Process for the preparation of (nmeth)acrylate
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sel ective preparation of (neth)acrylate di anmoni um
salts of high purity and their use as nononers for the
synthesis of polyners, useful as cationic floccul ants.
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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 (methjacrylate 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)



The present invention therefore relates to a process
for the manufacture of a (nmeth)acrylate di-amoni um
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or nmethyl, each independently, represents an al kyl
conprising fromto 4 carbon atons, each independently,
represents an al kyl or an aral kyl and each X ,

i ndependent|y, represents an anion, conprising (a) the
reaction of the di-am no-(nmeth)acrylate of fornula
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process for nanufacturlng a pol yner
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(meth)acrylate di- anmonium salt of formula (1)
conprises the further step (c) of polynerising at
| east the conpoundggf fornula (1) contained in the
solid product to aghi eve Lhe polyner mﬁen no conpound
of formula ( ed t4H the v conposi tion for
produci ng t he2 this p ﬁer canbai ns, per n
units derived fron1at Ieaer—qn& conpou of formula
(I'), less than 0.1*n units, pﬁeferabLyRIess t han

0.05*n units and nore preferabpyiré§s\tpan 0.0 I*n
units derived from at &ﬁast one R

with preferably more than 2 equivalents of at least one alkyl or aralkyl compound of
formula R3X in an organic solvent containing at most 5000 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)
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conmpound of formula (V). It was found that, by an
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equivalents of the compound of formula R3X, acid will be generated in the water
25 causing a hydrolysis of the (meth)acrylate ester.

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

30  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

35  hydrocarbon radicals having straight, branched or cyclic moieties or combinations

thereof.



step (a) preferably contains at nost 1000 ppm of
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of forrmula (I) has a solubility at 25C of |ess than
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25 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

30  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
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).
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therefore, and the reaction mxture can then be
recycled and used as solvent in a subsequent reaction
step (a).According to another preferred enbodi nent of
the process, the reaction m xture obtained after step
(b) is recycled. In this enbodinent, it is
par t i culcasddihgps eﬁcenerr@deférhsalterﬁﬂaelnfeaa@ftth@pronésxl the ecaction
?Xtur%%b%_l&eﬁ raft§1I sq&h % ?dgd lhli g'[ i€ gni!)d?lnﬁérﬁ pit Kskpa.rthcﬂlarly
or er to separate u

ct contai ning
( Btefr e thAat é@eerea@twa mﬁﬁrmt%th afigF Step (i) féteteﬁ)m a‘ieP &) i order
f otRgarardht solikieeyilcEcohbnifig tHelat®)actylae Sitisreoientsalt of
St ?o?mfx%l),%lé Ia.ﬂ]ea% go?{nea gncpgr}%éé)&g @het tlﬂga %?Qtshgégqueﬂg Et%p (a) in order
recyc ope atron can repeat ed ‘sever al The
r eEYROPHREE F reaRkor This F%f’é’%hnﬁéi’?ﬁa%l%n 20 heﬁeweégééew% fiimes. The
n‘Dl"erthlﬁg op/the fitlradagtrinhie tquitiEredsg eodn inbre thngtlh hac e @iriey of the
I In a variant of the

prgcessag%g%ﬁ Emﬁ%gﬁ%ﬂﬁ%ﬁ%g&%%}on bot h enbodi nent s
are conbi anVé\aant'ﬂﬁ g‘ecﬂro“éfﬁ arsordimgtd Shedripptiens oth pEPoAiRENts are
(I bgmsised in step (a) of the process according to the
i nventi
t her ef o’frar{e!z d(f %HurR%m@HaZéf% gi)it}){rr@ﬁ% Ilﬁ élg ﬁ%te%lfé toame%rocess
t r arreEingiojths ‘é%ﬁ“it‘ﬁ’ﬁ i beaobtasn?ﬂ bYac"rﬁYr?(SOCESSp%tﬁBlﬁ Srergfpre. Itis
f oprairably bibthihedby the thandés{ekifitatiomtats @j3rdi-@atin-2-propanol of formula
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carbon atons, with a (nmeth)acrylate of fornula
(1V) (1'V) wherein represents an al kyl conprising from
1to 4 carbon atons, in thg/ﬁresence of a
['ithium based cataly@H__Lm was found that the
transesterification/coAductegdzwith the aid of a
li thi um based UﬁTaﬁ&?t pern1§ted to obtain high purity
di - am no- 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
H 0—04{
o—R*
(V)

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-(methjacrylate of formula
{Il) 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



(meth)acrylates wth high yields. The synthesis of
di -am no-(neth)acrylate of fornmula (11) has al ready
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FR1529000, in Zh.Org. Khim 1969, 5(11), p .1947-1952,

and in US 2002/183543 (=EP 1254891). Di ami no- (
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process according to the present invention for
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formula (I1l1) H- H\ V (III 2 wherei n each
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to 4 carbon atons, Hra[\'(\[re; h)acryl ate of formula
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l'i thi um based cat al yeH;—tM thi s process for the

manuf acture of a di-am no- (n%th)acryl ate of formula

(11), the lithium baﬁﬁd catalyst is preferably chosen

fromlithi um oxide ( ['ithium hydroxide (LiCOH),

[ithium carbonate (Li CO ) ['ithiunmal koxi des such a s
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(V)

wherein R* 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 {LipO), lithium
hydroxide (LiOH), lithium carbonate (LipCOg), lithiumalkoxides such as
methoxylithium (LiOCHg), tertiobutoxylithium (LiOtBu), the lithium salt of a 1,3-
dialkyl amino-2-propanol corresponding to formula (I1I), lithjum citrate, lithium
chloride (LiCl), Li-stearate (LiC1gH35005), LiClOy4, LipS04, 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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their mxtures.|l this transesterification process, the
ithium based catalyst is generally used in an anount
of 1 to 20, preferably in an anmount of 4 to 10,

equi val ents of Li per nole of 7, 3-di -am no-2- propanol

of formula (I111). In this transesterification process,
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are preferred.

The di-amine (meth)acrylates of formula (I} 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

(111} 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 RS,
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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 polymerisation. It has
been found that the solid products containing the (meth)acrylate di-ammonium salts

30  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- (metjacrylate ammonium salt of formula (V)

35 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 (methjacryl di-ammonium
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fornmul ati ons with other nononmers can be nmade as

required for the envisaged application. The present
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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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of co-polynerising of from1l to 99 parts, preferably
from2 to 70 parts, by noles of the (neth)acryl ate

di -anmmonium salt of fornmula (1) contained in the solid
product separated fromthe regction mxture with from
1to 99 parts, preferably from30 to 98 parts, by

mol es of at |east one acrylam g¢¢'nmononmer of fornula

(M) Roll H :c-.-C N\ R7 (M) Wherein is hydrogen
or nethyl, and R7 e, independentRy, hydrogen, alkyl
conpri s oms, optionally
substituted by one or nore hydro?y?Qr al koxy groups.

The acryl am de nmononer of fornula (VI)is preferably
acrylam de. In thevmanufacturing process of the

pol yners according to the invention use may further be
made o : (c) fromO to 60 parts by noles of at |east
ON@hWaIheRS-iS A dibied ofBREHVEIA iwhDCor -INSI- (D iseOHp alH gy, -l 6TH £CHo-
by varying the pH, and which is preferably chosen from
et PG in CROHCHon gt andt \Cdr e drdsosayenty, ae el eomprisiag frgm 1 to

t hereof and ethyl enically unsaturated sul phonated
mohdREpPYr %tﬂ]as’s%Mﬂ% hyqragen oF a1(1 g%g]hcog?nalgg é}m%rgl tg?i6 &arbﬁg atoms,
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one cationi ¢ water-sol ubl n r
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chosen from alkyl(meth)acrylates and vinylaromatic monomers (such as ethylacrylate,
butylacrylate, styrene), and/or

(f) from O to 30 parts by moles of at least one water-soluble monomer other than (a),
(b}, (c) and (d), preferably chosen from polyethoxylated (meth)acrylates,
polyethoxylated (meth)jacrylates 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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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

25 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-propy! methacrylate
chloride
BDMAPA.2BzCl: 1,3-bis(benzyldimethylammonium)-2-propyl acrylate chloride

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

35 MEHQ : methyl ether of hydroquinone
PTZ: phenothiazine
TNPP : tris(nonylphenyljphosfite
DPPD: N,N’-diphenyl-1,4-phenylenediamine
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wt% and were free of coagulum It was found that nore
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bepzl) C‘e!?é &Eﬂoéﬁceﬁ%ﬂ%ﬁnem&ohp&&l@de%& faiyd ﬁzﬁﬂs@&}zni‘?caﬁ&@@ analied of
BD&%’P 4°C at are ugcqgt%e % ﬂy 5?‘1“ Pnot)otag 7E£ oH\)feOl—"f1 fMPX\JI 1S collected
containing 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
20  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
25  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
30 110°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:
35 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 :
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9% g l\%AM cogiai ning traces of (watef are distilled pff.
4 5 d TR 5 nol es) is adddd. The readtor is heated
W th |gdtabugtl- a [tenper abuBe 107 {0 0 nd
tetrachloro
di-
stannoxane
12 | Dibutyl- 1 5 B 107 |0 0 nd
dioctyl
tetrachloro-
di-
stannoxane
13 | Titanium- 1 5 B 110 |0 0 nd
(IV)ethoxide
14 | Titanium- 1 5 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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Pro gé

Examples 16 to 17 and comparative examples 18 to 21:

.28 moleBN -0b +pea BBIMAR ([GcBPMARIN¢: ak dedM 6haeb.4 kpa
Iar) ( ©O (% BDVAPVA Addition Addition (%
‘node* % nol ar

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

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

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

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

19 | NaOCH3z 1% [ Methyl B 90/101 | O 0 nd
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Li

Li

025 C 112 98 85 8 4 Li

O16 C110 98 95 2 2 Li

00.5

5

B 107 85 8 1 4 3
O15B 110 95 90 5 5

W@ 2@S8R3rs6 B 109 94 80 10 6 LiOH 1 6 B 110 95 BEI/BP2004/052056
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NaOCH 1 6 B 109 11 8 n d 8 Ca-acetyl -

15B107 00 n

d acetonate 9 DBTO 1.5 5 B 105 0 0 nd Tegokat 23 10

DBTO 1.5 5 B 106 5 2 nd Tegokat 248 11 Cctabutyl -
B 107 0 O nd tetrachl oro di st@ghnoxane 12 D butyl -

B 107 0 O nd dioctyl tetrachl orodi stannoxane 13

15
15

rdoaficam I 5 B TM:t10] @d H 1 Ve toaxjde 14 |0 tani unad 1
5 B 1 0.nd. (l}V)- isppropoyi de (*MdeC F Conti nuous
aiddit acet%a?et(ﬁ@fﬁw; Mode| B = BIPDMAPi s | oaded |bat ch-w ze,
nd : |Fof deternined) On|y the|Lithium containing
clagsal yﬁmn@&@t texdg gped 5 r grsest efo T i1 caffioon nd
clat al )%t of Al nbst |[no or ho readtion whas observed when
uisi nd um net hyl ate, | al kyl tli t anat s

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

nd : not determined

Examples 22-23 : Synthesis of 1,3-Bis(dimethylamino)-2-propyl acrylate

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 equipment described in example 1

was constructed in 316 SS for these trials. BDMAP was added by means of a dosing

pump.

Table 3 :

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

BDMAP | kPa A

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

23 | LiOCH3 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 (Blichi AG), equipped with a stirrer, plunger, temperature and

pressure probe and equipped with a bottom valve.
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or tin catalysts at tenperatures below 115 C At hi gher
tenperatures pol ynerisation occurred despite the
@odasoeys of i nhibitors. Exanple 15 : Synt hesi BCEHREPR004/052056
purification of |, 3-Bis(di nethylam no)-2-propyl
acrylate In the sane equi pnment as exanple 1, 2000 g
(20 noles) Ethylacrylate,1.4 g VEHQ 1.4 g PTZ and 1.4
g TNPP are introduced, 3 1/h @gr sparge is install ed.
Traces of water are renoved by distillation of 120 ¢
et hydxacpyloal ® 138 ¢80.8/idesk BRMAEMB i) SO  adetor@ri(e) 1 1Hg (2.27
no ri s

(3B s u R o Bl R R Plr el msode B YR
3 HO2eS) thePrefsuteifiseety 09F- t oget her with part of the
et hyihae Etyﬂdéﬁtﬁtsaﬁo pRedipdiane rAdieti2 B hotre bner 82 6 Gh8Mhixthré Bs ddoRd to

RS 5- L0 € S AR RGP B
CoBYEE PERGVIFFe SHEF. AT GFEE BT R 1 KErs Apde Areed Brgesure (10

t her40rReey SDAPMA. 2 BEMAR. bistaiddd. Yecatabld He yi el d of

FAChES ShaLN 510307

addegﬂ ]F]ﬁlzglcﬁeyé/lld %%O?As& st|¥ %%Ie rcr;%?e ggt ore/L?géé -

pr daesg pelufior cppta JjRdhan 37%10?@11 PESARET s Cfri Bepdpace analysis).
COBkahples ) 230 e M%r&ngi tosthe kdre€piotediafe es@piethat the reaction
frzéu‘h I Abd PN.S8Lg Up as described in exanple

1, 2 dlt%ggslﬂegh‘éaéfg% g }%3 mol es) >99 % pure
BDVAPA( GC) i s obt ai ned as heart cut at 0.4 kPa and 80

C. Tﬁxam'pl es 16 to 17 and conpar atlve exan‘pl es 18 to

21— gt STED prmé smé%g "'R ‘Eéi'od B oS b G fFoyity
was rlepea cf! ¢ondijtrons an th'a series|of
ot|her| cat alryé“tlesA The resul s arfe s‘h‘B?vn i h Tabl[&eld [BDMAPM
Tablg 2 : IN Catpl yst, % Al kyl - Hoyrs Max Conv.; Ml @¥.2MeCl
M ichael weif ght cryl def~T, w8l do, %
A Fon Biep PudCry mabe DVAPA B 6 duc L
%% % 15 Li O 1| % Et hyl[s 11 [©t4pp/ 15 93 8ff8

24 (792.1 |- 0.69 1.45 |21 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
27 |- 793 10.93 2.04 |26 85 128 277 93.1 (99.4
28 |- 800 |0.91 2.27 |26 80 |23 285 97.2 199.0

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 |BDMAPM |MeCl |Slurry(T |React |Powder |[Molar |Purity

nitrile |A time Yield |BDMAPMA.
2MeCi
nr |numberig moles Mole (% °C |(hours) |weight |% %
s solids (g

29 |- 3923 |3.50 8.75 |21 72 (22 1037 |90.2 198.0
|30 [Rec 1 (3884 13.50 8.75 |22 71 (23 1095 196.0 [99.5




16 LiCCH Ethyl 11 C 100/75 97 77 12 1.25% 17 Li OCH 2%
Methyl 5 B 80/80 95 60 30 18 BaO 2 % Ethyl 4 B 97/ 75

W@200382854 19 NaOCCH 1 % Methyl 6 B 90/101 O O nRRODEERN4/052056

Methyl 6 B 87/101 O O nd acetylacetonate 2 %2 1 DBTO
Tegokat Ethyl 6 B 98/77 0 0 nd 23 2 % (*MdeC =

Conti nuous additi on of BDVAP;, MbdeB = BDMAPi s | oaded

batch- wize) nd : not determ ped Exanpl es 22-23 :

Synt hesi s of |, 3-Bis(di nethyl am no)-2-propyl acrylate
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as described in exanple with ethylacryl ate, was
repeated under pressure. The results are shown in

Tabl e 3.g:Eh818aUipER NHuslesthlifest BoMAXRM e dertM@dhloride or
cons :&éé@' n 316 SSbfor these tri all@s% mébDMA %s

add& yg%?? ans of a dosing punp. Table 3 : N Catal yst
5% Acryl Flourasabidares\@rvere Nighiard ok Sirdeshzyigilqide /GPMARMA ;
Mod@nbichidEhé/ &@M%R a\ffd&:’egzyﬁ(ﬂxﬂkfdb MBMAR. 1286 In tRE 89 Seactdr
BDIVAPM Produc PT 22 AM 5 C 103/135 92 53 25
1945 B ES AR re@ i’ﬁ‘&? ‘95 6 1 20 1.5 %

The results are shown in Table 6.

10  Table 6 : Quaternization of BDMAP(M)A with benzylchloride or methylchloride

Aceto |R-Cl (meth)acryl- [Slurry |T [React |Powder |Molar |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 80 124 250.0 [96,5 |[BDMAPM
0.56 A.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
15  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 isol. time Yield %
nrig Moles|moles |[% C {h kPa [%
35[1234 |MeCl {3.50|1.75 50 |50 |25 300 |72.0 |BDMAPM |BDMAPM
A.2MeCl |A.MeCl
75.4 24.6
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ModeC = Conti nuous additi on of BDMAP; MbdeB =

BDMAPi s | oaded batch- w ze) Exanples 24 to 28 :
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reaction c

PR Sl e

specified in Table 4 are used.

eto BDVAPM Med Slurry T Reaction

Powder NMbl ar| Beguiteynizrdt rliR-€1 A time Yi el dncBRIVAEN
A 2Med Nr ¢ Rrdl € |% C (houkgsyeprilabl % %
solids ( Q) 4 792.1 - Q.69 1.45 2 1 5C 2%/136h53 8
93.2 25 815./6"2 0.75 1.644 22 60 25 183 7Ve8hY) 26
793.3 - 0.6931.51 2 1 8QMxi202(84.9 9498.27 - 793
0.93 2.04 2685 28 277 93,699 #_38 = 8QQ 91 2. 27 26
80 23 285 97..2 99 _0 Exa "nl e_29- B1 Redction of
BDVAPMA wi t i 3%et hyl chl or|i¥&€land| t ecycl i| g

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



the filtrate The quaternization reactions 29 to 3 1
are perforned in a 10 litre, SS Hofer autoclave in the

W@ 2008/0e38ct i on conditions as exanpl e 28. The fPCT/ER1084/052056

is reused in the follow ng reaction. Table 5 : Recycle
Aceto BDVAPM MeCl Slurry T React Powder Molar Purity
nitrile Atinme Yield BDVAPVA. 2MeCl nr nunber g nol es
Mol e % C (hours) weight % % Sigolids ( g) 29 - 3923
3.50 8.75 2 1 72 22 1037 90.2 98.0 30 Rec 1 3884 3.50
8 ithitePtoA rhl/ . 1ﬂ9:5e&ﬁoﬁ) wQQnﬁﬁutéImReﬂ 404 for 3 Wo(rsBantbth2

1r1t%1é}eag'e:!i]u 8%8% ﬁ 5§ §1o 4? ctlon f 0. 12 g catalyst
ernization o enz
neﬁiiﬁsrlscfwrlb%wé v efrarstien dsy Plhgu’iﬁe?‘ gc%t‘%“ﬁé aﬂe\ta@rsulﬁte in3
t hgwb&ﬁ ﬁ/ysl; &40 bhd ene/ re BEMARMAeratRte s Gitfretsbdl®/ BOWARA hour-.
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e procedure of “exa resul
ar eoagﬁlﬁmopwntr@tﬂ adgan ippysis V@COSIW% ridaY gt Pesntable 9) 9
BDMAP( I\/pA wi th benzyl chloride or nethylchloride Aceto
R-C fe[s%!% lurry T React Powder Mol ar Purity
n|tr|Ie ate leld nr g Moles noles % C wei ght % %

sol i ds H&gmeame ripredsye gipgamples” Fay Solippawith wgyige ampgunts of

10 20acr{lafdide AnBNMARAers BHORA FAMeLHIe @ 9r BDBRAPARORCB®BGbtaln éibulsions
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20

B%P%ng QO‘§ cgv% rgécgrlag ’1%% rgsuﬁp%P%resented in Table 9.

Terpolymers were also prepared in Examples 45 and 46 in the same way by using
MAPTAC (R6hm) (methacrylamidopropyltrimethylammoniumchloride) and AOETAC (2-

(acryloyloxy)ethyltrimethylammonium chloride, Mitsui Chemicals} as comonomers.

Table 9

N° Cationic Initial Intrinsic | Product [ Cationic
monomer conc % | viscosity | viscosity | monomer 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 S 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/]) 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.
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w@200a028736 : For trials 35 and 36 the quat er ni REL/EP2904/052056

was realised in chloroformfollow ng the procedure

described in patent W01/55089. The fornmed salts were

extracted with water to forma -50 % aqueous sol ution.

Table 7 : Quaternization of BBYAPVA with
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for the quaternization of the second am ne function.
Pure bi squaterni zed products in solution could not be
obtained and it is alnost inpossible to purify the
obtai ned m xtures. Table 8 : Conparison of the
impurities/purity of 50 wt % bi squat erni zed

nmet hacryl ate nononmer sol utions in water Bisquaternized
R-C nmethacrylic



product from % wei ght acid trial % weight 3 1 M -
0.1 33 Bz4 < 0.1 <0.0535 MO - 2.5 36 Bz 0.3 1.3

wE2@spEs87 : I nverse enul sion copol yneri sati oPCDEP2004/052056

BDVAPVA. MeCl and acryl am de This procedure is typica

for the synthesis of 1 kg copolyner emulsion with 40 %
active material, containing 25 % BDVAPVA. 2MeCl
Preparation of the aqueous phage : to 300 g acryl am de

di ssolved in 182 g dem neralized water, 200 g of a 50%
aqueous sol ution of BDVAPVAciaWeCl , 0.2 g EDTAand 0.2

g potassium bromate were added. After stirring for 30

m nutes 0.7 | actic acid and 5 g adipic acid were

added (fresss by theppapdaciiE 6he Bretip peyiate] digrawaivm pajt of fgmula
litre §9 beaker equi pped with nmechanical stirrer 240 g

sl sopar M (Isoparaffinic solvent, Exxonhbil), 18 g
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Mont ane 70 (Sorbitan nono isostearate, Seppic) and 4.6
g Atlas -1086 (Pol yoxyethylene sorbitol ;hexaol eate,

Uni gema) were nixed. The aquepus phaseRmasztransferred
quickly to the oil phdse under stirrin p/ﬁhe m xture
was enul sified H@—30 s at 8B6—-Npm usi ng a
honogeni zer. Pol yneri sation \ t he resul t~pg emnul sion
was introduced in a 1 litre g&ﬁ] ion propt CEMCO
reactor equipped wwth a 3 blade a }pL_NF6M/i 2| | er,
The emul si on was continuously purged mﬁ?ﬁQa.ni rogen
flow (1.5 1/min) for 45 mnutes. At 40p€ a 0.5 ¢
solution of 0.2 g azobis( 2,4-dinethylvaleronitrile)
catalyst in xylene was addgy through a septumon top
of the reactor. The nitrogen flow waslimted to 1

m /mn. The reaction was maintai ned at 40C for 2
hours, @RdeihR@RedrBChRa58E,h & thanA8Lch R2inkid MR NreBlesents
3 hours, wth ré%ntrogﬁgtﬁon of OﬁlZ g ca aﬂﬁftég?tegi
3 hour syl gomprifine fim £ dat caban ainfsesach REoigfependenply g

of sodi %H}eg@'}tégﬁ §1H§71f0¥ Eu? afaﬁky%and each X, independently, represents an
anion, comprising

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

Y @
~
H,C c—< CH;—N
/ g2
o—c R
cH—NC
R2

(Ih

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)



g water was added and the reaction tenperature was
increased to 55 C for 1 hour-. The resulting enul sion

we®soeaed of acryl am de (less then 100 ppm), SPOWEP2004052056
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coagul um content and had an intrinsic viscosity (I1V)of
I1dl/g. (See table 9) Exanples 38- 46 The sane
procedure of exanple 37 was followed with varying
amounts of acryl am de and nonepers BDVAPMVA. 2Med or
BDVAPA. 2MeCl t 0 obtai n emul si ons cont ai ni ng 40% acti ve
material. The result1s are represent in Table 9.
Terpolynmers were al'3o pregared in mﬁzes 45 and 46
in the same way by usi
(net hacryl antg

t hyl hl or le) and
ACETAC(2- (acryl oyl oxyj et Lt pf et hyI aiRfoni um
chloride, Mtsui Chem cals) as\cononongg’s. Table 9 N
Cationic Initial Intrinsic Pro tioni c nmonomer
cone % viscosity viscosity mononer in“gkf/g cP pol yner
% 37 BDVAPMA. 2MeCl 25 11.0 520 23.2 38 BDMAPMVA. 2MeCl 5
11.8 560 4.8 39 BDVAPMA. 2MeCl 10 10.4 560 9.4 40
BDVAPMVA. 2MeC 40 11.1 38¥)35.7 4 1 BDMAPA. 2Med 5 12.6
400 4.8 42 BDVAPA. 2MeC 10 14.1 680 9.4 43

BDVAPA. 2MeCl 2 5 10.3 540 23.1 44 BDVAPA. 2MeCl 50 16.8
540 45. Bese SIBHYAPRE D2t Bagt 0L/ 50 of sdviviPFAE 5 4 6

BDVAPA. 2MVafelsefurdibnlof MO&p%MTAﬁu@(I) from the reaction mixture

without dissolving it in water, the compound of formula (I) being separated
from the reaction mixture in the form of a solid product 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 for the manufacture of a polymer comprising units derived from at

least one (meth)acrylate di-ammonium salt of formula ()

1 R
L
+ -
H,C — X
, C‘{ CHN
O—CH R
\ +/R _
CH; T\Rz X
R3

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



nd = not determ ned The pol ynmer obtained in Exanple 37
was tested for flocculation properties in a standard

wa e®b/02d756d1 a kaol i n suspension (6.6 g/ 1) and CPCPEPI®A4/052056
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to commercial cationic polynmers Al pinefioc(tm El + (50
% cationic nmononer : ACETAC). The turbidity of the
filtrate was neasured as a function of the pol yner
concentration. The results obtasned at pH 7.02 and pH
8, respectively, are represented in Figures 1 and 2.
In these figures, the results obtained with the

pol ynmer of Exanple 87 are abel | ed ; the results

obtai ned with Alplnefloc El + are | Iled . These
results ShOV\H perfo are obtai ned
with the polyrrer of Exan'pe37/vv|th spect to the

pol ynmer concentration andcfﬁe3Hranspar cy of the
filtrate than with comerci al eigontaining nor e
cationi c nononers. d ai s Processzfor\t £ manufacture
of a (nmeth)acrylate dlﬂﬁﬂﬂDﬂlUﬂ1sa|t off formula P) X X
(I') wherein represents hydrogen or nethyl, each

i ndependently, represents an al kyl conprising from1l

to 4 caphon 1@Js95‘i§e mﬁ@%ﬁ&d@ﬁ&%@&%@% %rm&lﬁ%ﬁ%ﬁ&ﬁ drgflic

al kyl or _an aral and each X , independent] %/)
repres esr?i‘@ma(i?nﬁ‘l‘ﬂl%at R HPPI%HRRy PEA§T a?lﬁé‘t PasicioPR Rg of water
t he di -amginihieeeif metdojnacund dtfeafulsf @ masikaol(ibilily ati2b RC afless than

sl east ong; @bkl s Qenttalik¥hiy deedatl ¥8 oggfloé DLl @ han
organlc solvent contalnln

pr ef er aBf§eR PaeSP ﬂffbﬂfdh‘bﬁ?ﬁes?)‘?nd\?%aé?m%\ﬂﬁﬁm‘évléfer?”f‘ﬁ@mm
conpounghitaf fomoniayla (1) has a solubility at 25 C of

| ess than 1 g/ 100 of solvent, preferablyof |ess

than 0.5 g/ 100 g d} sol vent, and rei,n the

solubility of the cprrespgnding ani g:Aret h)xacryl ate

ammoni um sal H,0F—¢ (MR GH#——NNX\
O0— CI\-i RZ
cH—N
RZ
(V)

has a solubility at 25 °C of at least 20 g/ 100 g of solvent ;

(2) the separation of the compound of formula (I) from the reaction mixture
without dissolving it in water ; the compound of formula (I) being separated
from the reaction mixture in the form of a solid product comprising, per mole
of the compound of formula (1), 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), and

(3) the polymerisation of at least the compound of formula (I) contained in said

solid product to achieve said polymer.

3. Process according to claim 2, wherein step (3) comprises the co-polymerisation
of at least 12 % by weight, preferably of at least 20 % by weight, and more
preferably of at least 25 % by weight of the compound of formula (I) contained
in said solid product with at the most 88 % by weight, preferably at the most



/| o- -CH2 (V) has a solubility at 25 C of at |east 20
g/ 100 g of solvent ; and (2) the separation of the

w@ooopoeatéd of fornmula (1) fromthe reacti on m XeT¥/BP2004/052056
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wi t hout dissolving it in water, the conpound of

formula (1) being separated fromthe reaction m xture

in the formof a solid product conprising, per nole of

t he compound of fornmula (1), bess than 0.1 nvole,
preferably less than 0.05 nole and nore preferably

| ess t ham%QyGkigibleedofort hrefecabispg udmost 7506 yvaighddf at least one

Proc essfufr@l@r It(lbl%)n{@ ntlﬂte @&rhwu%d Qf foﬁnﬂgl ]%:B@ﬁg &pﬁﬁflﬁeﬂs%preferably
un| ts derived fro | east one %acr at'e

- anmol ARt © 'FssftB?rh?ﬁ % By eieRt %“’(r prefifeiieffn amount of
r e pr eseletsthhy 5 dgenwoght vethlspld, fusbamemdependent | y,
represents an al kyl conpri si ng froml to 4 carbon
at ons, each i ndependent |y, resents _an al kyl or an
ar &t kyl Profigs 8SRorse ‘ilar’faé’ﬁ’éﬁd "I‘%*F“SF%B‘r%‘%*e??E Prgffss is a
ani on, cwdivprdospolygnefititicnlvé a meteebrerd sofutibi ef rdorarErnpolymerised
(et h) acf ¥h@bibn Of sfsBEdBlndedtnlqgd th at | east one al kyl
or aral Kyl derivative of formula in an organic sol vent
cont ai ning at nost 5000 ppm preferably at nost 1000
pmm of water and wherein the conmpound of formula (I)

ha% a Sﬁlloygk la!:cto}/dlﬁé t02a§1y QnQI)f tilc,eé\ﬁuﬂsw Awgéreﬁn%epg(?)pcfompnses

sol vent, prefera

sol vent & ee“rﬂ a"’bm’é?%%lﬁn t°f1‘lé°r§ oI B? P?Itti/byo‘?"’lf’%%f theeor Comp"“nd of
corres pfmdulagl) emtaioed imsaidispla prythadt evitarfrooni ¢n9Spdrts lofmoles of

formul aat(lé@st E)negacrylamide monomer of formula (Vi)

R5

O 6
I R
H,0——=C——C—N__
R
(V1)

wherein RS is hydrogen or methyl, R® and R7 are, independently, hydrogen,
alkyl comprising from 1 to 6 carbon atoms, optionally substituted by one or

more hydroxy or alkoxy groups.

6. Process according to any one of the claims 1 to 5, 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.

7. Process according to any one of the claims 1 to 6, 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.

8. Process according to any one of the claims 1 to 7, wherein the reaction mixture

obtained after step (2) is recycled.



X (V) has a solubility at 25 C of at |least 20 g/ 100 ¢
of solvent ; (2) the separation of the conpound of

wo ooosi0bE54{1) fromthe reaction m xture w t hout PCT/EP2004/052056
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dissolving it in water ; the conmpound of formula (I)

bei ng separated fromthe reaction mxture in the form

of a solid product conprising, per nole of the

compound of formula (I), |ess gshan 0.1 nol e,

preferably less than 0.05 nole and nore preferably

| e t h&rpc@s@icardihe tapfnytdfi dlaivepoLi 6vhereinf the Abdraing fheth)acrylate
and ( 3) of ﬂaﬁmﬂgl I.‘Vj [E@é‘d 1§%Eelp9![) 1Q£)re§£re!:l %9%6 t?ﬁ%esqg{m%dof Qlfl ,3-di-

formul a cont ai ne i n said solid product to achieve
sai d pola%‘l‘f%‘ pﬁ?&?&%@ e ng to claim2, wherein
step (3) conprises the co-pol ynerisation of at | east
12 %y wei ght, preferabl yof 34 | east 20 Y%y wei ght,

and nore preferably ast 25 %y wei ght of the
conmpound of formula Fj contai,ned in said solid
product with alHO—heCIFrDst 88 d779y wei ght, preferably at
the nost80 %y weight, and mte preferably at the nost
75 %y wei ght of at Iclé'&s ’\bnezfurther nononer, the
conpound of fornmula (1) bei ng co-pol yneri sed
preferably in an armxm of |less than 99 %y wei ght,
nore preferably in a 3rmunt of less than %y wei ght
with said further nononer. 4. Process accordi ng to

Cl al m 2W re: 21 ﬁ € €n ren Trese S an Ir'nocel%S T
r adi cal g% %061 %gr?g‘ga |od:1 of "3 ’f r-bkgletf’ SO tgf(g’f’i1 otlp4

mononer SATHY §RES EHe Hetaptyistesh femukBhensi on
techniques. 5. Process according to any one of the
clainms 2 to 4, wherein Hep (3) conprises the

co- pol yrrerlsatlon of frolml to,®9 parts by noles of
t he conpound of fﬁréml_a_ tained in said solid
product with from4a part by nol es of at | east
one acryl am de m)nomsr of formg-a—{§t) HLC=C C | SLV

wherein R! represents hydrogen or methyl and R4 represents an alkyl

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

11. 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.

12. 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 (1).

13. Solid product obtainable by the process according to claim 1, or by the process
according to any one of the claims 6 to 12 when dependent on claim 1,

containing the (meth)acrylate di-ammonium salt of formula (I) and, per mole of



wherein is hydrogen or nethyl, and are, independently,

hydr ogen, al kyl conprising from1l to 6 carbon atons,
wW@piosoeEsd y substituted by one or nore hydr oxyPOF/EP2004/052056

al koxy groups. 6. Process according to any one of the

claims 1 to 5 wherein the solvent is an aprotic

di pol ar solvent, in particular a solvent selected from

the group consisting of acetong, nethylethylketone,

et hyl acetate, nitronmethane, acetonitrile or m xtures

t her eof thig bedt, 64 tent0. bablagprpaibirieds|tlianc.eb avid dndlore 7.

Process %‘f\e‘;%lpie@thtag O"Hl%n(ﬁg %f {H ctnl}g p%h(?ihggmi]no (916191 yacrylate

wher ei n the separ ation of acr
di - ammﬁﬁnﬂ’l‘i’fl%?a“o?ff‘frﬁ‘ﬂﬁﬁvh (I) fromthe reaction
m xture i s done by nechani cal separation, in

5par1t4| cu b@&mgyobﬁ&hiﬂi«?ﬂ? B Fﬁé escsea@&crrhlili gcaérlyfﬁll Vﬁthe cfa%s %?‘o 5, or

according to any one 0 clai nms erein
reacti oY A& eﬁee BEPHingde 2B prerof Segpips pitg 17 é@?ﬂ:ﬂ’é’ﬁn"?m on
Pr ocess agcoerd iirgldins any 4 odfontdirdhgrenils deiv@ frodd et 1leash ohdre

di -amn étﬂjﬁ&g}l) ﬁ%cﬁﬁtﬁn gg.lt g&&r@r&l@? (Anld) &% isrheﬁxgeﬁr'}rom this

(1) is prepared by the transester.| icatl

1, 3- di afi HBPoPvmsREHlaTidPanP- 1y PriiTrably fos }haﬂcﬁow\an@ere
10(| I'1) whefeitly eacthah 0depeacienteiyed feqh eseadt snaammbky |

conpr i stmhggﬁmémﬁlﬂorﬂu&@a?g o{f}ﬁlﬁg% with a

(meth)acrylate of formula wher ei n represents
hydrogen or nethyl and represents an al kyl conpri si ng
from 1 Pdyderodtdigablalbyois pracessteherfing sengie, Hfor By the process

i thi urra&;altﬂgyt%tany J,Qe ofPﬁ@aeﬁe @649 weﬁ UedRadlin A qf

t he precedin
Baccor di ﬁ‘@“?‘ﬂl%é ﬁ&le%?‘?em(ﬂ’ b¥ W‘é‘gl’}btr %@@&Wgatd?aéf ?r%% ngé‘F fnd
t he di - anreeferabiyta) eastyd Seth @y ofighDofrulita dédivedl fios A lldasivee

tor eac¥métﬂa§%fletﬁ aﬁﬁ-ﬂon\Mrﬁ Qale@rn‘IJl]ﬁﬂ e%d at Pr{eerﬁ(?stt @Q l:’/yby weight,
with nore th‘\}ya tGSUIOy%| entksl ofdsald ¥, .
ar al kyI plazéeﬁl in-] tbgnﬁf o by weight, and more prefera ly at the most 75 %
by weight of units derived from at least one further monomer, the polymer
20 containing preferably less than 99 % by weight, more preferably less than 85 %

by weight of at least one (meth)acryl di-ammonium salt of formula (I).

16. Use of a polymer according to claim 14 or 15 as flocculant.
25 17. Process for the manufacture of a di-amino (meth)acrylate of formula (II)
1
R o 5
] AR
H,C——C CH;—N
/ Nge
O—CH )
\ R
CH;—N

by transesterification of a 1,3-di-amino-2- propanol of formula (I1I)



formula R X. 12. Process according to any one of the
precedi ng clainms, wherein the reaction of step (1) is
we@tdosneirsd ed i n an anmount of between 500 and SPODEPR2004/052056
sol vent per nole of the di-am no (neth)acryl ate of
formula (I11). 13. Solid product obtainable by the
process according to claim1l, or by the process
according to any one of the clgins 6 to 12 when
dependent on claim 1, containing the (neth)acryl ate
di -ammonium salt of fornula (1) and, per nole ofthis
salt, less than 0.1 nole, preferapky |less than 0.05
nol e and nore preferably kgﬁg_ kan 0.01 nole, of the
correspondi ng am no- (et hyyaeryl"at e, ammoni um sal t of
formula (V). 14. PoHyne«u¢btainabR9 by the process
according to any one of t\ie clain® 2 to 5, or by the
process according to any &hgoN{the claims 6 to 12
when dependent on any one of theRlains 2 to 4,
containing units derived Qﬁ m at | east one (neth)acryl
di - anmoni um sal t of fornulé (I') and, per n units
derived fromthis di-amoniumsalt, |less than 0.1*n
preferab | ess an.0.05*n and nore preferably | ess
Phan: 0 grreels i F2 Raromaly Pl rolly! Shamatiedon : o+
( met h) agxpPastemangni (matkla¢rylatsfof fogmmial (B/) (V) . 15.
Pol yner obtai nable by the process according to claim
3, or by the process accordi to any one of the
clains 4 to 12 when dependen| on cl @ m 3, containing
at least 12 % by weight,.preflerably/ at | east 20 % by
wei ght, and nore prefer | east, 25 % by wei ght of
units derived fromat |east one (ne 4yl
di -ammonium salt of fornula (IR@and at the nost % by
wei ght, preferably at the nostM3o % by wei ght, and
nore preferably at the nost 75 % by wei ght of units
derived fromat |east one further nononer, the polyner
Scont ai nivherelrREfrepiirings hyslseget hume®9l MR napicspnts amalke
prefera % by. wei.ght of at |east. one
(ot by acryreGRa S Soadrtols! i Be Brectly o 80k SR
of a polyner according to claim114 or 15 a s
f | ascul Bmtess hdcordfi®@eESmioat 17 Nehdran WhaghihfLea®flyA is chosen from

di - am ng; brEERIACH¥EALE oo fonm 2 (1)
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19. Process according to claim 9, 17 or 18, 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.
15

20. Process according to any one of the claims 1 to 12 or according to any one of

the claims 17 to 19, wherein R1 is methyl.

21. Process according to any one of the claims 1 to 12 or according to any one of

20 the claims 17 to 20, wherein R2 is methyl.



by transesterification of a |, 3-di-am no-2- propano
of formula (I111)-NHOH2 2 (I1l) wherein each

w0 pabspe3rdent | y represents an al kyl conpri si ng PCDEP04/052056
4 carbon atonms, with a (neth)acrylate of formula (1V)
(1'V) wherein Rl represents hydrogen or nethyl and
represents an al kyl conprising from1l to 4 carbon
atons, in the presence of a lidghiumcatal yst. 18.
Process according to claim9 or 17, wherein the
[itd®u mPfIﬁtsma)t&irdlhg teCAHSHRA of the MaldICHB, 1 dr@ckaadidg td@iylone of
nixture§. %9. %ocess accor |3ﬁ to claim9, 17 or 18,
wher ei n tHEPPP dASLLH STETTERY ISOHEHE: done at a
tenperature not exceeding 120 C, preferably at a
t emper aﬁz’wcgssrégéorﬁﬁg %yrbge ;])111916 g’alntlglfeto 12 or accordlng to any one of
transesterification being preferably done at
% enper atherdains 1ate PbadersdoRTis Lozl Pr ocess accordlng to
any one of the clains 1 to 12 or according to any one

Pr GHloes PREEBRETALRE & Hin O AL aPie A T e dige prgone o
aCCOFdIﬂgumﬁmEUYtQMEW&Eﬁth4&hﬁﬁHﬁ.17 to 20, wherein

R2 is methyl.22. Process according to any one of the
claims 1 to 12 or according to any one of the clains

17 to 21, wherein is nethyl. 23. Process according to
any one of the claims 1 to 12 or according to any one

of the clains 17 to 21, wherein is benzyl. 24. Process
according to any one of the clains 9 to 12 or

according to any one of the clains 17 to 23, wherein

R4 is nethyl.



