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acrylic acid or methacrylic acid and b) 70 to 30 % by weight of an alkyl ester of acrylic acid or methacrylic acid with a tertiary

amino g

roup 1n the alkyl radical and ¢) O to 10 % of further copolymerizable vinyl monomers, whereby one or more polymeriza-

tion initiators, optionally one or more molecular weight regulators and one or more solvents or of a solvent mixture are added to
the monomer mixture to give a polymerization mixture, which 1s polymerized at temperatures from 30 to 120 °C over a period of 2
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Process for preparing a (meth)acrylate copolymer containing
tertiary amino groups by free-radical polymerization in

solution.

Technical Background

US 5,804,676 describes a process for preparing a polymer

)

\C

from a monomer mixture comprising /5 % by weight or more of

I

methyl methacrylate and 25 % by weight or less of an alkyl

)

acrylate 1n a homogeneous solution state 1n the presence o3

a polymerization i1nitiator and a chailn transfer agent. The

H

polymerizate may contain 5 - 55 % by weight of the monomer

H

and 5 to 65 3% by weight of the solvent. The polymerizate

)

containing volatiles 1s directly fed to a feed opening of

I

an extruder having a barrel, a screw and a plurality of

ﬁ

vents and the barrel beling at a temperature of 170 to

270 °C. The polymerizate 1s extruded through the extruder

while substantially all volatiles are separated and

H

recovered through a first vent of the extruder and

remalining volatiles are separated through being removed

trough at least one other vent disposed downstream of the

first vent. The thermal decomposition rate 1s 3.0 % by

welight or less.

EP 0 694 565 A describes a process for the homogeneous

H

polymerization of water 1nsoluble polymers containing

O g

greater than 50 3 by weight of monomers selected from the

ﬁ

group consisting of C,-Cig alkyl acrylate or methacrylate

esters, N-substituted acryl or methacrylamides and mixtures

H

thereof 1n substantially non-agueous solutions. Water

soluble polymerization 1nitiators like for instance

H

ficient amount of

ammonium persulfate are dissolved 1n su:
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ﬁ

water whereby the amount of water does not exceed 25 % by

H

welght of the total solution. The polymers prepared by this

H

process are devoid of undesirable i1nitiator decomposition

by-products.

)

US 6,024,210 Bl describes a coating and exciplent agent for

oral or dermal dosage forms. The coating and excilpient

ﬁ

agent 1s comprises a copolymer consisting of radically

H

polymerized Cl-C4 esters of acrylic or methacrvlic acid and

additional (meth)acrylate monomers having functional

tertiary amino groups, which may be EUDRAGIT® E 1n powdered

form. It 1s generally mentioned that the copolymers may be

I

obtained 1n a manner known 1n 1tself by radical, bulk,

solution, bead or emulsion polymerization.

WO 2007/082868A1 relates to processes for preparing

polymers which contain 50 - 90 % by weight of at least one
ester of (meth)acrvlic acid, 5 - 50 %3 by weight of at least

one olefinically unsaturated, free-radically polymerizable

anionogenic or anionic compound and further free-radically

polymerizable compound 1n copolymerized form, by free-
radical polymerization 1n a solution comprising alcohol,
wherein the polymerization 1nitiator used 1s at least one

water-soluble 1nitiator.

WO 2007/113129A1 relates to processes for preparing

polymers by free-radical polymerization 1in a solution,
which 1s characterized 1in that the polymerization 1nitiator

used 1s an ethanol-soluble i1nitiator and the solution

polymerization 1s performed i1in an alcoholic solvent which

~—

contains from 5 to 50 % by weight of water.
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CN 1014750662A relates to a process for preparing

H

polymethacryvlamide ester of low membrane forming

temperature and moderate permeability for pharmaceutical

use. sSuch a polymer may be composed from ethyl acrvlate,
butyl acrylate, methyl methacryvlate and
trimethylammoniumethyl methacrylate chloride. The monomer
composition to be polymerized 1s dissolved 1n comparably

i O

small amounts of solvents, 5 - 15 % by weight.

Problem and Solution

It 18 known, for instance from US 6,024,210 B1l, that

(meth)acryvlate copolymers containing tertiary amino groups,

H

especilally those from the well known type of

=]

=]

UDRAGLT®

4

may be produced by radical polymerization in solution.

~—

However 1n the past these kinds of copolymers have

permanently been produced by bulk polymerization in order

to meet securely continuous high pharmaceutical standards

which are required by authorities and customers. Detaills

for a polymerization i1n solution which provide copolymer
products which meet the same pharmaceutical reguirements as
the products which are commercially available are not

I I

reported so far. Thus 1t was an object of the present

invention to provide a process for preparing a

(meth)acrvlate copolymer contalning tertiary amino groups

by free-radical polymerization i1n solution which meet the

actual high pharmaceutical standards for the end product,

especilally for 1nstance 1n respect to the molecular weight

range, the polvydispersity 1ndex range and the residual

I

solvent and monomer concentrations. Since qgquite different

ﬁ

types of monomers to be polymerized are emplovyved 1n the

process, the i1nventors had to adjust and to fix a lot of
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1ndividual process steps at the same time to meet the

pharmaceutical reqguirements. Thus the process reported and

H

claimed here goes beyond the common knowledge of a person

skilled 1n the art.

The problem was solved by a

A process for preparing a (meth)acryvlate copolymer

containing tertiary amino groups by free-radical

polymerization 1n solution from a monomer mixture selected

from

a) 30 to 70 % by weight of a Ci-Cs—-alkyl ester of

acrvlic acid or methacrylic acid and

b) 70 to 30 % by weight of an alkyl ester of acrvlic
acld or methacrvlic acid with a tertiary amino

group 1n the alkyl radical and

c) O to 10 % of further copolymerizable vinvyl

monomers,

whereby one or more polymerization i1initiators,

optionally one or more molecular weight regulators and

F

one or more solvents or of a solvent mixture

are added to the monomer mixture to give a

polymerization mixture,

which 1s polymerized at temperatures from 30 to 120 °C

H

over a period of 2 to 24 hours,

Q

where for the polymerization mixture at least 98 3 by

F F

weight of the following total amounts of components are

used,
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40 to 75 % by weight of the monomer mixture,

H

0.01 to 5 % by weight of the one or more polymerization

lnitiators

H

0 to 2 % by weight of the one or more molecular weight

regulators,

25 to 50 % by weight of the one or more solvent or the

H

solvent mixture, whereiln the monomers of the monomer

mixture, the polymerization i1initiators and the molecular

welght regulators dissolve,

where the polymerization mixture 1s finally polymerized

F

to gilve a polymerization syrup with a conversion of the

monomers to the copolymer of at least 99 3 by weight,

where the polymerization syrup 1s subsequently degassed

by distillation or by extrusion and the degassed

polymerization syrup 1s further comminuted to a

F

copolymer preparation 1n the form of a granulate or

powder,

where the copolymer preparation 1s characterized by a

a molecular weight (M,) of 25.000 to 75.000 g/mol

F

a polydispersity i1ndex of 2.1 to 2.9 and

F

a residual solvent concentration of less than

1.000 ppm by weight.

Details of the invention

The 1nvention relates to

a process for preparing a (meth)acryvlate copolymer

contalning tertiary amino groups by free-radical
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polymerization in solution from a monomer mixture selected

from

a) 30 to 70, preferably 40 to o0 3 by weight of a Ci-

H

Cs—alkyl ester of acrvylic acid or methacrvlic acid

and

b) 70 to 30, preferably 60 to 40 % by weight of an

ﬁ

alkyl ester of acrvlic acid or methacrylic acid

with a tertiary amino group 1n the alkyl radical

and

c) O to 10 % of further copolymerizable vinyl monomers

(different from the monomers a) or b))

whereby one or more polymerization 1nitiators,

optionally one or more molecular weight regulators and

H

one oOor more solvents or of a solvent mixture

are added to the monomer mixture to give a

polymerization mixture,

which is polymerized at temperatures from 30 to 120 °C

H

over a period of 2 to 24 hours,

where for the polymerization mixture at least 98 % by

F F

weight of the following total amounts of components are

used,

40 to 75 % by weight of the monomer mixture,

0.01 to 5, preferably 0.01 to 0.5 %3 by weight of the one

Oor more polymerization i1nitiators,

H

0 to 2, preferably 0.1 to 2 % by weight of the one or

more molecular weight regulators,

F

25 to 50 3% by weight of the one or more solvents or the

H

solvent mixture, whereiln the monomers of the monomer
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lnitiators and the molecular

finally polymerized

to gilve a polymerization syrup with a conversion of the

monomers to the copolymer o:

- at least 99 % by weight,

where the polymerization syrup 1s subsequently degassed

by distillation or by extrusion and the degassed

polymerization syrup 1S

copolymer preparation 1n the

powder,

further comminuted to a

H

form of

a granulate or

where the copolymer preparation 1s characterized by a

a molecular weight (M,) O

H

a polydispersity index of

a residual solvent concen

ppm by weight.

Monomer mixture

~—

a) 30 to /0,

Cs—alkyl ester of acryl

and

b) /10 to 30,

~—

alkyl ester of

acrylic

f 25.000 to 75.000 g/mol

2.1 to 2.9 and

tration of less than 1.000

Lrrom

preferably 40 to 60 % by weight of a C;-

1c acid or methacrylic acid

H

preferably 60 to 40 % by weight of an

acid or methacrvlic acid

with a tertiary amino group 1n the alkyl radical

and
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Q

c) 0 to 10, 1 to 5% or up to 10, up to o5, up to 2 % by

welight or any further copolymerizable vinyl

monomers (different from the monomers a) or b))

5 The copolymer may preferably comprise or consist

~—

essentially or exclusively of 90, 95 or 99 to 1003 by

I

welght of the monomers mentioned under a) and b).

H

Preferably the monomer mixture 1s consisting of 10 - 40,

H

10 preferably 20 to 30 % by weight of methyl methacrvlate,

H

10 — 40, preferably 20 to 30 % by weight of butyl

Q

methacryvlate and 30 - 70, preferably 40 to 060 % by weight

I

of dimethylaminocethyl methacrvlate.

15

Monomers a)

H

The term “a C;-Csy—alkyl ester of acryvlic acid or

methacrylic acid” shall mean one or more C;-Cy—alkyl ester

20 of acrvylic acid or methacrvlic acid.

ﬁ

C1—-Cs—alkyl ester of acrvylic acid or methacryvlic acid are

methyl acrylate, ethyl acrylate, propyl acrvlate, butyl
acrylate, methvyl methacrvylate, ethyl methacrvlate, propyvyl
25 methacrvlate and butyl methacryvlate.

Monomers b)

ﬁ

30 The term “an alkyl ester of acrylic acid or methacrvlic

aclid with a tertiary amino group 1n the alkyl radical”

H

shall mean one or more alkyl esters of acrylic acid or
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methacrvlic acid with a tertiary amino group 1n the alky.

radical.

H

Sultable alkyl ester of acrylic acid or methacrvylic acid

with a tertiary amino group 1n the alkyl radical are

detalled 1in US 4 705 0695, column 3 line 064 to column 4 line

I

13. Mention should be made 1in particular of

dimethylaminoethyl acrylate, Z2-dimethylaminopropyl
acrylate, dimethvlaminopropyl methacrvlate,
dimethylaminobenzyl acrylate, dimethylaminobenzyl
methacrylate, (3-dimethylamino-2,2-dimethyl)propyl
acryvlate, dimethylamino-2,2-dimethyl)propyl methacrvlate,
(3—diethylamino-2,2-dimethyl)propyl acrylate and

diethylamino-2,2-dimethvl)propyl methacrylate. Particular

preference 1s given to dimethylaminoethyl methacryvlate.

Optional Monomers c)

The term “further copolymerizable vinyl monomers” shall

mean one or more further copolymerizable vinyl monomers.

The copolymer may preferably comprise or consist

I

essentially or exclusively of 90, 95 or 99 to 1003 by

ﬁ

welght of the monomers mentioned under a) and b).

However, optionally 1t may be possible, without this

H

necessarily leading to an i1mpailirment of the essential

properties, for small amounts in the range from 0 to 10, 1

O g

to 5% or up to 10, up to 5, up to 2 % by weight of further

I

ferent from

copolymerizable vinyl monomers c), which are di:

ﬁ

the monomers mentioned under a) and b), capable of vinvlic

H

copolymerization additionally to be present, such as, for
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functional amide or

for instance methacrylamid or hydroxyethyl

acid, styrene,

H

less than 2 % by

further copolymerizable vinyl monomers at all

are present 1n the copolymer to be polymerized.

Preferred monomer mixtures

Preferably the monomer mixture may consist o:

preferably of 20 to 30
10 — 40,

methacrylate and 30 — 70,

welght

The most pre:
by weight of methyl methacrylate,
methacrylate

methacrvlate.

H

OL

H

preferably of

&

O

by weight of methyl

- 10 - 40,

methacrvylate,

20 to 30 3 by weight of butvl

pre:

dimethylaminoethyl methacrylate.

H

H

‘erably of 40 to 60 % by

"erred the monomer mixture 1s consisting of 25%

25% by weight of butyl

and 50% by weight of dimethylaminoethyl

H

The resulting copolymer may be used for

pharmaceutical purposes and 1s called the “amino

methacrylate copolymer

methacryvlate copolymer

Methacryvlate Copolymer |

=]

UDRAGI

I'®

E Tvype.

(USP/NF)”, “basic butylated
(Ph. Eur)” or “aminoalkyl
(JPE)” which are of the

—
-
-

Polymerization mixture

One or more polymerization 1nitiators,

molecular weight regulators and one or more solvents or of

orne oI Imore

)
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a solvent mixture, are added to the monomer mixture to give

a polymerization mixture, where for the polymerization

O g

mixture at least 98 3 by weight of the following total

H

amounts of components are used (were used) or consumed

(respectively),

40 to 75, preferably 50 to 70 % by weight of the monomer

mixture,

0.01 to o, preferably 0.01 to 0.5, more preferably 0.05

H

to 0.3 % by weight of the one or more polymerization

initiators,

optionally 0 to 2, preferably 0.1 to 2, more preferably

0.2 to 1 % by weight of the one or more molecular weight

regulators (chain transfer agents),

H

25 to 50, preferably 35 to 45 3 by weight of the one or

more solvent or the solvent mixture, wherein the

F

monomers of the monomer mixture, the polymerization

initiators and the molecular weight regulators dissolve,

The term “used” shall express that the components were

initially used during the polymerization process as a

whole. The one or more solvent or the solvent mixture 18

H

st1ll present at the end of the polymerization process

before the volatile substances are removed.

I

However essential amounts of monomers, the one or more

polymerization 1nitiators and the one or more molecular
welght regulators that were 1nitially given (were used) 1n
the i1ndicated amounts to the polymerization mixture have
been reacted during the polymerization process and thus are

H

no more qgquantitative present after at the end of the

polymerization process. These substances that were used

have been consumed during the polymerization process.
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12

ﬁ

The components of the polymerization mixture usually add up

to at least 98, preferably at least 99 % by weight. In this

H

case up to 2, preferably up to 1 3 of additional

H

substances, di:

ferent from the components explicitly

H

mentioned, like for 1nstance some kind of additives, like

UV absorbers, dyes or colorants, may be present. The

additional substances are not critical for the invention.

However most preferred the components add up to 100 % by

welght.

Solvents

H

The polymerization mixture may comprise at the end of the

polymerization process 25 to 50, preferably 35 to 45 % by

H

welight of the one or more solvent or the solvent mixture.

The solvent or the solvent mixture may comprise or consist

of at least more than 95 3 by weight, preferably at least

O -

more than 98 % by weight, most preferably to 100 3 of a

H

solvent or a mixture of solvents, which may be selected

H

from the group of ethanol, methanol, i1so-propyl alcohol,

n-butyl alcohol, 1so-butyl alcohol, tetrahydrofuran, methyl
ethyl ketone, methyl 1so-butyl ketone, dioxan, acetone,
ethyl acetate or butyl acetate and less than 5 % by weight,

H

preferably less than 2 3% by weight of other solvents, like

for 1nstance water.

The solvent or the solvent mixture may preferably comprise

~— ~—

or consist of to at least 98 % by weight of 1so-propyl

I

alcohol, less than 2 % by weight of water and less than 1 3%

ﬁ

by weight of aliphatic solvents. Most preferably 1so-propy.

alcohol 1s used as the sole solwvent.



10

15

20

25

30

CA 02814555 2013-04-12

WO 2012/048740

13

PCT/EP2010/065328

The one or more solvent or the solvent mixture 18

preferably chosen 1n a way that the

H

monomers of the monomer

mixture, the polymerization 1nitiator(s) and the molecular

welght regulator(s) are capable to be dispersed or

dissolved therein at the concentrations and conditions 1in

which they are used during the process.

The monomer solvent mixture employed 1n the i1nventive

process enables cooling via evaporation and condensation of

)

the boilling components, mainly solvents.

Polymerization i1nitiators

The term “polymerization initiator”

H

capable of 1nitiating the free-radical polymerization of

means a substance

vinylic monomers by thermal or by spectral activation.

The polymerization mixture comprises or contalns one oOr

more polymerization i1nitiators. Pre

ferably the

polymerization 1nitiator(s) are chosen, so that they

discompose near the boiling point o:

H

-~ the solvents used.

Preferably the polymerization 1nitiators which may be used

are not water soluble. Water soluble i1nitiators are at

20 °C and 1013 mbar to at least 1 g, preferably to at least

H

10 g soluble 1n 1 liter of water.

Sultable polymerization 1nitliators 1n the sense the

~—

invention may be 1n general 1nitiliators of the peroxide- or

I

1n the sense the 1nvention may be azobisisobutyronitrile

of the azo-type. Certaln suitable polymerization 1nitiators

(ATBN), dimethvyl-2-2"-azobis-isobutyrate,
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tert-butvlperpivalate or tert-butvlper-Z2-ethylhexaonat or

mixtures thereof.

Molecular weight regulators

The polymerization mixture may optionally comprise or

contalin one or more molecular weight regulators (chain

transfer agents).

The term “molecular welght regulators” means a substance

I I

capable of limiting the molecular weight of a polymer

ﬁ

during free-radical polymerization of vinvylic monomers by

chain transfer reactions.

A sultable molecular weight regulator 1s for instance

n-butylmercaptan, n-dodecvylmercaptan, Z-mercaptoethanol or

2—ethylhexylthioglycolate, most preferred 1s

dodecvylmercaptan.

Polymerization

The polymerization mixture may be polymerized at

temperatures from 30 to 120, preferably 50 to 100, more

preferably 55 to 90 °C.

The polymerization mixture may be polymerized over a period

I

of 2 to 24, preferably 4 to 16 or o to 10 hours.

The polymerization may be carried out using the followiling

STEeps
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A polymerization reactor, for 1nstance a 100 1 stirred

H

vessel, 1s 1nertized by addition of an 1inert gas like

argon. Stirring may be around 60 to 80 rpm.

5 The monomer mixture, for example around 30 kg, without

~— ~—

addition of solvent or with only little addition of solvent

(less than 8 % by weight) 1s filled in the reactor.

H

The temperature of the reactor 1s raised to about 60 to

10 100 °cC.

H

When the 1nside temperature of the reactor has reached

about 52 to 58 °C the one or more molecular weight

regulators (chain transfer agents) are added, for 1nstance

about 0.1 to 0.3 kg.

15
A solution containing the one or more polymerization
1nitiators 1n a solvent mixture 1s added. The solvent

~—

content of the polymerization 1nitiator solvent mixture may

I

be 90 to 95 % by weight of solvent. The 1nitial dosage of

20 the polymerization initiator solvent mixture (initiator

fed) may be for instance 0.05 to less than 0.1 kg/h. After

one hour the i1nitiator fed may be increased to 0.1 to less

than 0.3 kg/h and after 2 to 3 hours to 0.3 to 0.5 kg/h.

I

25 The one or more solvents or the solvent mixture, for

instance 1sopropanol, may be simultaneously added 1n a

H

dosage of 2 to 4 kg/h (solvent fed).

H H

The dosing of the i1initiator fed and of the solvent fed may

30 be stopped after 4 to 8 or 5 to 6 hours.

The polymerization reaction may be regarded as finished

after o to 10, or /7 to 9 hours,
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when the po.

polymerization syrup with a conversion rate of

to the copolymer of at least 99 % by

Polymerization syrup

The polymerization mixture 1S

polymerization syrup with a conversion rate of

to the copolymer of at least 99 3 by

Degassing step

PCT/EP2010/065328

vmerlization mixture has become a high viscous

H

the monomers

welght.

finally polymerized to give a

H

the monomers

welght conversion.

The polymerization syrup 18 subsequently degassed by

distillation or by extrusion to remove the volatile

substances.

ﬁ

residual traces of

the solvent (s),

The volatile substances to be removed may be

monomers which have not

been polymerized and also remaining traces and reaction

H

products of

the 1nitiator (s)

regulator (s) .

or the molecular weight

Preferably the degassing step 1s per:

"ormed 1n a co-rotating

Oor 1n a counter-rotating twin screw extruder with one or

more,

temperatures of 100 to 200

H

of water added as an entrainer

°C with the 2 to 10 %

(carrier)

preferred at least two degassing zones at

by weight
to the polymer

SYyrup.

ﬁ

The screws of

1n a counter-rotating.

H

ferably the surfaces of

Pre

the extruder screws are

from 1ron or contain only a low amount of

the twiln screw extruder may be co-rotating or

free

H

1ron.
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ﬁ

Preferably the surfaces of the extruder screws are refined.

H

Preferably the surfaces of the extruder screws are

chromated or chrome-nitrated or titan—-nitrated.

This has the advantage or supports that the yellowness

H

5 1ndex (extinction at 420 nm) of the polymer product 1is

comparably low, preferably less than 0.1, preferably less

than 0.05.

H

The screws of the twin screw extruder may be co-rotating or

H H

10 1in a counter-rotating. The use of the entrainer is of

advantage since 1t cools the mass down and reduces

H

friction. Thus the degradation of the copolymer 1s less

I

compared to an extrusion without the addition of water as

entralner.

15

Copolymer preparation

The degassed polymerization syrup may be further comminuted

H

20 to a copolymer preparation 1n the form of a granulate or

powder. The term “granulate” shall also include porous,

foam like structured granulates.

The copolymer preparation may be analysed by know

25 analytical methods and may characterized by a

a molecular weight (M,) of 25.000 to 75.000, preferably
40.000 to 60.000 g/mol,

H

30 a polvdispersity index of 2.1 to 2.9,

ﬁ

a residual solvent concentration of less than 1.000 ppm,

preferably less than 500 ppm by weight,
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)

an extinction at 420 nm (yellowness i1ndex) of less than

0.1, preferably less than 0.05,

H

a total residual monomer content of less than 1.000 ppm

), preferably less than 500 ppm by weight.

Analytical methods

Analytical methods to determine the molecular weight (M, =

average welght molecular weight) are well known to a

skilled person. In general the molecular weight M, can be

determined by gel permeation chromatography or by a light-

scattering method (see, for example, H.F. Mark et al.,

H

Fncyclopedia of Polymer Science and Engineering, 2nd

HH

Fdition, Vol. 10, pages 1 ff., J. Wiley, 1989).

Most preferred the molecular weight M, = average weilight

ﬁ

molecular weight) of the polymers described here 1s

H

determined by means of size exclusion chromatography (SEC)

using polvester-based packaging as the stationary phase and

dimethylacetamide (DMAC) as stationary phase as described

1n detail in Adler et al. (2005b): Molar mass

characterization of hydrophilic polymers, 2 Size exclusion

chromatography of cationic (meth)acrylate copolymers, e-

Polymers, no. 057, p. 1 - 11 (http:/www.e-polymers.orqg,
ISSN 1618-7229).

The polydispersity i1ndex (PDI) 1s well known to a skilled

person and 1s determined by calculation of the M,/M, ratio

(weight average molecular weight/number average molecular

welght) . Polvdispersity may be determined by gel permeation

or size exclusion chromatography, light scattering
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measurements, direct calculation

from matrix—-assisted laser

desorption/ionization (MALDI) or

from electrospray mass
spectrometry.

The residual solvent concentration may be determined by Gas

Chromatography (GC). The determination of the residual

solvent concentration by GC 1s well known to a skilled

Person.

10 The extinction at 420 nm (yellowness index) may be

determined by spectrometry by use of a 12.5 % by weight

polymer solution in isopropyl alcohol / acetone (60:40 w/w)

and a 1 cm cuvette. The test may be performed according to
Ph. Eur.2.2.25.

15

The total and 1ndividual residual monomer contents may be

preferably determined by High Pressure Liquid

Chromatography (HPLC). The determination of the total and

individual residual monomer contents by HPLC 1s well known

20 to a skilled person.

The assay for the determination of the Alkali value AV may

be performed according to Ph.Eur. 2.2.20

o 1.l

"Potentiometric

titration" or USP <541>. 0.2 g Polymer (1n dependence of

25 the amount of amino methacrylate monomer amount) are

dissolved 1n 96 ml of glacial acetic acid and 4 ml H,O. 0.1

N perchloric acid 1s used as the titrant

(DS= dry substance)

_ *
B

30
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Examples

Analytical methods

H

The conversion rate of the monomers to the polymer was

H

determined by calculation of the total monomers used at the

~—

beginning of the process 1n ratio to the residual monomers

I

detected by HPLC 1n a sample at the end of the

ﬁ

polymerization process before the removement of volatile

substances.

The molecular weight (M, = average weight molecular weight)

~— ~—

of the polymers described here was determined by means of

si1ze exclusion chromatography (SEC) as described in detail
in Adler et al. (2005) e-Polymers, no. 057, p. 1 - 11
(http:/www.e-polymers.org, ISSN 1618-7229).

The polydispersity 1ndex was determined by calculation of

the M,/M, ratio (weight average molecular weight/number

average molecular weight (determined by SEC)).

The residual solvent concentration was determined by Gas

Chromatography (GC) .

The residual water content was determined by titration

according to Karl Fischer (see for i1nstance Eugen Scholz:

Karl-Fischer-Titration. Springer-Verlag 1984, ISBN 3-540-

12846-8 or K. Schoffski: Die Wasserbestimmung mit Karl-

Fischer-Titration, 1n: Chemie 1in unserer Zeit 2000, 34,

170-175. Abstract).

The extinction at 420 nm (yellowness 1ndex) may be

- Q

determined by spectrometry by use of a 12.5 % by weight
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polymer solution in isopropyl alcohol / acetone (60:40 w/w)

and a 1 cm cuvette. The test may be performed according to

Ph., Eur.2.2.25.

The total and 1ndividual residual monomer contents were

determined by High Pressure Ligquid Chromatography (HPLC).

Samples were dissolved 1in methanol. By adding

methanol /KH2PO4-buffer (0.625m, pH 2) 50:50 the polymer was

precilpitated and the supernatant was analyzed by HMPC using

H H

standard reference preparations of the monomers for

calibration.

Polymerization process

The polymerization was carrilied out 1in a 100 liter reactor

using the followling steps

The polymerization reactor, a 100 1 stirred vessel, was

I

inertized by addition of argon. Stirring was 70 rpm.

The monomer mixture, as shown 1n table 1 was filled 1nto

the reactor.

~—

The temperature of the reactor was raised to about 80 °C.

I

When the inside temperature of the reactor had reached

ﬁ

about 55 °C 0.2175 Kg of the molecular weight regulator

dodecvylmercaptan was added..

The polymerization 1nitiator tert-butvlperpivalate 1n a

solvent mixture as shown 1n table 2 was added. The 1i1nitial

~—

dosage of the polymerization 1nitiator solvent mixture

(initiator fed) was 0.08 kg/h. After one hour the initiator
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fed was be adjusted to 0.16 kg/h and after 2.5 hours to

Directly after the 1nitial 1nitiator fed 1sopropanol as

solvent was added in a dosage of 3.0 kg/h (solvent fed).

I I

The dosing of the i1nitiator fed and of the solvent fed was

stopped after 6 hours.

The polymerization reaction was regarded to be finished

after 8 hours.

I

The overall composition of the polymerization mixture that

was used respectively consumed during the process 1s shown

1n table 3.

Degassing

sStep

The resulting polymerization syrup was fed 1nto a double

screw extruder with co-rotating screws (Manufacturer

and three

H

welight of

mass. The

table 4.

Copolymer

After the

H

form of a

Rerstorff).

The extruder had one backward degassing zone

forward degassing zones. As entralner 5 % by
water were added to the polymerization syrup

relevant extrusion parameters are summarlzed 1n

extrusion the molten mass was extracted 1n the

string, cooled down by passing a water bath and

subsequently comminuted to granules.
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The conversion rate of the monomers to the copolymer was
99.4 % by weight.
The molecular weight (Mw) was 49.300 g/mol.
5
The polydispersity 1ndex was 2.5.
The residual solvent concentration of 1sopropanol was
250 ppm by weight.
10
The residual water content was 0.2 3 by weight.
The extinction at 420 nm (yellowness 1ndex) was 0.019.
15 The residual monomer content for dimethyvlaminoethyl

methacrylate/

butyvl methacrylate and methyl methacryvlate was 117/169 and

129 ppm by weight.
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Tables

Table 1: Monomer mixture

Monomer kg s by weight
Methyl methacrvlate ] .2 24 .3
(MMA)

Butyvl methacryvlate 14.7 49 .4
(BUMA)

Dimethylaminoethyl /.38 26 .3
methacrylate

(DMAEMA)

total 29.8 100

5 Table 2: Polymerization 1nitiator in a solvent mixture

Initiator/solvent kg 5 by weight
Tert- 0.15 /.0
butvlperpivalat

Alilphates 0.05 2.0
Isopropanol 1.8 90
Total 2.0 100




CA 02814555 2013-04-12
WO 2012/048740 PCT/EP2010/065328

2

Table 3: Total polymerization mixture as used

Components kg s by weilight
MMA 1.2 14.5
BUMA 14.7 29.5
DMAEMA /.8 15.7
Isopropanol 20 39.6
Dodecylmercaptan 0.2 0.4
Tert-butylperpivalat 0.1 0.2
Aliphates 0.04 0.02
Total o0 100

Table 4: Extrusion parameters

Tewr / ~C 130
Ppwr / mbar ca. 15
bar
Thackward degassing /  C 140
Phackward degassing / Mmbar 1.000
L forward deqamsing 1-3 /7 180
Prorward degassing 1/ MOAT 100
Prorward degassing 2+3/ MDaT 50
Copolymer flow rate g/h | 6.300
Entrainer (H,0) o
s by weight
Rotation speed / rpm 220
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Claims

1. A process for preparing a (meth)acrylate copolymer

containing tertiary amino groups by free-radical

S polymerization 1n solution from a monomer mixture

selected from

a) 30 to 70 s by weight of a C;-Cy-alkyl ester of

acrylic acid or methacrylic acid and

10 b) 70 to 30 % by weight of an alkyl ester of acrvylic

aclid or methacrvlic acid with a tertiary amino

group 1n the alkyl radical and

c) O to 10 % of further copolymerizable vinvyl
monomers,

15

whereby one or more polymerization 1nitiators,

optionally one or more molecular weight regulators and

H

one oOor more solvents or of a solvent mixture

are added to the monomer mixture to give a

20 polymerization mixture,

which 1s polymerized at temperatures from 30 to 120 °C

H

over a period of 2 to 24 hours,

where for the polymerization mixture at least 98 % by

H

25 welight of the followling total amounts of components

are used,

H

40 to 75 % by weight of the monomer mixture,

H

0.01 to 5 % by weight of the one or more

30 polymerization i1nitiators

H

0 to 2 % by weight of the one or more molecular weight

regulators,
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25 to 50 3 by weight of the one or more solvent or the

H

solvent mixture, wherein the monomers of the monomer

mixXxture, the polymerization i1nitiators and the

molecular weight regulators dissolve,

where the polymerization mixture 1s finally

polymerized to give a polymerization syrup wilith a

H

conversion of the monomers to the copolymer of at

least 99 % by weight, where the polymerization syrup

10 1s subsequently degassed by distillation or by

extrusion and the degassed polymerization syrup 1S

further comminuted to a copolymer preparation in the

H

form of a granulate or powder,

15 where the copolymer preparation 1s characterized by a

a molecular weight (M,) of 25.000 to 75.000 g/mol

’

a polydispersity index of 2.1 to 2.9 and

H

a residual solvent concentration of less than

20 1.000 ppm by weight.

2. Process according to Claim 1 wherein the monomer

H H

mixture 1s consisting of 10 - 403 by weight of methyl

~—

methacryvlate, 10 - 40% by weight of butyl methacryvlate

I

25 and 30 - 70% by weight of dimethylaminoethyl

methacrvylate.



10

15

20

25

30

CA 02814555 2013-04-12

WO 2012/048740 PCT/EP2010/065328

26

. Process according to Claim 1 or 2, wherein the solvent

or the solvent mixture 1s comprising at least more

H H

than 95 3% by weight of a solvent or a mixture of

H

solvents selected from the group of ethanol, methanol,

1so-propyl alcohol, n-butyl alcohol, 1so-butyl

alcohol, tetrahydrofuran, methyl ethyl ketone, methyl

1so-butyl ketone, dioxan, acetone, ethyl acetate or

O -

butyl acetate and less than 5 % by weight of other

solvents.

. Process according to Claim 3, wherein the solvent or

the solvent mixture 1s comprising to at least 98 3 by

fr— O fr—

welght of more than 95 % by weight of i1so-propyl

O -

alcohol, less than 5 3% by weight of water and less

H

than 1 % by weight of aliphatic solvents.

. Process according to one or more of Claims 1 to 4,

wherein the polymerization i1nitiator 1s dilauryl-
peroxide, dimethvyl-2-2"-azobis-1sobutyrate, tert-
butvlperpivalate or tert-butvlper-Z-ethylhexaonat or

H

mixtures thereof.

H

. Process according to one or more of Claims 1 to 5,

wherein the molecular weight regulator 1s

dodecylmercaptan.

H

. Process according to one or more of Claims 1 to 6,

whereby the degassing step 1s performed 1n a twin

screw extruder with two degassing zones at

H

temperatures of 100 to 200 °C with 2 to 10 % by weight

~—

of water added as a carrier to the polymer syrup.
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