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9 March 2006 WO 2004/ 103952 PCT/ EP2004/ 003862 Met hod
for continuously producing al kyl am no(neth) -

acrylam des Field of the invention The invention

r ewat 2804 018432 t her cont Fnwods process fQET/PE'SQ@Ufﬁ%ssz
al kyl am no( et h) acryl am des (C) by continuously

aniiebhgdi ndoxf or cendaimpicams Lyet hytodueiny acalkgl 8méAd (meth) -
W i Bry Pathiless (B) to release methanol (D) by the

following 10 reaction equation: RL | H2C = C -

COOCH3 + R2NH2 | H2C = C - CONHR2 + H3CCOH where: 15

Rlrrehydsogen anyaBthy}, R2 is a linear, branched or
cyclic alkyl. radical, an aryl radical which may al so

be substituted by one 20 or nore al kyl groups; the

| i Tiearineyedich afelabeanehed alkyheladi HEY !?P

leﬁ% aé’ifnz -1 ec;lrb n at ons, fo??eggﬁg%% et% ,Oece%s for

pr op_ﬁ‘, | oapWéx?f“,mﬁgPﬁF]?) FSoptagides efd)- deit yfontinuously

gmmqusslig»gyl Edre pipgdn{p_l@ct lyrletugqoomé/dh) Ry bt edqBY ! with
! y an optl ona e, Mono- r ,

5an‘rEL {(B) go rTE'I_'yel R4m%lfl¥ar_10JO:e5{1D)3o%g I\/B]F%h @@Q@Wlng

9 March 2006

pol ysubstituted by -
reaction equation:

3
|

H.C = C — COQCH; + RoNH, ===

R

|
H,C=C—CONHR, +  H4COH

where:

R' = hydrogen or methyl

. . | | .

R is a linear, branched or cyclic alkyl radical, an

aryl radical which may also be substituted by one
or more alkyl groups; the linear, -cyclic- or
branched alkyl radical may have a length of 2 -
12 carbon atoms, for exampie ethyl, propyl,
isopropyl, butyl, ischutyl, tert-butyl, pentyl,
hexyl, heptyl, octyl, isooctyl, nonyl,l decyl,
undecyl, and may optionally be mono- or
polysubstituted by

NRR? or
- ORE;



10

15

20

25

30

35

- 2 either R3 or R4 may assune the definition of

hydrogen, and in:addition: 5 10 1.5 20 - R3, R4 and Rd\iarch 2006
may be either the sane or different and be an al kyl

group having 1 - 12 carbon_ajons, for exanple nethyl,

ethyl, propyl, isopropyl, butyl, isobutyl,

tert- bUtg'elth@Qnt%ﬁ oliexw , mlagptyésur@%hﬁa;ég g%i/ ton of

nonyl| undec rogen.- -

(R6y0) ]- %7‘%’{%8% aXdRBnn% Vel :Cc1- c4- al kyl  group

whi ch may al so be branched, for exanple nethyl,

ethyl, praopys, s0p/.0 yI 5 but i sobutyl or
test-butyl. Al ky#am cgp(rreth a% yPat et tl{ﬁr 1 they gpme or

may be the néiffregriowmadrbe henebhill guoope RSvikeful - 12
f
am nes | ncl udexbdie foLbaw nOccomaUBdRLe | nochyt  ethyl,

Di et hyl am noet hyl am ne, ~ di propyl am
di but yl ani no%%?&Y%m#ﬁ@PWYdlrnbphyﬂamman dmmeputyl,

. di propyl ani pewptEpy | edne, haamt, y'cﬁ'_!gﬁoprl%%E%%T n'ibnyl
d| met hyl am ngbutj}ll am ne, . di propyl am noBut 'yl ani
r undecyl or hydrogen.

- R® may also be
[(R®-0),]1-R’
where:

- RS may be a Ci~C4-a2lkyl group which may also be
branched, for example methyl, ethyl, propyl,
isopropyl, butyl, isobutyl or tert-butyl.

Alkylamido (meth)acrylates
m: 1 - 4
R’ may be the methyl group or the ethyl group.

Useful amines include the following compounds:

Dimethylaminoethylamine, diethylaminoethylamine,

dipropylaminocethylamine, diisopropylaminoethylamine,
dibutylaminocethylamine, diisobutylaminoethylamine,
dimethylaminopropylamine, diethylaminbpropylamine,
dipropylaminopropylamine, diisopropylaminopropylamine,
dibutylaminopropylamine, diisobutylaminopropylamine,

dimethylaminobﬁtylamine, diethylamincbutylamine,

dipropylaminobutylamine, diisopropylaminobutylamine,
dibutylaminobutylamine, diisobutylaminobutylamine,'
methylamine, cyclohexylamine, dimethylaminohexylamine,

diethylaminohexylamine.

:
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in ich the reactants are

35 di butyl am nobttyl am ne, die thylam noethyl am ne,

di i sopropyl ani noet hyl ani ne, diisobutyl ani noet hyl ani n8 March 2006

di et hyl am nopropyl am ne, dii sopropyl am nopropyl am ne

di i sobut yl am nopr opyl am ne, _ glgthylanlnpbutylanlne,

di i sopropyl am nobut yl am ne, d'isobutylanynogutylan1ne, -
ii1Rg . cyelpbexylam ne, di ¥Ian1no ex m ne, ,

g?g?%?%ﬁ%inqhe%y%anfnef§9 %&?chggg%g - 3lnPar?%%£%¥ﬁn | to

prEfMstddemigogroenl amineaddi t Fon t dimethylaminoethylamine,

didmidvyarinaprepyl amde, toqdhoBt Pyl AmAeetyLagine, . 4
di et Iy%ﬁ nobut ?anine, dinethylé%ynopéﬁi§l§nﬁne and 2"
(ﬂ4R§%¥ﬁy§ﬁpﬁ8ﬁg§¥¥%ﬁﬁ%ﬂﬁ' 5 Prior art The literature
descri bes many batchw se trans- esterlfbcatlon ) |
r S (batch transesterification 10 processes) in
g&ﬁ?ﬁ%ﬁ?&%n wth different catal ysts. The search for
econonically nore viable processes Led to the
dirggovery; i nu ransesterification. processes _
Iﬂﬁﬁf i?&éﬁzé%ﬁ%% %%%Cglgﬁéd cgﬁpynuokﬁﬁ§h§ﬁﬁethetféns
pEsdgciigpreirenovedoeont¢nuoushatcirhe txﬁjéqgnﬁrification
t pAREeEEeE) f | §abs RN RIOCRS$8EnNaY et Penf 0Ll 0 .
advantagesbover tﬁglbatchmﬁse transest%rlélc%£4%§$
processes: the process can be nore easily autonated
aTlte Gaard doer ctomdichin] g ﬁ@gécﬁgaﬂggs tBFesses 1ed to
Pg%%ggﬁ%kgy%??y%gnggggggﬁogga éégéegggrf%iég£ion processes
in which the reactants are fed continuously and the

products are removed continuously. The continuous
transesterification Processes have the following
advantages over the batchwise transesterification

processes: the process can be more easily automated and
can be operated with a reduced need for personnel, the
product quality has better reproducibility and less
variability, the plaht capacity increases as a consequence
of the absence of the sequential working through of the
individual preparation steps (filling, reaction, low
boiler remowval, product removal, émptying). The process

has a higher space-time yield than a batch Process.
Continuous transesterification processes are known.

EP 0 960 877 (E1f Atochem S.A.) describes a continuous
process for preparing methacrylate esters of dialkyl-
aminoalcohols. Dialkylaminoalcohols are reacted generally
with methyl (meth)acrylate to obtain dialkylaminoalkyl
(meth)acrylate by the following process:

The mixture of the starting materials (methyl (meth)-
acrylate and dialkylaminoalcohol) is fed continuously
together with & tetraalkyl titanate as a trans—
esterification catalyst (for example tetrabutyl,

tetraethyl or tetra(2-ethylhexyl)titanate) and at least
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‘'variability, the plant capacity increases as a

consequence of the absence of the sequenti al

reaction, low boiler renoval, product renoval,

enptying). The process 25 has a higher space- t| ne

yiogled ﬁﬂ%e@: 1RALGBnPHRGESS £ o L0 rttf'ogu USimp lE &eélé)&hé‘?? ine,

tran fication processes are known. EP
?’BEHE%?%SLdesEY%%%uwmt | ARRRREtIR preodess . or

f@wdmbqpahbﬂg)nﬁéhﬁﬁﬁﬂhﬂk@'Q%b@tgroﬁhé&éﬂﬁﬁe conver51on is

a hol Di aI | am noal cohal s are reacted
g‘ggggﬁéa vvlscth PEREUAFacf at® to obt#f i to  the

dﬁaﬁkywéﬁmmualkyl m@h@l&@ﬁmmykate byh itilee fOHrﬁMl&ﬁneously

f th t
PeasestipiEile TpUeEl LRSS S o)

fé@eééh?i:ﬁlﬂb@f@qirﬁfﬂettl“@g?exlhermwtlhm@ t efCheal kc_yzfude t amaketion

aﬁlﬁtﬁﬁénstcﬁﬁﬂﬁrbgtgf i on C@&é'-%J gfof} n%f%tlllatlon
tetrabutyl, tetraethy or tetra (2- ethy

t PPAHBE e} o igth [ 2aSHboChBE ol DDOBAta lsioriee strean is
p@bmmédzahhaarlhnbebh&@cﬂ (IB%S%ML%%@?%&M h\hﬁ%r 5
t r Qquj none no
BB HbhS) “EoTuhR L Lare, ChEacrbr IWAbr ehelso = Little
cdmaéksi@!mm@al}aﬂf e(aztead)abrglae@”pﬁ@twn@w@fd 9@ thd20&ttom
t Bft Q%e5 cfi's%lliﬁla@% 0 cg%}np) a&'&%l V\hﬁﬁ?agg é)dft r%tb‘? Cflrst

si mul t aneousl y con i nuous Yy renDV|
netAYEL1 Fetth) aekyiimt &9 nbkdranbed ntxt ar eecPhe dimdellation

r eaChm®Nin MyXi &K ea (S¥ 21008 @5 &b i flgqgt Pa?iﬂl&{§ having a

di s | at.i, 0 in which a substan

LT EH T Ry R TR 1y D e e odteared undes
pressue@ atethers oproftHeherogli shill batstejéa%O'é&lHkbllsaﬂ%g of
tﬂglﬁ?%aly & ?Q lg%fgba llttle 1@ c%g'gkg?atmgd also

cry re. rem)v

‘dP@%YTPGPJaHQiﬁLCUbI b iTioe (tsd)p asat rmmv@ﬁ tdte fHe Mottom and

dfé&"#@:'gn cabvan kssthefad edh t ooy gfcond; the third
défééilfgéfgh column, a rectification is carried out under

reduced pressure in which the desired: pure
dialkylaminoalkyl (meth)acrylate ester is removed at the

.top and essentially the polymerization inhibitor or the
polymerization inhibitors are removed at the bottom. The
bottom stréam of the first distillation column ié recycled
into the reactor after further purification with the aid
of a film evaporator, just like the top stream from the
second distillation column.

This process dispenses with dewatering of the alcohols
befofe use, which may lead to increased deactivation of
the tetraalkyi titanate wused as a consequence of
hydrolysis wup to the formation of  undesired solid
deposits. In addition, the process has the disadvantage
that the catalyst is thermally stressed at relatively high
temperatures 1in the bottom of the first distillation
column. This can easily 1lead to decomposition of the
catalyst.

wor ki na March 2006
‘through of the individual preparation steps (filling, ‘
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15 colum in which a stream of |ow boiling products

having a little dialkylamnoal kyl (neth)acrylate is9March2006

renmoved under reduced pressure at the top and a stream
consi sting of mainly dialkyLag1goaIkyI_(neth)acryIate
and al so polynerization inhibitor(s) is renoved at

fmﬁ1bﬂﬁi§npﬁ66eﬁg,fﬁgtﬁotﬁet%FEQnQE§Eéﬁl?E%QEaﬁPgugﬁg the

In the third distillation columm, a rectification

caTIeE ot unRE 1 teduddd ghessinme §Wismiattagather. This
desitredd spurverydi alikgyl aﬂéinlégqbk)/bot(s_ﬁ'@lt r)igtg[]ylaat eolsteror 4
i s, t_th t and essepti al. e

AT 20 N R oGP URLLY WiEe o e very

i Alfidget otignearse onegnodg atrddea sbatst mnerﬂf@rebﬁm:émgd with
sty8amMQfnt Lrst_ di st i Qlum is recycle

i rﬁo thgfggle.gg{aglrcggf?%# é%%%a%ép%gﬁ%#i‘séati on with the

aid of a filmevaporator, just like the top stream

f 1 hess segonde stdidat ion coldim.30.Thi 3 PLacess.. .
di spenses W th dewatering of the al cohols “beéefore use,

WRCEHT TREY U e R RGP S5hc FOAS SR STV aBL b1 of (matify acrylates
t etsiagl lay Irelactanat ﬁomf&@ﬁ.asha eeg%&%@@&d _iQfa&:iog reagtion
hydrolysis. up to.the formation of ' -undesired s .
dé%osﬁ%%?cl:ﬁgad%ﬁ%ﬂytﬁ@ praoc§%§ti’1]a§a¥h%“ column (i.e.
dirsadvent agel distiltlhe icat atglsinn Sfdmefalgb+yn§t Efﬁésﬁﬂthyl
at ' j er.at in the bottom_of t
e TS T LA Ehe, Touie PR, Plageryey . co
d#ddfPosihs oftft e mehenlgbs . (BeMaykh (280B) acbylate and

t hiisopbogesse ot h-didia nsanver ked Leact Sre%{]u%rtelag here
get her.

roduct are rectified via thé top twce altogetl .
?m@e%ﬁ?aﬁrﬁsﬁ%im Gh e gy s -a kot dispesed in
r el fdistildetdehunmslugoneiafl sMd chabavest oa hal\bglongggous
af%%gg§sgln%ﬂél%ﬁﬁal§%% %299%§€e£§atggﬁﬁiéﬁéié¥¥ Eﬁfg the

distillation column. However, as a consequence of the

flushing effect by the liquid reflux in the distillation
column, the use of homogeneous catalysts in a distillation
column leads to increased catalyst demand, and, when a
solid catalyst precipitate occurs, to fouling of the
column internals. In the case of a heterogeneous catalyst,
the catalyst is disposed in the reaction column.  However,
the positioning of the catalyst in the distillation column
1s disadvantageous, because an increased bressure drop
then occurs in the distillation column and very high cost
and inconvenience is additionally associated with the
reqgular cleaning of the distillation column. In addition,
heterogeneous catalysts may deactivate for example as a

consequence of undesired polymerization.

DE 4 027 843 (Réhm GmbH) describes a tontinuous process
for preparing N-substituted {meth)acrylamides by
transesterifying alkyl esters of (meth)acrylic acid with
aliphatic and aromatic amines. The reaction temperature is
> 150°, the pressure ‘approx. 160 bar. There is no
catalyst.



10

15

20

25

30

very high capital and operating costs. EP O 968. 995 |
(M tsubi shi- Gas Cheni cal Conp.) describes a 9 March 2006
.continuous process for preparing alkyl (neth)acrylatesr

10 using a reaction colum. The transesterification
reaction is effected directly in a distillation

colum (i.e. reactor and distillation columm for

rer%yi ng the nethyl (neth)acryl ate/ nmethanol azeotrope

f &t Yrfe apparatus), to which the starting materials .
(rmethyl (neth)acrylate and 15 al cohol) are fed '

coﬁ%i nuous| y.. The ca%nal gst requi red, here |ikew se

pref efSbl3f a%1%%ni Gim EOfipRRFFENts HiEPidéd ifP prRevide e
digiritidratduwn wolaess. for tﬁeim:@]siﬁsdiei‘g an@@{mgepm-acrylate
catalyst,, . c .yst s .nmeter. continuously into
tﬁyelql%i sainﬁtnlggt i g%%%&unlﬁl.g}f—bbifeo\}gllflgaspgl]%ﬁséq‘t%?ﬂ?éfe&f to
t meetd@grfdlys whaghetVetds byha i daidgqantdaget| ok the the above-

dicﬁéédﬂi@édona%f&éé&-{%s t he(blgr%tgndg%%qq%gen&qg%scat al ys%&kyl

in a distillation colum i ncrease cat%fys
defRatdt) g lakfen arederi d keralyralay ecityi t atesters  and

0T iSsa thiGekows NG 1Qf1 1khe c1goluamn Jiterhal.s 1}18 Lhes, for
case of. a he er pgenequs catal yst, 25 the catalyst is"

diFE%AE | REERE r dtHaGH YeBFEmMPT HAWBWAr , metprerylate. In
pesidiitdeinng ohet heoeat alyrsicess t BRodiat ihdied | avGalahre 5

i ' vanta because an.increased pressure drop

| Rediaptuenioasals, Djpine, 21, L0CTEased BIBRELE CL0P
c&rkednd A nbehveni gnedéits addetbonal |y dsseci atredslinker
viddhclee 3 1 £0ubderClARbAY e LIS %@A%Lys of the

colym. |In addition het er ogeneous cat

dEHCTRGalte F6F SRHRPEePaRI 0% CHifs etfrsiid@dotestindesir §d the
paloyire Hahtobs DEe4p28§u§€3e£%@¥UnA3%ﬁ@s%?%ﬁ%@&b%gi@h may
cont i nUOUS .process r preparing N-substitute . _
(?f%t h%gé:rrn?ijaml%Iesalov%t“}e&%é%ﬁyi%“f‘??ng o ky#ddEdtiens opmino
(neethaerylietasi should bealprphaked Bndtied aiid1C process at
aines. 1 ghe ctj.on t.ure is 150, the
pr esgﬁr e apg?g; a{f 0 %Igr. iﬁel:réél s %%5 gggiég?g}c_:ally more
favourably (i.e. less expensively). The personnel demands

for operating the plant should be reduced.

This object, and also other objects which are not
specifically detailed but can be immediately discerned or
derived from the introductory discussion of the prior art
are achieved by a process having the features of Claim 1.
Advantageous modifications of the process acceording to the

invention are protected in the claims dependent upon Claim
1.



9 March 2006 6 (bject It is an object of the present
invention to provide a 5 continuous. process for 9 March 2006
am nol ysing nethyl (nmeth)acrylate with am nes having
hi gh boiling points, conparedgta nethanol, which
avoi ds the di sadvant ages of the two above- descri bed
priveessss . de=vetibraonyl i c esters or al kyl
(rmeth)acryl ates refer hereinbelowto esters and 10
derivatives of acrylic acid and of methacrylic acid,
f oT® BERAFISS Ast ﬁygemtmw dtld vt ratkyl in Figure 1.
nmet hacrylate. In addition, the novel process should
make avail able a product of better quality than those
hitherto on the market. A better quality refers to a
| oner crosslinker 15 content or a | ower content of
addition products of the amnes to the double bond of
‘the starting ester or to the double bond of the
product ester. A crosslinker which may be forned is
al kyl met hacryl am de. In addition, am no
(met h) acryl ates shoul d be prepared by the novel
~ process at 20 very | ow cost and inconveni ence and
energetically nore favourably (i.e. | ess expensively)
The personnel demands for operating the plant
shoul d be reduced. This object, and al so other objects
whi ch are not 25 specifically detailed but can be
i medi ately di scerned or -derived fromthe introductory
di scussion of the prior art are achieved by a process
having the features of Caim1l. Advantageous
nodi fications of the process according to the
‘invention are protected in the clains dependent upon
Caim 30 1. 9 March 2006 - 7 Process description




The process is schematically illustrated in Flgure
March 2006 U, r N 9 March 2006 -9 Expl anations of th8 March 2006
reference nunerals in Figure 1. 1. Reaction apparatus
52. Azeotrope distillation colym 3.Low boil er
distillation colum 5.Filmevaporator 10 11.Met hyl
(nmeth)acrylate and catal yst feed 12. Am ne feed
1513. Met hanol / net hyl (meth)acryl ate azeotrope 14. Low
boi |l er recycle stream 15. Crude product 9 March 2006 -
10 - The reactant, nmethyl (neth)acrylate (MVA, - 11), is
fed continuouslty to a suitable reaction apparatus
(1), and either a single reaction vessel or a battery
of a plurality of reaction vessels connected in
series may be 5 used. It is sensible that all reaction
vessel s have a vapour takeoff to t
distillation colum (2) to renove
rel eased in the reaction. The amn
conti nuously to the azeotrope 10 istillation 0
colum for dewatering. The tetraal Koxy titanate
required as a catalyst (the tetraahkoxy titanaye
content based on MVA used is preferably 0.2 4% by
wei ght), |ike the polynerization

-

he met hanol
(12) is fed

the

15

14

(o

12

1"

Actual
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15

15 inhibitor or inhibitors, is |ikew se preferably
nmetered continuously into the reaction apparatus (1)9 March2006
However, wuseful transesterification catal ysts my

al so be all of the transestegification catalysts
known fromthe prior art. Useful catalysts are, for
SXlhatZiohe0BE UM Or SESIH AL Glhtaakes and PRI .

1, 3-di ketonates of zirconium mxtures of afka

nmetal cyanates or alkali netal thiocyanates and
alikal i redcdidnabipgdesatmy al so be used; and al so zinc
conpounds, for exanple dioctylzinc oxide, alkaline
earth netal oxides or alkaline earth. netal 25

hyedr oxifdetriope dxatplbaCad dumk) 2, MgO, My(OH) 2, or
m xtures of the aforenentioned conpounds, and al so

al kali ~nmetal hydroxides, alkali netal al koxi des and

| i%-hi urhove Fodliegedantiiliatiumdnidimoxi de; mi xtures of
the aforenmentioned conpounds with the aforenentioned

-al kal ine 30 earth nmetal conpounds and the Li salts may

alPso bé WULedVaPaFarRyItin oxi des, for exanpl e
dioctyltin oxide, alkali metal carbonates, alkal

al r.bonat es ether. with uat.er nary anmoni um
ggﬁfs,%%g Y xéWﬁFéP?%fgﬁﬁﬁ?fFﬁhﬁ%ﬁP&%Fth§ﬁ?%xide or
hexadecyl t ri nmet hyl ammoni um brom de, and al so 35 m xed
cabal ysts nef sdigrganyltin oxide and organyltin
hal i de, acidic 1on exchangers, phosphorus-nol ybdenum.
het er opol yaci ds, titanium al koxi des, for exanple
| 3apr opplenahbl A&t Ry1 ChRd@h@ GYTRRUNdSQf cShe metal s
titanium zirconium iron or Zinc wth 1, 3-di carbonyl
conpounds, 9 March 2006 - 11 |[|ead conpounds, for
exdnpl eéclweddidxtdessydieaddnedioxi des, | ead al koxi des,
| ead carbonates or lead .salts of carboxylic acids.
Particular preference is given to a catalyst mxture
ofl 5di aFkydei prostiee and al kyl titanate, 5 for exanple
dioctyltin oxide and isopropyl titanate in a



rati o of approx. 1:1 (%by w./%by w.) . The .
cat al yst |Ompxture is l(Jsedyi n anmounts of 0.1 - 10 9 March 2006
mass% based on the am ne used. 10 Usef ul
pol ymeri zation inhibitors arg, for exanple,
hydr oqui none, _ o _
A-redr ouycRaRs B, Greteibyl AMBLIBH RIRGIEELNORRA.  9R)Cl SEs  feq
bi s( 2-.met hoxycar bonyl pr.opyl.) sul phi.de. ' Hydroqui hone
n&?&ﬁéﬂmusﬁhetroiﬁ @&ﬁtﬁ%é?i f AR oxgRfAratYs (1), and
queisthiean. alSsIh@l@rriflﬁadtSjﬁtdu waryés@gm_t ab?hv\@t eéatt% of a
f..water in. .the anmine used in e.case 0
e e &5 18R Y06  Lproraca5=d dhogssasy may be

ne IS Between 0.°005¢ 7
S weisgit.) It The asdimdlile dewat eped heacdishi Iz%ﬁsm have a
b kptp.t r [ a . _
ST ED S he! o T e B e O e {35 BT P (@) o
cAlAMRYE tiReMfak@Rro breslafseddn inhghantaectson enoved vi a
the top. To prevent contam nation of the nethanol/MVA
azeot rope élBl W th the am ne used, the amne is
pri erﬁ%F? i ntYddudéd £RA tHPYigWsIsddct Fon e t lgeotrope

10 disitsitlilaaitoon cot uie (R1umnher 3bwagkpengised may al so
be dewatered in other ways: . 30 - by an upstream
dewat ering distillation colum or - by treating with
a Thewater ragllagent tiftanatexamnei medrokecubarcsi£Mast Of(the
- ane. ti es r exa a .
P Pl S T S et
t Beeh@rablpr &seént~ iht Phevwadkivhe) nayikeadheo polymerization

15 inneversbbl e damage #tdddle £at alyshiséf %Eﬁe?é?gﬂiﬁ metered
tetraal kyl titanate). in the reactor. The water
pf:é’élgﬁfmhsi%e BiicnetteadsaCoitRe FRARELISN 6F) by However,

pueetiols tamdsesteher ot tod Ocabel gétd Chhy prevemMLdall of

TQE@ transesterification catalysts known from the prior

- art. Useful catalysts are, for example, zirconium

20 écetylacetonate and further 1,3—diketonates of zirconium; -
mixtures of alkali metal cyanates or alkali metal
thiocyanates and alkali metal halides may also be used;
----- and also zinc compounds, for example dioctylzinc oxide,
alkaline earth metal oxides or alkaline earth metal
25 hydroxides, for example CaO, Ca(OH),, MgO, Mg (QOH),, or
mixtures of the aforementioned compounds, and aiso alkali
metal hydroxides, alkali metal alkoxides and lithium
chloride and lithium  hydroxide; mixtures of the
aforementioned compounds with the aforementioned alkaline
30  earth metal compounds and the Li salts may also be used;
dialkyltin oxides, for example dioctyltin oxide, alkali
metal carbonates, alkali metal carbonates together with
quaternary ammonium salts, for example tetrabutylammonium
hydroxide or hexadecyltrimethylammonium bromide, and also

35 mixed catalysts of - diorganyltin oxide and organyltin
halide, acidic ion exchangers, phosphorus-molybdenum
heteropolyacids, titanium alkoxides, for exampie isopropyl
titanate, chelate compounds of the metals titanium,

zirconium, iron or zinc with 1,3-dicarbeonyl compounds,
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9 March 2006 - 12 dewatering stép prevents the

hydrol ysis of the catalyst and the associated costs®March 2006

as a result of increased catalyst wuse anpunts and as

a result of problems with soli,d_deposits. In

addition, the purity of the product is 5 increased by

2 VG CRGHYRRAT  iFR QlaRY¥1DT UG S JIE rRAGT dokides

effected i.n a reaction apparatus (13( at a tenperature '
i 9% rakRE RS eent B9 anthABUR Lemr of @F entead| ssgityen of

;@aﬂmﬁﬁ{xﬁera&m% r@ﬁ@@%@@l%‘ﬁe@}reéfﬁgeﬁleg 1i|3§Cgng'nT0co a
I ncr.ease € reacti g at e, 1€ et nanol released |In
{ R POdEL G S Ferfby dtl Tt Re CFoAct FOR ALt o denate,

aﬁbraZEKHmpﬂﬁadﬁddtﬁMﬂ&n(b&ﬁdéianﬂhasﬁb$ﬁbblatﬁﬁﬁnage in a
c (2. reactiogn mxture,, which._consists r
t%g%stg%a??g%?x' t 2'e£ alc'lli’yl%y( rr%?‘r(i"a\(l:&ffl g{;e?am!rgg catalyst
prgdietre dcoaedr tedaMdntls odnd .ani-ng) aasls%l Smsmaldn the
anpuRts Qkqmet hanol, the catalyst, the polynerization
inhibitors and a very small fraction of by-products,

is fed after approx. 0.5 - 3 hours of reactor

I esedRNce o IPndiIZRfabance drsiited oA, reshdentsanpie,
tln%of Q.75 -- .SCFOU-rs) to a continuous 20 L
f AYAERGUPPRE evah ot BHEY By 27 STRE TG hpoM? SR viPiRfe idinooxyl
f ald i ng- eflskm evaipds &t -ate thipkyanebbadl b pogyl oW bOisJuQthide.
disti |l at ..JThe compaonent s, havin ow -
peiiegtbtle SORMIPELE sefRE FRORIEUREEIR' D9eh Rfien
pi&dareaaaehy met hanol, MVA and unconverted ani ne
reactant, are renoved there under 25 reduced pressure,
pr-ﬁ%srably in the range of 10 - 500 -nbar. These are .
r enovEd s USRE ey SPntRéndWetRFt afhenamesrtinpfangter in
reh¢C|aadnélél\ﬁeiinﬁ.ﬁ §;h@ dﬁ@@@t@f 48 eON PIbdthle@n B0 and 500
azeot rgpe _col 2 Thi s ycC stream guar ant ees :
t hat t@é;aés' is%{/t]i?)rogsdal Yy W@&ﬁ%‘l%gt engSn\"?‘E‘rlgleo Swiepatered by
rddatdliotdont hefidvd aswteyr detpeadtantesabased apphietus,
eptLke  REPGESSing & r 1.d ich is . still
c%ntan%natgd m}??lﬁﬁé‘éﬂé$%r%55 Soiéég W%. qx1%hls column,
the water present in the amine is removed via the top. To
prevent contamination of the methanol/MMA azeotrope (13)
with the amine used, the amine is preferably introduced in
the lower section of the distillation column (2). The

amine used may also be dewatered in other ways:

- by an upstream dewatering distillation column
or |

- by treating with a dewatering agent, for
example a molecular sieve,
cr

'~ by a membrane separation process, for example a

pervaporation.

The dewatering is significant since the water present in
the émine may lead to irreversible damage to the catalyst
{for example tetraalkyl titanéte). in the reactor. The
water present in the amine leads to the formation of by-

products and is therefore to be strictly prevented. This
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‘catal yst, polynerization inhibitor and high-boiling .
by - -p%/oduct's and occurs in the effluent of the 9 March 2006
falling-film evaporator (5) preferably contains >

-93% by wei ght of 35 product 4gster and is fed for
wor kup to a further vacuum &sti lati on stage which

Watekis tiett ihe sﬁ:re@f %f@fbr&fsesﬁ% ehyE2H0Ps Pet yeen 20 lyst
QQKpQ% aThe ? éé product _amne is renove Tost

h&Fe By SdfSErrta ?%n %Iﬁ? fopeprobuet. 1acKtased oG lys

- uE® TEtmeubyspraud:iJctas f ar neesun: t her p[o%@ﬁi&m@[ ew%th solid

in c tsre atlve to t ctan _

d%%g@gﬁ t%én Q%ﬁﬂﬁ%ﬂ, thacryldF@iﬁﬁd &h FBForREgitct is

i ANGTreReepr bm@tr@@m&d g opan tiimpupitt py-phodicts .

di stinctly reduces the product quality. 5 This problem

can be solved by using an apparatus having gentle
f i'h% &PRS6LARI A EEfeterd ehdve Tercipradrapaanditne () ot a

tht@m@éﬁ:altyiﬁta @ﬂdth@er@@éyé/n@éh?@éﬂ ofb i {Hu thiéoO"fcS A% erence

also t.he hi [in roducts Sui tab arat us
e S .53’ ptgsee e |a|t R§- FRPFE Pﬁfcweleayéﬁ-oaﬁéd 135°C.

sIT@r tlrpmdalsel(}:fea/a]mr[cﬁttwrs rwstﬁﬁafﬁbeﬁ?ﬁJ@E released in
ar.at.i f .the alk th)acryl am des nay

D EPRo A el el e ey 1 PRECE Y e B e an

wﬁ@@ﬁtﬁﬁyeaW$§hb§Mépéﬂéoewlandée dﬂ&un&ducednpbe$EMﬁe(2)

f@hee%égﬁkgoﬁtm§£%h§%)r“ﬁﬂch-u8%§¥§%%e%% gL%bE% brt of

the invention is illustrated in eta
gﬁp@e]&%. EFE 101 3w L et rﬁmdet;epﬁ@du@ast phcomderted MMA

t betet ami6, Exanp| &i1s60NthauoUShyoGRSS! | bed il ySi Syy.
bed preparati on

oF2REUVRE i 'S RATHORTS9 8t hh T i i PouSEr pmall
235akgihnofof250mmdcniaica:lsystléeeddhm/ﬂm aaﬂsﬂgorgoog - 3
ChoBr8¥0py cuaball Olosdap WMl 1AL 2 O100Y 1o
- residence time of 0.75 -~ 1.5 hours) to a continuous
falllng-fllm evaporator (5). The vapours of the falling-
film evaporator (5) are fed to a low boiler distillation
Column (3) . The components having a low boiling point
relative to the product ester, predominantly methanol, MMA
.énd unconverted amine reactant, are removed there under
reduced pressure, preferably in the range of 10 - 500
mbar. These are removed via the top of the diétillation
column and recycled (14) into the reactor region or into
the azeotrope column (2). This recycle stream guarantees
that there is virtually complete conversion with regard to
the MMA and amine reactants based on the entire process.
The crude amide (15) which is still contaminated with
catalyst, polymerization inhibitor and high-boiling by-
products and occurs in the effluent of the falling-film
evaporator (5) preferably contains > 93% by weight of
product ester and is fed for workup to a further vacuum
distillation stage which works in the preferred pressure
range between 20 and 200 mbar. The highly pure product

amine is removed here by distillation as the top product.
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of the azeotrope distillation colum and 244 kg/h of

N- di net hyl ami nopropyl armi ne (DMAPA) are netered i nt o9 March 2006

the 1St reaction vessel. In addition, the recycle
stream fromthe 30 top of theiow b0|Ier distillation
colum flowed continuousl y a the azeot rope col um

vin
Conpost i e TR b by MRt oF VRO S Tad R, fergreoiiing
of CYRRIMGTONS  To-afivisy t\ﬁel'f‘g]‘rﬁ T2 DA areime: ir8B6HRy methyl
wgﬁﬁaﬁym@fﬁﬂﬂ%k@refm 'B?s'talrn ol &ﬁcﬁiﬁ.}]crtatésocer as
Lgpguf@%a yhewétlf'?‘r QHSFJa%‘F(t%ircﬁﬁiq?&é bBenprpdedt ofuality.
nmelien opromi drhecaz eber epeveal [ld)l_ﬁfn losliot) fa&fjbé téfk@c@ﬁgléa;w_ng
ot T8 | BB BBV F ortper ey amine
10200 g cha OGSt ddd wale epbd aphé shedt idn thﬂ}]:l_]lsittors, and
r egcdd olfhé’er%—'boyl%n%l?y g%ﬁ&gctgakg €b0J§6t S Wus for

azeot rope col'um Conpri s

weli it Jg’f‘rm%?%aﬁél fadd ingedhymwe itdin - d)faywk/Aancﬂ G286 typath
weigtdor@ft drsQpr opano. | and 0. 5% by wei ght of by- 5
products. The effluent of the |5t reaction vessel

flowed into the 2nd reaction vessel and the effl uent

ofDaunes t2ednr eact i Orthevespebphtowesh i Ntog t hepdrd alkylamino

f
ARSI ER sl REY URRSERaT 0k P L o368htn a Py ing
2rid stdddeiténny epdent arwhiagpr mey 6@18bn ba éperdted under
r eachien ¥essshrL e%f %aral}lteh%tf 8hbo¥h NG, -

conposi tions in the react
T(. ©) MVADVAPAAN noMet hanol By- products (% by(%

byt gfr (HsE%adtpr@lingy tWt £nt MY iWh- Ws i11ustrated in

1%%% §2 %10 %%22 g;gmg g538w£fg§t(¥ollow, without belng

restricted thereto.
Example: Continuously described aminolysis to aminoesters

For continuously described preparation of N-dimethyl-
aminopropylmethacrylamide (aminoester), 235 kg/h of
MMA/catalyst feed having a proportion of 3.8% by weight of
isopro?yl titanate and 3.0%7by weight of dioctyltin oxide
of the azeotrope -distillation column and 244 kg/h of N-
dimethylaminopropylamine (DMAPA) are metered into the 15t
feaction vessel. In addition, the recyc;e stream from the
top of the low boiler distillation column flowed
continuously via the azeotrope column to the 1°° reaction
vessel (195 kg/h having the composition 78.9% by weight of
MMA, 2.12% by weight of methanocl, 10.1% by weight of DMAPA
and 8.88% by weight of by-products). The molar MMA : DMAPA
ratio in the reactor feed was 1.23:1. 1In addition, the
vapours of the stirred tank which had been freed of
methanol in the azeotrope column were fed to the 1°
reaction vessel via the azeotrope column bottom. Under

these reaction conditions, a reaction temperature of 107°C



2nalll55. 610. 1527. 690. 595. 97 react or

§P313046 84.8641. 291. 245. 81 reactor 15 The vapours of March 2006
the individual reaction vessels were fed continuously

to the azeotrope colum. The gffluent of the 3rd

reacti on vessel flowed 20 continuously to the

t hiras f & tasMapecatior tok as! Qwaheiibar vegkym Tﬂevﬁué%hllate

and met hanol were _ renpved a
drlé%g%/(?]% 9{% kSF%/j'\DAtAﬁHEef‘SSEBQBkWFS tiHe 1kg/h comprlsmg
reactIdn besselghs roécymétmasiorlfeamhsw 'Ijlf% U%Hﬁgightﬁwt

f of, the |o er .col um

gﬂ% %%g %g E i## Jﬁgigmggﬁp03| T 9B RS byf
> es@]é?dtp?‘fo%uct o 5% of DMAPA, 0.2% of MA, 2. 15% by

wei ght of an MVA- am ne adduct and 4. 25% by wei ght of

other b roduct s rch 2006 - 15 dains: 1.
ﬂ%%s%fvﬁlg%er%oﬁtfu ﬁb@ui/%y%ﬁé?éa@ﬂn@ew%/l@mw into ‘the 2™
( neddgtacmy | askgel Ofaﬂche ther né'fﬁll(&)t SR thRC Z'_MC reaction
group and R2 is a

(I%éﬁﬁef %&%ﬁ%%eﬂn P 398I|c aFR?Ft+%ﬁl8§ﬁS%¥ afy|residence
10 rmr@aloﬂaﬁmmglﬂ hon12ncandon atesBridy v@ardi Nhdrox.

of e shor B Héf(%% 15 where R2 i
| as dqﬁlng aggee Wi t égﬁéngd{ﬁﬁ & FRTMRA a°f apin in
reaction vessel resulted in the following

'comp051tlons in the reactors.

T{°C) MMB, DMAPA Amino Methanol By-producﬁs
{(3) by | (%) by | ester (%) (%) by (%) by wt.
wt. wt. by wt. wt. '
1%t 107 62.7 10.23 22.07 0.62 © 4.38
reactor
2rd 111 55.6 10.15 27.69 0.59 5.97
reactor
3= 130 46.8 4.86 41.29 1.24 '5.81
""" ,reéctor

The vapours of the individual reaction vessels were fed

continuously to the azeotrope column.

The effluent of the 3 reaction vessel  flowed
20 continuouély to the thin-film evaporator of a low boiler
column in which unconverted DMAPA, MMA and methanol were
removed as distillate (195 kg/h) and fed back to the 1°°
reaction vessel as recycle stream. The bottom attempt of
the thin-film evaporator of the low-boiler column was 426
25 kg/h and had the composition: 93% of amino ester product,
0.5% of DMAPA, 0.2% of MMA, 2.15% by weight of an MMA-
amine adduct and 4.25% by weight of other by-products.




R I HRC=C - Q03 R3 (A) 20 where R1 is an H or

group and R3 is methyl or ethyl, in the presence of QaMarch 2006
transesterification catalyst and in the presence of

at | east one polynerizattd® imhibitor in an apparatus

for continuous reaction, 25 characterized in that the
re&deamss are fed conti nuousl y to a suitable reaction
apparatus (1) and in that the alcohol formed in the

reaction is renoved continuously with the aid of a

di 9t-i | | &rice®seol uber (2ccad ianc8elazeqirapiing  alkylamino-

et hanol (ngetliyl: (TRRDAECS Y| AL Mttt ()13) (or
et hanol /et hyl acrylate m xture , and al so: AVENDED

S SHEET 9 March 2006 -- 16 the reactlon. mxture is
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conducted conti nuousﬁy out of the reaction apparatus

into a distillation [colum (3) or an evapog(fﬁ}or (5)

in which the volatile conponents (A B, methanol or

et hanol ) 5 and &d0ef @ s@ONHRzacti on of product ani de

(C 10 15 are renoved via the top by distillation

under reduced pressure and recycled into the reaction
appar at ¥&ergndiit He prodiictoranfitesg¥@p apedr ®apveda linear,

from thedethem Afr t Bgctobundy itypget-ngr ~uh t it h%ryl radical

cat al ysi'h and the poI yrrerl zation inhibitors, and
12 carbon atoms, by reacting a compound

of the formula (B)
RoNH» (B)

where R; is as defined above with a compound of the
formula ({A)

R4
| (A)
H,C = C—COO; R®

where R; is an H or CHs; group and R® is methyl or
ethyl, in the presence of a transésterification
catalyst and in the presence of at least one
polymerization  inhibitor in an apparatus for
continuous reaction,

characterized in that

the reactants are fed continuously to a suitable
reaction apparatus (1) and in that the alcohol
formed in the reaction is removed continuously with
the aid of a distillation column (2} as an
azeotropic methanol/methyl (meth)acrylate mixture
(13) {or ethanol/ethyl acrylate mixture 13), and
also:

AMENDED SHEET



al so high-boiling by-products; - the bottom stream

(15) fromthe distillation colum (3) is fed 9 March 2006
continuously to a purifying distillation. 2. Process
according to Claim1, charketerized in that the

vapour stream of the evaporator (5) is fed

cont i nuotsl ¢heo wedaridrer mdikstirk| atd onoadhupadi rbor?c&nuously
whi ch the h | Y ep S rem)v

the top by glggt ?SFI g%‘?ogéggg%n %%[g%%%t bt 698 f & %ﬂatlon
t he cat al ysE€can@nt hedlpobyne3th z &viaparahbibi tr sin amtich the
al so the h'QBlQ@iiénQoﬂ¥oHE gyctg wig h %% or,ethanol)
portion of product am de are femsved via the

Jottom 3. P’P@c@ss"%ﬁéoﬁ’@ﬁh foactapm P product amide (C)

characteri zgdei nednltated h@iamu (Bhpl %ﬂe&@&?{fﬁa@i’on under
feeding it to.the reacti on apparatus via th

30
distillati ohSEoFEimPESFsUEe Brgc dSCYALEST A t Bhﬂ &egction
1, char acteppaealtmm, tded tiee }_mﬂoafctr almideef (08t ¥k removed

met h) acryl t hyl acr | ate
gam ne)l n %/hgg yt ?o@téﬁcgo reactor ‘§1 %ﬁ'ﬁj with the
10preferably Qa%lysu &Bd &h@rpebmemmmglnnmlmm and
1. AVENDED SUEET, SMateh 2006, plfancharacteri zed in
that t he transesterlfl cat | gap st used is a '
tetraal kyl HPEamkgieoms @_trpﬁ@ceééf) cchFet ngheo Glisitillation

1, characteslagd i(3)thag fed continuously to a purifying

distillation.
15
2. Process according to Claim 1,
characterized in that
the vapour stream of the evaporator (5) is fed
continuously to a further distillation column in
20 which the highly pure product amide (C) is removed

via the top by distillation under reduced pressure,

and the catalyst and the polymerization inhibitors,

and alsc the high-boiling by-products with a small

portion of product amide (C) are removed via the
25 bottom.

3. Process accoerding to Claim 1,
characterized in that
the amine (B) is dewatered by feeding it to the

30 reaction apparatus via the distillation column (2).

4, Process according to Claim 1,
characterized in that
the molar ratio of methyl (meth)acrylate or ethyl
35 {meth)acrylate (EMA) to amine in the feed to the
reactor is between 1 and 2, preferably 1.05 - 1.15.

5.  Process according to Claim 1,

AMENDED SHEET




the catalyst is used in an amount of 0.1 - 10% by

wei ght, based on MMA or EMA used. 10 7. Process 9 March 2006
according to CQaim?7, characterized in that the

catalyst is used in an amourt of 0.2 - 70 by weight,

based on MVA or EMA used. 15 8. Process according,to

'O ai m 1, cheprafFherbredeth ithathat the catal yst mixture

enpl oyedths a EEKBH&@tQ£1f£@§¥4&%t"Eé?%%k%E““juse t) is a

i sopropyl titanate in a ratio
20 9. Prb&EEEIaBELbrEAFRAPA®-Caim8, characterized in
that the catalyst mxture is used in an anount of 0.1
g%b wei ht based, on MVA or, EMA used. 25 10.
Sr ofess 5588 I RETYF G ho7 CladRatact eri zed in t hat
t he cat abystacsemiszawum ahanount of 0.2 - 70 by

wei ght , seg: Qll\/l\/lEA Qr. EMA used. 30 11. Process 08
accor di ng ?o AL, oS tjer?lilédafnﬁuflﬁatoftﬁ)e'l - 10% by
pol yrer i vatglon, irdsdun toor Miedri EMaI tthed.

phenot hi azine, tert-butylcatechol, hydroquinone 35

nononet hél et her, hydroqui none or m xtures thereof,
10and7t he BROEMES cicadrainshitisi Caeims7bet ween 100 and

5000 ppmhdesedondde 4 eaglhi on m xture. AVENDED SHEET

9 March 006 - ]8_
catalyst is used in an amount of 0.2 - 7% by

weight, based on MMA or EMA used.

15 8. Process according to Claim 1,

chéracterized in thaf

the catalyst mixture employed is a mixture of
dioctyltin oxide and isopropyl titanate in a ratio
of 1 : 1 (% by weight).

20

25

30

9. Process according to Claim 8,
characterized in that
the catalyst mixture is used in an amount of 0.1 -
16% by weight, based on MMA or EMA used.

10. Process according to Claim 7,
characterized in that
the catalyst is used in an amount of 0.2 - 7% by
weight, based on MMA or EMA used,

11. Process according to Claim 1,
characterized in that
the polymerization inhibitor used is either
phenothiazine, tert-butylcatechol, hydroquinone

35 monomethyl ether, hydroquinone or mixtures thereof,

and the amount of the inhibitor is between 100 and

5000 ppm, based on the reaction mixture.

AMENDED SHEET




12. Process according to Caim1l, characterized in

that oxygen is additionally used as a pol ynerizati on9 March 2006
inhibitor. 5 13. Process according to Caiml,

characterized in that the-am8ne used is preferably

di met hyl am no- propyl am ne. 10 .14. Process according

to CRai mPtpceshanactedizedtd rcidiat 1t,he pressure in the
first disgi ' I is between 20 and 500

nbar . 155%%5%?%%2%%861%14@%9 to daimi1l,

char act ePKY@8n| rig hatddihéonasldenced i a® i nat heolymerization
reaction;gppgiatys is - between 0.5 and 1.5 hours. 20

16. Process according to aim1l, characterized in

% hat the evaporator (5) is a filmevaporator. AVENDED

SHEEF. Process according to Claim 1,
characterized in that
the amine wused is preferably dimethylamino-

propylamine.

10

l4. Process according to Claim 1,
characterized in that
the pressure in the first distillation column (3) is
between 20 and 500 mbar.

15

15. Process according to Claim 1,
characterized in that
the residence time in the reaction apparatus 1is

between 0.5 and 1.5 hours.

20

16. Process according to Claim 1,
characterized in that

the evaporator (5) is a film evaporator.

AMENDED SHEET



