRCUSt ACPREFSRT ¢l ubhe Favertd on

| e Ntia@Rr - sTBY @ atyRPh28604S d@?@bﬁdgmstrhel%é)y of
magght referably a@gnnst 5% by melg & and no

Brabt¥Pat nost 19PBYIRRTGHE of CRREYFEBNOI Sﬁé§ent to
|pﬁﬁﬁ&td}&ﬁ1ycnu¢¢m&mnm§ resuved. f Then ekereeadbhonwater-

Sjyesst eéga ‘? th%eg%% phé:\ﬁe Tlghs 8§Fr§ l:l ov‘f’eéabf S its
reac 0 be perforned par Sul ar y Vnexpen3|ve
wﬂa‘ﬂ;}s‘llrceactalbgrllcta@Sbe avcel ehat edbrésgnexanpite, Wter

hasiS-a 6B} ystse THGSBLHDE! %%&9%919%9“% Cékﬁla%%éé in
and heterogeneous catalysts. WO 2008/ 061822 -

P EPPOBS1059041 uHhé‘ho%ﬁgéﬁ@d%%lﬁ%EaFﬁ%t%aW%%lWd&hOUt
adlklaé | sDBhakicahkDyi (i@@la&rifir@ gan%rr&]{a&lallwle:orm@mﬂ@y of
titani u nd alum nium_Preference is given
&%SA g té‘i‘q]tys%am u al Ko%F de SE5H al kéfgﬁ %BFessmn
e%ﬁmmdxfndanﬂmyﬂn rebhs sthaOprQDQX|mEamﬂldnrwrate and/or

= acbcufx%@ﬂl éieE'}% el st A9CUE d&?t AYS AN V98 the

magnesi um CIUH]OXI
reactlon without the presence of water.

Lanthanoid compounds denote compounds of La, Ce, Pr,
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and/or ILu.
Preference 1is 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/l, at
25°C.

Preferred lanthanoid compounds are salts which are

preferably present in the oxidation state 3.

Particularly preferred water-resistant lanthanoid

compounds are La (NO3); and/or LaCls;. These compounds may

be added to the reaction mixture as salts or be formed

in situ.
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basi c i on exchangers as have been descri bed above.
Catal ysts of very particular interest for the 10
performance of the process according to the invention
are ter-reS|stant | ant hanoi d conpounds. The
tWﬁsm$ ORE0 48 #orogeneous cat%l yst's | ead IR ¥20%% Bs0041
part|cularly surpr|S|ng results. The expression

"water- resistant” neans that the catalyst retains its

atalivihe,a | reaenaa.af ual ey,

Acc% %%1%51% ﬁgkééégﬁtﬁeg%ggggt?on can bé%@%fegséd h @
tCP%tﬁtﬂﬂé%%nc@fofa UFCLEPA% yetrl givoTil exat erigh t kemprises
tihi tSa:84 @i dh At | i nad ri e dhenLat phydtecabbdtdy: ff .
the catalyst. In this context, the expression 20
"significantly" neans that the reaction rate and/or
FeieHdwi t spieireiases nald iMista thrb0%dfasedhen t h@vention

E L R L L
S| BRu, cml_yﬁi; D¥n Hohli_r casm, Yhrahefeorceuis given to
5"% £f .81 encediS 10l fﬂf%@oyéﬂng%gn%s ﬁﬁBH& C‘l'ﬁp%{‘ijch the

conpri ses ant anum anol
ﬁﬁﬁaér ablisy aasedatsdl ubremt yhien 939um/at@@n%xsmnsueazsft the
Hlemdtief erablyodts | £asi, 19, 941, 1@t 125013P5§aeme6f the
| ant hapoi d c% ounds are salts which are preferably
Fé’slecﬁ{lq n TeRé Soxi MEPTSN 1SS 3PTSSSPEPCcut dr I%}Ven to

p:fl'efsfﬁ reetwat etrt E$usfaﬂﬂéthaﬁébamphdnaCéﬁpO:LtmdSvl'ﬁfcﬂl the

ttI\IQLS) SO]_;';;:ndS/poorn é 103 on‘l('ahese comp dcsh may. .| be added
e reac N xture as s at s or" FOrmed in

S|tu WO 2008/ 061822 - 27 - PCT/EP2007/059041 A
%rtaaaheaoﬂr%%hga e¢ ﬁf&i u@s§~1m@suscs=—ﬁ ﬂém@geneous

catal yst, of a sol conpl ex which conpri
tqat%xﬁﬁSanopmaﬁ;%e%né}Stlﬁe AP IFRNSY e aF Boxans o, are

2140t hehpsReaifite rmdllnﬁilec-;vatl edmef theraweRtheBs.  The
enV|sa es .t.he use

haﬁgﬁ{ﬁ%ﬂmwkﬁ%grogeneous catalysts include

magnesium oxide, calcium oxide and bagic ion

exchangers, and the like.

For example, preference may be given to processes in
which the catalyst is an insoluble metal oxide which
comprises at least one element selected from the group
consisting of Sb, Sc, Vv, La, Ce, Ti, Zr, Hf, V, Nb, Ta,
Cr, Mo, W, Tc¢, Re, Fe, Co, Ni, Cu, Al, Si, Sn, Pb and
Bi.

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

Typically, the ammonia formed is discharged from the
reaction system, the reaction in many cases being

performed at the boiling point.
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as a catalyst. In this case, preference is given to
using a netal trifluoronethanesul phonate in which the
10 netal is selected fromthe group consisting of the

e ' ups 1, 2, 3, 4, 11, 12,
S%%r?&i/idoéc}l%#abl e. Anong Hese, pr efe%gﬁ?§%i2§%5?©33041
to those netal trifluoronethanesul phonates in which
tHee armteniaoreespordsinotbpeabeohot st anthrnbedsecysled

I, 20d) td O RO Sher- P ef SEEedsyar 8t 8x0hpeNOERNEAYS may
catal ysis, processes using heterogeneous catal ysts are .
RS FApPrhrHte TReRINbEC P EanBYaRee¥anTReacid. This

succass{uldy, usabl exhebes pgeneppsacabalysts rAckddetiOn,
gﬁ%ﬂeygm OXi deé cal.%]l um oxi de ggd .basi c. i on ni 3

ARELFLCY AL t REIF K™ PoT BRARPFED pricter BAER Hay 27
betdiaren tlyy pridoessEgA i nor whhnlrtbgowat pkgpsesessan these
i.nso e oXxi igh. 2 | Ses e
e 1B Pl O S PR gt IR e P Ay L B35 08 o
Vndustm@el TiChemisthfy,, V5thb, Efdtiogr, onb, CAFRPM, Render
Fenyaio GhndNaomloursiy» Pb and  Bi. 30

Al'ternatively, preference nmay be given to processes
where the catal yst used is an insoluble netal selected

férrrpna}vb fih%}%\; o%@eﬁomi,ilt&m@maﬁgu, IoZ-fhyBc_k:lfox%éqrﬂhwg%_@te is
\ . Fe, . Ni., .G, In i .an €.

A Tad y, Vihe a%ﬁiha{ Eed | SuatSch&Pged 1M t hg1kYL
r (eeeath ) are rgpylsttemarich ex tlaaitaxgre da nbareriyi « asEisd bei ng
performed at the boiling point. W 2008/ 061822 - 28 -
PCT/ EP2007/ 059041 The ammoni a rel eased in the

dircotlet ySusthay Benesty cdedtheaprepard thevenereni alkyl

RI-OERESx UG TRt s AEPNA FBY-t b8 weakt efle¥hl Berylic
nmet hanol "to %l ve hydrgcyanl C, daC| d. Trl s_1is detailed,

PG Sexahht e (MPRREPCAYES41 F84-99 nUadat €1 JRF 5~ Purpose
hydy aey@i Cpaei deCcathdecabt Benetbtfaicmdammnherasmlly. In

ghacn% by (%ge BMA o;iAndralngf w p q:(:qesesesi,cth%%gz_ ) nd
%%tcle SEs bEPng deEétiBed TH U | NS iy cl 65adia of

medtistariydli cChericstr y, (3theEdiyilboppenod- ROMcidhder these
include in particular derivatives which comprise
substituents. The suitable substituents include in
particular halogens such as chlorine, fluorine and
bromine, and alkyl groups which may comprise preferably
1 to 10, more preferably 1 to 4 carbon atoms. These
include p-methylacrylic acid (butenocic acid), «,B-
dimethylacrylic acid, p-ethylacrylic acid and B,B-
dimethylacrylic acid. Preference 1is given to acrylic
acid (propenoic acid) and methacrylic acid (2-methyl-
propenoic acid), particular preference being given to

methacrylic acid.

The alkyl oa-hydroxycarboxylates used for this purpose
are known per se, the alcohol radical of the ester
comprising preferably 1 to 20 carbon atoms, in
particular 1 to 10 carbon atoms and more preferably 1
to 5 carbon atoms. Preferred alcohol radicals derive in
particular from methanol, ethanol, propanol, butanol,

in particular n-butanol and 2-methyl-1-propanol,
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"I norgani ¢ Cyano Conpounds”. 10 In a next step D), the
al kyl a-hydroxycarboxylate is reacted wth
(meth)acrylic acid to obtain alkyl (meth)acrylate and

T BRI R it Ton. a1 1129 & hydr oxy SAT65RIP a0 4935041
can be reacted with (nmeth)acrylic acid. The
(vettgraet y| | heasingsl usable f @-atiivd hewepode aperkacwdar

RSFe S-S Gan; he OPFa) ned OmBrel aldy eddhnsddi tion
to acrylic acid (propenoic acid) and 20 nethacrylic
acid (2-nethyl propenoic acid), these include in

PEHd | %tafa gdarivali ves wheh rl &ehy&birb&ﬁfbtalﬁb@k%lates
The abl e substituents i par.t i

i s e et o BHE Brereranly
aff keyth gheup@nemih )l mEy ccoapt 8sevharadf ecabl ype25olt 4 ndd, by

ferabl 1 to 4 arbo Thes in e
r% (fa lnc@fyl | ce aci &1}/ ucixé’ noic Oggﬁd) % ‘(ig %lh%gl for
chmnﬂ;& acngthecagl e @8iet Md acsydi cocabvdr@misobatyric
g%ﬁyié%yéac \ﬁl‘féxg) Pref §£§ﬁﬁ§e Saghyenct 9c§srzlsl Esed

(propenol c aci and nethacrylic acid (2-met
3@-” HrorREHGt ¢ B dY1Veart Feul BFipPef @rbﬁéé%@pﬁepméﬁnlc
tidethacrylic acid. The al kyl a-hydroxycarboxyl at es
used for this purpose are known per se, the al coho
radical of the ester 35 conprising preferably 1 to 20
qdrkban  at-euyslroxty cpaitioxglladre s1 Ueedo‘mﬂﬂbowr&ﬁGaEnamd are

.6 prefe rbo
S et peby R R o B BB patgpace.
erteltemdl ammwlsmnta\nmte aqudpathYbupcahYﬁrﬁwaﬁ@buty—
£-met hyl -1 -propanol, WO 2008/061822 - 29 -
PCT/ EP2007/ 059041 pentanol hexanol and
2-et hyl hexanol , particular preference being given to
rmi headned £ 2 e& hanel re-gll&%aaﬂi:isd rtagH coda@fidhemakkyte may

gﬁg‘ e% ? gg% ates 5. used f :%he o o solvent
Fon GeF F YEEERF 81 er i y <P n S
@nmminyﬂnsw|pDLymatxﬂauﬂcnxmnﬂxbﬂﬂnnﬂlaﬂﬂ ater.
dehydrating the a-hydroxycarboxylic acid. Wen, for
The reaction of alkylhydroxycarboxylic ester with
(meth)acrylic acid can be catalysed by at least one
acid or at least one base. It is possible to use either
homogeneous or heterogeneous catalysts. Particularly
suitable acidic catalysts are in particular inorganic
acids, for example sulphuric acid or hydrochloric acid,
and organic acids, for example sulphonic acids, in
particular p-toluenesulphonic acid, and acid cation

exchangers.

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

from Lanxess under the trade name Lewatit®.
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exanpl e, nethacrylic acid is used, a-hydroxyisobutyric
ester is used. Wen, for exanple, acrylic acid is
used, 10 preference is given to using
a- hydr oxyi sopropi oni c acid._ Al kyl
PV BB By | at es used 4 H pref er eBEE/EFEOOTLORYO41
a- hydr oxypr opi onate, ethyl a-hydroxypropionate, 15
metdy lcanderdrnmyiicsobuifyr aneadndtet hyl preferably in the
- OX¥i SO tYsod . . di t t tants, 152
?ﬁ%ggéeazé [ gnt%% x?four ?ﬁangggﬁr?‘{é%%f L}sr}t%w%rera{ﬁ%}: >
denstietigiit.s, bhepdexampltdsorvant 8t it caralyylydroxy-
ROl ik Zad | dicrhi BELQr sarad owat ehe  Theedr@acddyain Of aciq
al kyl hydr oxycar boxylic ester with (nmeth)acrylic acid
i De catal ysed by at |east one acid or at |east one
base. It is possible to use either 25 honbgeneous or
tero eous catal ysts. .Particul arl suitable acidic
S R AR R T B AR Ot oie okt Fpfiidhee
eixaripide sphoturhiezaced aerhyduiochl ortechel d, hydmdquinone
' i ds, exa Igpgggc acj, ds,, 14 -9 _
3§r§|<§ﬁh g pit%ﬁéﬁsﬁesurg gﬁ?%ua0| ! andha%¥%#%§§i(iﬁ'6'6
e tearisadyepdpeTheél paexyleul (GEMO5UI tabl 8ighbren thereof;
axehapgeckeslBieskNerudend fe Panhi ik 8k sSWaN0BE Cimproved
acid-containing styrene-divinyl benzene pol yners. . ,
Pat t iSQMar ISASSH t &3 e U557t i‘%ﬁ(‘—@k”chaﬁ%‘@ r BSi-HEeE 3RO
olitad whetb o gy Chal Ligedf HemRodlwrdeHass: imdeint bre range

trad | yst d. f L th
{08000 CRadriof Y v Sy ohbgly SroptPeBly! Mh che
PCEIFP2007/00%904b Th23 c biyc e gt onbated atal ytéte isum of

eral ' ﬁﬁgﬁ: d.t % b i O e
B{re erog%}l&%l_r}%%&l%g(%r y V\}g lgjljwct , Q%bs’i:lt%eé;‘d %){lné%a he%ltélai mng:‘f the
t et )agep Hydrasdd wiboxylic ester used and of the

(meth)acrylic acid 5 used. The pol ynerization
inhibitors usaple with preferepce . include .
i G Fio. 17 d7ET B PL BT SERORD Ny BF ofEFRGRRCIFES in
ronebhyk eithespcbydioqabnene, reolydpexye2all§, 7AW to
tetgaret iyl plperLdi 090%Kb o TGO XL S preserably
90°C to 110°C.

The reaction can be performed at reduced or elevated
pressure depending on the reaction temperature. This
reaction is preferably performed in the pressure range
of 0.02-5 bar, in particular 0.2 to 3 bar and more

preferably 0.3 to 0.5 bar.

The molar ratio of (meth)acrylic acid to the alkyl
o-hydroxycarboxylate is preferably in the range of 4:1-
1:4, in particular 3:1 to 1:3 and more preferably in

the range of 2:1-1:2.

The selectivity is preferably at 1least 90%, more
preferably 98%. The selectivity is defined as the ratio
of the sum of amounts of alkyl (meth)acrylates and

o-hydroxycarboxylic acids formed based on the sum of
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the effectiveness of these inhibitors can be inproved
in some cases by using oxygen. The pol ynerization
inhibitors nmay be used in a concentration in the range

RGO/ L0 0 256 by e Gt based SR80 8PI041

t he a-al kyl hydr oxycar boxylic ester used and of the
(et h) aovgunies aciaf used.kyllhe cedvdroxyvicayperfydiamed  and

pr.eferably., At ratuwrescign 20 the range of 50C to
8%%: ﬁ%re pr%f%?ggly 70C to "130C, in particular 80C

to 120C and nost preferably 90C to 110C. The reaction

Cﬁm be derd rkd- abhspeddcest ofhel evalecht 2:5n@<ﬁl@§§<bkﬁ,e the
end| g on fhe reaction te ature This reacti

SRR 1 e 11 et Ret e (5SS r BhgePTgpence of
0~a92e:5 bare watpar toatikat G_s2 pm&ﬂmﬂ}amjn nohe range of

pr ef ly O. 3 t O 5 bar. 3 cat, |o
({n?:]t e%%(t:)ré &t o "ORE & 18 gg?a%dr oxycar b8£x3§l WElght
@Kbr etfcertabpyfelfﬁrtaﬂméyr aﬁlgéoéf Ry 1-wdight i n Gregad c@lﬂar the
f
%& 8 @mﬂe seﬁe% P&h}’cdfboiyt?atf@qg@e@

ty I's preferably at | east
90@6 nore preferably 98@6 The selectivity is defined

( e%ﬂ)%dﬁ&tt:i%tn obrt Lkﬁnaslblhm @ﬁno@@i@@ntﬁf o:‘w@é@/l g:urfprlslngly
acryl ates an roxycar boxylic. acjds.forme
S R S04 JoBer b Bosct gh°c8ohE® 1n8iEea.
Fﬁi/Eﬁ?ﬁ@?b@S%&ﬁbrthédﬁﬂbumtSthb ddqﬂatlon of methanol
a- hydr ox b t cry
coﬁ%g?ge%gsﬁ %ﬁ¥% %ﬁg} %ggeg%? % %%Eeﬁrggncentratlon
igfvert itom, L3heby 5w¢mlntc,eb@@¢¢if peathenveasghbeoéf teet adkyl

'&‘—H}}@r&mﬂaté’\’ahgéd Thfeé’@t %haﬁo'@%ﬁnb | Syeight of
prefferably 1 n the range of . 1-50% X
bt VEQETEE 2096 ByL GRF Ghen 5%@%%%%%%&%6%0 and a

W0 inn weinghtor haseidiaitd heimeved g ©f 1d® ralky|

a- hydr oxycar boxyl ate used. 10 The addition of snal
anmounts of water surprisingly allows the selectivity
afhd heraraettoenifochbeibncreeasede performed batchwise or

continuously, preference being given to continuous
processes. In the transesterification, the products can
preferably be removed from the reactants in order to

shift the equilibrium of the reaction.

The reaction time of the transesterification depends
upon the molar masses used and on the reaction
temperature, and these parameters may be within wide
ranges. The reaction time of the transesterification of
the alkyl o-hydroxycarboxylate with (meth)acrylic acid
is preferably in the range of 30 seconds to 15 hours,
more preferably 5 minutes to 5 hours and most

preferably 15 minutes to 3 hours.

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

3 hours.
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In spite of water addition, the formation of nethanol
can be kept surprisingly low. At a water concentration
15 of 10 to 15% by wei ght based on the wei ght of the

al kyl 5 ycar boxyl at e ed, less tt&gn
v%‘?gmo%‘fgé/ﬂé;%anol forms at°4a reaction %p%r%’% 059 41
120C and a reaction time or residence time of 5 to

180 hhe. RECHEEtIamsest eethivdatiorhacry It pefFonmagthyl

hat e S8, P o GOPth PUOUShY, Jungfaranse bel ngrgweab&g 60
cont’l nuous processes. In the transesterification e

p‘?%dué%@ €an Mpref eRdsiEIP Wencted 9 om-£R&C reﬁ@fianf@s‘:
@f@ﬁi?l}e oshitfd %bﬁ@q?mhebrpmsm;ret hies r paeteoabl25 in
he reaction ting o e transesterificati
Upth FRBSAOIC aﬁ Masls Uy %ﬁa Ton"PRE rpe%%f r%oelp "$o <o
tmenmﬂ{]erhanxdolaesmpaoauﬁt eeshaayybecwathidn i dethyl
The reaction t ti
qg6§¥% ?%P %F%tdr%ge 9& EQEFi%aﬁﬁeﬁhgr%Ehgé N2 .1-
(mh)mrg&rm@@l@r 185pleielafbly in the range of 30

seconds to 15 hours, nore preferably 5 mnutes to 5

hours and nost preferably 15 mnutes to 3 hours. 35
|} confi nuRAT ptoekasks, t Reefeditdénce eTRAIEENt,  the

pdﬁz@é@i&é/rﬁ&@@@p@ﬂsc&@ B5 begesteavifa pretenabl ynSthis
m nut es hour s .and m%tzp%£$ ;%ably 15 mnutes t

PR o Y1893 [ ERR607) gSGpAT TR the
tdtm:p.‘r epm:ate:ommpienethgl caethgstykateber pmometkyl in the

hydr Ong S@@g%g{é r ab{gpe egﬁgrlgg%asn' 8prﬁEe 3R ¥n60 A

nore pre
prreef eﬂszam ytboet ohqwev,errhéhpr E68GFants ﬁh@ﬂédabr:y brgught

fﬁkéaBSHtQ£t5Q1E9 10Q0 odbadyy oor erRr ghat abby, 3Q@tbests
800 npbar. The nolar ratio of rrethacryllck:ﬂf;\md

m}hy]Pe RYRY4FEKy i'Sbbut FFREEAFS prefera theAEill, in
W&ﬁgﬁloFa%el thiz, r@gp@ﬁthgulabnﬁeﬁtédl o5.tHd IFuraher
partj cul ar

f
Pdacts 1 1rRecrEnt Eanthe SFPERLEAtTE RobFPM anfigor the
tdolsumrcaseThide sapatysé canrbegadded i nfanyheegicaadfyst

tggﬁion is preferred.

This preferred embodiment surprisingly succeeds in
increasing the selectivity of the reaction. In this
context, it should be emphasized that the pressure of
the reaction can be adjusted independently of the
pressure within the distillation columns. This allows
the boiling temperature to be kept low without the
reaction time or the residence time rising
correspondingly. In addition, the temperature of the

reaction can be varied over a wide range. This allows

the reaction time to be shortened. In addition, the

volume of catalyst can be selected as desired without
needing to take account of the geometry of the column.
Furthermore, for example, a further reactant can be
added. All of these measuresg can contribute to the
increase in the selectivity and the productivity,

surprising synergistic effects being achieved.
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still. For exanple, the catal yst can be provided in
the region of the bottomor in the region of the
colum. At 15 the sanme tine, however, the reactants

190 0BTy 1 o' "rmay o Bt ovi ded i n oA QERANTY 08042

region of the still, in which case this region is
chmnedtied poothest urttrer alkgdi omshpfiroxgcarhoxyldoe, for

e t ;11 parat
a%%eneﬂ?eg& erH ?g&ﬁch}%{@?%@% oné‘l::%npr e%effrez:g %-Ic_ﬁl ?he
plet redﬁénﬁééﬂﬁéﬁplsuK§?F§PﬁﬁFYléGcc%%H§ i ffor example

| e 18RSI & hey el ect bvi fye ebabdeqr Q’L&ﬁttd OBhel NsttdUB. The
25 context, it should be enphasi ze

i Trhl Tati0m o/ QiR o, Getodbr RHEhERN TG O TR in

pé@slg u& Iewwyt kihatt Recaditdt [ diad i pﬁod@ttlmﬂs dIblcaaagledvﬁ rom
e boi 0.t enpe re.to b kept

e Pohd Lo HPSERLUEE 08, D KERL LM MADOML Uifiining
canré@@dhdtngmyandnbaddgtr@moveﬁeCEQWp@mauaﬂe ¢hetred rom.
rﬁgCtGH@ %@t@ebeoi’arﬁg QD aQC‘Mh Qd aw%gl TQ' SL& | @WS-pon

reaction tine ortene ddition, the

VBITHPRY of eéaﬁgn%weaﬁﬂt?él%]el &t é‘%ftésa%l e hptHoe 1S

%ﬁ%r@ Otb Ow&@hara%ﬁgntth%f éh@yge@rﬂ@tlﬁya@fyl &ee cewﬁm the
Furt hernore, for_ exa

urt her_reactant can
SRR Lo | TOP s P adnr 6L LA BBt 1 ThRt G AL eS| e
| pecd @G e dyre ke 196k ethmutgyl atitet heapabgwrct inddiygn. This
surprisin nergisti S e
RS " el Koo OB SR T hIS g qdreRy-
tdrrldkyl i a-dnddt oxycar boxyl ate, for exanple nethy

a- hydr oxyi sobutyrate, is fed to the still. In

addition, (nmeth)acrylic acid, for exanple__nethacryli
Fei d Py erReDducR e tthe XF | 1.2 Théts 1di st il at |S<5“1‘Pwn

(é&“}%rﬁa&%‘aﬂﬁ prief er abby aqQnfi gyeed idactsagtc a Way  be

that exactly one produc schar ed fron1 e stil
BP9 Dt AGhC t he sé@ﬁﬁféﬂ g ég' n tthe 1€

badrtingon abdnbei (g remv@pmﬁelwomlay ttW:er éfinemn (1n and
{?ﬁzbca%gedrea q{tsal %%g()lgrg\fé ﬁla'%lqogd%@rdboxpl&oseparate

espeC| y et hanol ™ or , preference
lines. The reactants can be fed to the column at the

same stage or in any position.

The temperature of the reactants can be adjusted by
means of a heat exchanger in the feed, the units needed
for this purpose not being shown in Figure 1. In a
preferred variant, the reactants are metered separately
into the column, the lower-boiling components being
metered in below the position for the feeding of the
higher-boiling compounds. In this case, the lower-

boiling component is preferably added in vaporous form.

For the present invention, any multistage distillation
column (3) which has two or more separating stages may
be used. The number of separating stages used in the
present invention is 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
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given to withdrawi ng the al kyl (neth)acrylate fromthe
reaction mxture by distillation. The reactants are
passed cyclically through the catal yst region. This

ORI 0 (oAt ) I o

is shown schematically in Fig. 1. The reactants may
beandamrpdasédgsnt o the distillation colum (3) via
one 20 conmon line (1) or separately via two lines (1)

and (2) . The reactants are preferably added via
s%ﬁ%?%%%s PfnesMuthd sfaget dies iddrthert selugn pdth trays

cgh@mcﬂd@t tirfcb%fe SﬁﬁBhSta@ebObblé agp QS 038185eTrtefays,
ture of the reactants_ can e ust.e

BB, s TRt Pulars On i T e TR e

thisveur posgsnot Mebne stepwn ishekiegurerays I n et trays,

pé&rfl@{{f%é(?r’c?%?ht bg, T Sa%h%ﬁsst%r '&‘?ﬁ% ‘i‘iatlon column

separa e col um,
c@h’@bne‘tm@mu g 30 NEst er é@qslﬁa béu@bv t he pi%ﬁﬁqhm frgmgs,

thes & i nglﬁgsthepahugheélﬁ§%|' NPe£OMPQURAMS el N tﬁﬂﬁélox
case e lower- boilin nponent, i s_preferab

i
AL DSt o FPE POFULRSCRRg8uAt St DAEE R SRt 3 th
nait +h S5t @ged dipsieidihats, ortkaﬁs@otsu&n (a&) mbi ThphRs (o i) ,

separ a age u The nunber_  of
B atRRG "Lkl (2cRoRRY rraR pRBORRE) nol | G g tured
tﬁw@c}nummrwutfhtq:atysljrmt ddclegts cofmmemmpl‘e KairdoePalof
theoretical plates in the case of a colum wth
structured packing or a colum with WO 2008/ 061822 -
Fy dipClEPROOT/ GBY0AT ViaRdoropRékaidensExahpregiens of

nrkd St age %@Ilblrﬂsatd@nréﬁéié’rﬂnp\éﬁckﬁnbéa)éﬁ: sfckddeons of
those such_ as hupbl e-ca , Sieve trays, 5
t T SR 1R 3L PSR tJr Wl%?&?et‘ﬁ% . slotted
sieve trays, bubbl e- cap sieve trays, jet trays
for mul ti.st age dl t|||

ntrlf al tr
col umy® % gzddﬁ§%a§k nSQPlPHE e suc ln rn31 The
rqqumn peséengbﬂynggﬁ RalbonﬁﬂgsgrBeﬂunsaﬂdregondensing

1 %m&%wla@%% S a ULt i ptage distillation

The distillation apparatus preferably has at least one
region, known hereinafter as reactor, in which at least
one catalyst is provided. This reactor may be within
the distillation column. However, this reactor is
preferably arranged outside the column (3) in a
separate region, one of these preferred embodiments

being explained in detail in Figure 1.

In order to carry out the transesterification reaction
in a separate reactor (8), it is possible within the
column to collect a portion of the liquid phase flowing
downwards by means of a collector and to pass it out of
the column as a substream (4). The position of the
collector is determined by the concentration profile in
the column of the individual components. The
concentration profile can be regulated by means of the

temperature and/or the reflux. The collector is
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structured packi ngs, those such as Ml | apak (Sulzer),
Ronmbopak (Kuhni), Montz-Pak (Montz) and structured
packi ngs wi th catal yst pockets, for exanple Kata-Pak.

' [ on colum wi tJL conbi nati regi
IV?OA‘% y}ééigﬁ#egi ons of random packi ng%&ﬁgfzoﬁgéi%gﬁso‘u
structured packings may |ikew se be used. The
@@WC’{@Y mPSEE legeichpadchii tthatht éhgal straire cepducted

cohtiMmopr etgeablasihas, a candenser 15&81)1 f E260RAEBSI Nhore
t he vapour and a bottom evggor at or The

RS ¢TRI0n appar at Geaprarefabl frnhas Sﬂa‘ffflléé§flté?zfe high
rc&gumtﬁqmwn hefei mest eprasereatyotin aanIaehaatld ester

t 2 t al 0 d .This rea .
b%a & T hi ?11%11:1 gl%é)t i ¥ i\t%n VI TS Neve?, R lnacyy of
reactertiss peegf émablgtoazrlrd@m?gedt outasi ideig hpou:nterrmr( 3khe
e@bo . SERAl & SSELAR, ofnt 8 Secggsf eEggd amoynt,, o

ments bei ng explalned In detal ure
ITeaRtRt g owéahAyapt ¢3e beansesdertid | ednueh rdeect m@ﬁar
IFptd Separate reactor (8), it is possible within the
colum to collect a portion of the liquid phase
flow ng downwards by neans of a collector and to pass

it OiM aﬁd:aﬁlctrtselrp}elpmeﬂ@l@ Subskr eamhéy. rédhetant, for
pQsi ti on of t he | ect det.er m .ned

th
SOREEhtT aft G ’pr%?l & My etrﬁ% O Gm=1oF ?E%e?lﬁgfjﬁlaﬁﬁlted
Gm’qaonénttgle Thelumoncent rraddeon poofeidjeistantie acid/ester

efI ux. c![habcylcol ei%lg% &98% gg‘gg%%&?%giwgégbﬁhgeacuon

PCT/ EP20607re5964 1Lheyr epérabiyipysi tisnedaseth ceRatbe héed

s:tﬂoaanbgeegaetadla oyt vfnthe;cad U@&o%nt@:hmm@aiﬂe 1) or
reactants, re eferabI\éthe react

SO 15F R o P@Gﬁ‘éeﬁ? &F@&ﬁran@ﬂustﬂﬁ PEFSBEYe of
itlhea M manmaci 5 est enrbchadli owEth Swvwhtder 1:dad. tihhen be

ti ; | urali of ollectors A be rov ed
% @\}:éera%%ﬁisabgl n s,mlegr’]‘}/1 f0§ i SECPCation 2o . Gq
\ﬁmamlmgepmh@-anount of react ants w t hdr avvn can be

used to adjust the nolar ratios.

An increase 1in the pressure can reduce or prevent
formation of steam in the reactor, for example a fixed
bed reactor. This allows uniform flow through the
reactor and wetting of the catalyst particles. The
stream can be conducted through a heat exchanger (7)
and the reaction temperature adjusted. The stream can
be heated or cooled as required. It is additionally
possible to adjust the ester to acid product ratio via

the reaction temperature.

The transesterification reaction takes place over the
catalyst in the fixed bed reactor (8). The flow through
the reactor may be downwards or upwards. The reactor
output stream (9) comprising the products and the
unconverted reactants to a certain degree, the content
of the components in the reactor waste stream depending
upon the residence time, the catalyst mass, the

reaction temperature and the reactant ratio and the
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10 It is additionally possible for a further reactant,
for exanple water, to be netered into the stream
conducted out of the colum, in order to adjust the

1d duct ratio in,the
?ﬁésé@?z{%éég? rification reaction 15 orf G 0 TrteHgp 2041
the selectivity. The water can be fed from outside
VABOHINE| B¢ (Widtemhadfedn Epglriesh wassed t REFawahf pomeat
acRhAsRgEEPANAY Orafd 3ddudheapressir ecfberbPErst LRI is
(5) enriched with water can then be  increased by a .
nedranf 8Pepresstre thRc AB4LLAUEF 1 oFori RS %@aﬁjdi séy i lation
pasPumAnN PRefreasacen itheyPrassubeseaningdut® Memperature
prgvegt formation .of sgeam it thetreactort for | h
e¥ahblle aPriEaP BEE r e&Ct or FPPhi s CEFPSWE SIS or ¥ 1 oW e
t & sughl dheo25codanhortantiewebtingg odf itfreroclatcdliyst of the
pariigles- The streamcan be conducted through a heat
exchanger (7) and the reaction tenperature adjusted.
The stream can be heated or cooled as required. It is

ahglds t ip%@@'t'i)bn Rﬂ%@f@' €hkoO @}é’é{ﬁ &Eg-\r@ﬁ&ertﬁé) aehltor is
product ratio via 30 the reactiqn tenpéerature.. Th

e
tFRN4ERERr iifitCat TR CedeMonme ks Spl akeVev&r thglow the
cebal ysdni Foirhecé xedthagawvaacteof €8p. rHw-ddmOWreed, but

h h h be, .d d ds.. _Th
rEhet oPrasBabElt 26 ABRe o) compr TS nPEhe oY SaiEs Lrto
arige t ke lumncorier t et reeactiait sbeo et ssategrkepugh a
they gont et | OwaEShcoﬁPgﬂé%ﬁlgn EE%aB%g%Et%EeV‘@%"ee same

stream dependi ng upon the residence ting,
dafefsre mhs¥elt B¢ ¥Frakheomolemper diturehapdcpreext, the

reast 2Nt ot B 0 cNGhnrhep WO 2PABI P61842 a 3fower pressure.
PCT/ EP2007/.059041, anount. of water added, is first

2d FRAPOUGHTAtheRt O%f?@ﬁ&ngé%he( 103G 29T usFE‘&ttothe
ddEenpes apuviatwhiceh the athnadragaaustbobd heeparated are

| ugeduction, | Lo, hhe di stillation. golum. Rrgfersnges,
iI'sTgiven to sefting the tenperature wWhich
carespbndstt ett ke 1ewper aeuperphutrhe ledisslti [dait horesult

o Uy A A ALt Al dPLLRAUEL | R0 OF A s BT €AMRE 16 .

In the distillation column (3), the product mixture is
then separated. The low boiler, preferably the ester
formed in the transesterification, is removed wvia the
top. The distillation column is preferably operated
such that the water added upstream of the fixed bed
reactor is likewise removed as the top product. The
vaporous stream drawn off at the top is condensed in a
condenser (12) and then separated in a decanter (13)
into the aqueous phase and product ester-containing
phase. The aqueous phase can be discharged to the
workup via the line (15) or returned fully or partly
back into the reaction via line (17). The stream of the
ester-containing phase can be conducted wvia line (14)
partly as reflux (16) to the column or discharged
partly from the still. The high boiler, preferably the
acid formed in the cross-transesterification, is

discharged from the column (19) as a bottom stream.
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The position where the stream |l eaving the reactor is
10 returned into the colum may |ie above or bel ow the
position for the withdrawal of the reactor feed, but

I be above it. efore t he I nt
6 28 ﬁﬁéf?%% stream may be deconpresg&gﬁ%%?gﬁgfo 9941

valve (11) whi ch preferably establishes the sane 15

pressure |level as in the colum. In this context, the

diisd i || At SO b DELT £ abl ye fas DU NRTe DT EISURE. the
This confi uratlon of fers the advantage that the

b“?ﬁ"F‘FWgOIbm ML of SAHP Lo IR S BEF iepddiced &°8  be

| vieydrased LAasul tkrﬁfwn{\hﬂn@ﬂnéhe i %IIfdlﬂﬂh@ﬁ Qﬂ@pr) 201n
carrleqkou%hat a mer tegﬁpra ure |l ev as a res

t
ot WA ¢ Sax‘?‘e&y Ergy “and s Hfrore t er%%ﬂ‘frxa“éﬂﬁife.the
| - hhdr obist $dibat yioine cat iigm @3)haduedanutmenpxéaeacésof

%?”1%88 %tneed mgpgll %‘é{ﬂ%o' | &3y BLELEN AP thk&ﬂ%etal

orne ransestérl |cat|on I's renoved Vv
terrei/%palkhélaﬁstaarltéﬂtnmut@bl gARtiss mfef@i:w;/atures in

Qﬁﬁé&f&ﬁgeS&Ehlé@aéoéh@ “ﬁ&fé §99§Qr89§§r§ﬁ”kﬁé Eﬁﬁge of
fixed bed reactor is kewi se” renoved t he

Fuuce., FHe° vapﬁﬁrb%ajéﬁeém d?%‘&ﬁllaff“%ﬁ tﬁlét%léﬁciréfllc
COHCtE nesredl waﬂtélrSOTE@HQﬁDS&lSlé1ﬁétamdshme!§ sapatatedodium

t to th hase, and prod
ToRBrRH ol g Bk PR SR D S ReEhih b Bt e,
(h&njumgkxﬂrqxim@, mwgk@plumahyﬁeoknde (&8)iom sulphite,
reeddr porepart| ta%%qg;g‘ nt o the reacti ogt¥%ﬁtlum

'l ne e strean1 ester- contalnlng
c?érrwaé@dudﬁ%n%wm n@a7€}1®})lat9art podaymr ebiigrrpeepte,

tddhgn col yaa: 9Fe di scharged: upar t laeduam thessd il | sodium

T h b0|Ier preferably the acid fornmed in the
é{ﬁ'@’é%g SF5%ation, is discharged fromthe

colum (19) as a bottom stream WD 2008/ 061822 - 37 -
t%¥/§5%903£9?%%ﬁé f t%e -Xp%f%%garb%%%gfiémgéad can be

ai ned Trom r eact i‘on or exanp
Ipﬁmﬁmnymetpreéeaabdy'cah e pdelvpdirat edni rtlee knewmge of

rgarb%erba!xn @of ur, tSh%raJ:St F% ﬂe%e@a%gg}erﬂll thge range of

hydroxycarboxyllc aci exanp
&--Hy X yHCs G dy-i ¢ acid, is heated in the presence of

The dehydration of a-hydroxycarboxylic acids is
described, for example, in DE-A-176 82 53.

The (meth)acrylic acid thus obtained can in turn be
used to prepare alkyl (meth)acrylates. In addition,
(meth)acrylic acid is a commercial product.
Surprisingly, the process for preparing alkyl
(meth)acrylates can accordingly 1likewise sgerve to
prepare (meth)acrylic acid, in which case the product
ratio of alkyl (meth)acrylates to (meth)acrylic acid
can be regulated easily by the concentration of water
in the transesterification of the alkyl
o-hydroxycarboxylate and/or by the reaction

temperature.
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at least one netal salt, for exanple of alkali netal
and/ or alkaline earth netal salts, to tenperatures in
the range of 160-300C, nore preferably in the range of

2 4 generally to obtain the Lyl
ég?dgg%%?%é}ggé The sui t abl € Het al salt§&ﬁ§§&é§§7)°§§°4l
sodi um hydroxi de, potassium hydroxi de, cal ci um
hjlde oxdnfsenthai hysriiydnoxvdel degnedilusthpdedxi de, detail

sRdLum Set Phi t §i chsodiymvearhonat e, POIASSIUM ang to a
carbonate, strontium 15 carbonate, nmagnesi um

c%?%%%%ﬁ%lv%d%%ﬁﬁP%?carbonate sodi um acet at e,
pot assi um acet ate and sodi um di hydrogenphosphate. The

d@ ¥drat|on of the, a- hydroxycarboxylic acid can be 20
PFBI RGBT FETEY ht a pressure in the range of

O 05 bar to 2.5 bar, nore preferably in the range of

I% g bebRel b@h01-e gdefydrati %@ hea%ti to 60°C. With
roxycarbo i ¢ acrddois e or
e&tahprenga n3 DEJAglm @@%Hhéﬂ%ﬂ@cdyﬁmh@dd 100 g

t@@chﬁ%éfgfglPﬁnabgli§$febﬁan&éﬁgséOdEBQEaéewﬁEEM|had a
(et h)acrylates. In addition, crylic acid is a

CRfitre FEF AR CHr iR . ©80 G -si %@Py m°{ He Pocs Sty ure
pieReE+ ng ral M1014HEtah:)cﬁﬁ:rd5ﬂr@t e@oCalfCI&ECQhal m@icyse X-ray
Ilkevxgse se{%g))to e(metfr_][) I|c aC|d

IR Th-cd8e iéo WF&@rypﬁﬁé?um
txniemﬂf&wcxwltheacadgecaﬁ Becregmlam%dweaelhﬂdbﬁ shewly

Q$9°ﬁ@$ ?%6?@t9$n“ﬁ%ﬁé §ésh£t£ﬁ§a%5%§8g?E§5gfMggtEQered

cr- hydroxycarboxy
radact § O tfeﬁPﬁper%tt uheury\0 260BsequeRRlY . 38the manganese

RGI4-ERRO07/25904hovERe Qﬁﬁse@fléaveﬁé'cﬂld“dl B®e dried

|Ilustrated |n detaH relnafter wth reference to
Rieed @ |%%Of§%%nﬁP51°SOéoﬂp8P%t Lpethe

Ex-arep} &ﬁ;df&as&:eﬁ&:&k@pe&ﬁ&n@ @fravat er were heated to
60C. Wth stirring, 3.27 g of Zr(S04)2.4H20 were

di ssol ved. 100 g of comrercially avail abl e manganese
diroxadeewbicolr, had mixture of acetone cyanohydrin, water

and acetone was reacted with the above-described
manganese dioxide catalyst at a temperature of 60°C and
at standard pressure. The reaction mixture was stirred.
The mixing ratio of the acetone cyanohydrin-
/acetone/water components was 1/1.5/15. The loading of
the catalyst was approx. 0.32 to 0.36 g of acetone

cyanohydrin per g of catalyst per hour.

The reaction mixture added to the catalyst had a pH of
approx. 4.1. In addition, approx. 100 ml of air per
minute were passed through the reaction mixture at a
pressure of approx. 1 bar, and the amount of catalyst
wags approx. 50 g. The 1lifetime achieved in - this
experiment was approx. 8 days, the lifetime being
defined as the time until the conversion falls below

50% of the starting conversion.

Comparative Example 2
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10 BET surface area of approx. 230 nR2/g and a
structure nunber of 44-0141 according to | CDD and
whose X-ray spectrum (XRD) exhibited a reflection

i1 h [ pntensity int range of
y@lée%gg?é%gbz?o this sol u’ti%ﬁ.'The r esul I}r%z%%7%r5%04l
conposi tion was stirred 15 at 60C for 2 hours.
Steseauehivy, ExRerdandaritse cdponrt delWas reersted  askcept

dihgd @helQGorhlg, dhiedir£ahghyat cexhitd tegde &1 #6f Miag a

atomc ratio of Q.008 in the X-ray fluarescenc ,
sB%cP%uﬁr@XFAF:t ﬁrF%??edﬁ?%rPHa%ﬁ?xﬁgﬂESBFdagﬁt@ﬁélng
CyapRhydrh nadekitteion andigdeebene was reasiedl wHAovddre the
above-descri bed nan%tggae%eogi oxi de catal yst at a

t t

b
Ehper Artr B oYU tAndard pressure. The

reaction mxture was stirred. The mxing ratio of the

i‘fﬁé gﬁ%gfe@%%hy%' Nedlq/ ﬂ%ettE’Hfé""% e AQIRRNEDNLS VBR ok .

he | oading of the catalyst was appr ox.
09 3%2Y®- 0. 36 g of acetone cyanohydrin per g of
catal yst per hour. The reaction m xture added to the
catal yst had a pH of 30 approx. 4.1. In addition,
B1e190 nm of air per minute were passed through
the reaction mxture at a pressure of approx. 1 bar,

d the anobunt, of catal yst was rox. 50 g.,The
ot Sl T b Sl fE ' 1 Vels SRS APRIPYY PEo8ardd? except
dayst; the Irichettiimm beixigir35 addédetoashchecatiadkyamthad a
the senyession falils helow . B0%:0ef the StattLagny add:
c‘%ﬁver ST on. Sonpar at i v?eExézn%oeﬁz W5 2308 P e 895y gging
-LHEY/ EP2007/ 059041 Conparative Exanple 1 was

essentially repeated, except that the reaction

m. xture added to the catalyst had a pH of 9.3. In

(HIS CASET1e PRRTRLS Qd it dt Dy SREAFAGERE (HES | fPPTOX.
axdidays, nitrogen was passed through the 5 reaction

m xture instead of air. The lifetinme achieved in this
experinment was approx. 9 days. 10 Exanple 1

Corpaplet iZe Exanple 1 was essentially repeated, except

Example 1 was essentially repeated, except that the pH
was adjusted by using KOH. The lifetime achieved in

this experiment was approx. 25 days.
Comparative Example 3

In a trickle bed reactor, a mixture of acetone-
cyanohydrin, water and acetone was reacted at a
temperature of 50°C and at standard pressure with a
commercially available MnO, catalyst which had been
compressed to a granule, had a BET surface area of
approx. 230 m?’/g and a structure number 44-0141
according to ICDD, and whose X-ray spectrum (XRD)
exhibited a reflection with maximum intensity in the
range of 32° to 42°. The mixing ratio of the acetone
cyanohydrin/acetone/water components was 1/1.5/6. The
loading of the catalyst was approx. 1.55 to 1.60 g of

acetone cyanohydrin per g of catalyst per hour.
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that the reaction mxture added to the catalyst had a
pH of 9.3. In this case, the pH was adjusted by addi ng
15 LiOH The lifetime achieved in this experinment was

r s. 20 Exanpl e Exanpl e
Ztg(ge%{)(?%(?él?g%eat ed, exce_|ot4 hat the p%é%gzg&%/&ses 41
by using KOH. The lifetinme achieved in this
experiment was approx. 25 days. 25 Conparative Exanple

rhd aehbbckhembadureacipied adnoddr€a0i1 A6t RAG- a pH of
cyanohydrin, water and acetone was reacted f‘t O% 30
t%ﬁ’@%‘? t ufe lof EBC3EHG TSt afRF & pr e9SurBl witth 31r Per
COIHEBE S| algl Va ayaéd;@bi:ie Mﬁ(ﬁ?aapm&catysl Whaire hwehaesl befeﬂ, and
C ressed. to r.a e ad a_BET_surface area of. .
SRR oRTES50' R AT PRG: BFETRiba 4 0T 11fetime
axchrevead to $1CDD, erper whase Yas agpspect r2dn da¥RD) 35
exhibited a reflection with maximumintensity in the
range of 32 to 42. The m xing ratio of the acetone
cyrsarabdlr3 n/ acet one/ wat er conponents was 1/1.5/6. The

| oadi ng of the catal yst was approx. 1.55 to 1.60 g of
acet one cyanohydrin per g of catal yst. per hour. WO

X IEABLE - AP L pC BRFD0TF 95Y0IAL LThESPEaEEon S¥CePTE
nipdtir ehaddedctachhenicataty sadbed aopHmef cappryyxt had a

4.1. Ln_addition, .appr.ox. O m._.of air .per 1 hut e .at.
ap%r%ésar‘g‘o naﬁ&ﬁgx.cafebar%qu\%r%l{ uvgaesd,ag Hsge?]hg)y ad%lng
dmodiht of catal yst was approx. 50 g. The lifetine
achieved in this experinent was approx. 26 days.

Exanpl e 3 10 Conparative Exanple 3 was essentially
répratédetépeetchienggd t Be ridabt | 6HPROIIGRE dtRfRd 2PETOX-
tde @alyst had a pHof 9.3. In this case, the pH

was adj usted by adding LiOH 15 The lifetinme achieved
in this experinment was approx. 58 days.

Comparative Example 4

Comparative Example 2 was essentially repeated, except
that the pH was adjusted with diethylamine. The
lifetime was approx. 5 days. This comparative example
shows that the use of amines can lead to

disadvantageous effects.
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Conpar ative Exanple 4 20 Conparative Exanple 2 was
essentially repeated, except that the pH was adjusted
with diethylam ne. The |lifetinme was approx. 5 days.

This ratiye exanple that the 0 '

CQR F§§59?8§%g¥sadvantageousgﬁsfects. 25P¢5¥%P506y?dgﬁ%41
2008/ 061822 - 41 - PCT/ EP2007/059041 dains 1.

Pcbeems for preparing carboxani des by hydrol ysing

carbonitriles in the presence of a catalyst 5

conpri si ng manganese di oxj de, characterized in that
the r eREPFBASmMbREUrRr SRRFENY 0CRRROTANARGSt DYC ARSIl ng

nmanganesenehoxirdecbas ia pHH tﬁf?eé@ﬂ@@ 8f 60 t@ytalyst
11.0 and the hydrol SIS i s perf.or the presence .
of an SQT“BF%?ﬁégag@ po2pgss. Blgke 'ac%aﬁ% srgzed in

CJain1&hathaﬂanteéazedonnmﬂﬂuurdheddéddnzjnghagmﬁtalyst

used i 2, fod 2813l SR Chaga %E“étl%x%égﬁ ﬁﬁ o 9685 ange

accordln aracterizedin he gas
conprlsés6nﬁlémur%hCbxyg%ntm®2mydrolvzoﬁe1§O@ﬁrf0¢med in

Process,acGpLdinget 9r A Al B&Edi’élﬁ% &Qéﬁé‘“ erized 20

in that the gas conprises 50 to y vol une of
inert gas and 2 to 50% by vol unme of nol ecul ar oxygen

(92). 5ro€é§§esa§cc§t§31€<@ifr€§ ngd ocahikeast omgafcitd®ized in
precedj n Clains,2 to 4, characterized in that the
gas tE)]Fr%\:l sty &W:ﬁr@ uSEE Wi t H5§% ohEent r 3%n TR
t he ramgwpnisd@ ooydee0 |litres/ hour based on 1 kg of
catal yst conpri si ng manganese di oxide. 30 6. Process
according to at | east one of the preceding clains,

char ackeeseed iaradrdindhe ticeaClron n? xt WWaragiizes in

the cat@hyst-neo &ESk&Hh?E%Q&%ﬁeﬁglgkﬁiéQe :H%&n@ B,jn
t he rqgggng#1gvg§to 10. 0. © RO,
3/ .

4. Process according to Claim 2 or 3, characterized
in that the gas comprises 50 to 98% by volume of
inert gas and 2 to 50% by volume of molecular

oxygen (0;) .

5. Process according to at least one of the preceding
Claims 2 to 4, characterized 1in that the gas
comprising oxygen is used with a concentration in
the range of 10 to 1000 litres/hour based on 1 kg

of catalyst comprising manganese dioxide.

6. Process according to at least one of the preceding
claimg, characterized in that the reaction mixture
added to the catalyst comprising manganese dioxide

has a pH in the range of 6.5 to 10.0.

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

by adding hydroxides or oxides.
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35 7. Process according to at |east one of the
preceding clains, characterized in that the pHis
adj usted by addi ng hydroxi des or oxides. WO

2008 22 - 42 - PCT/EP2007/059041 8._Pr
a%%oégﬁ)% O%b82¢ | east one of*the precediffd /ogpgnorpg/059041

characterized in that an amne is not used to adjust
the pHPré&cdss Procesdingcbedihngleesat oheastt abe giredeeling

precedéfglmgla&ﬂ§ra8@@£§9%8rkﬁeghge thatfihe igdg t used

proporfion of “amine in e reaction mxture a

the cB®atyseseobpriBliing manganese dioxide is at rmst
0.001% by weight. 10 10. Process accordi ng to at | east
one of _the preceding, clains, characteriz n that

the hyBFef§s? s2Feor ¥ oFredti hepRk présé cé’rh&f preceding
it hi umadons, J:Sla:khct%rxticze% ascaringche qbrémﬁﬁlme of
of the r ecedi ng g]] har acteri,zed mé é’ Ee pth
is adjUit¥d By ad eng]ﬁ i hy¥roxkide. 4 roc8ss “1€
accor d:rantgalzosiat cbhepst sdng oniartgtamqmeecédongdeZ(iscl at mgost

char ac £ «the catalyst conprising
rranganéezaedl(zjl g&%yde C rrprl ses at | east 50% by wei ght of

manganese di oxide with an enpirical fornula of MOx

Wher e prdSedd dheoFrange t8fal. TehBt208e 2% %%e BE@@%%%ng
according to at | east one of the preced| ng

char acttimed CRARSESEh&tat My dfhateo EﬁcbleSlS 18
nangarr@@fcdrrrmd dien cehprpsesedde Icetasltltkman i &t er

which is selected fromTi, Zr, V, No, 30 Ta, C, M,

W Zn, G, In, Ge, Sn and Pt. 14. Process according to
dlai mEQcaedmracterdizesl to at hadeasheonat afyshe preceding

conprlcsla&gnyansﬁaféstgk%éae COpy S‘Eﬁeoé@% 19 égg(‘h@}éed

wei ght of prlonoters. . Process accor gtoa

| east het 1%91ellﬁ3rf§d§‘éj|m§ir0><lde-

12. Process according to at least one of the preceding
claims, characterized in that the catalyst
comprising manganese dioxide comprises at least
50% by weight of manganese dioxide with an
empirical formula of MnOy where x is in the range
of 1.7 to 2.0.

13. Process according to at least one of the preceding
claims, characterized in that the catalyst
comprising manganese dioxide comprises at least
one promoter which is selected from Ti, Zr, V, Nb,
Ta, Cr, Mo, W, Zn, Ga, In, Ge, Sn and Pt.

14. Process according to Claim 13, characterized in
that the catalyst comprising manganese dioxide

comprises 0.01 to 10% by weight of promoters.

15. Process according to at least one of the preceding
claims, characterized in that the catalyst
comprising manganese dioxide has a specific

surface area in the range of 50 to 1000 m® per g.
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clainms, characterized in that the catal yst conprising
manganese di oxi de has a specific surface area in the
range of 50 to 1000 n2 per g. WD 2008/061822 - 43 -
PCT/ EP2007/059041 16. Process according to_at

dfe 1Y% %Gjp@e?cedi ng cl ai ns, 4%haracteri g&‘/lquptqg?%lslggﬂ

carbonitrile wused in the process is an
a- hydroxycarbonitrile. 5 17. Process according to

qfﬁ' mﬁx%cég%rﬁ%ﬂﬁif&? Ecg %E hf‘éaggeone of the preceding

ydroxycar boni tri dr oxy- 2-
met hy|praidioni tqhar@qﬁe@mr olxyprtéﬁtomtm | earpgnigrile

Procesgsatcof diHg godsd eastaone-19fatde, R8st 1e.
claims, characterized in that the hydrolysis reaction

is perforned in the presence of a carbonyl conpound.
157 19. pﬂ%rmmaewdﬁihgg to Qlaiim 186 Cchettacdi®tdZieted Nin

h f h '
ho. r NG of I6F 1 Co"BURBR GRFONb BOI cF oA (¥ I EERY 2"

20 20.mePripdgeoraceortding tar & -Hehsixymeomfortiterile.
preceding clains, characterized in that the nolar

ratio of water to carbonitrile is in the range of

0.%: 1 Pxgeps @ prdimpdes satacker @ ngie ocat theapregreing

of theRrieedi Nthasddi &Biz&har agt erdrzgd imé hahybbelysis
hydrolysis , reaction is erfgrned at a tenperature in

the r&RgE IR 105 0 BSHEOTEBI 221 0P (tisss RECSH MGy o 2@
at Ieashimﬂgdpﬁxiﬂﬂnnkhcedlng clainms, characterized

in that the hydrolysis reaction is perforned at a
pressure in the range of 0.1 bar to 10 bar. 35 23.
Prfocedycaeeer dangordiag lteasClena o8t hehpnasddiniged in

cl ai ”’%’ha%hacr}%?t&friczeerﬁcfa&f&?tof h@hé‘>’8‘£9ﬂ>é§§¥§ c&ﬁ%&&h&”is

is performed in a trickle bed reactor
- 44 Amcﬂ@ze@n%gozﬁ ®4L Procebs BetorBfHg Pelat of

| east @reRfitthe precedi ng

20. Process according to at least one of the preceding
claims, characterized in that the molar ratio of
water to carbonitrile is in the range of 0.5:1-
25:1.

21. Process according to at least one of the preceding
claims, characterized in that the hydrolysis
reaction 1is performed at a temperature in the
range of 10 to 150°C.

22. Process according to at least one of the preceding
claimg, characterized in that the hydrolysis
reaction is performed at a pressure in the range
of 0.1 bar to 10 bar.

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

reaction is performed in a trickle bed reactor.
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clainms, characterized in that the catal yst conprising
manganese di oxi de has, in the X-ray spectrum (XRD)
neasured as a powder, a reflection 5 in the range of

32.0 42.0 25. Process according to t .0
o"fot%égﬂé%%%%%g cl ai ns, cHafacterized p?:#/‘@%%fbogt@%%ﬂ
catal yst conprising manganese di oxi de contains 10 0.0
t2A 25% bycaws ghtcofdBr@2to atl1least0vmby ofieitdiet rafeceding

K20; 01 0; 10, 5%y, MeiQit; Qfg Zr 92 angn ¢S5 10, 99% a1 yst
wei ght of Mh02. 15 26. Process accordjng to at |east
one of CQHRr k7 Hed diggadiaf s A1ckdract BAFzedi R n kit X-ray

the caghonitih! exks) fbhaured by reasdbiddra ketFa @ftion
al dehyde th h drog:yanl c acid in the presence of a

basi ¢ 1R atHf yANIFP L7 2 B dces¥ dtcording to O ai m 26,

characterized in that the basic catalyst is an alkali

al hydroxi de. the ampunt, of al kal | al r QXi
T o DR S oot MY e Ol e BLk Abhe TBES L T 1 85 ng
for theldyws ol ysitsreasexrimdd n tthe riamge f rtdm 6. Gatedyst

11 0. 28,0 PY.06855, 05 ALEDA 09 M kybndaimtd) acr vl ates,

characteri zed i1 the process has a hydrolysis 30
step dtcoridh mp¥ Puatwekahlt oheSHizidains 1 to 27. 29.
Process, AGcOrii N} wd ghinB, xeharacterized in that

the process comprises, the follow ng steps: 35 A)

for matd oh & 2 PedGiDHe %@a%fb%@?ﬁdn by reacting at

| east heccadPory wanfounsf wiridy .hydr ocyani ¢ acid; WO
2008/ 061822 - 45 - PCT/ EP2007/ 059041 B) hydrol ysis of
the cyanohydrin or of the cyanohydrins to form at

|I2fast Ryreress yalrosdicey box aat deeag) aneohdl §des pefcelld ng

(x- hydroxpear boxaps deePf 08 the that the carbonitrile is
obtained by reacting a ketone or aldehyde with
hydrocyanic acid in the presence of a basic

catalyst.

27. Process according to Claim 26, characterized in
that the Dbasic catalyst is an alkali metal
hydroxide, the amount of alkali metal hydroxide
being selected such that the reaction mixture used
for the hydrolysis has a pH in the range from 6.0
to 11.0.

28. Process for preparing alkyl (meth)acrylates,
characterized in that the process has a hydrolysis

step according to at least one of Claims 1 to 27.

29. Process according to Claim 28, characterized in

that the process comprises the following steps:

A) formation of at least one cyanohydrin by reacting
at least one carbonyl compound with hydrocyanic

acid;
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15

5 a- hydroxycarboxam des to obtain at |east one al kyl
a- hydroxycarboxyl ate; D) transesterification of the
al kyl a-hydroxy- carboxylate or of the al kyl

aw8y968§¥6€£99?y'ates ‘Mt*‘4§Eth)acry”fbﬁ?ﬁﬂﬁéd%/d§d841

| east” one al kyl 10 (neth)acryl ate an east ‘one
hydr oxy-_carboxylic acid; E) dehydration of the
thydrBXQEQFB%kﬁl|0050|dt%@ of CYapehlydrin  or of  the

a- hydr@%aﬁ@npmeyhsc acitds to ferm (nefth) acrykhstaci d.one
ess accordlnﬁgto Claim 28 or 29,

15 30. % g C
char actely 2By FAT PREE™AEE Ryl net hacryl ate is
pCepar etdcoholysis of the oa-hydroxycarboxamide or of the

a-hydroxycarboxamides to obtain at least one alkyl
a-hydroxycarboxylate;

D) transesterification of the alkyl o-hydroxy-
carboxylate or of the alkyl oa-hydroxycarboxylates
with (meth)acrylic acid to form at least one alkyl
(meth)acrylate and at least one a-hydroxy-
carboxylic acid;

E) dehydration of the oa-hydroxycarboxylic acid or of
the a-hydroxycarboxylic acids to form

(meth)acrylic acid.

30. Procesgs according to Claim 28 or 29, characterized

in that methyl methacrylate is prepared.



