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WO 2004/ 103952 PCT/ EP2004/ 003862 Met hod f or
conti nuously produci ng al kyl am no(neth)- acryl am des
Field of the invention 5 The invention relates to a

f wa hrosyanisiosgous process for  prepari Ngper/mp2004 /003862
al kyl am no(net h) acryl am des (C) by continuously

aMeatdogsi ngerf orcomtanpbeslget produsdin) aca;atﬁlﬁam(n%)(meth) -
e

Wi }; (B) to release nethanol (D) by t
(ﬁ%%ﬁﬁ%?fa% O reaction equation: RL | where: 15 R2

H2C = C-- COOCH3 + RNH2 HRC = C ----- CONHR2 + H3COH

hydrogen ok naet hyl i 5.,2 |inear, branched or cyclic
al kyl radical, an aryl radical which nay al so be

substituted by one 20 or nore al kyl groups; the
|Hﬂ&ﬁhﬂﬂ&¥ﬁhbﬁ @e1abEanghed Qﬁfﬂﬁefa@@ﬁ@uﬂﬂﬁ%m@ﬁ%%e@s for

ngth af 2 carbon atons, for exanple et hyl
o%ﬂarlnlgséd'lké’ ?{nlngﬁﬁlfﬁ-h) E}C'stag.lﬂrwdest ). B yqontlnuously
pant:l.yiolyslha}gyl golfreﬁatx)aknplectlﬂed:hg$00((ﬁfe&ﬁlh aBefYhte d@RY| with
cyl gy and may  optional |
po ys%%stﬁ?b &)by LERRERADY anéid?§[830gy othe following

reaction equation:

R
l

H,C = C— COOCH; + RoNH, ==

R

|
H,C=C-—CONHR,  + HsCOH

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, isobutyl, tert-butyl, rentyl,
hexyl, heptyl, octyl, isococtyl, nonyl, decyl,
undecyl, and may optionally be mono- or
polysubstituted by

NR*R* or
- OR5;
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5 10 15 20 25 either R3 or R4 may assune the

definition of hydrogen, and in,.:aaddition : - R3, R4
and R5 nay be either the sane or different and be an

al kyl group having 1 - 12 cayhon atons, for exanple

met hyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butylkithpentsd , ohexy , mhgptadsunCt Yhe I&00GIMion of
nonyl , d%Célb quecxé or _-hydragen. - R2 may al so.be
(R6-0) n] YR7 Aher "¢ %%iﬁégtﬁ "4 C1-c4-al kyl group

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

et hyl, propgb, 4so0 PY s | ,,.1 sobytyl  or
tert-butyl.¥%Jk %an%%g'(%étﬁ%%%rfﬁ%tég%%%r 1tpe4 RS ©F
may be the nétHigregriondrba hen et byl growe Msefng 1 - 12

aﬂines inC!W%%HJH5fé%éﬁ@@nngPnpgﬂggﬁie methyl, ethyl,
Di et hyl am noet hyl am ne, dlethélan1noethylan1n%,

di propy!l ani REIHRA aniSRE*  8iviLs oBRBBY abhf FodtHy| &sititebutyl,
di but yl am nosédwhigmneky1di irghutly| ascRast hxbastkpe, 30ny1,
dinethylaniqg r pylamne,l dlEéh | am nopr opyl am ne
dipropylamlwéﬁﬁbyﬂgﬂ%%{ ari S%Fﬂﬁ?Paninopropylanin&

di but yl am nopr opyl am ne, dii sobutyl am nopropyl am ne

di met hyl am nobut yl am ne, di et hyl am nobutyl am ne,

di propyl am nobut yl am ne, diisopropyl am nobutyl ani ne,
- R” may also be

[ (R®-0)n]-R’
where:

- R® may be a C;-Cs-alkyl 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, diethylamincethylamine,
dipropylamincethylamine, diisopropylaminoethylamine,
dibutylaminoethylamine, diisobutylaminoethylamine,
dimethylaminopropylamine, diethylaminopropylamine,
dipropylamincpropylamine, diisopropylaminopropylamine,
dibutylaminopropylamine, diiscobutylaminopropylamine,
dimethylamincbutylamine, diethylaminobutylamine,
dipropylamincbutylamine, diisopropylaminobutylamine,
dibutylaminchbutylamine, diisobutylamincbutylamine,
methylamine, cyclohexylamine, dimethylaminohexylamine,

diethylaminchexylamine.
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35 di butyl am nobut yl am ne, diisobutyl am noeutyl am ne,
nmet hyl am ne, cycl ohexyl am ne, di nethyl am nohexyl am ne,

di et hyl am nohexylam ne. - 3 Particular preference is
given, in addition to dinet | am nopropyl am ne, to
di met hyl ami noet hyl ami ne, di e t hyl ani nobut yl ani ne,

dipgethyhagtnoperlyl aae and  dimpliy! anjnohgxyarpe.

Prior art The literature es many ba Wse
t CAREThEd pBEPPPERY IoH iFcoces sk ( b@\tmthylamlnoethylamlne,

t@gm@@ﬁy@amihgﬁﬁtymamiﬂé prOQﬂﬁﬁﬁﬁayﬂaﬁlﬁeﬁbHB§ié&&hé“t'“ nd
dlfferggﬁacat sts. .The search for econom cal 'y nore

& REARSYEFIE - the discovery of continuous

transesterification processes in which the reactants

ape;fed_gontinuously and the 15 products are renoved

contlnuously The conti nuous transesterification
processes have the followi ng advantages over the

bat,ehwi 586 L @@ﬁ@éterBEES§REQQ p&gggsse%ataﬁglgroce Pang-

can be nore easily automated and e oper
weERealfeaREERR neclit $eRs g5t sontitcht he ’fz@rme@d@a:tlflcatlon

qpabtby¥sbas Detddueruedughbhl bl yrandd Walysts.
variability, the plant capacity Increases as

consequence of the absence of the sequential working
t Bheugkaotht fer irdhvindoallprepas avi@nlst 8p6céddddd In to

I I dyct .renoval ,
CERE HaRrob Y 8P L SR e B s YR Sopy ppocesses
yﬂéldwbh@h dﬂbatﬁhapt@nESSEﬂ@bnﬁEdUOGSntlnuously and the
tE§8§§§£§r|Qh§9t'98m8€&§es§%%tﬁﬁﬁobg9%gus%@ﬁp gggnglnuous

Atochem S. A.) descri bes contin 0 pro
fBF%F%ﬁ%ﬂ?w‘ngé%%rymc@%ﬁeérs diawdi al kijpe followmg

aaﬁﬁ@ﬁt@@@@|3 ordal Kytredn nasdcohglss ar & J-6aekedyrification
ggggcess s: the process can be more easily automated and
can be operated with a reduced need for personnel, the.
product quality has better reproducibility and 1less
variability, the plant capacity increases as a consequence
of the absence of the sequential working through of the
individual preparation steps (filling, <reaction, low
beiler removal, 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-
aminoalccohols. Dialkylaminocalcohols 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 a tetraalkyl titanate as a trans-
esterification catalyst {for example tetrabutyl,

tetraethyl or tetra(2-ethylhexyl)titanate) and at least
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with methyl (neth)acrylate to obtain dialkylam noal kyl
(nmeth)acrylate by the follow ng process: 35 The
m xture of the starting materials (nethyl (meth)-
acryl ate and di al kyl am noal c%hol) is fed continuously
together with a tetraal kyl titanate as a trans-

e§h§rkﬁﬁ%ﬁék99aﬁfgﬁjXﬁﬁlé ﬁ%eiéﬁ?Plgxgﬁ%[€ ghéhothla21ne,

tetraeth or tetra(2-et titana
| B85t B ‘ﬁéy SAfdzat TBATBPrST ([BOMEXANP| e ether | or

ph?ﬁ@b@hﬁﬂcbrﬁ@ td er H:UBHE.ML‘C%@@M ,w}r@%@r Q@K BBA®ersion is
no % I her or dr ogui none% a t ubul ar, reactor
V\ﬁg?%(: ﬁ% cBhvef'si 5ﬁm¥§ra€ﬁ?%ct8 Oa tenpélatur &° ofthe
QﬁlaIRQDﬁnimthe Gnechlalak:)dyamtﬁo (ne:hh)Lacr yl aﬁﬁul\/ﬂah@ously
n |nuously removing th zeotroplc
?ﬁjc]{f’i‘uc?&’ )acry a?e}n%t hano% m xtgare ef‘ﬁwoé) & ude Methyl
r émethbacrmada/metherode est:aryrd.s f@det o eruder st reaction
diskihlati Qnyeo! L. iy W%'Cﬁe@' gpséanélfﬂé ydlatillation

catalyst-free streami's renoved under reduce
pFeselit e it "WHEN 6 drbshantigildy | ¢altdlorstcdirgmm staegn is

t hemeadal yshaand Bb&aca | gﬁﬁésesiuhr@ g'ﬁ' %Hél?adtd@” of the
I N e 0 om O

ate are renmpve
GTEE T PRI Cortimt - TRt bhesEPeanver PR Fleer a little
didsaiky Baniomadddyinmniesh) henyf €tk tare re@eevd in the bottom

dbftEh%akh%@lﬁéagg%Hnnoigm§h|%H a Stre g@%& of the first

| ow bor'l i'ng products havin
dilas kil bati reyal wlur(mexaw)@mzyl Bed tcs aenevedduddetlllatlon

fégyﬁrﬁﬁ' (Di psuLe Atsd et o 61%%—%0%&&%@%98&&1:1% g Hg a
nai n\%‘? Qéﬁﬂ-%l am noal kyl (neth) acry at & and
[

poty %lﬁll?ﬂﬂ%}]t]‘dfrl( ime st edeatl st Heesstacoipnder

apdd28=d egdreosars heed tQﬁeStﬁépl abh@N aCold@dn |dbdi&ting of
thlrd dlstllgggjeon col arectlflcalonls carried

ol ihder © i n PR T 2G&si r &0 %ur 2180
dpalklyénamartuajrkwn}(nterdm)rasnyllat eeastver] =t rerovetttaim and

they top and enseqtiabLy:iie POl YMRI gAt! O NRIOfns g
distillation column, a rectification is carried out under
reduced pressure in which the desired pure
dialkylaminocalkyl (meth)acrylate ester is removed at the
top and essentially the polymerization inhibitor or the
polymerization inhibitors are removed at the bottom. The
bottom stream of the first distillation column is recycled
into the reactor after further purification with the aid
of a film evaporator, Jjust like the top stream from the

second distillation column.

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

catalyst.
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25. polynerization inhibitors are renoved at the
bottom The bottom streamof the first distillation
colum is recycled into the reactor after further
purification with the aid of-a film evaporator, just
like the top streamfromthe ~second distillation

CQhuth:L@Oﬁ)ﬂ-cmésm 058S @'h@pﬁﬂésﬁv&‘:%éh deyateldng 9fg the
bef ore use, whi may | ead to i1ncreased

t he al coh
@g?l\‘?ﬁt Relii 6facttlﬁéefiewaa|ti?§| topt &ifaCe Gi&gugshgr. This
cemseqmenceeay hygrol yaesgyp testhe heanmaki oBoBhl of 4

d d t I dditjo t he process
ST hE i L Lo afPLGBTEL ha e o ab it hc TEL( e ristTy very

stleggsedliaensébati vEhy pkghesseﬁpemaEWEéSrenbhhaened with

t t n um. This can
eaS|?nh?égdB%%I%%%éﬁg%gﬁilo%agg ?ﬁgggcatalyst -5 1In
this process, both the unconverted reactants and the

- preductogy eggﬁcmlfﬂseﬁn\élha e (PR WLEe c%hbogehgggnaes a

This  entails very %h energy costs and a total
r@@PltflPEBP?orPJEQﬂelﬁﬁws OZomRrBIARFIIchahhve t Getdy éckghptes

5 ulsﬁ.lhge adi Irléﬁﬂﬁﬁeﬁs coIhaIan pr gﬁ@sﬁrézfs d é@rleif?rc% thend %ggtlon
it r i capital an gper.ating, costs X
Sbg (ﬁ%ggﬁB? diﬁg‘%ﬁ%n15bl CoftpS Flg% E%@%e§mgumn {1.e.
C orRichoousLHor otessﬁl@mlpmepmMm@ affdey| rémetinactié ateshyl
19ridehidogy  SACH A LR o Ehe k! 203RSLEL! HEEALLANS), to
fecte |recfi n-a

reactlon
chdeh Gﬂmé St¢%§@ﬁbrmah@ru¢%3|Kmathbh dmﬁuhhatorlate and

I @Tewhad) t Aee ”Péc!ﬂyéont(ﬂﬁiclﬁ)s@%r yratelgel hanol, &%ﬁ%&opﬁere
fqQr.m one apparatuag A whi ch the starting naterials
t

( F-SE R ach dnid-f5 W cBBIYunghe ¥pgdisposed in
camlel ndiosssi Vi athloe cadblys! raquiedcaber of | hkewn®geneous

p%%&% ?Eky %ﬂ@‘é% éi %onpoumetefgddégggfgﬁgugiy into 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 heterogeneoué catalyst,
the catalyst is disposed in the reaction column. However,
the positioning of the catalyst in the distillation column
'is disadvantageous, because an increased pressure drop
“then occurs in the distillation column and very high cost
and inconvenience 1is additionally associated with the
regular cleaning of the distillation célumn. In additicn,
heterogeneous catalysts may deactivate for example as a

consequence of undesired pelymerization.

DE 4 027 843 (R6hm GmbH) describes a continuous 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.
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the distillation colum. In the case of a honpbgeneous
catal yst, the catalyst is netered continuously into
the  distillation colum. However, as a consequence of
the 20 flushing effect by thesliquid reflux in the
distillation colum, the use of honobgeneous catalysts
inadistillation colum leads to increased catal yst
depmand, and, when a solid catalyst precipitate

ot E to fouling of the colum internals. In the
case of a heterogeneous catalyst, 25 the catalyst is
dHﬁpOfgdahncghe reac igP col um. . However, the ,

posi t1onithg TP e Cat &'§sPiER e DIVSHEPEt iTh REPUIAE 2
| saditdadvast Fgeoess Hecauselran visiegeasathydr eSsithe adr@pate
. oCeU in I st )l ati .col umm. and very hi

cggﬁ% a%@gﬁﬁgonS%ﬁ?% CZL¥%1a%ﬁ??%gﬁalE%lgg%bcfg%gﬁr%g to
wirehheRe 130 vhégll arokdedhiengishdvhetayss i ¢f dticortwo above-

Coled@ribba addiddies het giageneoys cat alysts may, gLkyl

deactivate for exanple as a conséquence of undesire
pomFer EFA¥ L BRSS DE B 82 SAEYRPR H) t@escesbessa and
E:@reatn'hilvuﬂituslepr Qﬂfe&&bryEECf QEifr aa_a][ oy KJ&?Eelﬁtht seidf for
net cryl a s transesterifyin esters o
(TR AE: YrREheE FRReR VSR Tbhatt L <Bd oy A Y ate - Tn
amiddésiomhe thactiovel empercatsr eshsuld Iike t h&ailable a
PEESEER, BPP e cl8D ol NOERaLS NhaahibiBheor B the

ect It 1s an object he present invention to
pFS¥EE - a A SPebFeT ngvasipy ocegsriortcant ndbysi ngrweshyhker

(eRhkkaer Wate Wby amonesnpawient dHigh ROIdiRGRA KBS, the
conpared. to nethagol, whi ch_avoi ds the di'sadvant ages

of HRESt {6 LBEvECUREE RPME P hridtesdes i ERfFSECPYI fe the
esbebdeoboatikyk. theephpacty| adws 1 ef efrdienennbel @Wite may

egters, a gdlo.gerivativ of acrylic id a of ,
methac vl e a%ld,a%ﬁ%lmé%%acry amYde. afn adgitlon, amino
(meth)acrylates should be prepared by the novel process at
very low cost and inconvenience and energetically more
favourably ({i.e. less expensively). The perscnnel 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 according to the
invention are protected in the claims dependent upon Claim
1.



exanpl e nethyl nethacrylate or ethyl nethacrylate. In
addi tion, the novel process should make avail able a
product of better quality than those hitherto on the
market. A better quality refefs_to a | ower crosslinker
15 content or a |lower content of addition products of
t Brocamsnesstoiptecdoubl e bond of the starting ester
or to the double bond of. the product ester. A
crosslinker which may be formed is
all@ meoRgspykansdesmd ricaddivt ildAnsamaned in Figure 1.
(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 discerned or derived fromthe introductory
di scussion of the prior art are achieved by a process
having the features of Claim1l. Advantageous
nodi fications of the process -according to the
invention are protected in the clains dependent upon
Claim 30 1. Process description The process is
schematically illustrated in Figure 1. - 8 LC C, N
r T Explanations of the reference nunerals in Figure
1: 1. Reaction apparatus 52. Azeotrope distillation
colum 3. Low boiler distillation colum



5. Fil mevaporator 10 11. Methyl (neth)acryl ate and

catal yst feed 12. Am ne feed 1513. Met hanol / net hyl
(nmeth)acryl ate azeotrope 14. Low boiler recycle stream
15. Crude product - 10 The reactant, nethyl '
(nmeth)acrylate (MMA, 11), is tTed continuously to a

sui tabl e reaction apparatus (1), And either a single
reaction vessel or a battery of a .plurality of
reacti on vessels connected in series may be 5 used. It.
is sensible that all reaction vessels have a vapour
takeoff to the azeotrope distillation colum (2) to
renove the nethanol released in the reaction. The
am.ne (12) is fed continuously to the azeotrope 10
distillation of the colum for dewatering. The

tetraal koxy titanate required as a
tetraal koxy titanate content based
preferably 0.2 - 4% by weight), i
pol yneri zation 15 inhibitor or inhiibitors, is lijkew se
preferably netered continuously into the reactifjon
apparatus (1). However, .useful trygnsesterification
catal ysts may also be all of the trgnsesterification
catal ysts known fromthe prior art. {Useful|,catalysts
are, for exanple, zirconium 20 acetyl d
further 1, 3-diketonates of zirconium mxtures of
al kali metal cyanates or alkali netal thiocyanates,
and al kalp—retat—hal i des may al so be usq%; and al se
zi nc conpounds, for} exanpl e dioctyl zi nc 0xi de,

al kalinejearth neta] oxides or alkaébggggiﬁth netial 25
hydr oxi dés, fo npl e CaQ, Ca( OH) &1\ My(OH) 2, or

—

14

13

N ‘@%_Xr.

12

Actual



i0

15

m xtures of the aforenentioned conpounds, and al so

al kali netal hydroxides, alkali netal al koxi des and

lithium chloride and |ithium hydroxide; m xtures of

the aforenenti oned conpoungsgmith t he af orenenti oned

al kaline 30 earth netal conmpounds and the Li salts may

alEs@lbeatseds ofdi ahkytdidricdesmetalseXanp &, :

dioctyltin oxide, alkali nmetal carbonates, aﬁ%al

netal carbonates together with quaternary anmoni um

sdl.t s, Heactaxanpppatetusg abutyl anmoni um hydroxi de or

hexadecyl t ri net hyl ammoni um brom de, and al so 35 m xed

catal ysts of diorganyltin oxide and organyltin

hal-i de Azggitdiopei dhsexthaniger ;o lpmas phor us- mol ybdenum

het er opol yaci ds, titanium al koxi des, for exanple

i sopropyl titanate, chelate conpounds of the netals

t if-ani HAY boitkesnilimtil koniay colwenwi t h 1, 3- di car bony!

conpounds - 11 lead conmpounds, for exanple |ead

§|des |.ead hgdrOX|des | ead al koxi des, | ead
rbonatred 572P85W°%alts of carboxylic acids.

Partlcular preference is given to a catalyst m xture

of; ,di al x IkyI it r exanpl e

ditact yl n OXI LQ %Frdl f%ﬁ?Ff F?gi £k ?%e§ ratio of

approx. 1:1 (Wbby mﬁ IWbby wt.) . The catal yst

mppt ur @niiseusgdgi n anounts of 0.1 - 10 nmass% based on

the am ne used. 10 Useful polynerization inhibitors

are, for exanple, hydroqui none,

41Bydr oxyhdndl fnérh €1 r et ERIREEEdLPEOXYLpe OF el se

bi s(2- met hoxycar bonyl propyl) sul phide. Hy roquinone

nmononet hyl ether in conjunction with oxygen in

qudsti diow b6iThe menyneElcusedemmy contain water. The

amount of water in the amne used in the case of

am ne i s between 50 and 500
15. Crude product
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ppm (0.05 -- 0.005% by weight) . The amne is

dewatered by distillation before entry into the

reacti on apparatus, 20 preferably using the azeotrope

colum (2). In this colum, .the water present in the

amne is renoved via the top. To prevent _

C@RLaM aadi A ofméhﬁyﬂ?td&é&@ﬂ)é%lé%sot@me (13), Wdheeqg

the am ne used, the amine is preferably introduced In

t FEFORBPUSEEt (F6n Df SHAB2RISt MPPALTBR GEIRGHRtES) (1)Theand

25iaRkpe gsedimgple alzedie cdewateged ic_pr othemawaysy 38f a

- 9 an. u streamd%vvatering gistillatl%$ colum, or - b

by %ﬁrr%a |§goﬁi g uBhat 8PP RY" ageRteci ot Lexinples atay be

nokedul art sieveenslible hhaax nehbr apecsepar akis@Bls have a
, l.e a ratij 5 The

GaBea B et o B ar e BY el o Soapm 420 v

t Hemaneneheayetieabt oraleesedr shbtlee degmafsiaro t he

catalyst (for exanple tetraal kyl titanate) in the

reactor. The water present in the amne |eads to the

f SFRat 7B Sf Uy phoduttd HRPGISUOHELES ofe tidishe azeotrope

stikeilyapievest ethe Bylsum ¥3r dewat&ridy step

prevents the hydrolysis of the catalyst ~and the

associ ated costs as a result of increased catal yst

uSeeanoemt & Bmckyas tateesukt ofquprehl eas Wit leagellivdt  (the

d i addj t ] t ity. o he_pr t is .5 .

|§§?2§égﬁo%€ ag?{é%%g% p?%llptg%% onb%%e y-%rfo Ucts. UThe 1S

r aetroal1s 8fPect etf i by avedakt] onlappatacusolineatization

t eRRenatyr e olen 418 yiange befyeen 80 and 1080 211y metered
Pr ef erence ISj__%ll ven to the terrper ature range et ween.

1$6P5MDU9BHEY 10TP0 Fher EREETLAR FERSERGHST at®) - t Hewever,
meeband! treheasedrification catalysts may also be all of

the transesterification catalysts known from the prior

- art. Useful catalysts are, for example, zirconium

acetylacetonate 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
hydroxides, for examplie CaO, Ca(OH);, Mg0O, Mg(OH),, or
mixtures of the aforementioned compounds, and also alkali
metal hydroxides, alkali metal alkoxides and lithium
chloride and  lithium  hydroxide; mixtures of  the
aforementioned compounds with the aforementioned alkaline
earth metal compounds and the Li salts nay 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
nixed catalysts of diorganyltin oxide and organyltin
halide, acidic ion exchangers, phosphorus-molybdenum
heteropolyacids, titanium alkoxides, for example isopropyl
titanate, chelate compounds of the metals titanium,

zirconium, iron or zinc with 1,3-dicarbonyl compounds,
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the reaction is renoved fromthe reaction m xture as
an azeotrope with MVA (13) via the distillation
colum (2). The reaction m xture, which consists for
the nost part of the alkyl ggegh)acrylate am de
product, unconverted MVA 15 and am ne, and al so snal

aneunt $ofbolBLBANELy & hgny CAtAl XS loxilRE pq@xﬁemgaébkgaes,
inhibitors and a very small fraction o 2%épro uct s,
i depdd AtkO=1468r ox. 18895 CaFPORGLES of Yt eakiddst salts  of

f@&&&@??@iggf@:jﬁc&gefgﬁﬁﬂmlﬁ gpb¥efeténde g_%sigﬁw@ to a
ti . - . ours).to_a conti nuou .
¢ GPeetlst; frbyEsophe oh oty Pe SRt aleghy Bkyp titanate,
f dblri rRgranfollemddvapet at or ok SJe anrdf édoboopyl ovd bondtesr in a
disti.llatdo um, ( 3).. .. The _ cogp havi a_lo

r tt_'LO X4 %Eeprcor S 2? 1( )(fob? gqtp?(ﬁ’d%nm’?n&é e h cata‘f’yst

boi'l'Tng poi ive’ h u est'er,
prégsriraant| yseet irarrglouniiwiofafdl uncbhvessstd dgised on the
reagtant,scare renoved there. under 25 reduced

pressure, preferably in the range of 10 - 500 nbar.
These are renoved via the top of the distillation

9@|séﬁﬁlﬁn%dl%ﬁdé(ﬂt ith('Lélﬂ) iirﬂﬂngtila@%eacatﬂy, rleﬂ&)@tn @kample,
into the azeotrope colu , isre e stream
AR E hoy G 2y Pr Buir T S G B 1 Pe T ol Rooxy]
comver si ebswi t h regar-ricahd@ytheb ML anghdEm ne  sulphide.
r e nt j Pt QC : e crud

e SR R R Bb Oy £ LA DA BB g PR T By gryoen
pahyaBeszaeheon i nhibitor and high-boiling by- products
and occurs in the effluent of the falling-film :

evaporator (5) preferably contains > 93% by wei ght of
35h6r gadEe dseer mayd Sostréa Feketor kKbp eBoantupEhgpter in
vaekUuamidestckbbal hoPhst @ge: Wi CliniMes ks idetiden 50 anﬁ 500
preferred_pressure,  range.b en, 20_and 200 ar, T
PB v (o0e proddet PaniRaoTS T onBeed MaFeLBy Senatelsd by
diddtsitilabtoon adetfoeret opniproduoto -tHES réhetbyn prapgactsus,
far ' h r i.gh- hot |1 ng,,coONo t.s
BT aP b TR T o e SRR g LS cotumn,
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 lowexr 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, -
or

- by a membrane separation process, for example a

pervaporation.

The dewatering 1s significant since the water present in
the amine may lead to irreversible damage to the catalyst
(for example tetraalkyl titanate) in the reactor. The
water present in the amine leads to the formation of by-

products and is therefore to ke strictly prevented. This
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net hacryl ate and therefore get into the product ester
as an inpurity, which distinctly reduces the product
quality. 5 This problem can be solved by using an
appar at us haV|ng gentle filgevaporation (5) to
renove the product amne fromthe catalyst and the

pakyEeezayi @RepnhiARivears, tanrd h@mgﬂ% hdgheROI LhRG) yst
b roducts. SMIt | e apparatus for this purpose is
CEPR BB PR R I3 BhacoRBFYL path neyeed catalyst

euaporamomnxslJammstaeanaofréduiﬂpremarﬁtbbmbmﬁ theh solid

a 0 Ianl es t|o al l.y be ,
Lig%ose Qa ﬁ%?e QQ afstF ?atlxﬁ' Iaﬁ? WH%%hHﬁQ?HCt 1s
ahQ@rbéséﬁébﬂlixraﬂuﬂad pI@ppeﬁuoedoprmyﬁpnuauc&@n '
exanpl e at 500-50 nbar. The process according to the
invention is illustrated in detail by the exanples
WAREhTEBFFOW: it ablRctRd g & estadtéoad apherates 20) at a

Exafipbeat&oat i Huews| Yaklas afd bt Al 81%$0e . preference
an1noester%OF%%ﬁcont|nuously descri bed preparation of

NFdi FERS opPIPGFAEERECEFRERT BBLTEM nbESt B8Ry, 135°C.
23b KgidleafseZ&TlMVNeEﬁitﬁJoyﬁtr&f@d ilﬂélllﬁ@t@ar’ﬁ%pp@él/ézgébd in
0 9 ht of Oopr o titanate an y

wr e Brealhc i Rrode iR it Bkt as an
dasﬁptrweowl‘cl@lﬂm dhd) 24d4akghk dfishillation column (2).

dirfet bykani 59ph Loyl A % %/{%Pd%)51@,rt§ reiergd ineég %Q]?t of

1St reaction vessel. In tion, the recycle’s
f EBf (&30 {Rfiorequd atew asideerPendiGt | athepnicotiath MYA

f bawedamcoay i rHiQiJSb)&s‘él ashB@laZ&%lﬁlﬁ)&? & upRch@nbie  the
ing the conmposition

1St actio ves

Bé‘/fgﬁtme?% f@%%ogfm B rfet RaFp| small
1®r&.%b§7n\/\@|fgl’tty-qfrdﬂ\zﬂ%:l%é a:n.d 8e88%ﬂ1}ér\l\&xﬂi§ﬁo>@f O 5 - 3
by dyet The | . ratio in
régg%%ereg%aﬁéﬁ ]_%g}é?hlgw%l re%e nce 1%o%+%e%fto a
t hessgereed timek ohi ch Had- bebnSfﬁeeusaf tO a continuous

falling-film 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
and 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 distillation
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 cfude 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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met hanol in the azeotrope colum were fed to the 1St
reacti on vessel via the azeotrope colum bottom Under
these reaction conditions, a reaction tenperature of
107C - 14 was established_iﬁ the 1St reaction vessel.
The distillate takeoff of tH& azeotrope colunn was

1 L 4% b [ ol
351911?1%;% y%{}df? gﬁoéﬁec‘? Y%} %tzh\(%fbgpigc@é%ngq:g gh boiling

i SOPPOBSRGF &RA2015% by WeRgHEastany- aBipe odndt sheThethyl

e&%ﬁ%&ﬁkymﬁtéhanHSEhéQ@Ebt@ng¥€S§§£ofkﬁ@egrbeﬁettQgtgg as
reaction v ssel 4ﬁ§ efflLuent of the 2nd reaction

veBe dFBPFSga Tt BPTAct PERCTRSSME  Prrdusi qerddty -
1@htiisneprofb lappraex. Héb ﬂ@INedlEﬁeuifigr@ﬂcb@@@r&%§§ehav1ng

2nd t on vessel and
6%%%9§elﬁ§9 i f%%rFEZCPPo%GSegsgf S NIRRT Pﬁoaﬁgt amine
f Sreswithg Q§ﬂﬂ&M§ulam@5uhetﬁuiwmaﬂmamson inhibitors, and

(T@@)(s%%gwé\%%gmem%n% B%rcpa@cdegct SdiBarRL( Qb RYERLE" £or
i@?éﬁﬁiT@623§2 é?élﬁQg'%Bh?eaﬁhem layer and short-path

2@@&@$r5505g0.1527.690.595.97 react or

3rd13046. 84. 8641. 291. 245. 81 reactor 15 The vapours of

the individual reaction vessels were fed continuously

t dowwhetagewnt r ape ccnharm padyeaeftilosent oef tme 3rélkylamino

2
| RREthPRcEgEatlad] AP ofP: SOTAT 10 Sl pbietd newRpen £ ing
uféshdétabomvaRartMMNhdel neefian@lswerkle operated under

reduced pressure, for example at 500-50 mbar.

The process according to the invention is illustrated in
detail by the examples which follow, without being
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
isopropyl titanate and 3.0% by weight of dicctyltin oxide
of the azeotrope distillation column and 244 kg/h of N-
dimethylaminbpropylamine (DMAPA) are metered into the 1%t
reaction vessel. In addition, the recycle stream from the
top of the low boiler distillation column flowed
continuously via the azeotrope column to the 1°F reaction
vessel (195 kg/h having the composition 78.9% by weight of
MMA, 2.12% by weight of methanol, 10.1% by welght of DMAPA
and 8.88% by weight of byv-products). The molar MMA:DMAPA
ratic in the reactor feed was 1.23:1. In addition, the
vapours of the stirred tank which had been freed of
methanol in the azeotrope column were fed to the 1°5
reaction vessel via the azeotrope column bottom. Under

these reaction conditicns, a reaction temperature of 107°C
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removed as distillate (195 kg/h) and fed back to the
1st - reaction vessel as recycle stream The bottom
attenpt of the thin-film evaporator of the | ow boiler
colum was 426 25 kg/h and h§% t he conposition: 93% of
am no ester product, 0.5% of DVAPA, 0.2% of MVA,

2. eyt abis G 40f naBn IMP: amine; adduct . and 250 1 1 e
wei ght her by-products. 2004/103952

e 1200 47 00824 So P05 PR 1A Pr odda By comprising
COiH i FusoUsy ywpi €par big raltkygham noo (pet fo'J\CsWi dstMMA

fgféﬁgrqyl%féﬁhbroglJﬁﬁﬁrﬁfapgg aP§ONa§2 gﬁrﬁﬁégga 8f by-

cyotddncalskyl radical or aryl radical 10 having 2 to 12

carbon atons, by reacting a conpound of the formula

ﬁé{ R2NH2 (B) 15 where R2 is as defined above with .
heylefilperk) aér fhat B ( Apamrion #HaGel €loweGD@8tR3the 27

(Ael@ieher eeRlel s a4 Hepe GBI QP Qﬁdeﬁ% | Snaet iyl g o

or ethyl in the presence _of a transest i cation
SASfdt Heth e pF]é%eﬁc‘g Bra@tiqreavesome: A residence

po:llyd’&rdfzaﬂppaﬂxl NG bt Or imh Neid BPPaERttiSord Qfessel, approx.
30 min in the 2™ reaction vessel and approx. 60 min in
the 3™ reaction vessel resulted in the following

compositions in the reactors.

T(°C) MMA DMAPA Amino Methanol | By-products
(%) by | (%) by | ester (%) (%) by (%) by wt.
wt. | wt. by wt. wt. -
18¢ 107 62.7 10.23 22.07 0.62 4.38
reactor
2nd 111 55.6 10.15 27.69 0.59 5.97
reactor
3% 130 46.8 4,86 41.29 1.24 5.81
reactor

The wvapours of the individual reaction vessels were fed

continuously tc the azeotrope column.

The effluent of the 3™ reaction vessel flowed
continuously to the thin-film evaporator of a low boiler
celumn in which unconverted DMAPA, MMA and methanol were
removed as distillate (195 kg/h) and fed back to the 1°F
reaction vessel as recycle stream. The bottom attempt of
the thin-film évaporator of the low-boiler column was 426
kg/h and had the composition: 93% of aminoc ester product,
0.5% of DMAPA, 0.2% of MMA, 2.15% by weicht of an MMA-
amine adduct and 4.25% by weight of other by-products.
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continuous reaction, -25 characterized in that the
reactants are fed continuously to a suitable reaction
apparatus (1) and in that the al-cohol fornmed in the

r%gchPg{i§3§§§Dved continuously with tryafyﬂ¥2%349003862

di sti
met han
al_ so:

on colum (2) as an 30 azeotropiC
ol /met hyl (meth)acrytFaté mixture (13), and
- the reaction mxture is conducted conti nuously

out-26f*t he reaction apparatus into a distillation - 16

5 Proc

19 -t
cOl'umm
di stil

col um

renove

ess according to Caim1l, characterized in that

%e bott om trean1%%5% fromthe distillati%ﬂ Laminon
(37°P8 fedTcontPROBUYY St aPptPRfiihg 2atkylamino
[(@ecbhactpl2i R dheheafoumudtr €@m conti nuously

to a of the evaporator (5) is fed further distillation

i n which thq;pighly pure product amne (C) is
d via and and
(C)

H.C = C— CONHR;

where R; is an H or CH; group and R, is a linear,
branched or cyclic alkyl radical or aryl radical
having 2 to 12 carbon atoms, by reacting a compound
of the formula (B)

RaNH, (B)

where R, is as defined above with methyl
(meth)acrylate (A)

R1
| (A)
H,C = C - COO;3 R®

where R; is an H or CH; group and R® is methyl or
_ g p Y

-ethyl, in the presence of a transesterification

catalyst - and in the presence oI at least one
polymerization inhibkitor 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 continucusly with
the aid .of a distillation «column {2) as an
azeotropic methanol/methyl (meth)acrylate mixture
(13}, and also:

- the reaction mixture is conducted continucusly

out of the reaction apparatus inte a distillation
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colum (3) or an evaporator (5) in which the vol atile
conponents (A, B, nethanol) and a very small fraction

~of product amine (C) are renoved via the top by

distillation under reduced_ EEe§sure and recycled into
the reaction apparatus, and the product am nes (C)

are removed,fhom $hecboldpmeobpbhe: 5ol Um) { LOCLARIN  che
st and th

with the catal_i e pol ynerization'inhibitors,
and al soVhitghib8i ICORGORL R odhiet §; tieshpeplhy and a very

distillatisgaiundenctedyced RIRsRWe aniRe cat abyst randved
the pol ynerization inhibitors, . also t

, he hi gh-boilin
by- product’s®wi tH' st | Pbrt fjbﬁtb}l?ﬁjo%ctg’é\?ﬁﬁe E’@%uced
are renovedegsarthe ahattorec?bedl Priogess ateor drBgction
to Cdaim characterized in that the am (B).is
dewat er ed]ég?airggalshga?? ﬁ?)e e ead rﬁlélr?saggér S%ﬁs r%‘i“%"Ed
t he di sti lflrami dinecdaihem( 2L 3k 4co Protessgaitoor dvingh the
to Cdaiml, a riged Lo . phe ol ars rat f
met hyl (né:taﬁfgtg?§l %ttng_ t% an?newﬁht%:‘feegﬁto ttlhcgrso’ and
reactor i ¢l§et eeh—kohhn® by-predecsbfy 1.05 - 1. 15.

35 5. Progess 86e0bdi A gy 1, rr&harafd edized 1t Brion
that the transesterificatjion catalyst used is a L
tetraal kyCoU P Enat¥. +517°%. CPRbLREStoF8i iy PYrifying
Caim1l, dikaratketbzed in that

2. Process according to Claim 1,

characterized in that

the vapour stream of the evaporator (5) is fed
continucusly to a further distillation coclumn in
which the highly pure product amine (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 amine (C) are removed via the
bottom.

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

reaction apparatus via the distillaticn column (2).

4, Process according teo Claim 1,
characterized in that
the molar ratio of methyl {(meth)acryiate to amine in
the feed to the reactor 1is Dbetween 1 and 2,
preferably 1.05 - 1.15,

5. Process according to Claim 1,
characterized in that
the transesterification catalyst used is a

tetraalkyl titanate.
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the catalyst is used in an amount of 0.1 - 10%by 5
wei ght, based on MVA used. 7. Process according to
Caim?7, characterized in that the catalyst is used
in an anount of 0.2 - 7% by .10 weight, based on MVA
used. 8. Process according to Caim1, characterized
in that the catalyst m xture enployed is a m xture of
15 dloctyltln OXIde and isopropyl titanate in a ratio
of°-1 : PEOCSSBy2GepEhtyy diaééb ds according to Claim
8, chamaetketkezedednid hatat20 the catalyst m xture is
used i an a nt .of, 0.1 O@b based _.on MVA
used. 10 g §tacSorth %P ngnt Charact 67 i 1%8 ¥
in thahﬁﬂ@hthebaaealqsnﬂﬂsLu&ﬁﬂ in an anount of O0.2.-
7% by ‘weight, based on MVA used. 11. Process
according to Caiml, characterized in that 30 the
pdl-ymeHregesenatpbi dinortudddims 7ei t her

phenot hirazipecrt 864 - Pyt Kat echol , hydroqui none
nmononet hyl et her, hydrqu|none or m xtures thereof,

and t héMBnAAR et He | WheDHi £8r ans FaUerc100-and 7% by

5000 ppmaighasedaoaatdhe meacideen m xture. 35 12.
Process according to Claim1l, characterized in that

oxygen is additionally used as a polynerization
8. Process according to Claim 1,

characterized in that

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

9. Process according to Claim 8,
characterized in that
the catalyst mixture is used in an amount of 0.1 -
10% by weight, based on MMA 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 used.

11. Process accerding to Claim 1,
characterized in that
the polymerization inhikbitor jused is either
phenothizazine, tert-butylecatechol, hydroguinone
monomethyl ether, hydroguinone or mixtures thereof,
and the amount of the inhibitor is between 100 and

5000 ppm, based on the reaction mixture.

12. Process according to Claim 1,
characterized in that
oxygen 1is additionally used as a polymerization

inhibitor.
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inhibitor. - 18 13. Process according to Caiml1,
characterized in that the am ne used is preferably

di met hyl am no 5 propylam ne. 14. Process according to
Caim1l, characterized in _that the pressure in the
first distillation colum (3)is 10 between 20 and
500 nmbar. 15. Process according to Caim1l,
cggracgprized in that the residence tine in the
redct i Gif O4FpAr AEGRTERY 1% t3ik¥en 0.5 and 1.5 hours.
16. Pr atesscaeedtdiindn tth{d aim 1, characterized in

he evaporator (5),is .a fil mevaporator.
that tt%e BRI &L ésgd is preferably dimethylamino-

propylamine,

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

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

between 0.5 and 1.5 hours.

16. Process according to Claim 1,
characterized in that

the evaporator (5) is a film evaporator.



