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1 March 2007 1 Process for the preparation of (meth)acrylate

di-ammonium salts and their use as monomers for the synthesis of

polymers 5 The invention relates to the selective preparation of

(meth)acrylate di- ammonium salts of high purity and their use as

monomers for the synthesis of polymers, useful as cationic floccutaiMarch 2007

(Meth)acrylate ammonium salts and thelr use as monomers for the

SHHNGSS 13k H&H%%éruﬁ%ﬁv %?;:ﬂ@ﬁﬂﬁ%ﬁé&%%%@;ﬁﬁﬁ?@ﬁg 1§ Keir use
01/55088, WO 01 01/55225 and US2002/0035198. In

these publications ffe (rieti)a 2 thesised by

the reaction of the correspondlng d| -amine (meth)acrylate with less than 2

equivalents of an alkyl or a benzylhalide in an organic solvent such as

Ch'”“%@l%%"’d%@?&t@sd@%@ QefléIXﬁ% 3ptP SPARYE B'P?nﬁ’é%‘?&'&%ijate di-

(meth)acrylate ammonium salt. E describes a synthesis were
SEHsSofivest %uéi]ﬁyaad?ﬁlé?@lﬁﬁﬁ%‘ﬁW&QF%&’&W%@’&FH’?&‘%HB
pélthrecreagtioh]Fericdioniateciziidded to remove the produced salt. These
procesgesyjeley R aaiscsolii Qg s ohd w&w{@&i@rﬁmﬁ%rﬁdﬁtﬁe synthesis of
Igarrggpso lqls%%lsaasltf%cgu?agmseha%a% lat escr e[d 1n(§”8%"fr2}§8§8 T\K) 8 1/. 55089

cesses do not §erm|t to Isolate acr ate onium salts with

Righ/pusy g E,%OQ%BQ?%%%ST%@?S Bﬁ%ﬁtﬂ%ﬂé%ﬁrﬁ@atﬁtﬁcmﬁe
anixboresnl/¥hkn arseq @b enicond iretbdmahaisynthési s of gulyndéng, dhegéne
Myﬂj&r@w{@ mw&@blﬁhgﬁrﬁ%tqh%ﬂ&n@i@aah AMOLSH Khupiardeiivad H@mganic

so ven? sucﬁ c%mtl!o or%r’(il Its dIrl ?ﬁd tgd%lffecuv?x};a?u"go Iper%O\L} bt%e(:: ha uced
monomers |n (0] poﬁymers atli}] acr I ammonium SaﬁtS n e

B@HB?&W&}%%E{R%WHI??BmE& We?‘ﬁls%@ﬁa?tm@l?h%‘%@rm%F}tﬁé’rgamc
pbdociioancidiightenotesotanweight pelymersarit 2o ¢opdlymersgitor period,

@Q%}%@QQ@@&% FHn%UM@'HFBcﬁEL“E% geed fphe VESYRLHE Eﬁﬁaﬂ(%%%@tsolutions
Ventthﬂrrc]mf/aPJm f%'%‘é%essnfr%roﬁ‘ﬁri%'a g et%?é’r‘? ¢ mono-
?mefﬁ%cryl lum salts, and a process for?ﬁ hufactare of a
poRARRERe Sathin] FP@‘UHT&C%‘H%’@ ﬂ@trrﬁ"tﬁéstet‘(r’ﬁ@’tﬁ%é}mﬁ%@w&mﬁbmum
saltsoihaheercatte atheahovayientianed prioblemsos3tbEne presenhe obtained
}H&E‘GI&” Mx@@é@d@é%%@r@rﬁcﬁ%s%tmgl ﬁM@ gflérée Igolymers will

(meth)bacréllate di-ammganium salt of formula I arch 2007 2i
]Inlfé\zta ontain a significant amount of units rlved from the mono-ammonium

salts. In order to effectively build-in double charged monomers into polymers, the

(meth)acrylate di-ammonium salts need to be obtained selectively. In order to be
useful as starting material for the production of high molecular weight polymers and
copolymers for flocculation, the di-ammonium salts need to be very pure.

The present invention now provides a process for the selective manufacture of
(meth)acrylate di-ammonium salts, and a process for the manufacture of a polymer
containing units derived from these (meth)acrylate di-ammonium salts, that overcome
the above-mentioned problems.

The present invention therefore relates to a process for the manufacture of a

(meth)acrylate di-ammonium salt of formula (I)



H2CC/CH-NX2~20-CHR\2R CH2iN2 X 3RR (I) wherein R1

represents hydrogen or methyl, each R2, independently, represents an

alkyl comprising from 1 to 4 carbon atoms, each R3, independently,

represents an alkyl or an aralkyl and each X- , independently, represents

an anion, comprising (a) the reaction of the di-amino-(meth)acrylateMdirch 2007

formula (I) 5 R //O R2 H2CC-(CH-NN22 \O-CHR z CHZNN R z (Il)

with preferably more than 2 equivalents of at least one alkyl or aralkyl

compound of formula R3X gg' an organic solvent coﬁ{%lining at most 5000

ppm of water and wherein the di-a nium salt of forpRria (I) has a

solubility at 25 C qf Iless-than gof 189 t'and wher¢in the

solubility of the corrésponding aminoy(meth)acrylate eﬁnﬁmnium salt of

formula (V) R3 RO | R2 H2CC CH2Q¢+x®2 O-CH RﬁzCHZ NN R z

(V) 1 March 2007 3 CH—N+/ _
2 N X

P

(1)
wherein R1 represents hydrogen or methyl, each R2, independently, represents an

alkyl comprising from 1 to 4 carbon atoms, each R3, independently, represents an

alkyl or an aralkyl and each X", independently, represents an anion, comprising

(a) the reaction of the di-amino-(meth)acrylate of formula (II)

R
i i

H,C 04{ CHN
o—CcH s

~

CH2—N\ ,

)

with preferably more than 2 equivalents of at least one alkyl or aralkyl compound of

formula R3X in an organic solvent containing at most S000 ppm of water and wherein
the di-ammonium salt of formula (I) has a solubility at 25 °C of less than 1 g/100 g of
solvent and wherein the solubility of the corresponding amino-(meth)acrylate

ammonium salt of formula (V)

1 R
TP w
- +7 Xf
H,C C—{ CH; N\R2
O_C{_| R2
~
CHZ—N\
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has a solubility at 25 C of at least 20 g/ 100 g of solvent ; and (b) the

separation of the compound of formula (I) from the reaction mixture

without dissolving it in water, the compound of formula (1) being

separated from the reaction 5 mixture in the form of a solid product

comprising the compound of formula (I) and, per mole of this compgonfdch 2007
less than 0. 1 mole, preferably less thar80.05 mole and more preferably

less than 0.01 mole of the compound of formula (V). The process for
manufacturlng a Bolymer comprlsmfg(unlts derived from at least one

(e AIARE diZammBh IR SAIE B Rfor MUt (5 E6RbTiERS the further step
(@) thossparstiipmerising comieastthef dommpda At fofrfothsulea th contiived frithout
thesselitkpreduettto, asbiesagbenaaly manuing naacosppauad fedfotruleaction

s adde e, e Jne Q&Yﬂ% %RI@P&%%JS% 9{9%&{9&%@&%}8{& '8ina,

onmer contains, per n uni derived from at least one Compound

P&Frﬁtﬂ%f aj, HE SRR ERLAER b LfePaify REEETARN Bsos A Rity ange and

morepréferbblicieshana® @L.01sle ghifsedervedidni Girfenkt Ohe 15

COmpommr%éegmwlarﬁwdfa\e@slf@mgaiyatelbaoarpa@ﬂ@ﬁﬂaaedsﬁmiﬁs@fat
aesto ggamme%lvengaf’ie %l?lgr%trlﬁ/gnusle o o‘%‘;r}ﬂ gct)%}a Qélqﬁe further step (c)
I ammonium salt from the mono- ammonlum sat coul % ta| eJ

AoRhsEriamg traadt e bot P rfdaer st ag ¢ de 6% s@ligupgoduct to
evipievt thapbiigvereliffenamixumimthe Solvet 6/ asprédigitatis ofdpother
SoiBo2R RINGE HOMELSE h@&ﬁ&a@@@ﬁ&ﬁﬁm@@tmdkmg @erived

ralt fr?m HE reaccc;[}gno& Lif? r Pqess %%L"Y) Qgtan there era%loqess than
P?(l)rmuela can eret to ac leve, 1or a cert’a n reactl %

91%@,%%%@9@}8%%?6?6%&%876? Bty Wﬁ%‘%ﬁr’dﬁﬂﬁ@ﬁ‘i{ﬁﬁ lgagt one
tndgednwheéfoaddiagvivater and more than 2 equivalents of the compound

Of fom‘ﬂf‘ I@a@%rﬁﬂgé@’ ili)?%rggﬂﬁrégﬁ%msmgdﬂ’(ﬁ{q{f gﬁe%gﬁg Slvent, a selective

rolyss (%f h)acg atCF ester. The pr s;ant inventors have found
r [¢) ac te di-ammoni o Hl etmono ammomum salt
met S mmonium salt obtaine by the proces

%ééraﬁ@btelmé B%@éﬁﬁiﬁ%ﬁtﬁo@%zﬁ%b@éﬁ@ﬂW&TDBBWWHS%&W%%O“
bt ks Eiftefomctieraeishikr amartateinhinghesitan d0Yplegipiaighi. dhboth salts.
order 19 achieYe PRWRERIVATH ingreasethenarg denalies. #teRA-R R tion

30 process according to the invention preferably comprlses the

Eoshigrisation SienBivRletr Dt o p Rk OiPera R o frontoadged
a4 by welghte abtheeomipawactioh tarman(gheoptainaddnosaidrsglichd/or

Bﬁ?ﬁ%%? W ARoI9. 88 LY e RIE ANl Mk D AQ #hbY)

weight, of at least one further monomer. The term "alkyl", as used herein,
redrlsas2S thelceirry satLrhfeanHipRovalasid yglm@@@m@ﬁ imtheatater
baving straighdlybranched e eyeticymeietes.or combinations thereof.

The present inventors have found that the (meth)acrylate di-ammonium salt
obtained by the process according to the present invention can be easily co-
polymerised with one or more other monomers in an amount higher than 10% by
weight. In order to achieve polymers with increased charge densities, step (c) of the
process according to the invention preferably comprises the co-polymerisation of from
12 to 99 % by weight, preferably of from 20 to 99 % by weight, of the compound of
formula (I) contained in said solid product with from 1 to 88 % by weight, preferably of
from 1 to 80 % by weight, of at least one further monomer.

The term “alkyl”, as used herein, is defined as including saturated, monovalent
hydrocarbon radicals having straight, branched or cyclic moieties or combinations

thereof.
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1 March 2007 4 The term "aralkyl", as used herein, is defined as a radical

of formula -(CH2)n-aryl wherein n is an integer from 1 to 4 and aryl

means any aromatic hydrocarbon having 6 to 24 carbon ring atoms that

may be monocyclic or annealed. In this specification the term

"(meth)acrylate" means "acrylate” as well as 5 "methacrylate”. In th@larch 2007
process according to the present inventfon, the organic solvent used in

$iRA{Ah PLRIBLAPIY, CoRMRING ALMASEIARY BRM ALWAIGH (SRR PXIBE))  -ary1

solvent used is preferably a solvent wherein the solubility of the .
wharfihentuAn sateetriamulallyf fasl 2rgoRasiie ey ZBosttie sy dhegr P ograving
4 00 Znafasbivent glf dmthe frecssseaacatdingdothaprasant invention, the

BPIVRNL HReRLINSIEM k1R UsHally.eR RRrolie dIROIAE SelYents Rieerably

acetone, methylethylketone, ethylacetate, nitromethane, acetonitrile or
MtPER RS eof. Particularly preferred is acetonitrile. The reaction of step

(a) is preféapigccasrisdosding tartzmroerandfibeniénn tBO0raanise0egtafised in
selyentperraple @ithendi-amioga Qm@or]agﬁr)d_ﬁ&@fr_mﬁa lﬂ@&ﬂ)cl_@laehdedsam is
{ngé%'é! r&stﬁvg}let RHOGESS tﬁg%%ﬁﬂﬁlﬂt@omﬁérﬁ{%’}ﬂ%n%ﬁps@ &C formulta (I) has

preferably carried out at a temperature ranging from 40 to 100 C, mos

PRACRIBEY ot “F0°d60 Batie’F#otes§ 95537 EfB ably conducted at
autogdmi¢ipresstae imceociose tordactoestn thevproces shacedrdirigitodhe step (a)
igwgalal;g? aataprl(fblciai@dm&tagﬁa%héfél%w&mo@ gi@b@léﬂ@lﬁ{efaﬂ@, of

the [rar mpound of formula R3X to the di-amino- .
s R s e e
FHEMEILT FR6d ??r@f@Pa%flﬁtGBég HoPEseelY #3457 ﬁfb%tlb}’é@?aad’f?ﬂ‘ﬁdéé’etween
Hod exdeel) @ gTiedvmatiper ofdteqf (A} idi genieraltydinardy o< O drours, (I1)
piaterably drasmdf to 30 hours. 25 The separation of solid product

°°”ta"?h”%teheréiz‘é%%hza&{?/%‘%‘ée di-ammonium, salt %LI?ém“é%r(' 0 PP ut at a
of the procesps according to the invention may be carried out any

HERREitIsRSBR & P dAAIE AP sEparatioPr cfeTe R Ea e SR ‘God@pprocess
filtpatforndlyywénitifd gatiomogihepreasticnimixtioed ncant@mbodiment of

the pragesgs 3e6Qrding 46-#ag 1By BtipRe R £ X638 T8 kit a A QE RIHKYbn ducted

derivative of formula R3X used in step (a) is separated fron})the reaction
Witkt@rerolar sscamipIE By el spiAt beiere eefertRitiAEtHE e paratibf diramino-
gtephibyrylhe pféeesslaciphdghgrtchtiednuesstipneéantie dendeast lzatciTior molar

mmigw@&%lmy HB_&Q%Jﬁ@%&ﬁsﬁéhﬁo%@ﬂge?é&dﬂﬁ@@é@%@%&%d 3.
(met )@ﬁreycllate di-ammonium. salt of

uration ot step (a) is generally from 1 to 100 hours, preferably from 10 to
30 hours.

The separation of solid product containing the (meth)acrylate di-ammonium
salt of formula (I) in step (b) of the process according to the invention may be carried
out by any means suitable for a mechanical separation. It is advantageously done by
filtration or by centrifugation of the reaction mixture.

In an embodiment of the process according to the invention, the excess of alkyl

or aralkyl derivative of formula R3X used in step (a) is separated from the reaction
mixture, for example by stripping, before effectuating the separation in step (b).

The process according to the invention can be done as batch or continuously.
In the latter case, the solid product containing the (meth)acrylate di-ammonium salt of
formula (I) formed during step (a) can be separated from the reaction mixture
continuously, for example by filtration, decantation or any other mean suitable
therefore, and the reaction mixture can then be recycled and used as solvent in a

subsequent reaction step (a).
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formula (I) formed during step (a) can be separated from the reaction

mixture 35 continuously, for example by filtration, decantation or any other
mean suitable therefore, and the reaction mixture can then be recycled

and used as solvent in a subsequent reaction step (a). 1 March 2007 5
According to another preferred embodiment of the process, the reachizach 2007
mixture obtained after step (b) is recycléd. In this embodiment, it is

part'cuﬁﬂé{rcﬁf%g% rechifal e eaEHaRIIIEE: Qptalnsr,alter SIERLakis
filtered in ste in order_to separate the solid product containing the
REtHR R IALS

%?ﬁr%%.% 5??56‘?1%%%{]13 ‘“(Tj‘%‘f?é?&%d?ﬁ?e‘&aé ey
peeipetediibdfilthatachriosupsdigue nbstesq aftier stdefatdsddtrindéntister (b) in order
teachantd e KeGYGhing @pes@itamtanthe epaged seyaraldimesiuhhealt of

f&%iwg Q0% 'FS%%H%XQ"&% 'i%é?éiée@l%eﬁﬁ}‘&% EHQJ%&B&)%{‘PJQ&@%%‘? in order

{)urlty of the met acr% at di-ammonium salt of formula In a variant of

§°;5’r*6%‘é§§%?c‘&?8f&iﬂﬁ SSAAEI RN L RO T %ée‘féal times. The
coobingd! Teditiamironimeth jacrgksie ot formudd(# yigsedrid Stepaitopf the
thetpasssseascardingiothalinventianiegrn. be obtained by any process
eI ISRl of i Dieleratly ohialaed R e AR YRR Gl ave
1,3-di-amino-2- propano of formula IIS ICH2 N2 HO-CHR
@Hl-l?\ll‘l Rz (111) 15 wherein each R2, independently, represents an aIkyI
comprisirgifremidotont ttaabohatatohfis;muith &) meth jacrdate) of fdwmrtzxess
A Rig26 G OR4n (04 whase b Bhranse sentsaheadkyheAMPHRINGHOM is

pre?era%?rbgpalar}gc{%%/‘ %Heﬂ:cll% ggsstelnl%%ation of a 1,3-di-amino-2-propanol of formula
(I11)

R
~

/CHZ—N\ ,

HO—CH 22
cH;—N_

R2

(1)

wherein each R2, independently, represents an alkyl comprising from 1 to 4 carbon

atoms, with a (meth)acrylate of formula (IV)

T 0
C—C%
o—~rR*
(IV)

wherein R4 represents an alkyl comprising from 1 to 4 carbon atoms, in the presence
of a lithium-based catalyst. It was found that the transesterification conducted with
the aid of a lithium-based catalyst permitted to obtain high purity di-amino-
(meth)acrylates with high yields. The synthesis of di-amino-(meth)acrylate of formula
(II) has already been described in US3586711, in FR1568382, in FR1529000, in
Zh.Org.Khim. 1969, 5(11), p.1947-1952, and in US 2002/183543 (=EP 1254891). Di-

amino-(meth)acrylate of formula (II) produced in accordance with these patent
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15

20

20 of a lithium-based catalyst. It was found that the transesterification
conducted with the aid of a lithium-based catalyst permitted to obtain high
purity di-amino (meth)acrylates with high yields. The synthesis of
di-amino-(meth)acrylate of formula (ll) has already been described in
US3586711, in FR1568382, in FR1529000, in Zh.Org.Khim. 19691 3{21}h 2007
p. 1947 1952, and in US 2002/183543 GEP 1254891). Di 25
&mﬁ%cwﬁg%@iﬁqm%é@sp&waﬁ%%%g%@mmnt;9§§sr

atent 1 March 2007 6 publications can be used in t rocess according
F O et Wﬁ%\}@ﬁ?‘%a% ‘p?*gﬁﬁ?f?f&‘fhéa{?ﬁe’fﬁi%{EYyTafé”ﬁ? ARG th
BedessHaesevbediinwds fo daduinan theaprsekesy e sepitrzdtinviklsise Moreover, the
flocupienis gaveurebtivalysaioderatyieltdsg Megoieteties keaetiaph so that

B%Pﬁ%%ﬁ&%l&%%ﬁ%@éi%ﬁ?QHH%H‘%Q%&BB%@&E‘?&WRrx%l'gﬁr%%ﬁ?ély

5 often uncontrolled side-reactions and polymerisation occurred. It was

%%?u%l’g}s%%ﬁd‘%%%if% TG GRS LS EBEfaRs0RIEBine

these fitobienssnThe prasethinciontielstheletforoalso retatdarttha proveissture of
fonithe manutasies, pi - dicaming(meiniactyate atbfareaula DDy, th&-amino-2-
trr%ng%g erflffgrar;llgﬂl?[flg 1,3-di-amino-2- propanol of formula (lll) 7R2 /CHZ
NR2°HO-CHR2 CHZNR z 10 gll) wherein each R2, independently,
represents an alkyl comprising frgRR"1 to 4 carbon atoms, with a
(meth)acrylate of formggy HZC 1 \O-R4 (IV) wherein R4
represents an alkyl comprising f fropel to 4 carbon atoms, in the presence
150fa Ilthlun{'@se@bhtalyst In tEES process for the manufacture of a
di-amino-(meth)acryla Lf.orlqusn'a (1), the lithium based catalyst is
preferably chosen from Iltﬁlum oxjge (Li20), lithium hydroxide (LiOH),

lithium carbonate (Li2CO3), lithiumalkoxides such as

(1)

wherein each R2, independently, represents an alkyl comprising from 1 to 4 carbon

atoms, with a (meth)acrylate of formula (IV)

@)

(1V)

wherein R4 represents an alkyl comprising from 1 to 4 carbon atoms, in the presence

of a lithium-based catalyst.

In this process for the manufacture of a di-amino-(meth)acrylate of formula (II),
the lithium based catalyst is preferably chosen from lithium oxide (Liy0O), lithium

hydroxide (LiOH), lithium carbonate (LipCO3), lithiumalkoxides such as
methoxylithium (LiOCH3), tertiobutoxylithium (LiOtBu), the lithium salt of a 1,3-
dialkyl amino-2-propanol corresponding to formula (III), lithium citrate, lithium
chloride (LiCl), Li-stearate (LiC1gH3509), LiClOg4, LinS04, LiOAc, LIOOCPh and/or
lithium bromide (LiBr) and their mixtures. Especially preferred are lithiumoxide,
lithiumhydroxide and lithiumalkoxides, especially lithium methoxide, and their

mixtures.
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methoxylithium (LIOCH3), tertiobutoxylithium (LiOtBu), the lithium salt of a

1,3 20 dialkyl amino-2-propanol corresponding to formula (l11), lithium

citrate, lithium chloride (LiCl), Li-stearate (LIC18H3502), LiC104, Li2S04,
LiOAc, LIOOOPHh and/or lithium bromide (LiBr) and their mixtures.

Especially preferred are lithiumoxide, lithiumhydroxide and 1 March 2007
lithiumalkoxides, especially lithium methoxide, and their mixtures. 1

March 2007 7 In this transesterification process, the lithium-based
catalystRiyERersrictiSeation arcamouhcdftiiverbayneratabistiis gprerally used
amauthoehd: tef 10 equivalRnisfihijpesmelet of 4 £3-00a¢giieaRrofEngler mole

of fosmula (L. Q%FQ&H&%}E[H igatign process, the temperature is

preferably not exceeding 0 C, more Preferabl y the temperature is

Iower%ﬁﬂslti@“@,eyf‘ﬁéﬁﬁ%ﬁ%bgféﬁ&saﬁﬁﬁ TREHHAGRBULRF A RY GBtsting
{enipenatune ot atbyaste80riheT e tecndesterifieation pfodésstisgenanafiyation

gonsste g@hélfagﬁea%agapgegﬁop&ﬁﬂ@%@ [Eeactign ¢emperature.

The transesteri caé; N Process is preferabII){ carri %t in the resence otf dt
from 18 56065006 P B 1§ HE 1otaf Wh g%F AEhREGR HRaarE = ©
Bfeaddeinet oerctiorabiliserrgireferably selected from radical inhibitors such

as qUﬁh@ﬁe&as&’t@fﬁﬁu@ﬁﬂﬁﬁ)cﬁbﬁmﬁﬂé@&iﬁlﬁywkﬁﬁr@b!{ﬁhﬁﬂMQ%M%f from

fer tablll ers are her fh dro uinone,. phenot ia zine
t%@(no% %%m& 10”} dlpﬁg%ny 1 gheny Dﬁgdl Pr?lﬁe castone

iéﬁ‘?édﬁ’éﬁfﬁﬁ?é?é’t ?ré f5efA FA9er A SAhRikpET Sichm T RRinones,
Hahsqsiatifiegtitiepsacasses ganesalpbankipphospMitth Bréfagiy)aciylatesfare
IH&EH%!%&M) 6?1%6 (%liﬁHHHQ BH%E%%H}Q @I&Hﬂﬁyﬁﬁﬁeﬂgﬁ@ﬁ&éﬁﬁ&f fam

rerer e transesterl ication process Is

e R s AR A i R e S

(1) t& tegreactteTifitixtiore wontamisgetre 27 catalysbanditibea (meth)acrylate of

mmmwlaéq of iermula A\Vprspdhat dhefermatian Absidespsduis iSto 10,
rgf)r? redgce (Meth)acrylates of formula (1) wherein R4 is methyl

espeua‘fi/ methyl, are preferred. The di-amine (meth)acrylates of
formlﬂhe(ma@bﬁarﬁéa%nemh@mﬁswréfﬁieabw%%@c%mai@ucmg
pf@éﬁé@@hélgsahatadafﬁaﬁb t&ﬁdﬁaﬁtwmm{xta{e Ry distlatian-mokRaining the

e R IR - o
i§j|fvgn more reduced.

(Meth)acrylates of formula (IV) wherein R4 is methyl or ethyl, especially methyl,
are preferred.

The di-amine (meth)acrylates of formula (II) obtained after the transesterification
reaction are preferably isolated from the reaction mixture by distillation, more
preferably under vacuum, and most preferably after removal of the lithium-based
catalyst, for example by filtration and/or adsorption on silica.

The di-amino-(meth)acrylates of formula (II) are preferably stabilised by the
addition thereto of less than 500 ppm of one or more stabilisers as described here

above.
In the process according to the invention, compounds of formula (I), (II) and

(IV) wherein Rl is methyl are especially preferred.

In the process according to the invention, compounds of formula (I), (II) and

(ITI) wherein R2 is methyl are especially preferred.

In the process according to the invention, (meth)acrylate di-ammonium salts of
formula (I) wherein each R3, independently, is an alkyl comprising from 1 to 4 carbon

atoms or benzyl, are preferred. Most preferred are compounds wherein each R3,
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The di-amino-(meth)acrylates of formula (1) are preferably stabilised by

the addition thereto of less than 500 ppm of one or more stabilisers as
described here 30 above. In the process according to the invention,
compounds of formula (1), (II) and (IV) wherein R1 is methyl are

especially preferred. In the process according to the invention, 1 March 2007
compounds of formula (1), (II) and (lll) Wherein R2 is methyl are especially

RIGIBLIRALEY, IR EHQtH?PSP%&%OJQdQ&JﬁyI%ﬂHy? P HRSTNAGYAR onium

di-ammonium salts of formula (I) wherein each R3, ndependently, is an

2k ddmpridmy) rroeraindeatedroGrie At riies H@riﬁlfe%‘éipreferred Most
preferredtasepearaaoatndsdimaareth ccachritidn 1 (Matghc2dat® &i-ammonium salts of
IRAERENHERHY.C5 et %@é‘ﬂ%\éﬂer‘?&})eﬂaﬂy e[H%WXLl&M@&'}}@ﬁMQﬁ%es

di-ammonium _salts of formula 0] Whereln both R3 are the same are
BRISIF Y CTHORE SPAE Q5L RS0 AR S S THOBRYS £ B ey R E )y Bt ecially

dickeniebifigasids of formula (1) wherein each X, independently, is an
anion selegieddsoarbtidast dtaspeciatiychplaritde andhrenideiganteld of the

H%?HM%HJE%%E%Q&%?r&ﬁ%’ffcﬁﬂuﬁﬁ?%%%HH?ISWSWE&Q'8f'9te1e1£1e90 even 99,

rocess according to the invention permits to obtain a high yield of

@e%?FeBe(ﬂ?é?Fﬁﬁ%ry%t&?%rﬂ Moh R]rﬁeéﬁrf'élﬁi"?‘@r}ﬁ‘iﬂ&l(5“%8’[83%%1%3&
Bomeve()98Initstan vidobrednets resiitimgdnioIhaiinel (Predhyachdataount of

HinmaNindh s tsefid A desmuda, (b cAdB1esidna sislenpiQdutisiie formader
Inthefrna t the untofr puri ssuch kvlhaloge
A BIOA R DRI Ml Yen TR B p%rsrwerﬁt.éﬁ%% MG

SFETEITo A R UG} SR e FREFy T BB Sate e formula
Ormulae (M) orelative tto theyalmouns of i lesa riem uih salt ¢f forafetablfie#s than 5

thedinalpraduatis vesy lowousually less than 10 mole %, preferably less

br[ran 5 15E mole %, or gven Iesst an %mole % Moreover t OrOCeS
oreoyer S p btain roduct s ure sbh form

permits oo%{)éf)rﬁﬁ pro UCtS In pure SOﬁ)d orm. IS form t e pro

%rrowqﬂaﬁt%ﬁémmylghcre&hl@éaﬁér@dlfw F(Sﬁ‘@‘b&ﬁdﬂ%&/ﬂ?ﬁ’@dﬁ without
decamppsisitonOQrad ¢helsbhdodrad ucidsslisedatepcaqs eolisisotudinh Soandlations
J;QEH‘H!QQPH%nWHQ@tQ% HORQHELS %ﬁlﬁ)&i%%eaéﬁ%&géﬁ%ﬁ%gaﬁon
envrsa%e arpglrcatlrglrémzo Ttrlrle3 r)p ese C|)nrv arrttrgrtrotgere[fgre also re to a
solid pro&ﬁ:t Which 1S "oBting (Telb (e acry @rammonrum Salt
ﬁba%reﬁé%mmﬁlbréeééha%é@mm@r@@meqﬁ\/@ﬂﬂWﬁﬁ&%ﬁt@ﬁdﬁﬁf&ﬁﬁsﬁﬂ?@rding
{neihjacsyiade dhammeaniom sial ef donmathadiylarediipenmale:of ais altrmula

lﬁ%ﬁ)%@ﬂn&l%‘ﬁn?@ﬁf ‘?é)slé/ gﬁéﬁ W?%QIQ%%@&QQ%S than 0.05 mole and
more preferably less than 0.01 mole, of the corresponding amino-(meth)acrylate
ammonium salt of formula (V).

When used for the manufacture of polymers it is preferred to use products as
pure as possible so that the nature of the polymer obtained can be controlled, and
also to avoid the presence of impurities that can disturb the polymerisation. It has
been found that the solid products containing the (meth)acrylate di-ammonium salts
according to the present invention satisfy these requirements. The present invention
therefore also relates to the use of the solid products containing the (meth)acrylate di-
ammonium salts according to invention for the manufacture of polymers comprising
less than 10 mole % (preferably less than 5 mole %, more preferably less than 1
mole%) of units derived from an amino- (met)acrylate ammonium salt of formula (V)
and to the polymers which can thereby be obtained.

The present invention also relates to a polymer obtainable by the polymer
manufacturing process according to the invention. These polymers are characterised

by the fact that they contain units derived from at least one (meth)acryl di-ammonium



10

15

20

25

more preferably less than 0.01 mole, of the corresponding

amino-(meth)acrylate 25 ammonium salt of formula (V). When used for

the manufacture of polymers it is preferred to use products as pure as

possible so that the nature of the polymer obtained can be controlled, and

also to avoid the presence of impurities that can disturb the 1 March 2007
polymerisation. It has been found that the solid products containing the

(e peyiaqfkammeHUR;salis AR ARG &0 ARG RISSEN LIV GO an

satisfy these re(luwements The present invention therefore also relates to

the BsBrsﬁefﬁBI% fitF pPSAULE ARG TRE(HAHY agHy SR HE: Ao erived
Easatdeartintg ®inve ekt heanufadtureseft so fipnrerdedirprsiag by the
fesstthannky saalaidodpretarably lessdharveishol e Keraokedqp redet 2lyd@8s% by

%i‘éh?— JPBH@EQIMH%&Sré\ﬁgagtogﬂea(?n%mm (’He%ﬁ{)ﬂﬁ{ﬁq?@mﬂ%ula (M)

of formula (V) 35 and to the polymers which can thereby be obtained
FHE HrEsL e fﬁ% hﬁéSrYVS]I%%tréﬂrﬂé OBB‘IS’}?%ért8t§t%|ﬁe{ﬁ1é”8&¥}fﬁe°f)8%éiﬁmed
frram afdensting plotbss mevornaing to the invention. These polymers are
charac;ﬁrﬂﬁe@otgynmaﬁaﬁhrBahﬁhﬁy ﬁ%@@@@&%ﬂ@wérﬁmaﬁ&aﬁt&ne
{)Jn]ethgal'gg qgn ﬁnl erab'YIaégrrlll 2I'CIJSOC ?‘Sgét Of Formuol and pF¥ om 1 to
erived fro di-ammioniu ft ess than OL_)L pre less

?ﬁavﬁﬁbwfaﬁd%&fé%?e%FQDWW&%%@NM{%%@éﬁ%@t%mmum
teltstidnerariio (netnetiylate solifpridurisaibafdomiula (W ard/opibynixture

hen fashihab ey ceniaireifrantd4 €098 U6 by eightpraferabheafifram
20 o 99 % b(}/n5 We| ?116 of nlﬁ erived from at least one (meth)acryl

%lcrgmﬁlgreuﬂnm Salt ormu and from 1 to 88 % by weight, preferably

of from 1 to 80 % by weight, of units derived from at least one further
monomer. In thngfolymer manufacturing process according to the
invention the pol merls |on ste Fc) preferably comprises the step of

co- polwgg (5;} 9 parts, preferably from 2 to 70 parts, by
moles e (meth)acrylate onium salt of formula () contained in

the solid product separated from the reaction mixture with from 1 to 99
parts, preferably from @@ifo 98 parts, by moles of at least one acrylamide
monomer of formula (VI) R5 Re 111 H2CC C-Nz 7 15 (VI)

wherein RS is hydrogen or methyl, RO and R7 are, independently, hydrogen, alkyl
comprising from 1 to 6 carbon atoms, optionally substituted by one or more hydroxy or
alkoxy groups.

The acrylamide monomer of formula (VI) is preferably acrylamide.

In the manufacturing process of the polymers according to the invention use
may further be made of :
(c) from O to 60 parts by moles of at least one water-soluble monomer which is
potentially anionic by varying the pH, and which is preferably chosen from
ethylenically unsaturated carboxylic acids and salts thereof and ethylenically
unsaturated sulphonated monomers and salts thereof (such as acrylic acid, 2-
acrylamido-2-methylpropanesulfonic acid and salts thereof);
(d) from O to 90 parts by moles of at least one cationic water-soluble monomer of

formula (VII)
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wherein R5 is hydrogen or methyl, R6 and R7 are, independently,

hydrogen, alkyl comprising from 1 to 6 carbon atoms, optionally

substituted by one or more hydroxy or alkoxy groups. 20 The acrylamide
monomer of formula (VI) is preferably acrylamide. In the manufacturing

process of the polymers according to the invention use may further Biarch 2007
made of : (c) from 0 to 60 parts by mold®of at least one water-soluble

monomer which is potentially anionic by vakying the pH, and which is
preferably chos sfrom 25 ethylenically uRisaturated carboxylic acids and

salts thereof an thyle ally unsaturate¢ sufphonated monomers and

salts tfrlﬁ gjaoj_(su as aatylic al&ld acrylatmido-2- rqethylpropanesulfomc

acid a reof); ) from O to 0 parts\hyignoles of at least one

cationic water-soluble monomer of formula (VI1) 1 March 2007 10 R R8

9 RIllI+, HZCC C-A @r R 10Y (VIl) wherein R8 is hydrogen or

methyl, A is -0- or - NH is -CH2-CH2-, -CH2-CH2-CH2- or
-CH2-CHOH-CH2-, R9 and R10 are, independently, an alkyl comprising
WastelntaSslkyaashan atamsyR h lsisdweirogen, & an-atkyl@emprisingCH,-CHy-
from 1 to 16 carbon atgms and Y is a monovalent anion (such as

eincthlaérifahidBpropy Iﬁfﬂﬁé%ﬁyla?ﬁm‘éﬁﬁeﬁﬁdaﬁﬁy an alkyl comprising from 1 to
eth acr oxyethyltrimethylammo hallde rom O art
é car?i # y{l? )ﬁ/ﬁ éllh 8?06}{1 or, an aqié¥‘|0 I‘lSl 2bnilol 1té)ca b%l’l atoms,

y mo 6s 0 dast oneh hobic monometr, y cRosen T

Al Nrivetpaeraley aﬁmuW%&ﬁ&ﬂé%é%&ﬁ@@qgmlé@%mm@wm
Afdhutytaprytaley] styyets)tdunefbyleinfremi@nich30deayts by moles of at least

&E%M@Eé%@%ﬂ@‘ﬁm% 91“3@ﬁé&@%ﬁ%)hy@byﬁ%lﬁ@%&brﬁé?f%@@b’ably
osen_from atﬁgietho Iat1 d(m gacr Iates,tl JD ethox

e
hosﬁ"r)a{?c}mla Ontt Cﬁ"éjeﬁydrop oBic URItS OF &ryl units gs 1fjgﬂlas ethylacrylate,

Viiylpgirsiidopleras)Basedeon the (meth)acrylate di-ammonium salt
@pfitaining Solipbprodyetsles of at least one water-soluble monomer other than (a),

(b), (c) and (d), preferably chosen from polyethoxylated (meth)acrylates,
polyethoxylated (meth)acrylates containing hydrophobic units or aryl units and N-
vinylpyrrolidone.

Based on the (meth)acrylate di-ammonium salt containing solid products
according to the invention, polymers and copolymers of high molecular weight can be
obtained, for example by solution polymerisation or polymerisation in dispersed media
(emulsion and suspension). Preferred ways for the preparation of such polymers are
inverse emulsion and suspension polymerisation processes. By inverse
macroemulsion polymerisation, high molecular weight cationic acrylamide-based co-
and terpolymers with different charges can be obtained.

It was found that the polymerisation rate of the (meth)acrylate di-ammonium salts
obtained by the process according to the invention was quite high and that practically
no residual cationic monomers were detected after 3 hours of polymerisation. The
acrylates were more reactive compared to the methacrylates. The polymerisations
proceeded smoothly with good temperature control.

The obtained polymers have a high molecular weight, generally at least
7.000.000g/mol (based on intrinsic viscosity measurements in 0,5 mol/1 NaCl at
25°C).

The emulsions obtained had a high percentage of active material (40 wt%) and were
free of coagulum.

It was found that more than 90 % of the cationic monomers were accessible in the

polymer.
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according to the invention, polymers and copolymers of high molecular

weight can be obtained, for example by solution polymerisation or
polymerisation in dispersed media (emulsion and suspension). Preferred

ways for the preparation of such polymers are inverse emulsion and
suspension polymerisation processes. By inverse 20 macroemulsioMarch 2007
polymerisation, high molecular weight dationic acrylamide-based co- and

terpoIyrﬁ@;{élygiy;n@i@ear@e&&p@g)eﬁqg%@ﬁtm%&%dtﬂéeé@&fw%mm

& merlsat|on rate of the (meth acrylate di-ammonium salts obtained b

POLREEPSERYr ARG B %ﬁ%efﬁ\/é%tu‘ésﬁax}i‘r‘éf?qa&fbe%‘éﬁ%%ﬁjdlt%lélf‘psr%{’&félé‘ﬁ’ s are
mwgrél@@a%hhﬁ ragitoin rs-wsirdgtaetdesaftsrceatimgss Bf personal care
palymesisatieRmehies? 2 aemnirtesiwete, mobe terRCHe-caIRaicdd@baixative, in

MsiRCHlaIeSnd NG H%HX@QA%@%? N3 pIessesed %H%S%Octi}b/a‘(\é%g %di for fine

temperature control. The obtained polymers have a high molecular weli

beéﬁévawfap?é%%tm?lﬁaé GOdrRckHasEHBR AR Asebgtyicipal an
méasumdments a5 mokiNeC hatr28€indQlilme mulsionstbbtaimsteadcovery

af highorensentage ofiarthiewnateriah{dOwi %) andinvere rdregmilGeagulum.

0,
\vas, fou%gr}h%tdrygr%gq%rége%t@a f the cationic monomers were

Bclessible in the polymer. 1 March 2007 11 The polymers according to

the invehtiBRWERE TharersiE g/ e SriFRsIoutherestt %?Rf)é%%‘é‘t%ﬁ‘(éfiﬂ used as
Gereiahfor svhetevisriagteousasultddiglindsepdahtionsraneg cipguirede Wagy. The

SARAR HSedibHNexeRANgR eRinSfor £8a1RUS, ABBRISNAl R Gvention as
?rOdL{Ctﬁ[ In cosmetics, as fabric softener, as biocide, as coagulant, as dye

xative, in 5 oil field chemicals, in dispersants or as surfactants. They can

also be tBedrnsfice 1Pefféfr‘i’f}6ﬁl Piraper ek RS FiBE RIRRCT the
Poeifidationgdvhuvicipahanck inddstrial waste waters, in mines, quarries

And deling mrds.inhessisted recovery of petroleum and in drinking
rtreaﬁmenﬁ as sdg_ﬁtljlll ers for emulsion polymerisation and in

g@ﬁmaceu?%g ymers according to the invention showed
M@@@re%\?lﬂ%%ﬂ/ﬂen used as flocculants, especially for the treatment of
meltistriiedtapd imuieipal waste water. The present invention also relates
e yse atanglymer according to the invention as flocculant. The
invention is further illus %rated bg the followmg examples: 15 The following

abbreViatiohS areHegy aminol-2-propanol

BDMAPA: 1,3-bis(dimethylamino)-2-propyl acrylate

BDMAPMA: 1,3-bis(dimethylamino)-2-propyl methacrylate

BDMAPA.2MeCl: 1,3-bis(trimethylammonium)-2-propyl acrylate chloride
BDMAPMA.2MeCl : 1,3-bis(trimethylammonium)-2-propyl methacrylate chloride
BDMAPA.MeCl: 1-(dimethylamino)-3-(trimethylammonium)- 2-propyl acrylate chloride
BDMAPMA.MeCl: 1-(dimethylamino)-3-(trimethylammonium)- 2-propyl methacrylate
chloride

BDMAPA.2BzCl: 1,3-bis(benzyldimethylammonium)-2-propyl acrylate chloride
BDMAPMA.2BzCl : 1,3-bis(benzyldimethylammonium)-2-propyl methacrylate chloride
BDMAPA.BzCl: 1-(dimethylamino)-3-(benzyldimethylammonium)- 2-propyl acrylate
chloride

BDMAPMA.BzCl1 : 1-(dimethylamino)-3-(benzyldimethylammonium)- 2-propyl acrylate
chloride

MEHQ : methyl ether of hydroquinone

PTZ: phenothiazine

TNPP : tris(nonylphenyl)phosfite

DPPD: N,N’-diphenyl-1,4-phenylenediamine



10

15

20

25

30

35

AM: acrylic acid methylester MAM: methacrylic acid methylester MeOH :
methanol McClI: methylchloride 20 BzCl: benzylchloride BDMAP:
1,3-bis(dimethylamino) -2-propanol BDMAPA.:

1,3-bis(dimethylamino)-2-propyl acrylate BDMAPMA:
1,3-bis(dimethylamino)-2-propyl methacrylate BDMAPA.2MeCl: 1 March 2007
1,3-bis(trimethylammonium)-2-propyl at8late chloride 25

BEMAP Gl 1L 3rbis(tripaethylammonium)-2-propyl methacrylate
chloride, BDMAPA.MeCl: 1-(dimethylamino)-3-(trimethylammonium)-

9%?8pﬂ188&}5fé°@‘?1%nde BDMAPMA.MeCl:

1-(dimethylamino)-3-(trimethylammonium)- 2-propyl methacrylate chloride
BDMAP#Bx2B2e! 11, 3ybig{ban ayldipteiiydainrmeniyenpid quiepyydaitasp 2 - propyl

chlgride 30.BDMAPMA.2BzCl :
1,3-bis enzyldlme&%ammonlum) -2- pr pyl methacrylate chloride

BDMAPK BZErR Rt AR BE §/‘i‘?ﬁﬂ18¥ TR Slaiopsactor
tonjtate echionde BOMAPRA Bz@berature probe, air sparge and an adiabatic
dof@inmetinylaminog- Sn(@&azydﬁxme@thgé@mwﬁ@' ) BuMepWRCHR®istillation
ril'eolrédc%ét? '}{'e%"ﬁ% hé[@]a?thg rcg;ltl‘llng':’gquﬂquc})(nseet RIZ.phengthiazine,
tris(non heny
Weﬁﬁﬂﬁeﬁ?lt‘ipé?%ﬂ’éﬁﬂéﬂ@&lamﬁéeioﬁ}?éﬂéﬂo?é@diWitél 2Pt MAM (119.5
etblylenbdigiibdieiradcetitZaeid DB EONRBulitinmiiter & aneptedito reflux ( 96
@ﬂgﬂ%ﬁﬁcﬁﬁqeﬁ’w kﬁl‘é@&*@& ahd, 65%3@1%%3?%1%1@0%&5& @PWafer are distilled off.

mehachiate - Uansepiercaion cacion s perfommed na e, peracure

jac slel reac or ovwe equpe with a stirrer emperature
@Wﬁetllghfspaq:g@amd anthd |aﬂaatloncol&mrﬁflﬂed Withrés shriotaie ds mstaded

Qﬁr!déglp%ma%c(%t?ﬁfdﬂﬁ%@@v@ﬁt}i@{@ﬂof@tﬁ)i%ﬁﬁﬂ@@ﬂﬁd BBBMAP ( 3.06
fraturec tro reflu set #gfo |th %’ cooled 1%(: ndenser,
to 0 d Wit

ta[}]*e in UCe e me ano Bg 6ra11v| & %fst?n 1% fl?%ﬂled of

IS column. The reactor is
?M’ Y MBS 2reflyPrdoand 112/ TNﬁptarﬁ@rﬁ&ﬂﬁ%ﬂéMéMtéﬁq@lﬁém& (

8fntaining 97 g (3.03 moles) MeOH. The reaction takes about 6 hours. Mass
temperature in the reactor reaches 108-110°C at the end. Part of the excess MAM is
distilled to eliminate the last traces of MeOH. The cooled reaction mixture is passed on
a Buchner filter covered with a thin layer of silica (Merck Silicagel 60) to remove the
catalyst. At this stage the conversion of BDMAP is 98% and the yield of BDMAPMA 95
%. (determined by GC). MAM is removed by distillation at a maximum boiler
temperature of 65 °C, by increasing vacuum from 20 up to 2 kPa. The obtained
reaction mixture (663 g) is purified in a fractional distillation set-up, equipped with a
column containing 16 structured SS packings (Sulzer DX) at 0.5 kPa. A top fraction of
31 g is obtained between 60-91.5°C (reflux ratio 10/1) containing BDMAP and
BDMAPMA to be recycled. Heart cut 518 g (2.4 moles)(> 99.5% pure) BDMAPMA is
distilled at 91.5°C (reflux ratio 1/1); the bottom temperature increases from 105°C till
110°C.

The collected product is stabilised with 500ppm MEHQ.

The distillation residue (102 g) still contains about 60 % BDMAPMA.

Examples 2 to 6 and comparative examples 7 to 14:
The transesterification, described in example 1, was repeated in other
conditions and with a series of other catalysts. The results are shown in Table 1.

Table 1 :



C), at atmospheric pressure and 95 g MAM containing traces of water are
distilled off. 4.5 g dry Li20 (0.15 moles) is added. The reactor is heated
with oil, at a temperature 25 C higher, compared to the reaction mixture,
and 3 litres/hour air is sparged 15 through a sintered metal diffuser. Over
a period of 100 minutes 447 g BDMAP (3.06 moles) are introducetl Mdxeh 2007
methanol produced by the transesterifidakion is distilled of at 78-94C at a

TEMPERID S 15 v datptahviRmg Me Qi IANES CottePtagFontamimg, rm op
97 ¢ (3.03 moles) MeOH. The reaction takes apout 6 hours. Mass .
temperature in the|réa®tor re&iM¥eR0s-110C atthdehd, B4 of the | Michael
excess MAM is 20|diiVéd tp(elitainate thédast tfates off MBUAPNIAe | Addition
cooled reaction mixture is pagsétion a Buchner filter cqvesed with a thigoducts
layar of silica (Mergk Silicagel 6Q).to remove the catalyst. At this stageo}he

. . mo ) o molar
conyersion of BDMAP is 98% and the yield of BDMAPMA 95 %
](dequﬁﬁ’ied by GQ)! MAM i$ Perfioved by digtilla?®n at a fraximum baifér
JempgTayIre of 65 G5 gy inc ' TO7TOMEg0 Up 0gd KPa. The| 4
obtained 25 reaction mixture (663 g) is purified in a fractional distillation
Zet-upi2fhuipped With a colimn©ontainind 6 sBictured &S packings 8
ASulzgr §X)at 0.5 : Jragtionof 31 issptamett dgtween 5
60-91.5C (reflux rgtio 10/ 1)|containing BDMAR and BDMAPMA to bé¢
YecydCHRart cut 18 g (2|4 mBles)(> PYO5% |fRfte) BDMRPMA is | 10

istiferh gt 91-5Ceftuxrati Jé'./]ﬁ, the b pttogTt %Eiillucabt:b rgm
105C till 30 110C | The collected produgt is st ith 500ppm
MEHERSHdistillatibn residu@ (02 g) stifl%on L1860 % nd
BOVIEENAyEXamples 2 o[osargl compafgiive gxampiesy/ 10 14735 Thg
tran esterifi(%ation, described in example 1, wag repeated in other
cetonate . . .
congitions and with a series|of other catalysts. [The results are shownlin
Tabl@BTTable 1 :|[11Narch PBOB 13 N CabRlygtWeight MAM/ Max Comd.
Molar&draof3 % on BDMAR T BDMAP yield Michael BDMAP (molar) (C)
{86) BOMAPMAAC ‘Ji"L" mAddition9) P Uﬁ}é,L node*4tmotar—i2 31,1%1
6C|110989522[Li200.55B 10785814 3(Li2025|C 1129885 8
Tegokat 248
11 | Octabutyl- 1 5 B 107 |0 0 nd
tetrachloro
di-
stannoxane
12 | Dibutyl- 1 5 B 107 |0 0 nd
dioctyl
tetrachloro-
di-
stannoxane
13 | Titanium- 1 S B 110 0 0 nd
(IV)ethoxide
14 | Titanium- 1 S B 110 0 0 nd
(IV)-
isopropoxide

(*Mode C = Continuous addition of BDMAP; Mode B = BDMAP is loaded batch-wize,

nd :

not determined)

Only the Lithium containing catalysts proof to be good transesterification catalysts.
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4Li2015B 11095905 5LIOCH315B 109948010 6LIOH16B
11095856 7NaOCH316B 109118 nd 8 Ca-acetyl-15B 10700 nd
acetonate 9 DBTO 1.55B 105 0 0 nd Tegokat23 10 DBTO 1.55B 106 5

2 nd Tegokat 248 11 Octabutyl- 1 5B 107 0 0 nd tetrachloro di-

stannoxane 12 Dibutyl- 1 5B 107 0 0 nd dioctyl tetrachloro- di 1 March 2007
stannoxane 13 Titanium-15B 110 0 Q4d (IV)ethoxide 14 Titanium- 15

ﬁrﬁgyg Ql(p J}qlcﬂr\éléﬁgﬁr%%@fm(vé\ﬂ%e? usﬁQ@BHHﬁH%g&mQQ Oilkyltltanates
BDMAP; Mode B = BDMAP is loaded batch-wize, nd : not determined)

i) GREHRA SOMRSTAME R AR roor 46 Bigla G iRmauE R isation
eegatysisdesmtardte 2d0ftiop4oAindiiteis or no reaction was observed when
using sodium methylate, alkyltitanates or tin catalysts at temperatures

below 145 Gt ugl &ﬁ@ﬁ?%H?&rH&'&({%ﬁr%'Q’]319({1‘}}%1@%‘}19%%‘32%‘?0py1

addition of inhibitors. 5 Example 15 : Synthesis and purification of
1°5718§(dimethylamino)-2-propyl acrylate In the same equipment as
exampléritiz0s0ny (20ipotes)E tndanigldte 200 g (20 moles) Ethylacrylate,1.4 g

MEHQ, 1.4 g PTZ and 1.4 g TNPP are introduced, 3 1/h air sparge is installed. Traces
of water are removed by distillation of 120 g ethylacrylate at 80°C/75 kPa. 4.5 g dry
Li5O (0.15 moles) is added. Over a period of 2 hours, 447 g BDMAP (3.06 moles ) are

introduced. The ethanol produced (~ 3 moles) is distilled off together with part of the
ethylacrylate at a temperature, between 66-80 °C/75 kPa at top of the distillation
column, maximum temperature in the boiler reaches 102°C. After 11 hours the
mixture is cooled down and filtered over silica. At this stage the conversion of BDMAP
is 93 % and the yield of BDMAPA reaches 87 % (determined by GC). 1.5 g DPPD is
added, and ethylacrylate is distilled off at reduced pressure (20 to 2 kPa). 750 g
reaction mixture containing 530 g BDMAPA is distilled in the same fractional
distillation set-up as described in example 1, at 0.4 kPa.

426.5 g (2.13 moles) >99 % pure BDMAPA (GC) is obtained as heart cut at 0.4 kPa
and 80 °C.

Examples 16 to 17 and comparative examples 18 to 21:

The transesterification, described in example 15, was repeated in other
conditions and with a series of other catalysts. The results are shown in Table 2.
Table 2 :

N° | Catalyst, % Alkyl- Hours Max Conv. Molar Michael
weight on acrylate | Mode* T (°C)/ | BDMAP | yield Addition
BDMAP feed Press. BDMAPA | Products

BDMAP | inkPa | % % %

15 | LipO 1% | Ethyl 11 C 102/75 | 93 87 6

16 | LiOCH3 Ethyl 11 C 100/75 | 97 77 12
1.25%

17 | LiOCHg3 2% Methyl |5 B 80/80 95 60 30

18 | BaO 2 % | Ethyl 4 B 97/75 85 18 25

19 [ NaOCH3z 1% | Methyl |6 B 90/101 | O 0 nd
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MEHQ, 1.4 g PTZ and 1.4 g TNPP are introduced, 3 1/h air sparge is

installed. Traces of water are removed by distillation of 120 g

ethylacrylate at 80C/ 75 kPa. 4.5 g dry 10 Li20 (0.15 moles) is added.

Over a period of 2 hours, 447 g BDMAP (3.06 moles) are introduced. The
ethanol produced (- 3 moles) is distilled off together with part of the March 2007
ethylacrylate at a temperature, between 56 80 C/75 kPa at top of the

Aftdr 11 hours the mixtureis dooled down and filtered over silica. At h|s
stag & il B6RVERBN|of BDMAP 15 is 9 he yield of BDMAPA
react¥e® 87 % (determined by GC). 1.5 g DPPD g

£1ny @Ewtﬁitﬁ’eg%lge\%tl“ Qﬁrlat reguced pressute (4 . 19U Qg | nd
reagtion gture containing 530 g BDMAPA is distilled in the same
frac |onaI Istillation set- -up asldescribed in example 1, at 0.4 kPa. 426.5 g

(MpdentoreSPs IOy pakiBpNA BRYAE) M%‘lﬁt&un&%ﬁﬁ’eﬁdoeeﬁ%ﬂoetah wize)
kRPan20ane-Bthed Examples 16 to 17 and comparative examples 18 to

21: The transesterification, described in example 15, was repeated in

other conditions and with a series of other catalysts. The results are

shown i PR 228 Tl s RISyt Y5 Al ?ﬂy A MaX BYhieyate
wsler gehiaed weight on acrylate Mode* T (C)/ BDMAP vyield Addition
BDMAPﬁ@edthﬁ@oBaMABﬁeﬁmele&)B@de KRa¥nYeHeritidatidiOot AM

x&tgtﬁﬁll\/}lg? &%/JSSd%;sc?Z)e% lzé%/%ié'% Em).{l]l% %‘14&9{;{% %7213 Ze%gated under

1.25% 17 LIOCH3 2% Methyl 5 8BaO 2% E

BFFF3Es 1825 STENIOTIY 14 Ml & @%Phﬁﬁ%@ﬁ%%%i&ﬁ%ﬁﬁle 1
YBS2@@aruviethiyl 8 1B §%/k0 116 idakeeBPabEtormtedddd 2y DBIE of a dosing
pegpkat Ethyl 6 B 98/77 0 0 nd 23 2% (*Mode C = Continuous addition of
BDMAP ; Mode B = BDMAP is loaded batch-wize)

Table 3 :

N° | Catalyst % | Acryl | Hours Max Conv. Molar Michael
weight on ate Mode T (°C)/ BDMAP | yield Addition
BDMAP feed* Press in BDMAPMA | Products

BDMAP | kPa

22 | LinO AM 5 C 103/135 | 92 53 25
1%

23 | LiOCHg3 AM 6 C 104/135 | 95 61 20
1.5 %

(*Mode C = Continuous addition of BDMAP ; Mode B = BDMAP is loaded batch-wize)

Examples 24 to 28 : Reaction of BDMAPMA with methylchloride
The quaternization reactions 24 to 28 are performed in a 2 litre, jacketed
glass autoclave (Buichi AG), equipped with a stirrer, plunger, temperature and pressure

probe and equipped with a bottom valve.
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nd : not determined Examples 22-23 : Synthesis of
1,3-Bis(dimethylamino)-2-propyl acrylate 5 under pressure To obtain

reaction temperatures above 100 C, the transesterification of AM with

BDMAP, such as described in example 15 with ethylacrylate, was

repeated under pressure. The results are shown in Table 3. The 1 March 2007
equipment described in example 1 wag@onstructed in 316 SS for these

FH%@@B%&W%@Q?@@ By e s EVACSING o 1O RUMR R, TARIG N7

Catalyst % Acryl Hours Max Conv. Molar Michael weight on ate Mode T
F mt&ﬂ‘g}réadﬁoa& fiBAIBTAVEAR REge ﬁfe%%elﬁ“é‘f)lvir&ﬁ NERBYSdE fgated up
BEIAR KRar22$UyporiaM ® € h93/135 92 53 25 1% 23 LIOCH3 AM 6 C
ACH k3380 61a2Q td pricipiMedenter CoRdintsartsadkiitiontef BEAMARS; cooled to

Mgrqetgnpeﬁc@MAPcﬂg g%g&dopﬁfgefﬂ%ﬁ)ipggd%wlﬁ&g%ﬁ 5%8%6%8%@9 Bitered

A with methylchloride The quaternization réactions 2

%‘f%r 6e?f8?ﬁ’r€8 fiter2 ‘ﬁfF‘ér Hiased yfasatitobravs isden F?&’(‘s‘fe%é’ﬁ?ﬁb‘éff (10
hth, 28hig D PORYE: 2Md et eratortaarrd presdakée probe and equipped with
Brbettom valverpiviv @mbczomue%ﬁé&&ﬁamw@a%béqﬂa% g;{Qe%U%'%%)ght
A e
prasyelfe Aads td 8B40 AfitELBRACSHRRS A prEeTsHHts: %Eﬁ&?tz%lﬁto‘ﬁ}%réﬁcuon
8h8RiCrthepavitenérisTeblslgchite Bedom temperature, the excess of McCl
is stripped with nitrogen and the solid is filtered over a pressure filter.
@%T\ﬁ grylng with air and 4 hours under reduced pressure (10 kPa), 285 g

APMA.2MeC1 are obtained. (see table 4). From this

BDIMAERIS |AMET IBRMEHIA M6fchiShartah berratienu ey souMekigrturity
These solutjafisilegntain less than 100 ppim ac¢etenitrile| (GC headsigagBDMAPMA

analysis). 10 Examples 24 to|27 ar¢ done|according to|the same OMeCl

rocedure, exceptithat the reaction ,

r g g moles Moles|% °C |(hours) [weight |% %
solids (g

24 |792.1 |- 0.69 1.45 (21 50 (22 136 53.8 193.2

25 |815.6 |- 0.75 1.64 (22 60 (25 183 68.7 [93.1

26 |793.3 |- 0.69 1.51 (21 80 |22 202 84.9 |(94.8

27 |- 793 |0.93 2.04 (26 85 |28 277 93.1 [99.4

28 |- 800 [0.91 2.27 (26 80 |23 285 97.2 [99.0

Example 29-31 : Reaction of BDMAPMA with methylchloride and recycling
the filtrate

The quaternization reactions 29 to 31 are performed in a 10 litre, SS Hofer
autoclave in the same reaction conditions as example 28. The filtrate is reused in the

following reaction.

Table 5 :

Recycle |Aceto |BDMAPMA [MeCl [Slurry|T |React |Powder |Molar |Purity

nitrile time Yield [(BDMAPMA.
2MeCl
nr |[number|g moles Moles|% °C |[(hours) |weight |% %
solids (g

29 |- 3923 |3.50 8.75 |21 72 |22 1037 |90.2 |98.0
30 |[Rec1 |3884 |3.50 8.75 (22 71 |23 1095 [96.0 [99.5
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conditions specified in Table 4 are used. Table 4 : Acetone Aceto

BDMAPMA MeCl Slurry T Reaction Powder Molar Purity nitrile time Yield
BDMAPMA .2MeClI Nr g g moles Moles % C (hours) weight % % solids

(g) 24 792.1-0.69 1.4521 50 22 136 53.8 93.2 25 815.6 - 0.75 1.64 22

60 25 183 68.7 93.1 26 793.3 - 0.69 1.51 21 80 22 202 84.9 94.8 12March 2007
793 0.93 2.04 26 85 28 277 93.1 99.4 PB - 800 0.91 2.27 26 80 23 285

97.2 99.0 15 Example 29-31 : Reaction of BDMAPMA with methylchloride

andreeyElingotie filkie Thelguatamizatipm neactions 4930 3b&E [99.6

narf dimn 210 litra SS LiAnf alitnelavia i tha e JavaYal

H\/Irl rmeu LLILEA % = \"4 nre, ol IUIelr A UuitiaAave :I uare Sal Ie ruuu Cn
conditions as example 28. The filtrate is reused in the following reaction.
20 TablERRESyeletAsétoBRIMRERIRNVRIGBM Rz remitigloride or
MelayBusitidenitrile time Yield BDMAPMA. 2MeC1 nr number g moles

Moles %G {hauis) \Pé%'&'&t Wb oBRlIASd Wrde §&&§1§1§5}1§ @éﬁ@%
103 990.2 98.0 30 Rec 13884 3.50 8,75 22 71 2371095 96.

Rrechlre P ke biapden ot/ PRASS %&%‘Ei&ﬂ% %béﬁ%c“’f
by ovipgahepleecsdus Sex@uplierfization of BDMAP(M)A with
Peazdchiodeesabwneathylghioside 5 Comparable results were obtained for
the benzylchloride / BDMAPMA ; methylchloride/BDMAPA and
benzylchloride/BDMAPA reactions in the 2 1 reactor followin

R8BI B ERARDIE SBEPHE eI 4 HEWA 1%hPE @eﬁﬁt"FBBﬂEd& :

QudterizaRed of BDMAR(MMfeevith [Senzy|clilorieaot NRethgtcHMrde [Purity
nitrile ate time Yield
nr |g Moles moles|% °C weight |% %
solids hours |( g)
32 (800 ([MeCl [1.72 |BDMAPA 18 80 |23 205.0 (97,7 |BDMAPA.
0.69 2MeCl
99.5
33 (1000 [BzCl |[1.45 |BDMAPMA |20 80 |24 250.0 (96,5 |BDMAPMA
0.56 .2BzCl
99.6
34 (1000 (BzCl |[1.45 |BDMAPA 20 80 |24 245.0 (96 BDMAPA.
0.56 2BzCl
99.1

Comparative Examples 35 and 36 :

For trials 35 and 36 the quaternization was realised in chloroform following
the procedure described in patent WO 01/55089. The formed salts were extracted
with water to form a ~50 % aqueous solution.

Table 7 : Quaternization of BDMAPMA with benzylchloride or methylchloride in

chloroform
Chloro |R-Cl BD- Aq. [T |React |Press. [Molar |Purity
form MAPMA |sol. time Yield %
nri|g Moles|moles (% °C |((h) kPa |%

35(1234 MeCl (3.50 |1.75 50 |50 |25 300 72.0 |BDMAPMA|BDMAPMA
.2MeCl .MeCl1
75.4 24.6
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25

Aceto R-CI (meth)acryl- Slurry T React Powder Molar Purity nitrile ate
time Yield or g Moles moles % C weight % % solids hours ( g) 32 800
McCl 1.72 BDMAPA 18 80 23 205.0 97,7 BDMAPA. 0.69 2MeC1 99.5 33
1000 BzCl 1.45 BDMAPMA 20 80 24 250.0 96,5 BDMAPMA 0.56 .2BzC1
99.6 34 1000 BzCl 1.45 BDMAPA 20 80 24 245.0 96 BDMAPA. 0158larch 2007
2BzC1 99.1 Comparative Examples 358nd 36 : For trials 35 and 36 the

£

described jn patent WO 01/55089. The formed|salts Were extracted 15
with water|to formp a -50 % aqueous|solution. Tjable 7. Quataﬁlﬁigl[ion off7C!
BDMAPMA with benzylchloride or methylchloride in ¢hlorof@#SChloro|10.5

R-CI BD- Ag. | React Fress. Molar FPurity torm MAFNMA sol. time Yield Y%

r g Moles moles % C (h) kPa % 35.1234 McOIl 3.50 1.75 50 50 25 300 .
TR BN A S LA R 00 Ty PR B0 o ution
RE Al by salysie 7osRE 2 DEUEd B FoRESVIKPNIANS I ARMA hogsier the
BrErB95id0 F theourcatie mpisddupetfonm Rhe:guaieanzation prithuvcGhor
BaGitdn eo{a Qb B0 I&E@me@aﬁtﬁlmx%{x&smgﬁ&% ‘foq aie tBeined
Io&%er reaction time (12-24 hours) for the quaternization of the second
amine function. Pure bisquaternized products in 5 solution could not be
Sl fed @RS AlrlbSte ApRIsatise B ptrify Bl thtainadaieirieqsnethacrylate

monomer solutions in water

Bisquaternized R-Cl methacrylic
product from % weight | acid

trial % weight
31 MecCl - 0.1

33 BzCl < 0.1 < 0.05

35 MeCl - 2.5

36 BzCl 0.3 1.3

Example 37 : Inverse emulsion copolymerisation of BDMAPMA.2MeCl and
acrylamide

This procedure is typical for the synthesis of 1 kg copolymer emulsion with
40 % active material, containing 25 % BDMAPMA.2MeCl
Preparation of the aqueous phase : to 300 g acrylamide dissolved in 182 g
demineralized water, 200 g of a 50% aqueous solution of BDMAPMA.2MeCl, 0.2 g
EDTA and 0.2 g potassium bromate were added. After stirring for 30 minutes 0.7 g
lactic acid and 5 g adipic acid were added (pH=3.5).
Preparation of the oil phase : in a 2 litre SS beaker equipped with mechanical stirrer
240 g Isopar M (Isoparaffinic solvent, ExxonMobil), 18 g Montane 70 (Sorbitan mono
isostearate, Seppic) and 4.6 g Atlas G-1086 (Polyoxyethylene sorbitol hexaoleate,
Unigema) were mixed.
The aqueous phase was transferred quickly to the oil phase under stirring. The
mixture was emulsified for 30 seconds at 8000 rpm using a homogenizer.
Polymerisation : the resulting emulsion was introduced in a 1 litre explosion proof
CEMCO reactor equipped with a 3 blade axial flow impeller,
The emulsion was continuously purged with a nitrogen flow (1.5 1/min) for 45
minutes. At 40 °C a 0.5 g solution of 0.2 g azobis( 2,4-dimethylvaleronitrile) catalyst in

xylene was added through a septum on top of the reactor. The nitrogen flow was

wag peghsgd i chioraigr fottowigg the P oCR & PMABDMAPMA
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Table 8 : Comparison of the impurities/ purity of 50 wt% bisquaternized
methacrylate monomer solutions in water Bisquaternized R-CI

methacrylic product from % weight acid trial % weight 31 McCl - 0.1 33

BzCl < 0.1 <0.05 35 McCl -2.5 36 BzCl 0.3 1.3 10 Example 37 : Inverse
emulsion copolymerisation of BDMAPMA.2MeC1 and acrylamide TMarch 2007
procedure is typical for the synthesis ofl® kg copolymer emulsion with 40

hacHvE Material containing arwAsBIRMARMA-2Me b renaallon of the,
ueous phase : to 300§ acrylamide dissolved in 182 %15,dem|nerallzed

a 1 .

NETEFS SR o1 '] 50 RIS LRSS B BB APRAINEE] 06D g & catalyst
#DTA heitr 9 g HhassiehT tndinaté fiare heided 1 Afiepitifitvgrforedgpisulfite in 3
M&Sv_gﬂagdbﬂ%h@_daﬂié ﬁlﬁdt_ﬁng t@di_p&aa’u@ wagaraﬁé@écmbl 53:5{) for 1 hour-.
Rrenaration ofihroll Rhase.. Q&#ﬁﬁ%ﬁéﬂ%@%‘?&%ﬁ&%‘% Wi wed no

mechanical stirrer 240 g Isopar M {Isoparaffinic solvent, ExxonMobil), 18
PRESAEhEPE TS RstaR BHBtré‘bsigé’éié%sﬁé’fé%é’ﬁﬁilc‘ilé%d%%tﬁb/&‘il
G-1086 (Polyoxyethylene sorbitol hexaoleate, Unigema) were mixed. The
aqueousphaseywas tgnsferred quickly to the oil phase under stirring. The
midure s, emulsiied (or 30 SeR0eS ALAQIRIASING ALMOGSNRSL of
Polymerisation : the resulting emulsion was introduced in a £ litre ' '
%%Fég?&ﬂ? ﬁ%@g@ﬁﬁ@@ g@f&\ﬁ@’r %ME&B P PRI BAs2H5Gk e abiep i ulsions
nnpellen ¥ eatilsi onavasic Ghgtmesulsbyapergeck veitied fitagensflow (1.5
iéim%@fs‘lfeﬂl@ E[l's'&%ﬁreﬁ&r‘é@ n @)@dﬁﬂlé“sojll?at'&'iﬂaf(%g dﬂl@%@bﬂi&vay by using
-dimethylvaleronitrile) catalyst in _xylene was added through a s
B o S R R A e
frirerfyLorpis Vel BN e RIAR ARt WsCMEP Y e icaly IReRmonomers.
increased up to 48C in a time span of 3 hours, with reintroduction of 0. 12
g.gatalyst after 3 hours and 4 hours of reaction. After 5 hours, 1.2 g of

csodiuum metahicudfite in 2 awater wac added and the reaction
Emppl&titefas increabbd 1855 T8 PHiolF % e fS<tHiRY emulsion
was frewodacrylamide (l€sstien| MTERHM),| SHRSRRILY npmonomer in
dl/g cP polymer
%
37 | BDMAPMA.2MeCl | 25 11.0 520 23.2
38 | BDMAPMA.2MeCl | 5 11.8 560 4.8
39 | BDMAPMA.2MeCl | 10 10.4 560 9.4
40 | BDMAPMA.2MeCl | 40 11.1 380 35.7
41 | BDMAPA.2MeCl |5 12.6 400 4.8
42 | BDMAPA.2MeCl | 10 14.1 680 9.4
43 | BDMAPA.2MeCl | 25 10.3 540 23.1
44 | BDMAPA.2MeCl | 50 16.8 540 45.0
45 | BDMAPA.2MeCl |5 11.4 560 nd
MAPTAC
46 | BDMAPA.2MeCl |5 10.7 560 nd
AOETAC 20

nd = not determined

The polymer obtained in Example 37 was tested for flocculation properties in a
standard test with a kaolin suspension (6.6 g/1) and compared to commercial cationic
polymers Alpinefloc™ E1+ (50 % cationic monomer : AOETAC).

The turbidity of the filtrate was measured as a function of the polymer concentration.



coagulum content and had an intrinsic viscosity (IV) of 1ldl/g. (See table 9)
Examples 38- 46 The same procedure of example 37 was followed with

varying amounts of 10 acrylamide and monomers BDMAPMA.2MeC1 or
BDMAPA.2MeCl1 to obtain emulsions containing 40% active material.

The results are represented in Table 9. Terpolymers were also prepaeaech 2007
in Examples 45 and 46 in the same wag®y using MAPTAC (Rohm)

tmetbacidapidopiopylismethylammaninmehlonde) Ad HRETAG (B Figures 1
é%%%?gra@%gthgltnmethylammonlum chloride, Mitsui Chemicals) as

T8 £'6 193 A ABHE I P 8BS bl EestdRid” are
fmieniiorh @r; dbna Sllis chsitysdsebityphorion ¥+ difg lePeiolyMer 37
BRUMABMAMEE 1h265b1& 52823238 BRMARMA. IMEGHe difeS560
.BDMAPMA.2MeC1 4

%Sa 3%3%%@1?%’“'2%%?92%%\%0'4 1‘599 %% r4810 and t are co of the
880°25 7 41 BOMAPAIMECT 5 156 400 48 42 BOMABA SN
frale 1h68074 A AP BEMAPRPRIET LIRS BRIOHHODg monomers.
BDMAPA.2MeC1 50 16.8 540 45.0 45 BDMAPA.2MeC1 5 11.4 560 nd
MAPTAC 5 46 BDMAPA.2MeC1 5 10.7 560 nd AOETAC 20 nd = not
determined The polymer obtained in Example 37 was tested for
flocculation properties in a standard test with a kaolin suspension (6.6
g/1) and compared to commercial cationic 20 polymers AlpineflocTM El+
(50 % cationic monomer : AOETAC). The turbidity of the filtrate was
measured as a function of the polymer concentration. 1 March 2007 20
The results obtained at pH 7.02 and pH 8, respectively, are represented in
Figures 1 and 2. In these figures, the results obtained with the polymer of
Example 37 are labelled ;the results obtained with AlpineflocTM El+ are
labelled .



These results show that better performances are obtained with the

polymer of 5 Example 37 with respect to the polymer concentration and

the transparency of the filtrate than with commercial polymers containing
more cationic monomers. 1 March 2007 21 Claims 1. Process for the
manufacture of a (meth)acrylate di-ammonium salt of formula (1) Si3rdR 2007
OIR2 H2C=C/CH-N X2 ~2 O-CHRVI2R CHZNINR2 X aR ()

wherein R1 represents hydrogen or ragfiik each R2, independently,
represents an alkyl comprising from 1 to 4 carbon atoms, each R3,
independently, represents an alkyl or an aralkyl and each X- ,
indepefiventlyfaeresentsfastue ahibmedrapridatg it e seizetioalbptiermula
di-aming (meth)acrylate of formula (I) R~0R2 11-1 H2C C-/CH2 N\ 2
O-CHR \Rz CHZ NN R z (Il) with at least one alkyl or aralkyl derivative

of formula R3X in an organic

1 R

[P 5
H,C——C CH—N" X
2 / 2 N
O—CH R,
\ R
CH; T\Rz X
3
R

wherein R1 represents hydrogen or methyl, each R2, independently, represents
an alkyl comprising from 1 to 4 carbon atoms, each R3, independently,

represents an alkyl or an aralkyl and each X~ , independently, represents an
anion, comprising

(1) the reaction of the di-amino (meth)acrylate of formula (II)

R o .
HC__é CH N/R
2 / 2 \R2
o—cH e

CH—N_
R2

)

with at least one alkyl or aralkyl derivative of formula R3X in an organic
solvent containing at most 5000 ppm, preferably at most 1000 ppm, of water
and wherein the compound of formula (I) has a solubility at 25 °C of less than
1 g/ 100 g of solvent, preferably of less than 0.5 g/ 100 g of solvent, and
wherein the solubility of the corresponding amino-(meth)acrylate ammonium

salt of formula (V)
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solvent containing at most 5000 ppm, preferably at most 1000 ppm, of
water 15 and wherein the compound of formula (1) has a solubility at 25 C
of less than 1 g/ 100 g of solvent, preferably of less than 0.5 g/ 100 g of
solvent, and wherein the solubility of the corresponding
amino-(meth)acrylate ammonium salt of formula (V) 1 March 2001 ®2ich 2007
R3 ROIR2-H2CC/CH2 X N~20-G2R Rz CH2NR z (V) has a
solubility at 25 C of at least 20 g/ 100 g of solvent;; and (2) the separation
of the compound of formula (I) from the reactioan*nixtuge without
dissolving it in water, tr:jhcompo d of formula d)pe'fhg separated 5 from
the reaction nﬂg@re_—tn__tﬁe-mrm%a solidGigcttrdd comprising, per mole of
the compound of formula (1), less\than mole, préfgtably less than 0.05
mole and more preferably less than 0. ole of thegfompound of formula
(V). 10 2. Process according to claim 1, \@wreimtﬁ solvent is an aprotic
dipolar solvent, in particular a solvent selecfed frc}q:;tfhe group consisting
of acetone, methylethylketone, ethylacetate, nitromethane, acetonitrile or
mixtures thereof, the solvent being preferably acetonitrile. 15 3. Process
according to claim 1 or 2, wher@lih the separation of the (meth)acrylate
di-ammonium salt of formula (I) from the reaction mixture is done by
mechanical separation, in particular b%/ filtration or centrifugation. 4.

Proce<a & iRY 1 URP ofie bR the el ahe/ 198 8 Chiedyem 138 Feaction
mixturé2)20.obtaimetoafidrtbtepr2)dsnd of dlediBa Bidoesslacocording toismye
of claimsdota disshereindthe wixamine (Befaacdate-Rhio(miandddpeested
in step(1) is, prepared by. the transesterification of a 1,3-di- amino-2-
propanfé?l)(r)lfﬁ‘c})%r rlh%]cél?lrh)n){lxture A Form oL, 1%‘1 prol:?’u(gt comprising, per mole
of the compound of formula (I), less than 0.1 mole, preferably less than
0.05 mole and more preferably less than 0.01 mole of the compound of formula

(V).

2. Process according to claim 1, wherein the solvent is an aprotic dipolar solvent,
in particular a solvent selected from the group consisting of acetone,
methylethylketone, ethylacetate, nitromethane, acetonitrile or mixtures thereof,

the solvent being preferably acetonitrile.

3. Process according to claim 1 or 2, wherein the separation of the (meth)acrylate
di-ammonium salt of formula (I) from the reaction mixture is done by

mechanical separation, in particular by filtration or centrifugation.

4. Process according to any one of the claims 1 to 3, wherein the reaction mixture

obtained after step (2) is recycled.

S. Process according to any of claims 1 to 4, wherein the di-amino (meth)acrylate
of formula (II) used in step (1) is prepared by the transesterification of a 1,3-di-

amino-2- propanol of formula (III)
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1 March 2007 23 R2 /CHZ N\2 HO-CHR 2 CHZ NN~ R z (lll) wherein
each R2, independently represents an alkyl comprising from 1 to 4
carbon atoms, with a (meth)acrylate of formula (IV) R HZCC~<O__ R4
(IV) 5 wherein R' represents hydrogen or methyl and R4 represents an
alkyl comprising from 1 to 4 carbon atoms, in the presence of a 1 March 2007
lithium-catalyst. 6. Process according #&B8any one of the preceding claims,
wherein X is Cl. 10 7. Process according to any one of the preceding
claims, wherein the di-amino (meth)acrylate,of formula (11) is allowed to
react in step (1) with more than 2, prefe with more than 2.1,
equivalents of said alkyl or aral Q—M/e of formula R3X. 15 8.
Process according to @[F?_L gaf the preceEing claims, wherein the
reaction of step (1) is effectuated in an mfmt of between 500 and 5000
g of solvent per mole of the di- é)lh'lgno-(‘ﬁk acrylate of formula (Il). 9.
Solid product obtainable by the process agording to any one of the
claims 1to 20 8, containing th é eth)acrylate di-ammonium salt of
formula (I) and, per mole of thi ! It, less than 0. 1 mole, preferably less
than 0.05 mole and more preferably less than 0.01 mole, of the

correspgndin th)a e ammo ium salt of formula

March%% ‘gﬁanhr}%foc%s aéggag elalma‘]oj ?lﬂ'gr(é%n rlSIImléﬁ\Qom Ltod
catalyﬁ%@@ﬁ%é‘ﬁ‘?rdﬁﬁiFE@}CWH)@@L\%ECLWPF miptA¥Ir mixtures. it.

Process according to claim 5 or 10, wherein the transesterification is done
ata 5 temperature not exceeding 12gC, preferably at a temperature not

exceeding 110 C, the transesterificat1on being referably done at a
temperature of at HC—C
2

4

O—R
(IV)

wherein R1 represents hydrogen or methyl and R4 represents an alkyl

comprising from 1 to 4 carbon atoms, in the presence of a lithium-catalyst.
0. Process according to any one of the preceding claims, wherein X is Cl.

7. Process according to any one of the preceding claims, wherein the di-amino
(meth)acrylate of formula (II) is allowed to react in step (1) with more than 2,

preferably with more than 2.1, equivalents of said alkyl or aralkyl derivative of

formula R3X.

8. Process according to any one of the preceding claims, wherein the reaction of
step (1) is effectuated in an amount of between 500 and 5000 g of solvent per

mole of the di-amino (meth)acrylate of formula (II).

9. Solid product obtainable by the process according to any one of the claims 1 to
8 , containing the (meth)acrylate di-ammonium salt of formula (I) and, per mole
of this salt, less than 0.1 mole, preferably less than 0.05 mole and more
preferably less than 0.01 mole, of the corresponding amino-(meth)acrylate

ammonium salt of formula (V).
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least 80 C. 12. Process according to any one of the claims 1 to 8 or

according to claim 10 or 10 11, wherein R1 is methyl. 13. Process

according to any one of the claims 1 to 8 or according to any one of the

claims 10 to 12, wherein R2 is methyl. 15 14. Process according to any

one of the claims 1 to 8 or according to any one of the claims 10 to M3irch 2007
wherein R3 is methyl. 15. Process acc@dling to any one of the claims 1 to

01 2CKQIAINGAQ HAHONG ALIAEs ClaimsiA Qe A WheRIR &3S ReNZVEAf Liso,

16. Process according to any one of the claims 5 to 8 or according to any

one of HfRCHziMS Tt 1BEHABKENICRS is methyl.

11. Process according to claim 5 or 10, wherein the transesterification is done at a
temperature not exceeding 120 °C, preferably at a temperature not exceeding
110 °C, the transesterification being preferably done at a temperature of at
least 80 °C.

12. Process according to any one of the claims 1 to 8 or according to claim 10 or

11, wherein R1 is methyl.

13. Process according to any one of the claims 1 to 8 or according to any one of the

claims 10 to 12, wherein R? is methyl.

14. Process according to any one of the claims 1 to 8 or according to any one of the

claims 10 to 13, wherein R3 is methyl.

15. Process according to any one of the claims 1 to 8 or according to any one of the

claims 10 to 13, wherein R3 is benzyl.

16. Process according to any one of the claims 5 to 8 or according to any one of the

claims 10 to 15, wherein R? is methyl.



