WO 2010/ 012358PCT/ EP2009/ 004952 - 1 - G aft copolyners for ion
exchange womevrgssaphy The invention relates to a nodpdi/p2009/004952
separating material, to the preparation thereof, and to the use
t hereof for the separation of charged biopol ynmers 5from |iquids.

Prior art lon exchange chromatography is probably the nost frequently
enpl oyed 10 nmethod for the purification of pharmaceutical pr ot ei ns,
pepti des and ot her bygﬂ I i on

processes incl ude %Eg%? gﬁ?%# e@!ﬁg%%ig‘ ﬁégﬁ@hﬂﬁw
interest are ion exchanger resins which have a high b|nd|ng capacity

for the tar geq—h@lh@é#ﬂlﬁ reléf%-ghfb Hsr%oe fleﬁué%t?é?% Bﬁ&l‘ q ;ﬁEBQ @on

i n which the oni c s. are al - 1sed

pol ymers, rgpk "H'PE F'Pteé{?@aﬁ ﬁ%@fyf%dﬁﬁe'iﬁptaéa@nsQf)ﬁbﬁfg%bfo@@é/mefs
IS part|5cul arfrxananmadi,ageous (W Miller, J. Chromatography 1990, 510,
133-140). 20Functional i sed pol ynmers whi ch are obt ai ned by grafting
correspondi ng func- tionalised nononers onto a nultiplicity of

di fferent surPaoesrthave been known for many years. If the
functionalisation involves chem cally bonded ionic groups,
corresponding, materials can be used for ion exchange chromatography.

25 A rel ativeldp EXEhNgrmhesmatogseriy s orgbably ipel most fezquentivremployed

whi ch afl@ t f
t hle Cpa?ent !5 n Eg)mﬂmh for tﬁehﬁuﬁt" @é’t‘drpﬂﬁtp'rltgﬂn%eﬁic‘épgr?ft@ﬁ@ sde?ttﬁgy%d Bther

more than one WBH@%‘?QUWW‘JG‘UE@Hdn%ﬁi??’ﬁtrlf@ﬁ?o'ép@%s%s &C&idﬁaﬁln‘? ﬁrfﬂﬂie
patj ents. Fgr iohi exgiraafge steps! YDf p@:ﬁcmerllﬁtélteﬁrhreti@ﬁ @mnyh WP resink, whith
order to obtaj it Y e ,sel ect in such a way that
bot h m)norrershgel‘l’ éﬁ&?éﬁdﬁﬁg%g%ﬁﬁgrr gctpmeg 88‘;5'? Or one MONONEr is
neutral. The conbi nati on and type of nononers that are pr eferred for

the grafls copphy rﬂ%é' SraditaBd §er§¥§ﬁahﬁ§9ﬁ$tbﬂ§g mW@Iit @9? gm?p§§{%ﬁ?g'-

skllledlntea has to carr
before he obt'SPAELXE aﬁeéxpﬂ@nﬁat @tafbw@ymﬁr%nmacl@ af,@m tmn@otratenﬂh@onded

puri- ficati oo @fsuppsfrmerdb B ﬁ;ﬂarﬂé@[’bﬁ %ﬁuaﬁ%bb%?\/\ﬁg@hiﬂ%{’;@r Chromatog-

destri bas. mat @K BHoP ol Ringer chr omat ogr apt

nger chromat ography. For the
preparation of the materials, a polyner solution consisting of

oM Ay s s e

adsor bed ont d ﬁ@t’)ty'rﬂﬂ@@m@ﬁ neontg Qupfp'din:tllsﬁy pf differents suffaceseshavpl been
porous cel | U'l@ﬁﬁvrﬂ'f@t’f Alary Ve thel RindtioR9RABH! i ﬂoﬂlvge%‘r\e!ﬁﬁtgal'lmBhéf&d
chem cal [|inki n% bet ween t ort material and

coatl ng. | n t'ABCaIOYPSt PBHeS%PfPfij) dpaleriaigneam hesuae@té@reronsamhame chro-

335 | i nked mpatogr@phy.i s pol yneri sed in the pores of the support. It
s-onl yo8 hrough the polynerisation in the pores that the materi al
becorres sufficiently dinen- 10 sionally stable so that it is

pr essur e- st abh gelativehe laage | nwrabeo f pnsshtﬂasgrafthpelqmmnﬁr[mtar%r @hich are

necessary formfé?];a BrfSPﬂ{eafré&rbn%ftloB%?PWmﬂﬂgs 36 %ﬁpﬁggéatpﬁ%jﬁﬁéj 387

conmponents, nanel y suppo
agent and dext%ﬁr U &.4% 886 abyalt dohimer sm@paﬂang onorsf thareonetraahomer

separ ati ng mairft {dbolykRerisation) are also claimed in the patents. For this graft copoly-
30 merisation, the monomers must, in order to obtain suitable exchangers, be
selected in such a way that both monomers either contain basic or acidic
groups or one monomer is neutral. The combination and type of monomers
that are preferred for the graft copolymerisation is not explained, meaning
that the person skilled in the art has to carry out a large number of experi-
35 ments before he obtains separating materials which are suitable for the puri-
fication of pharmaceutical proteins, peptides and other biopolymers.



Kobayashi et al. [Journal of Chronmatography, Vol.958, No. 1-2, 109-
119, (200®)]201mof2es91 descri be a chromat ography material Whp&HrbR09/004952
obtai ned by grafting a polyner conprising,i sopropyl acryl am de and
acrylic acid onto silica, or silica gel. The aimof this grafting is
to produce hydrophobic properties 20 by the introduction of an

unchar ged nononer. Binding of the polyners to the inorganic silicais

made nore difHcul e fact that, no aliphatic hydroxyl groups are
present on thfgiﬂgﬁ%{)wiz}‘F%%Céfrbgﬁdfngﬁrﬁalsa% fé%?é%'ﬂaﬁ% e F%QB}.‘V- For
US 2004/ 20314¢thenpreearatiobesf ther ovaierals aphpclymet esolétlonvbbedistien o t-acryl-
of a 25suppor er 1ele -1 S ous .
crosslinked gg@@%?em%mygﬁﬁéﬁpgﬁés%ﬁs%g&g{%%r N@ggs @tﬁgg‘gg&‘@?gwﬁg'dﬁ agd
hydrogel is pBygiseymeseylimethaernfaieds asisorbed snppoydroxyi-eentgining supports,
suffi ciéntly diefers), qOREUmpANG TR Qlhbise Gl | oREFSS Hh Sidithftign
in the application. Co‘éﬂle t bondj ng tg t he support ) oes nocf
occur, but inSPESHOFHY ‘S?da?)%ﬂﬂica HnKing Setwgeletnensunparheateninl énd thempp-
Eyd[( oghobi c s ligp cobtingdt By ihal 5d§t¥r§£iﬁrﬁ,e§j Wyﬁhi%éi,uﬁﬁﬁ:h ié\sa @\Jawt-gﬁétgd, Ress-
y Kobayashi, at i of . .desired separatin eri in
all cases reqltljr}iltrbgdsBé@(&r?egS}ssl '?ﬂkﬁ“ﬁ&sﬁﬁé'hﬁ?emr%Oﬁ %{Jﬁpg’ﬁgﬁtj@r%ﬁl’éhmugh
i nfl uence on theepdlymdirisgtior mtheoperesthahiheapptsrizhbeoomet sufiiciently dimen-
mat eri ali8. | ngiaddjng | y:L am r I ed | o]

Ut 1 cf ent 1y Seanl L SPbie, sgrioaeiois BreslyRisaa BN e bierdod chioleast use
3 - Obj ect MONOMAS GEeRecassanhiorpheseieparatinenel the hydioget esedeand at
prepare a supeest fiﬁ@b@fﬂpﬂineh?é{'d&nél?@uﬁpgﬁP%dPﬁErcﬂ rgbﬁgﬁ]e‘?r?%ﬁéj RSoss-
and ot her bi O@ﬁ(l. ner s gntg é)l)gh SCargam and _whj ch can be er’rP oyed
for preparati 'i%ﬁgie@ NENCEBRAM APNIREASSAR fYcliicepreparating ot s wstyal
mat eri al shousebdratisg atdteridlo hydrol ysis, in particular stable to

al kali,15n order to enable purification or regeneration of the

separating mate- 10rial at pH 13, with essential properties of the
support bei ngkebayasheet abuldpeutal mhtGreomeftogiaphiynVen®5rMNo The?, 109 — 119,

I nvention rel t a | ' risi [ [
organic 15 s%b@g;]t mm@@r?%%@cﬁg‘%@%@?@%%gﬂ?nmé F}é;% ! 6’2@ 9%?5@%@9 by
up fromat | N8 RRIVBRE COristCaisepBnYiRETYlamide: and psuylic asideontal sil-

where at | easitalodsifitgeniTheesiw ¢f tAl dHafting 946 Brodutd %ré?ﬁﬁggﬁ%@%

mat eri apg Wwhi ne. of these units carries a charge and a

of these uni té\?ﬁ%r ﬁrggu bt 4 Pngheygpd @@%@F-iaéfgﬁ'ﬂg C%ék}% PoleuRrstiA e

support mat erihafganiesilicatis seadavimdreNdigfiduitxlyy the fact that no aliphatic hydroxyl
groups are present on the support surface and silica is stable to hydrolysis.

D US 2004/203149 A1 describes chromatographic material which consists of a
' 25 support material and a gel. Support-supported porous, crosslinked gels are
obtained. As also described in EP 1 473 075 A, a hydrogel is polymerised in

the pores of the support, giving a sufficiently dimensionally stable material

which is pressure-stable in the application. Covalent bonding to the support

does not occur, but instead the hydrogel is intertwined with the support.

30 Hydrophobic support materials are preferably used. As also described by
Kobayashi, the preparation of the desired separating material in all cases

requires a crosslinking agent, which has a considerable influence on the

binding behaviour in the application of the materials. In addition, the acryl-

amide preferably used is not sufficiently stable to hydrolysis.
35



al kyl acryl am des as neutral conononer are suitable as separating

mat eri al s worowapzssat i ng of f charged bi onol ecul es, in particular

char ged bi opol yﬂrrlgrs. Dug to the g?aft copol yneri sat i onpvm' t ﬁ%%/EPZOOWOO“%z
N al koxyal kyl acryl am des, good utilisati orP of | ow charge densities on
the surface is achieved. The present object is therefore also

achi eved by the preparation of corresponding graft copolynmers on

hydr oxyl - cont g, 'beg surfaces of porous particles or other noul dings.
The graft pol bound to these surfaces by the reaction are, in
accordance with the invention, built up fromtwo or nore 30

recurring unitfhe ¥hie I (o} these units carries a charge
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i nteractd on. capacity AhegeRhn! hY h@ge ég‘&%ré ur t her nor.e
relates to sepayati terial's 35which are ¢ Paraiive,appjicaljons on an
charged subst Eﬁ@@iﬁ'é]%?gg’arti cul ar biopolyners, by ionic interaction.
For the preparation of these support nmaterials, graft WO

2010/ 012358P 4952 - 4 - pol rs built up fromtwo or nore
recurring mﬁ%@ggﬁéf?ﬂ%ﬁg?@%uwgﬁg% i fhydreiygisuini particatar istabla to
char ge ggd St :‘lk@m @rﬁgr(w enab;iaepumfﬁdaﬁohaarlr'egg?éra&jgn%f&ﬁgtstl:eﬁg[gﬂ{n%%ate_
can be bBund tig| X 1 : ce oroys particles™or

ot her noul di ngs by cherri’g‘g r%aeﬁ'lgg%'%ﬁéhﬁfh tﬁ?é@@ﬁ?&%@%@@ﬁed-

r,ebat es, in particular, to corresponding separating materials which

have a cross| Sokjedt-méatichof te RQLNHEK Or a crosslinked agarose or a
dextran or a conposite material conprising an inorganic support with
an organi c coating as base support. 10 Separating materials of this

type for ion Byeinegton mekates QQ@M&ti@%ﬁ%ﬁﬁ?g%ﬁWﬁgﬁ%gg%%qrgc

hydr oxy15 contgj4y upports to t. S _

are coval ent I@ﬂygﬁ%e ar?ae'g’d qr@ﬁ%risgﬂéaet%t pRMess thuilhap fagmt atelebat bvo
supplor t t foml; g@;@iﬁ p;ﬁlgﬁare topdinoxtpl thgrsuppsrt rillétériél,h@héﬁfgd_ bég%‘; él(ﬂff&tent
coval ent |y baadedingouri olypers contain at |eas
two different, m)nI(;Irg r Iuﬁ?ﬁwwﬁﬁ%gg%n@ﬁgﬁgﬁf%ge lle ¢n&\REthesk ypits car-
li near manner’ o) CAGEABLRYIRES! ongs obthese amits maeriena otraligicupwhi ch
carries a charge in the formof a sulfonic acid or

car boxy0 ¢ acd in.the farmof an am ne or 20ammoni um group and in
addi tion con?ﬁ%ﬁ@ﬁéér{ﬁs ah%l@ g’b‘?ﬂﬁ? dhatapupnerhengjetalssderitispd wittalN-glkoxy-

am de groups akylacrylemided agmeubs) comonomerVdteuiteBld b t [
charge in thegyf %ﬁg@{iﬁo&y% i§ Si d or C&I‘.b_OX%/LIBC a%?ﬁa‘gié?lﬁg 'Jp\égerlais
formof an amj ne 'or anmoni tm gr _ _E{'r%ewpsadalﬁ rietlabgbargesi bispalykyars.
a,_nd/ or al kyl : @rtbgrgggft@gpolymeitsyatlogmthlm—,alkoxyaIkylacrylamides, good utilisa-
D s tion of low charge densities on the surface is achieved.
The present object is therefore also achieved by the preparation of corre-
sponding graft copolymers on hydroxyl-containing surfaces of porous parti-
cles or other mouldings. The graft polymers bound to these surfaces by the
reaction are, in accordance with the invention, built up from two or more

recurring units, where at least one of these units carries a charge and at
least one unit is linked to a neutral group, so that these graft polymers are
capable of binding a charged substance by ionic interaction.

i The present invention therefore furthermore refates to separating materials

which are capable of binding charged substances, in particular biopolymers,
by ionic interaction. For the preparation of these support materials, graft
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f) the copolyner has at | east one uncharged nononmer unit of the
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polymers built up from two or more recurring monomer units, where at least
one of these units carries a charge and at least one of these units is linked to
a neutral group, can be bound to hydroxyl-containing surfaces of porous
particles or other mouldings by chemical reaction.

The present invention relates, in particular, to corresponding separating
materials which have a crosslinked synthetic polymer or a crosslinked agar-
ose or a dextran or a composite material comprising an inorganic support
with an organic coating as base support.

Separating materials of this type for ion exchange chromatography based on
corresponding hydroxyl-containing base supports to the surfaces of which
copolymers are covalently bonded are distinguished by the fact that

a) the base support contains aliphatic hydroxyl groups,

b} the copolymers are covalently bonded to the support,

c) the copolymers contain at least two different monomer units

d) the monomer units are linked in a linear manner,

e) the copolymer has at least one monomer unit which carries a charge in
the form of a sulfonic acid or carboxylic acid or in the form of an amine or
ammonium group and in addition contains and alkyl and/or alkylene
groups and optionally amide groups, but no aryl groups,
or
which carries a negative charge in the form of a sulfonic acid or carboxylic
acid or in the form of an amine or ammonium group and in addition con-
tains alkyl and/or alkylene groups, but no aryl groups,

f) the copolymer has at least one uncharged monomer unit of the general
formula (1)

in which

R' denotes hydrogen,

R®* denotes hydrogen or methyl, and
R® and Y, independently of one another,



NY 11 ! RIR2 R3 (1) in which Rl denotes hydrogen, 35 R2

denot es hwarngen2es nethyl, and R3 and Y, independently ofp@n€r2009/004952
andt her, WD 2010/ 012358PCT/ EP2009/ 004952_- 5 - denote hydrogen,
strai ght-chain al kyl having up to 4 C at'o?rﬁ, met h-. oxypropyl,

et hoxyet hyl or nethoxyethyl, g) only nononmer units of the sane charge
are conbined if nore than one nononer having a charge is present,

denote hydrogen, straight-chain alkyl having up to 4 C atoms, meth-
oxypropyl, ethoxyethyl or methoxyethyl,
g) only monomer units of the same charge are combined if more than one
monomer having a charge is present,
5 h) the ratio of the monomer units having a charge to the monomer units with-
out a charge is in a range between 1: 99 to 80 : 10.

The present invention preferably also relates to corresponding separating
materials for ion exchange chromatography based on hydroxyl-containing
10 base supports to the surfaces of which copolymers are covalently bonded,
and which are characterised in that
| a) the base support contains aliphatic hydroxyl groups,
b) the copolymers are covalently bonded to the support,
c) the copolymers contain at least two different monomer units
15 d) the monomer units are linked in a linear manner,
e) the copolymer has at least one monomer unit having a charge of the gen-
eral formula (1), in which
R’ denotes hydrogen,
Y denotes hydrogen and
20 R® denotes R*-SOsM, R*-CO0, R*-NR°R" or R*NR’R'°R''X
where
R* denotes straight-chain or branched alkylene having 2 to 4 C atoms,
R® R"and R", independently of one another, denote hydrogen, methyl, ethyl,
) propyl, phenyl or benzyl,
25 M denotes hydrogen, Na, K or NH, and
X denotes Cl, Br, |, or methylsulfate
or the copolymer has at least one monomer unit of the general formula (2)

30
HC—/—/—C——C—0Z
R’ R® (2)
in which
R’ denotes hydrogen,
35 R® denotes methyl,

Z denotes hydrogen, Na, K, or NH,.



5h) the ratio of the nononer units having a charge to the nononer
units w twWoO20UWo012358harge is in a range between 1: 99 to 9PCT/HIZ00IfUGES2
présent invention preferably also relatesgto corresponding separating
materials for ion exchange chromatography based on

hydr oxyl - cont ai ni ng 10base supports to the surfaces of which
copolynmers are coval ently bonded, and which are characterised in that
a) the base support contains aliphatic hydroxyl groups, b) the

copol yners are coval ently bonded to the support, c) the copol yners
contain at | eBE eﬁﬁ@edﬁﬂfV@lﬂéﬁtseﬁéfﬁiWQrméFﬁrtaés qe%grdtnséoﬁ%w@n igRichar-
are |inked i nagtelis@gat thagnner, e) the copol yrrer has at | east one

Rldonot g5 hyds SYEROUALRPRY T ascRroam P someTiaRar o gtoriomar Ll of e gen-

R4- SO3MP R4- NRQEl&xanﬂﬁM#»FQRlORllX where R4denot es strai ght-chain or
branched al kyl ene having 2 to 4 C atons, R9, Rl and R11,

I ndependently of one anot her, 5ote hydr ogen, nethyl, ethyl, propyl,
phenyl or benzyl, 25Mdlenotes hyﬂgogen Na, K or NH4 and Xdenotes C,

Br, I, or methylsulfate or the capol %rrer has at | east one nononer
unit of the general for Hifi—a—TZ’)—C—
10 R' R? R® (1)
) in which
R denotes hydrogen,
R? denotes hydrogen or methyl and
R® denotes methyl, ethyl, propyl, methoxypropyl, methoxyethyl
15 where
Y  denotes hydrogen or
R® denotes methyl or ethyl where
Y  denotes methyl.
20 A particularly preferred variant of the separating materials according to the
invention is distinguished by the fact that
¢) the copolymers are built up from at least two different monomer units,
e) the copolymer has at least one monomer unit having a negative charge,
) selected from the group 2-acrylamido-2-methylpropanesuifonic acid,
| 25 2-acrylamidoethanesulfonic acid, carboxymethylacrylamide; carboxyethyi-
acrylamide, carboxypropylacrylamide, carboxymethlymethacrylamide,
carboxyethlymethacrylamide, carboxypropylmethacrylamide, acrylic acid
and methacrylic acid,
and
30 f) the copolymer contains at least one uncharged monomer unit selected
from the group dimethylacrylamide, ethoxyethylacrylamide, methoxyethyl-
acrylamide and methoxypropylacrylamide.
35 A further preferred embodiment of the separating materials described in

accordance with the invention is distinguished by the fact that
¢) the copolymers contain at least two different monomer units,



i n which R7denot es hydrogen, 35 R8denotes nethyl, denotes hydrogen,
Na, K, orwkki10/01¢€382010/ 012358PCT/ EP2009/ 004952 - 6- Pr ef erenger208/004952
given to separating materials according jﬁ_t he i nvention char-
acterised in that f) the bound copol ynmer has at | east one uncharged
nononer unit of the gen- eral fornmula (1) [err] in which Rldenotes
hydr ogen, R2 denotes hydrogen or net hyI and R3 denotes nethyl, ethyl,

fenot 65 ot ny ) B ey B G et oo T BT & S cr e
preferred vari apélestedifremdbp greup ag(aamnwﬂaralngeﬁmt)mmeﬂrglammpnmm chlo-
|bnvent ion is digge n&%é’?%la%n?ﬁ%g%?ﬁﬁnéth%anﬁ%oﬁ|U?n ERBAYY "B SefifyRamino-
uilt up from at ast nono
yhacrylamide, 2-(diethylaminoethyl)methacrylamide, 2-(dimethylamino-
5 ethyl)acrylamlde, 2-(dimethylaminoethyl)methacrylamide, 3-(diethylamino-
propylyacrylamide, 3-(diethylaminopropyl)methacrylamide, 3-(diethyl-
aminopropyl)acrylamide, 3-(diethylaminopropylimethacrylamide, 2-(meth-
acryloylaminoethyl)trimethylammonium chioride and 3-(acryloyl-amino-
propyhtrimethylammonium chloride
10 and
f) the copolymers contain at least one uncharged monomer unit selected
) from the group dimethylacrylamide, ethoxyethylacrylamide, methoxyethyl-
acrylamide and methoxypropylacrylamide.

15 The present invention additionally relates to a process for the preparation of
separating materials according to the invention, preferably of graft copoly-
mers on hydroxyl-containing surfaces of porous particles or other mouldings,
which is characterised in that graft polymers built up from two or more recur-
ring monomer units, where at least one of these units carries a charge and at

20 least one of these units carries an uncharged group which are bound fo a
hydroxyl-containing surface by chemical reaction, giving materials which are
capable of binding charged substances, in particular biopolymers, by ionic
interaction.

25 Detailed description of the invention

The use of flexible graft polymers ("tentacles") bound to the support surface

as ion-exchanging group is known. Thus, the graft polymer in the commer-

cially available cation exchanger Frac;togel® EMD SQOs (M) is built up only
30 from one recurring unit having sulfonic acid groups.

The patents EP 0 337 144 or US 5,453,186 give no information on monomer

combinations which are to be preferred in the synthesis of an ion exchanger.

The examples also only describe graft polymerisations with one monomer
35 which result directly in an ion exchanger.




e) the copolyner has at | east one nononer unit having a negative
charge, swbeoipad2issom t he group 2-acryl am do- 2- net hyl pr opagastih®nioses2
acrd, 252-acryl am doet hanesul foni ¢ aci d, &ar boxynmet hyl acryl am de;

car boxyet hyl - acryl am de, carboxypropyl actyl am de,

car boxynet hl ynet hacryl am de, carboxyet hl ynet hacryl am de,

car boxypropyl net hacryl am de, acrylic acid and nethacrylic acid, and

30f) th nt ai t |east o

sel bt od {1 onr REGHGA,ME deefing B RndiRatoed 3R niiRs al oPile eid has

met hoxyet hyl - been yhastigatean dinnet thex ppiyoryrs e[omydadarﬂheiefroﬁ’ﬁéré stalierto hyd-
f d enmb ' o

P cor dance wi T hana8! aliafing BREAEHRTITBAGHLR. fre ?ﬁ@%@?ﬂ*% > able

t he copol ynert® &5at Bydrogen| kends, mwibdchiiis Bermainr advasiege den use owiwy to the

2010/ 012358P®ét@2@&@(a@ﬂﬁﬁﬁﬁa uebus DlutidiR é?rQPEHLhér{ﬁéﬁ harspriicitl east

one nononer unit having a p05|t|ve charge, selected fromthe group
2- (acryl oyl am noet hyl ) tri met hyl amoni um chl ori de,

3-(acryl oyl aanmoth‘eDpyé;)atraiimfdﬁ}th@rﬁ@pﬁratmgcHamémai@ according to the invention,

2-(diethyl am OEEBE. %%ﬁ%@%&‘ﬁ‘ﬁwﬁg&% yslu‘fjlcrrq1 a8 e%ovyéQanﬁﬁleaEre}/cltggnéldFSK

(di et hyl am
di et hyl anilié@h V) prtheheemyiesoiate availade dolygpea hyW-65 (S), can be used.

(
r?py')a@ry' R e s éﬁ{ﬁé@%@g}r.@ﬁ%ﬂ% HESJUhelsam de,

di et hyl am nopr op
?dl et hyl am nopr opyl ) met hacryl am de,

2 et hficr |y| Oy et e detlbhrdfmﬁé Mtéﬂﬁf@'ﬁc'éﬂ’miﬁ‘é ﬂ!(ij H@;ﬁg@@ﬁtlon other chroma-
col(ogf%e?g com i ro&ﬁ@%%@%%@%?%‘ﬁ?‘&ﬂﬁ%ﬁ%ﬁﬁ eérsplefef ﬂtf madeAal
Ergtehg; gg{?hS: nmd;yioaha\;é practiee gemwmxp@éf?yélﬂym:gnwkﬁs which areE gggesESfble to
Movent ) on addi ey 9 PO pRON XA aRY S aTee Mt pRlgRS G, Mgrefore
separating na@|é®|Cmn§ISacf9®r&iqangnle,00i heganity potynwars. Pueh eargbhig prflyr@eaef tan
copol ymers onp iy Eh&ﬁcﬂé §Udﬁga§%§ea38:§% Séxt?é’rfsousf??%r tdefilifpRel’e efe., or

ot her noul di ngs, I ch ar acteris yners bu

up fromtwo oYNiRAYS pely qu$ nHahon® REHY (RETY laémd@h)erp@h&matmlam@e@f poly-
these units c@ecrlgesn QB@(@@tlﬁ%WIé\fes?oh hmﬁlzcan QfbstinReg poWyldkyl allyl

carriesp@n unchar roxyl -con I ni
surface by chéﬁ? 1%’8 Lfﬁ&‘%ﬂy&qﬂsﬁﬁ.ltﬁzg Yéﬂ@?vm%ﬂhetg i)gy!gy[;%lco—
bi {ldl ngt char gmjs)su;tmsilyérgmeylureas)pqmﬂy(l&luhaylpbnromﬂnewr@ol;ﬁ()&/tyteﬁ@s? and co-
i nteraction. e e use
lext ble oraf F%?sfhf 2Ehe8kRog bl The®e psafic Hmies s
i on- exchangi ye hf algo besmployad &) thehtorgr eff a Cp{lslsynlmd hydmphlhcma’twmk
) These crosslinked hydrophilic polymers also include those comprising styr-
25 ene and divinylbenzene, which can preferably be employed, like other
hydrophobic polymers, in a hydrophilised form.

2-
2-
p
3
3=
2-

Alternatively, inorganic materials, such as silica, zirconium oxide, titanium
dioxide, aluminium oxide, etc., can be employed as supports. Equally, com-
posite materials can be employed as suitable support materials, i.e., for
example, separating materials according to the invention can be obtained by
derivatisations of the surface, for example, of inorganic particles or mould-
ings which are derivatised in the manner according to the invention. An
exampie thereof are particles which can themselves be magnetised by co-
polymerisation of magnetisable particles or of a magnetisable core.
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cially available cation exchanger Fractogel (¢c) EMD S03- (M is built

up only 3Qbrery@psssrecurring unit having sul fonic acid gr QuaSep286¥04952
patents EP 0 337 144 or US 5, 453, 186 qgi veyno I nformati on on nononer
conbi nations which are to be preferred in"fhe synthesis of an ion
exchanger. The exanpl es also only describe graft polynerisations with
one nononer 35which result di rectly in an I on exchanger. WO

2010/ 012358PCT/ EP2009/ 004952 -. 8 .- rti culég rt‘)é% rafti ngtt of terial
functional i sed®¥EV§H: aic gngﬁdsa@ye,qr €| HSh th G HRPeE,: Bigtenals
si nce the pol whizhsareostable tohleydrdlysim ar ears balyl fee hgdiopdea with difticaleyr since
al kal i ne con | I b

for m hydr ogeﬁ!h% r‘i‘l%?enalmﬁ a%ﬁgru‘iﬁifb tﬁé]ﬁ'w%?rltréﬂl(r?ﬁﬁ%t @%&Sﬁé afi'}faefrn% r%tﬁ'n‘tc%tron
Sbetter swel |rarbrelgren?ratwnaetmw?s@vertarbaxteade usesiurakon. The supports may
hydr oph8li ci tXiredy ch w%&a&rbewe httr@enaepe ahaeqnés%srrg%re or mare

according to the i'nven |on ronat supports, such
as, for exanptRAroed gEedRshye 5{0%9(%03& grﬁepwhrr%rereaah@ taferim Aydre-
Toyopear | H\N@én (bShdsCHhefbrem:eerd gl he 3igaftP REHIEIS carfrg thedidne @hrtddas
graft copolyrr[% rE the preparation of the materials according to
the invention, OQF"‘rl Bhva- t ography supports can al so be used.
However, it is preferred for the material used to have reactive

gr oups, 1pr ef ef adIsppparigmatgrials whay lalsy eoasist ofiitvegulady haped gr apherical

pol ymeri sat i op,figR&t \niﬁ'afe%ﬁ@&@s?zesb’é’rpﬁfetbémegﬁ '2a£ 660;nﬁrﬁré?%reence is

also consist, for eka organi c polyners
can be pol ysa&‘h‘ﬁ'&ﬁq’ aég'd%ﬁ'éﬁs Q@t\f@%ﬂ 3aad t“mans st arch ceI I uI ose,
etc., or synthetic polyners, such as poly(acryl am des),

EOLY( mﬁt Pacrﬁl@é”sﬂ@%brt mter(aa@rméyat |ﬂ3bart@9|a)’( petilagEYforines) non-porous or
ydr ophi | i ca

tituted
hydr ophigi calf" f%faﬁ t#er&yg&%ﬁelé%%ﬁélpq’e rﬁj(qese?%hg) eﬁ{f‘f&?p(%?ﬁghwo nm.
al cohol s), poPieferenicays givead) pope kizebbetwgeppraral 200 nas)
pol y(styrenes) and copol yners of the correspondi ng m)norrers These

[ | .
o P e R R N B v
pol yners al sd'qlieey (ifees, neratingsngi maneythie ypouldisise M@r@pht ic mouldings are

di vi nyl benzengreirténgianalliRfiey, 361 dxafpRNRIcONRHical Fdre. Ot her
hydr ophgdi ¢ pol yrrers in a hydrophr lised form Alternatively,

' horgant ¢ matr_e ﬁ‘rl pre%grprgd agsrant pcglr?r%en%a'atfocnonelltuleas Iorqg pc:[slltlvePy or negatively

charged monomer is used. If a plurality of charged monomers are employed,
only monomers having the same charge can be mixed in order to obtain
B separating materials having properties which are improved in accordance
' 25 with the invention. Monomers having a negative group can have, for exam-
ple, sulfonic acid or carboxyl groups.

Suitable monomers having sulfonic acid groups are, for example, acrylates
of the formula (2) where Z = R*-SOsM, in which R” and R®, independently of
one another, can have the meanings hydrogen or alkyt having up to 6 C
atoms, preferably hydrogen or methyl, carboxyl or carboxymethyl, and in
which R?* can be a straight-chain alkylene group having 1 to 8 C atoms, such
as, for example, methylene, ethylene, propylene or hexylene, or a branched
alkylene group having 1 to 8 C atoms, such as, for example, isopropylenes
or isobutylene.
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di oxi de, alum nium oxi de, etc., can be enployed as supports. Equally,
corn- 30 wosdotoinssseri al s can be enpl oyed as suitabl e supparivEP2009/004952
materials, i.e., for exanple, separati ng , @aterl al s according to the

i nvention can be obtained by derivatisations of the surface, for
exanpl e, of inorganic particles or noul dings which are derivatised in
t he manner according to the invention. An exanple thereof are
particles whi hensel,ves be et.ised b 35

of magneti sab e'SpaaBﬁrc?lggE ag?moc?r%nﬁgﬂ%qqogaﬁpgl){@grsgdl rs\ﬁr%m?ass

2010/ 012358 PCIWMEARAV0Y CAMTE M -is Seleckmiviy such prwhy tieaictbei mogomen is cwater-
the use of hygdsppfai!ic support naterials which are stable to

hydrol ysis or can only be hydrolysed with difficulty since the

mat eri al s accHeatiag is dn@qi@ bynwantof eampe ofithesudfaalkyl asvlates, such as 3-

purification %Ifdpﬁ@ﬁ*l%’c@ﬁlb@orai -sDIfb&tByPY &8 aﬁ?ﬁﬂh@dﬁﬁlfoﬁﬂé?l H\‘éftﬁéér?%tes

[PSaﬁSEp?rLtyscaw%a%ﬁestﬁf?mﬁ%wirraeﬁa@%%%’pﬁép%u%ﬁ ) Boas e oups or

groups whi ch Breferarice it giviedrinthy dsed thdabdsamideeidt tiengeneil rina (D)
| i gands which carry the sane charge as the graft polyner. 10The
support materials may al so consist of irregularly shaped or spherical
particles, whose partlgle size can be between 2 and 1000 pm
Preferem@e is given tojparticle sizes between 3 and 300 pm The
support materials nay,| articular, be in the formof non-porous or
lggreferably perou papr__ esYThe pore sizes can be between 2 and

' nm Prefergncel|is given to pore sizes between 5 and 200 nm

Equal Iy, the sBppoRrRt materRals may 4 2080 be in the formof nenbranes,
fibres, hollow fibres, coatings or nol i thic moul dings. Monolithic
nmoul di ngs are t hr ee- di mensi onal bodi es, for exanple in cylindrical
form 2@5For the preferred graft polymerisation, at |east one
positively or negatlvely charged nononer is used. If a plurality of

char ged rmngnwhSreazz =eRﬁJSI%3?M, |n0.mh|¢hrmtn¢‘{?ear$d {Ya‘f’mdlfpetnﬁénﬁﬁwwbaérﬂﬂher
can be nixe rder obtai n, separatin erials, hav

properties mh+%}1R§Y% th%rﬂ?etﬂ/nérbgﬁ Ry %@98?(9{5%@ G F?Itl%% é\?gﬂ‘i”isoﬁ?n pref-
Monomer s haviérgbly bedwdragerypoometbyn Ricare] RParareliawisebe, irsdefeoniently of

acid or carboxyd S I havi ng sul fonic acid
groups age, fox gﬁ%@p ecar§gk %l?cﬁr Rﬁﬁﬁf ornmula (2) where Z =

R4-S03M i n mﬁl SANFASame RS Qa%lemdmmhlqh &' @n bae aeightehaipaaikylene

have the nmeangrags HWHRO@IED (gr cabion Ne Ubhpt
pref erably hyr/%r oﬁen or@ 51 . car bso%}tfhggs Cfbrrb‘%(f%n@?hwﬁ ene, ethylene,
whi ch R4 can BJ@PYIELe QY %Waloﬁ 2R gl@ﬂpr{@\qnga tg Q:C atoms,

at ons, such aa;chfaw fexaxarhple, sbhypeaess Gﬁlbwb@ﬂ?%nepropw ene or

heyyl ene, o RIS R A BRARR, Rl 26l B st or an

2010/ 01 22%58P@mmm09/@0msm is selected in such a way that the monomer is water—
soluble.
Suitable acrylamides which may be mentioned here by way of example are
2-acrylamido-2-methylpropanesulfonic acid (AMPS) and 2-acrylamido-

ethanesulfonic acid.
30

Suitable monomers having a carboxyl group can also be, for example, acryl-
ates of the general formula (2)
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-10- Mis a hydrogen atomor a netal cation, such as sodi um or

pot assi umvo@oiri2agnoni um cation. Mis selected in such a p@wye20@t004952
t he nononer is water-sol uble. I\/Entiog I's made by way of exanple

of the sul foal kyl acrylates, such as 3-° équopropyI acryl ate or

2-sul foethyl acrylate, and the sul foal kyl nethacrylates, such as

3-sul fopropyl nethacrylate or 2-sul foethyl nethacrylate. Preference
Is given to the use of gt he acryl am des of the general fornmula (1) 10
0 HCCNY )22 R3 (1) |15 where R3 = R4-S03M in which Rl, R2 and Y,

I ndependent |y 8f_06e_g (th%, can have the neani ngs hydrogen or al kyl
having up to B C affons,” can preferably be hydrogen or nethyl. Rl and
R2 can |ikew se,be, independently of one another, carboxyl or
carboxynet hyl . R20 R3 can al so h4@)R4-S03M and in which R4 can be a
strai ghb-chain al kyl ene group having 1 to 8 C atons, such as, for
exanpl e, net hyl ene, etEerne, propyleqe or pexylene, or a branched

al kyl ene gr oupheevZrgRI-GQOB, @ ahichs R sndR 3 snddpmndextlynef ene another, can

oo ae soar ol HROMENIREE nyltgerah iR MY OB 0% b, BRCkRbly
in such a wayYHagen ¥ meivhesarbexyidresarbogymptiyl, and tapyhich R can be a

acryl am des wtraifhtetyaif &lkprié Pfﬂﬁﬂ) hQViﬂgg'b’Etd\@yCoétoﬁ?@fEﬁbﬁ #, 9or example,
oni c_aci

g Zg:g;: gm gget%lﬁﬂ"‘fyi%l{é%}ﬁpfgﬁgilﬁaopywe or hexy@'\r{g,s)or%ngranched alkylene group
B having 1 to 8 C atoms, such as, for example, isopropylenes or isobutylene.
M is a hydrogen atom or a metal cation, such as sodium or potassium, or an
ammonium cation. M is selected in such a way that the monomer is water-

soluble.

15 Mention is made by way of example of the carboxyalkyl acrylates, such as
carboxyethyl acrylate, and the carboxyalkyl methacrylates. Preference is
given to the use of the acrylamides of the formula (1) where R® = R>-COOM,
in which R', R? and Y, independently of one another, have the meanings

- hydrogen or alkyl having up to 6 C atoms, preferably hydrogen or methy!, R’

and R? can likewise be, independently of ocne another, carboxyl or carboxy-
methyl.

R® can also be R>~COOM, and in which R® can be a straight-chain alkylene
group having 1 to 8 C atoms, such as, for example, methylene, ethylene,
) propylene or hexylene, or a branched alkylene group having 1 to 8 C atoms,

25 such as, for example, isopropylenes or isobutylene.

M is a hydrogen atom or a metal cation, such as sodium or potassium, or an
ammonium cation. M is selected in such a way that the monomer is water-
soluble.

30 Particular preference is given to the use of unsaturated carboxylic acids of
the general formula (2) where Z = M, in which R and R®, independently of
one another, can have the meanings hydrogen or alkyl having up to 8 C
atoms, preferably hydrogen or methyl, carboxyl or carboxymethyl. M is a
hydrogen atom or a metal cation, such as sodium or potassium, or an
ammonium cation. M is selected in such a way that the monomer is water-
solubie. Mention may be made by way of example of maleic acid, itaconic
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Sui t abl e nonomers having a carboxyl group can al so be, for exanple,
acryl at eswofzotdmazggsneral forrmula (2) WO 2010/ 012358PCT/ ERZOGEF 206405532
-11- 0 HGCCQZ R7R8 5 where Z = R5-COOM, in which Rl and R2,

i ndependent|y of one another, can have thé meani ngs hydrogen or al kyl
having up to 6 C atons, preferably hydrogen or nethyl, carboxyl or
carboxymethyl, and in which R5 can be a straight-chain al kyl ene group

car|
o o A8 onf 8z dn AR Zdrﬁefm}aﬁ%%g HAU R nEse Y bfBular

atons, such aBrefémncexaapes, toirsoneopid @fnfég fcrmu@o(a mgheeqné M.iig wich R’
hydrogen at omyghotas HHA gFPAAP RS c?él“fi:ﬁ'e@ﬁy& 'eHrBrOJIk;@%@ﬁlﬁ I#Sio HC &dms.

ammoni um cat i MisS selected.in such

wat er - sol ubl e'goﬁﬁ"wl??ﬁ? i"eCRERE MAY %W%@ EYanpy of exampee of aCWi'C acid
car boxyal kyl asd yhethasrylisucid. as carboxyethyl acrylate, and the

car boxyal kyl nethacryl ates. Preference is given to the use of the
acrylam des of the forpula (1) where R3 = R5-COOM in which RL, R2
and Y, independently oFuone anot her, have the nmeani ngs hydrogen or
al kyl having up to 6 Clatoms, preferably hydrogen or nethyl, Rl 20
and R2 can |i kbwis&tbelin@&pendently of one another, carboxyl or
car boxy- net hyl;. can also be R5-COOM and in which R5 can be a
st rai ghi@chai nral kgfFene group I“@XI ng 1 to 8 C atonms, such as, for
exanpl e, nethyl ene, ethylene, pyl ene or hexyl ene, or a branched
al—ljyl ene group having 1 to 8 C atons, 25

Monomers having a positive group can carry, for example, primary, secon-
dary or tertiary amino groups or can be quaternary ammonium salts. Suitable
monomers having amino groups are, for example, acrylates of the formula
15 (2) where Z = R:-NR"R"’, in which R” and R®, independently of one another,
can have the meanings hydrogen or alkyl having up to 6 C atoms, preferably
hydrogen or methyl, and in which R* can be a straight-chain alkylene group
having 1 to 8 C atoms, such as, for example, methylene, ethylene, propylene
or hexylene, or a branched alkylene group having 1 to 8 C atoms, such as,
20 for example, isopropylenes or isobutylene, and in which R® and R'®, indepen-
dently of one another, have the meanings hydrogen, alkyl, phenyl or alkyl-
phenyl, such as, for example, methyl, ethyl or benzyl. Mention is made by
way of example of the aminoalkyl acrylates, such as 2-(diethylaminoethyl)
) acrylate, 2-(dimethylaminoethyl) acrylate or 2-(dimethylaminopropyl) acrylate,
25 and the aminoalkyl methacrylates, such as 2-(diethylaminoethyl) methacry-
late, 2- (dimethylaminoethyl) methacrylate or 3-(diethylaminopropyl) meth-
acrylate.

Preference is given to the use of the acrylamides of the formula (1) where R®
30 = R~ R:-NRR", in which R', R and , independently of one another, have
the meanings hydrogen or alkyl having up to 6 C atoms, preferably hydrogen
or methyl, and in which R4 can be a straight-chain alkylene group having 1 to
8 C atoms, such as, for example, methylene, ethylene, propylene or hexyl-
ene, or a branched alkylene group having 1 to 8 C atoms, such as, for
example, isopropylenes or isobutylene, and in which R® and R, independ-
ently of one another, have the meanings hydrogen, alkyl, phenyl or alkyl-
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such as, for exanple, isopropylenes or isobutylene. Mis a hydrogen
atom or awme0ad/01e388i on, such as sodi um or potassium or arPEMERZNONITHIS2
cation. Mis selected in such a way that sshe nononer is

wat er - sol ubl e. Particul ar preference is given to the use of

unsat urated carboxylic acids of the general forrmula (2) where Z = M
in which R7 and R5, independently of one anot her, can have the

i hyd |

irosen o oEHA ) 6 B, el Sl ronres

or a metal cawhi mgudqe a@nﬁgaedmhew bW(W%hSQ agxample aie afed@mmmmoethyl)

cation. Mis §@§Nﬁ€ 'ﬂ(&H@ihﬁaWoétHﬂ aén!]lﬁnﬁ&é‘o’Ee(d|étﬁylan?moprogxl)acryl-
34

M hcon o O, 23 4delbyiapaeaepbasalamion 210 siatle aeiaesietes

i taconl c
acid, saconwhsozhcmdy b mientionéd heee by vy bhegamplaatd 2ydiathylaminoethyl)-

f th
Wi ch R dencl S AgMPRNER o ﬁﬁd%@e‘*hwagﬁag&h%msgéﬁwmml SR e
to 3 C at ons. prgyl)rtetsagiviepide or Sedistbylaminomepyiirdethagrylamids. exanpl e
of acrylic acid 5and nethacrylic acid. 0 HC C LI-0Z 10R7R8(2)

Mononer s having. a p05| tive group can carry, for exanple, prinary,
secon- dary oputableimeyomarnwhighoassquatediany smmoaaiust aaltsy asenfonexample,

salts. 8i tabé [EREO NBf Sthaa\gé?*@ré\mfaﬁnﬁém(? A %hl&ﬁrzewltﬁe neaning
acryl ates of I n which oi

NROR1
R8; i ndependeftt ?\U:zgg{ ﬂ%hg and mé‘fhm’tg el Bt 'ﬁgeﬁ‘é'& ptlysohoae @@@Fh%r can
%Kylh giw ng higve thé neaiiogs, hyﬂrc@j&l{(abla}kwy@v frge 0p O mwbmsagdeieiﬁably
ic can ain al
atoms, such as’ drﬁgéﬁ ?éﬁ%}'gfz ¢ Ayt @‘%Pﬁ&}%&p% S? %@yﬁéﬁba'gv'ene group
hexyl ene, or Iaa\bngﬁdhéijCaatbmseaecrgaeufmrMmmjp Imethying, atlodene, suopylene

as, 20 18r ex@ﬂ@%@/l@?é%é’@‘éﬁﬂ%@ BcyleRBUtblp Hind A o ol CAHOAL, %%ﬁ;ﬂ%

R10, |ndependent one anot 10 "
phenyl or al Kir , ISOPEPPYGNes oF issbirgieac, aathipl Whélhh . B an 7R

benzyl . Menti mﬁepéncﬂ@ﬁgr Woﬂ@ﬁn@ﬁhe@xl@é@ ek §rﬂy‘?d9@d;éw|alkyl phenyl or
i

| at th th I
2 (4 met byl arf RGETROY! SUh FEclel SGAMEIY IR EDAYHEN ST e Aniarband
25 and the anisreededigd ud:la hyathest the uedhn Ris(wihtet-Bgludme, ot f
met ﬁgcrzftbgt 2’e)?am 7 HIEFM% il 3aéh I ° &%ﬁer rs% v bur be, for
3-(di et hyl am nopropy ’ﬁg}c?@ﬁ té Clﬁ'ng @5%%” age SI{’IQQHO?@ gﬁgelgyeway
of the acryl a@h example ohthef aemyidxyalkylammeniinR3als, sudkaasHa-(NRyRxy)ethyl-

which R1, R2 f
hy:j(r:ogen of a]?\ﬂ%:ttggzivrﬁﬁ%ﬁme&ﬂéﬁd arﬂf‘%&HQE%@EW@@?@dﬁﬁgﬂg%uch

nethyl, and i %hﬂ&%&%)ﬁ@y&trmetavlamm@miarrhclaw@e ene group having
1"&0 8 C atoms, such as, for exarrpl e, nmet hyI ene, ethyl ene, propylene
or- hexypsene, a_branched | ene 8 C atams, such
as, for 35exa[9 f%renggdfngb"ﬁﬁ n € 53¢ Bﬁﬁ’lﬁ?? Eargg:%e rﬂﬁh‘ﬁ drneea TRENgRK1)
R10, i ndependwhenet Ry ofR‘eNB° RE&'Herin taioh Rﬁ Rﬁwﬂ Sntgssradigitly of one
al kyl, phenyla4ihal v th&%é&&%%@é%@%ﬁ?&ﬁ%ﬁ? UB40 6 C atoms, pref-
erably hydrogen or methyl, and in which R* can be a straight-chain alkylene
group having 1 to 8 C atoms, such as, for example, methylene, ethylene,

30 propylene or hexylene, or a branched alkylene group having 1 to 8 C atoms,
such as, for example, isopropylenes or isobutylene, and in which R®, R'® and
R', independently of one another, have the meanings hydrogen, alkyl,
pheny! or alkylphenyl, such as, for example, methyl, ethyl or benzyl. X is an
25 anion and is selected in such a way that the monomer is water-soluble, and

can be, for example, chloride, bromide, iodide or methylsulfate. Suitable
acrylamides which may be mentioned here by way of example are 2-(acryl-



- 13 - phenyl, such as, for exanple, nmethyl, ethyl or benzyl.

Sui t abl e wonrylcreades whi ch nay be nentioned here by way ofpcaxerpioend9s2
are 2-(di ethyl am noet hyl)- acryl am de, 4 -

2- (di net hyl ani noet hyl ) acryl ami de, 3- (di et hyl ami nopropyl )acryl ani de or
3- (di et hyl am nopropyl )acryl am de, and suitabl e nethacryl am des 5

whi ch may be nentioned here by way of exanple are
2-
2-
3-

oL R cnorde ana Samoaneponni

(di et hyl ani mgﬁw@ymmrﬁa@ﬂgn@@n uitakle methacrylamides which may be men-
3- (di et hyl |
(di et hyl am iy mere "By Nagy y&fa@k% Ies‘élréa? (%&W&%ﬂlﬁb?ﬂwﬁfrﬁnethyl—

quat ernary anmoni um salr\&m%n for exa tes o

general f or mAAMOYUNEhigideand R{acimipy! mnﬁeowﬂaﬂrnnﬁmmmnamhiqude
whi ch RZ and RS, |ndependently of one anot her, can have the nmeani ngs
hydr ogen or havi n tons, ref erably hydr n_or
mothyand | B IR Gotederscabiegs aRincRAted ABRymEt VBB s Prafprany
1to8C atorﬂwdrsphrhcats re‘cpmredeqnme,l mendmesnahickt hyd eniablprfopthisngur-

15 —or hexyl erﬂf'se Qfe aFoPEQQﬁgf'ed I&ngygg(??agré@éigs hQLYdh?gS détﬂxlg mﬁyﬁ%@ ggwer

such as, for €énes

Rl and R11, |${Hﬂp§ﬁﬂ'@¢f¥|§te§f smaamhyrmaﬂmwatm Rrefetenes ishgivenderhe

al kyl, rﬂrenyl ugy oﬁbEWla‘?ﬁ@%ﬁ'of tgéggﬁal %%U%P(@Wé‘re W?-t h?' in \ﬁﬁi'&WRbénd
is s

benzyl Xis i on r
i' wat er - sol ng dn %ﬂ%“ lypef o, @ns ereﬁé%%werowﬁr y lﬁﬂﬂﬁrbl ?‘m?' R®
i de or netand RO ihdbpendéntly ofories anstier, ienmy hfyﬂrc@ew?ﬁﬁ :ﬁkﬂfhé\ﬁm up to

[""Sr oy by LB R oe RE5 papie ucgen elower bl The ate here

met hacr yl oxy abreferabiydmsuthesakeasingsuethyh ssthyl, butyl, isopropyl, 3-butyl or isobutyl,
2- (metf@eryl '

Grven to he aﬁi‘:’é’rﬁ%@%’ High TheMEATEP AR Chafify uBIETELEEMY qilh es.
R3 = R4- NRORTOREXRMAI®, mﬂthwmihwr@r aif@xyethyh ddpetiere may bef mgde here by

anot her, haveyahef ré&aﬁrpn@%f fé)éﬁkflé}ﬁﬁﬂe ORARD karlmétﬁyrbeqném.dbo ebhdxyetiiiRaryl-

referabl hydr o en o th and . in
Strai ght - ehaidm 'aﬁbd%am%%'a,o W%Cf@aa@@ﬁsane uERthRXyPFRRYlacryl-
gxarrplhgm rr:e'lt(rwhreileePretelnermcmﬁrs , gi%én t@trc&)NwasthIteB@nyHeQem?Oé tidey arei more
ranc a f or exanpl e,
i sopr opyl enesé gtr}lgrtgo@aP°|Pq%é%%ﬁtte?%gﬂﬁ u@%ﬁ%ﬁtu%c%@s
i ndependently of one another have t he neani ngs hydrogen aIkyI
Y S e it od BBt S 5 s, 1 8 edting
wat er - sol ubl N an@%eahC%nSfmwstéﬁaﬂmbe foaneerfroae th%rrmczﬂeer& @4l Beund
orymet hyl sul ftatthe stiacalihe 8sdordesiegem M 64 Ergzoo o 952p Rrhﬁerté\é

way of 233<arrpl e are 10/ 0 358PCT/
oyl ani noet hy !5 W?ect%ﬁ’éﬂ Qnﬁ’mﬂt‘ﬁ(x\%{h iSygfagfqand the grait polymer is Bt up
3- (acryl oyl ardlmﬂyofrgam) timdiwieluhl Innomanetsm Otharr bdmdsisiatieh! methods which

2 (met hacr yl SPGB RuBEE o B s et i s 5 BB nflofea.
3- (acryl oyl am nopropyl ) trinmet hyl ammoni um chloride. 5 As further

corrponent atPr'eﬁ%éhcé’r@g%ﬁ%rtﬁé%eﬁgﬂerFﬁéthoWEfﬁ:Epéﬁchfa? ?ér%?éﬁ(?e is given

hydr ophj IS regurre tral nonomers

this pur pose tgvariaptsy ingyhigh o8l # dowbyapieguctse syches s nenu@ﬁvarenmebﬁpded

I:ét)cr %/I ate, | OWymekW![rhlmtﬁrb&?gd |b®tﬁ%ar§lé@rk?f@%r%%rhﬁd ﬁi}‘b&@ﬁe&' Wi control-

reference i en e use. of acrylanm des o gen

formula 1 vvhj?(g %ee rq@cal RP!W']PE?‘? h n? oh fpamienthey h%‘%ré’f atom-

anot her, are trwwferg‘éraeeadmet b;alynmrcbartlnnv\(aﬂTd:kPRSapmeir Réarticuldep anidesdting.

of one anoth &gﬁn 0 ous,.  R3

and/ or é%B thEFJi genot fgﬂhd%[dg e st \ZA\/{/%%{ Iyaﬁah‘jgg.ltﬁprh% ‘{Pé’%’ﬁévﬁgce i the
desired densrty ina |rst step An mrtrator group can be, for example, a halide
bonded via an ester function, as in a 2-bromo-2-methylpropionic acid ester.



to the surface in a second step. In the case of "grafting fronf, a

pol ymer i swo 2850/61b€8 reaction is initiated on the surface, ®AGEEB®004952
graft polymer is built up directly fromindividual nononmers. O her

pol ymeri sati on met hods which all ow bi ndi—r;I to the surface of the
support material can also be enployed. Preference is given to the
second nmethod and particular preference is given 30 to variants in
which only a byzproducts... such _as non-coval ent Ly bonded

ol yher . whi oh eSS uSaaTEoeAtTef dfdn rOPRe Blhgc s REcPReeRce of
control | ed freeppard) caltspdl prafeiredt dremstepugtafhpplyhmarisatianpleactivmean be
met hod of ato i gal Bl ion )aari )
particularly Wﬁ?@?ﬁ é\%rmrﬁ@r/é,%qa@%i R’Fﬁl"gﬁg‘{d@%@g ?lg laggawlttaw;ﬁé &_"UP
bonded to theP@iigiing deleagstivaied hd hisstraatioadsdeersially ¢arriedfoutsin dilute

step. AB initimidal GEBYPIESRAIP 0 chi GitaRR! GafthdhhbASaReNdRs akidRisaisu-
ester function, as in - br ono- 2- net H\éé’ :Vﬁ%l[ onic acid ester. WO

2 _
2010/ 012358PCTIERBBIRYES0RGD adUg@s sqf a sengeRiration inghe; rgnge from
carried out it iaOsEEOPIdmel/Epréferdbie filoheoene0 001cvapepdrtitulsdbtsferdhce is

preferred one-: fr. pal risatian reaction can be initiated, by
beri un( 1) ordVRE IhE es Tl AR nifis 500 B < SmPRbed wil s efisdhtration
havi ng t o be iadhevangelfromh0sl todhB01 omolils normal ly carried out in
dilute H0m neral acids. In order to carry out this graft

pol ynmerisation, the acid is usually enployed in an aqueous sol ution

Wi gh a concenft PagXRATIMentahseiemer oraiingl pieferenoe dmshsengiver de dhesg of
from 0.1 to On@RfondrRed fAhhideRanDEBHAE RGE slir&:eoméqdbsgrﬁeF%rM%a tRére-

dilute nitric_acid, which 1s enpl.oyed wifh.a concentration in the
e T om 0 os SeaSe theTole Honet alsaline eandiont, | BSS hean found that
grafting, predeparatieg hastehairdaivatived byt frafluselyolerisanch wefich haed proper-

acryl amsles ar li¢c .acid, _sin 0 formed therefromare

Stabl oo hyley ORI ark BP-Grad T AG bR RIS v eRlEh sl FofRg it

t hat separ at i aRjersiporaraterals aae igsaittpblymgrised with \ihe mememers wientibned

have proper - E%Ethéifél%wm%;‘{%lére i nproved in accordance with the

invention are obtained Tf suitable support materials are

graft-polynerised with the nononmers nentioned in the follow ng table.

2- acryl am do-2agBlimidu-2peaasrdiiesuishie 4cMVERNPS)

202-acr%' am doet hzimes I fﬁ)nl c acid acrylic acid

2- (acryl oyl anf AGBAAPIAENIRGSHIPRIGAT um chi ori de

2- (di et hyl am amglidgtilacr yl am de 25di et hyl acryl am de

met hoxyet hyl acryl am de By way of exanple, the follow ng support-bound

graft copolynmers are pre- pared on suitable supports, such as, for

exampl e, Fr ac@W'W@mlmgly{)Wn@bmafmfspniUmCblol‘itjenati on of two

moygorer s and 3 yiefyidaineet 'I)taﬁrﬂé‘rﬁgfec" to their properties as cation
In

exchan , in_particular their "bin capacity:
Xehangss . | Nyikethylscryfamige | o o g capactty

methoxyethylacrylamide

By way of example, the following support-bound graft copolymers are pre-
pared on suitable supports, such as, for example, Fractogel TSK HW65 (M)
or (S), by combination of two monomers and investigated with respect to
their properties as cation exchanger, in particular their binding capacity:

30

poly(AMPS, dimethylacrylamide),

poly(AMPS, methoxyethylacrylamide)
35



pol y(AMPS, di et hyl acryl am de), pol y(AWPS, nethoxyet hyl acryl am de)

WO 2010/ OWZXHBACTAIEP2009/ 004952 - 16 - In order to obtai n HIrEER2009/004952
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of neutral grehAgedAARCAEHyane yarhafgedrarednere ok lesaliy stonglyeopisetderm
mononer uni t . in3fHeohqlideuA FERAGMESST&pdnting 8 itR8 A GRANRGEHE thd irE§tdtive
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the salt concB#t thei dyerage gmarationvbeiween (twon shargess obhe aypfideolgmer is

i;‘“? buf fer. Theatdrrtdandn eagaci golyhsr aalcHteisists (bt Bee RhERIdmonomer

concentgation r&gg nI\/% in the el uate,. TI?E results (r)ff car r espondi n%

experinents al'dtsHBHn I Aymersgie;? rl“fﬁﬁsté’,aisy AS& HE¥ OB aMydrogel
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t i i . af t

ol yror 1 sat o T poaeuFGHEEEs, MR st Mt Bl anin " amsccrges

di met hyl acr y|'ARNEESEWEH]. has a hi gher static binding capacity for

| ysozyne and |1 gG conpared with the product 07PP221, although only 66%
of the ggount_of AVPS used fO{ 07PP221 was enpl oyed for 08PP063. 15
Sur pri si ngl y, PR Assessmgatipt thercativaesxahanaars. fisstivtthe stelimbldinggcapac-
maL erial s acdty df mPTZWR'Ehﬁm RwdidrRn Hgﬁiﬁa?’f 156 W@ﬂﬁrﬁtﬁlhoﬁﬁ?@ ¥BERgated in
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| ar ge nol ecul @eoteis bylinereakinG, thamsd taionbentrafidrotw about 1 M NaCl.

35 The dynamic binding capacity is measured at various flow rates, so that the

cation exchangers packed into columns is charged with protein at contact



20 rates (short contact tines) during the charging. For exanple, the
graft copgliRiin94s261 conprising AMPS and net hoxyet hyl acg ) ako6t004952
i n*which the m)(f ar ratio of charged to neutral nononer units Is about
1: 0.9 (see exanples), achieves a 30% hi gﬁ]gr' bi ndi ng capacity at pH

5.0 and a contact tine of 2 min than the comercially avail able
Fractogel (r) EMD SO3 M 25 The novel arrangenent of the negative
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15 force or be punped through by neans of a punp. An alternative

met hod | swhabedpiekygomat ogr aphy, in which the separating nmaicqnt@hodidaaos2
mxed with the liquid by stirring or shab ng for as long as the

target nol ecul es or biopolynmers need to &able to bind to the
separating material. It is |ikew se possible to work in accordance
with the principles of the chromatographic fluidised bed 20 by

i ntroducing t |d to be, se ted i for e le, .a
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material is splovideslwith ddpatatidn effectord. ey ¢ar behesedeefir tied selective, par-

FoParet o outid, L0ebhde Bt HhotRIRiE MAREE: o odRIBRL by S by 8 e

i nvention. Theorsppaeatsi with fiee eimaif separalids equehal mabix, wasgorethenselactive,
wash busfer, ﬁ@%i%h%@ cﬁ&@%k%oh%lé&ﬁ/eslﬁﬁﬁmp% e?t}%)?ﬁ'l%rﬂof’lﬂq tgh?nér%r%c-

pH as the I|q e target cont act
with the sepaP3d3nFarBRISHS W'ﬂh@%@h%ﬁ%@ﬁﬂ%mﬁ\ib@ sappn@wsctoarmsent

whi ch do not bingf tomblbix, IR aIsfor Bl §&hATBESH icfla sEHétbh@é rﬁ\&ﬁ.hé rw“thout
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| e
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enabl eﬁ t he pglysesylatkd| preteing, thee ismldticno mmhmdri’neanﬂanedtap@hon of single-

ensi v c :

or e(cji%ihat “Yandetfr dufig diradehINACHEEBlatpn’ bnticnhBAY £ @HE depletion

above cri pf raiﬁsmhi PiNA, Bhgmtnors@cm@hrrmtandiwtdmf&jlqrsomkiﬂeme ispta-
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exanpl €s are y& tglg¥ @ et ad or efor fe cf (?and
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separation of an API from an API medicament carrier (for example an

APl/liposome adduct or an APl/nanoparticle adduct), the isolation, enrich-

ment and/or depletion of enantiomers
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100% by webghto/messsol % based on the conposition as a wholpET/Emd09/004952
cannot exceed this, even if higher valuesqcould arise fromthe per
cent ranges indicated. Unless indicated otherwi se, %data are
therefore % by weight or nmol % w th the exception of ratios, which
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i Ei tially inttiadubes lignidacaty ogpithrgublirthelcolarhh mersy threugh uial greaitatonal
T t t .

2nd deconpr ers ol e SunBad G nehsl SRR, AL BIEYBTYR hEfod is
war mred to 40@atehheorapnaraphis .in 3¢tiethenseparating swaterialos mised adidthedig-

the inertisedy; i ' n t 0) '
stirring. Ungtgraq%‘;g!%ﬁlp 9rbr§§thrag‘21ngn f(F)bf‘recfnsi It% bggﬁhﬁ%tﬁsﬁplegi %}nﬁ‘i}ogﬂlymers

stirred at 40t g #RJarte bing do the sepafatay matesiali & is Heewise pessife to
of f with suctwork inhaetigarcawithsthei grirRiplés iof th&Shroradgtdihigdluidised bed

Followsr® vio bt des TeBb8 onern it o, 1§° Reiahlts ot Sulpepsion

8x 1M sul f ur i eorapiising dhe bepambtinginatacial vtherd dhesepachtingtreatedial N dladed
so that it is suitable for the desired separation owing to its high density and/or
a magnetic core.,

25 The target molecule usually binds to the material according to the invention.
The separating material can subsequently be washed with a wash buffer,
which preferably has the same ion strength and the same pH as the liquid in
which the target molecule is brought into contact with the separating mate-
rial. The wash buffer removes all substances which do not bind to the sepa-
rating material. Further washing steps with other suitable buffers may follow
without desorbing the target molecule. The desorption of the bound target
molecule is carried out by increasing the ion strength in the eluent or by
changing the pH in the eluent. The target molecule can thus be obtained in a
purified and concentrated form in the eluent. The target molecule usually has
a purity of 70% to 99%, preferably 85% to 99%, particularly preferably 90% —
99%, after desorption.

30
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53x dei oni sed water The gel is suspended in 200 m of deionised water

and adj uswedotaipids7 usi ng 25% hydrochl oric acid. The st orgaeei2609/004952
carried out in 20% ethanol at room tenper ture 10 Preparation of a
graft copol yner conprising 2-acrylam do- 2 met hyl pr opanesul f oni c aci d
and di nmet hyl acryl am de (batch 07PP221) A suspension is prepared from
78 g of filter-noist Fractogel TSK HW5 (M 15 (washed with dilute

i neral acid and _dei oni s sol.ution of, 5,
0 et hyl acr v1 BffieSE! s 3% BRIk B0 aietshaRENB! o Tmath Bl ihediqud, but
aci d and 10. 4fog cﬂlneBa%mnplammmg]ysdbebandesstolhmddmthel sépardtingf material. The
dei oni sed wat n I r .
The pH 1o ad) CLgemBIshRe s HEAEOLOMAP REAH By Udlcdhd fitchiubiy Sl in
nitric acid, Wieugmiow; i&tl@.k@owg tﬁéh@p@m@@sblladumtm artdlawrbe drastomdapt
wi th deboni Seﬁﬁe%r@ftior%” in Bahicataqrthé@waha;brqmahémamtg ﬁn &d@? to bind

amoni um ceri um nitrate an 5% nitric aci

dei oni sed wat %?eCi*fg Piapeivmentq ﬁt‘%‘”{?@u‘%@'w Materiajy QBM'}?@thM%Iad\XPFWQeOUS
pressure equafor $tad porification task noetoApind e tergesmoksigs ed 25i nert by
repeated (3x) evacuation and deconpression with nitrogen. The sus-

pension is subsequently warned to 40C in the apparatus. The initiator
sol ution is abthedsaparating metetialsact@dingetos then irtendioni cdrebealisecin a first

hspent 30 i aroMeSobhlc pfficetBAieR BANIE ofir) 118 ok S8ERss e
i;s\then fil tet?'@HOWﬂTervdftthe§é§tuf@r$t¢ml909@ﬂﬁle§ Qitagth ether §eparatmg(ma1;enals

and the gel iif cRASHE@nWIoYEe if onk & fHa b!ﬁl'oﬁi’é%a %Qﬁﬂé’ﬂtloﬂfsf%ﬁmhlch
sol ution as thQ 3/5? 7x dei oni sed vva er 3510@@5M sul uric_acid

ascorbic acid SAPLER & OrdRRIo IR DS EHAE PRS0 4952 -

23 - 2x 1M sodi um hydroxi de sol uti on 3x dei oni sed wat er
15 The present description enables the person skilled in the art to apply the
invention comprehensively. Even without further comments, it is therefore
assumed that a person skilled in the art will be able to utilise the above
description in the broadest scope.

20 If anything is unclear, it goes without saying that the publications and patent
literature cited should be consulted. Accordingly, these documents are
regarded as part of the disclosure content of the present description.

» For better understanding and in order to illustrate the invention, examples
25 are given below which are within the scope of protection of the present
invention. These examples also serve to illustrate possible variants.

Furthermore, it goes without saying to the person skilled in the art that, both
in the examples given and also in the remainder of the description, the com-
30 ponent amounts present in the compositions always only add up to 100% by
weight or mol%, based on the composition as a whole, and cannot exceed
this, even if higher values could arise from the per cent ranges indicated.
Unless indicated otherwise, % data are therefore % by weight or mol%, with

the exception of ratios, which are shown in volume data.
35




| x 50mM phosphate buffer pH 7 2x deionised water 5 The product is

stored i n'wRQWAiRIOl at room tenperature. Preparation of PCTHREDAY/004952

copol ymer conprising 2-acryl am do- 2- met hylypr opane- sul fonic acid and

di mret hyl acryl am de (batch 08PP063) 10 A suspension is prepared from

1009 of filter-noist Fractogel TSK HW5 (S) (washed with dilute

m neral acid and dei oni sed water) and a solution of 8.0 g of

di met hyl acr yl @ne denpédatireg giver iraibeyd amples 2noethb descipiioress Wellirdscin the

acid and 6.9 gl of 32% sodi ym,hydroxi de solution in 60 m of deionised

wat er in a 1588387 BIWPIR =pparatus with a paddle stirrer. The pH

Is adjusted to 6.2 using 32% sodi um hydr oxi de solution and 65%nnitric

acid, and the mxture is nmade up to a total volune of 190 m wth

dei oni sed wat ExanWyles nitiator solution conprising 1.6 g of ammoni um

cerlun(5V) nitrate and 20 0.4 g of 65%nitric acid in 25 m of

dei onised water is initially introduced in a dropping funnel wth

pressur e equaPrecgdiuos fortthe praparationpia ataft copolymedeos rlsmrE -abyylamido-

repeated (3X)2eNSRUR ' ' | Q

suspensi on i s_sUupsSequer Y wWarmea to 40 appa 0

initiator sol 4¢$¥WRE1 added to the inertised suspensi on at an

internal tem perature of 40Cwith stirring. Under a gentle stream of

nitrogehd the, susp fon, s stirred at for 22 hours

eact fon sol uf 2anor etfiaryethiip@ins mosp T AHARaepea Aty Sunee & 853 5°C

f(iht re;1r f][i t (B2}, glass réhalcgeprarat% lveith anpadidief stirterwittleh g of 20k soaifiem

of was 0 30 I, OF r X

sul furic aci dm%%@l%asgdg% | & J(;1”((::'1 gx'ﬁgléizénﬁgogg’mvgé%\g;%%ﬂ%go%%%/Ir%cryloyl

hydr oxi de sol chiptide E5@etereddnifensa aeacondl droppingl fohoebhih igondtestipRg at

7.0 an internal temperature of 0 — 5°C. When the addition is complete, the solu-
tion is stirred at 5°C for a further 30 min and adjusted to pH 6 using 65%
nitric acid and made up to a total volume of 180 ml with deionised water.

15

A suspension is prepared from this solution, 78 g of filter-moist Fractogel
TSK HW65 (M) (washed with dilute mineral acid and deionised water) and a
solution of 16.4 g of 2-acrylamido-2-methylpropanesulfonic acid (AMPS) and
9.9 g of 32% sodium hydroxide soiution in 30 ml of deionised water. The pH
is adjusted to 6 using 32% sodium hydroxide solution and 65% nitric acid.

20

) 05 An initiator solution comprising 1.6 g of ammonium cerium(lV) nitrate and
0.4 g of 65% nitric acid in 40 ml of deionised water is initially introduced in a
dropping funnel with pressure equalisation. The entire apparatus is rendered
inert by repeated (3x) evacuation and decompression with nitrogen. The
suspension is subsequently warmed to 40°C in the apparatus.

30 _— o
The initiator solution is added to the inertised suspension at an internal tem-
perature of 40°C with stirring. Under a gentle stream of nitrogen, the suspen-
sion is stirred at 40°C for 18 hours. The reaction solution is then filtered off
with suction through a glass filter frit (P2), and the gel is washed on the frit

a5 with in each case 100 ml of wash solution as follows:



WD 2010/ 012358PCT/ EP2009/ 004952 -24 - 2x deioni sed water 2x 20%

et hanol/ hsOrrMoagiss The product is stored in 20% et hanol atpdTaE09/004952
tehperature. 5 Determ nation of the chemI2 conposition of the graft
polymers The functional groups can be cf&aved off the graft

pol ymers, which are poly- acrylam de chains, by acid hydrolysis. The
functional groups are |iberated as 10 am ne. Primary am nes can be
anal ysed qua by HPLC after derivatisation with

ort ho- pht hal 2%’8@%&9@!8%5*& rcapt oet hanol . For calibration, comerci al
am nes are us®d1dtsulfigicranid b2Muasedrihin acftk synt hesi s, whi ch nust then
be hydr ol ysed3cf[ 65%n§§%‘3 \%t%?t pol ymer. 151000 pl of 5 M hydrochloric
acid are add ry gel, the mxture is treated in an

ul trasound bathT %Hagﬁ‘gsequently heated at 125C for 10 hours in a 1

m presSure cPbgion®yed water After cooling to roomtenperature, the
pressure container is opened. About 20200 pl of supernatant is

pi petted off and centrifuged (8000 rpn) for 5 min. 40 pl of the clear
super nat ant aflee geltis auspendedsim@007mI PIf ddiodisdd smiéuanbyadjostiedeto pH 7

acetoni 111 o 18 2 Fuelpy Oy 3e Tl sefhan Kgdb B i p0stitinol

reagent, 25 vilpoohtarapeiedyrered from 100 ng of ort ho- pht hal al dehyde, 9
m of nedhanol, 1 m of 0.5 Mborate buffer pH 9.5 and 100 pl of

mer capt oet hanol , i s_ added and the mxture is shaken vi gor ousl y.

Af a reactiiss a0t GRPSYMEmeoray g_4-acryla aih "

(¢ det ect | ors@%ﬁmcna&;d a?@i@ﬁi&h%acgi%né@?bd@h&)?@%ﬂﬁ graft pol ymer

of 07SW261 (calibration using anol am ne) conpared with

t he amounts of nononer enployed. - 25 - Unit Use of nononer per g of

filter-noist Aauspbnsionrs pregarpdfram 8 drof fiteafioist Fraktogel TSK HW6E5S (M)
15 (washed with dilute mineral acid and deionised water) and a solution of 5.1 g

of dimethylacrylamide, 16.7 g of 2-acrylamido-2-methylpropanesulfonic acid

and 10.4 g of 32% sodium hydroxide solution in 97 ml of deionised water in a

glass reaction apparatus with a paddle stirrer. The pH is adjusted to 6 using

32% sodium hydroxide solution and 65% nitric acid, and the mixture is made
20 up to a total volume of 200 ml with deionised water.

An initiator solution comprising 1.6 g of ammonium cerium(IV) nitrate and

0.4 g of 65% nitric acid in 15 ml of deionised water is initially introduced in a

) dropping funnel with pressure equalisation. The entire apparatus is rendered

25 inert by repeated (3x) evacuation and decompression with nitrogen. The sus-
pension is subsequently warmed to 40°C in the apparatus.

The initiator solution is added to the inertised suspension at an internal tem-
perature of 40°C with stirring. Under a gentle stream of nitrogen, the suspen-

30 sion is stirred at 40°C for 22 hours. The reaction solution is then filtered off
with suction through a glass filter frit (P2), and the gel is washed on the frit
with in each case 100 ml of wash solution as follows:

7x deionised water
35 10x 1M sulfuric acid, 0.2M ascorbic acid
5x deionised water



AWMPS 1.0 mmol /g 0.70 pnol /g Methoxyet hyl acryl am de 0.67 nmol / g* 0. 63
prol /g *Weeonlo12ss8yl oyl chloride Deternination of the statdwer2g69/004952
bi nding capacity (mcrotitre plate format), All gel suspensions are
adjusted to a gel sediment volunme of 50% Using 20% et hanol in water.
Afilter plate is filled with binding buffer and with in each case 20
pl of the honpbgeni sed gel suspension. The filter plate is then sucked
off in a vacu §:0n. plate is filled with binding
buffer, prot e%nﬁgg%iagjoﬁ]ﬁrggﬁg(swtyncl onal human |1 gG Gamranor m

Cct apharrra o#X Hgiopisadevaierwat er) is added and m xed so that the
concentrati ony 08 %s&ﬁat@'lﬂﬁe‘?? or 12.5 ng of |ysozyme per ni.
200 pl of profein solution are added to the gel in the filter plate
and shaken fofX 96i0p5¢d Walgrshaker. The filter plate is sucked off in
the vachum station. Washing with 100 pl of binding buffer each tine
and sucki ng f arried out |,C [ ach case 200 of elution
buffer (20 nﬁlﬂ?‘u ?)CﬁifttéSSt?r W@rﬁ%ﬂ?@rﬁd@omptﬁ”ﬂeraﬁuégt hen added to
the filter plate, and shaking is carried out for 5 mn. The
oiate s neashrnitonLedn Ll he: '
plate is neas i

capaci ties, csHlfaniaaed andodimeibyiacnyia vatoh 0GP

(lgG SBO) are listed in Table 2. The b| nd| ng buffers used are 25 vl
sodi um phosptljg 25 nmM sodi um acetate, pH 5 for pl g

ogi um phosp {S4SPeBSiRIY IS BERRATEA dBMA180 gef fitergnols) &gﬁﬁ@el “FsK Tiwes (3)
Det'er m nat i on(wafshiciewidy damemingraltioldlaRg deidtased watéMand a solution of 8.0 g

2010/ 012358P P2Q09/ 004952
to a breakt hr%f/ gﬂ"eggy'i'ﬁ%'a“ﬁ?& fﬁo‘/vgr&ugﬂaf’gy'g@fc@%n@dm q’}%ﬂ”%ﬁ‘ﬁ%n'c 210|d
contact tinme anmd ﬁtﬁagaﬂlaz%\ sodiuin diydBxidensolatibein B0mai ofgdsibhiset wfdter in a

p’hoggﬁa:x’el ugggﬁﬁl? | um a \QPE? %}Hé fﬁﬂl‘? BQEHIFf errr% 1%% EH gdﬂ]@ted to 6.2
phosphat e, 25us+m§8&‘p §ﬁduaehmi@x' solNg@ ang$35b mitric aCTﬂa@r@yﬂnanhmure is
bi ndi ng capacmtaMe(LBEi@a R:ftalﬂfdla(r%%’faﬂgowmﬁh'ﬁ%d]%&@bﬁ#' ated 10from

the photonetrically (280 nn) determ ned anbunt of protein in the
el uate and indicated per nl of packed gel (Table 2). Tabl e 2:

Static and dyharihitiatornstliagore apatprising $%gaﬁﬂal$|3@nlgfn petiy@l 19N aitrGtemand

Ilggagfg%mggfr@h gaE)f 8&’/0 m?rld acngqn(HS |91 o% ge%n’?s%d water is |n|tdallma|n roguced in a

dropping funnel with pressure equalisation. The entire apparatus is rendered
inert by repeated (3x) evacuation and decompression with nitrogen. The
suspension is subsequently warmed to 40°C in the apparatus.

25 The initiator solution is added to the inertised suspension at an internal tem-
perature of 40°C with stirring. Under a gentle stream of nitrogen, the suspen-
sion is stirred at 40°C for 22 hours. The reaction solution is then filtered off
with suction through a glass filter frit (P2), and the gel is washed on the frit
with in each case 100 mi of wash solution as follows:

30
7x deionised water
10x 1M sulfuric acid, 0.2M ascorbic acid
5x deionised water
2x 1M sodium hydroxide solution

35 3x deionised water
1x 50mM phosphate buffer pH 7.0



Bat ch Lysozyne SBC 1gG SBC 1 gG DBC1 |1 gG DBC2 Fractogel EMD 503 M 104
124 70 13woCAB8RGI58110 121 91 139 07PP221 86 126 82 PCT/EP2009/004952

10

15

20

25

30

35

-24 -

2x deionised water
2x 20% ethanol/150mM NaCl

The product is stored in 20% ethanol at room temperature.

Determination of the chemical composition of the graft polymers

The functional groups can be cleaved off the graft polymers, which are poly-
acrylamide chains, by acid hydrolysis. The functional groups are liberated as
amine. Primary amines can be analysed quantitatively by HPLC after deriva-
tisation with ortho-phthalaldehyde and mercaptoethanol. For calibration,
commercial amines are used or the monomer used in the synthesis, which
must then be hydrolysed like the graft polymer.

1000 pl of 5 M hydrochloric acid are added to 10 mg of dry gel, the mixture is
treated in an ultrasound bath and subsequently heated at 125°C for 10 hours
in a 1 ml pressure container.

After cooling to room temperature, the pressure container is opened. About
200 ul of supernatant is pipetted off and centrifuged (8000 rpm) for 5 min.

40 ul of the clear supernatant are neutralised using 176 pl of 1 M sodium
hydroxide solution, and 325 pl of 0.5 M borate buffer, pH 9.5, and 119 pl of
acetonitrile/water 8:2 (V/V) are added and mixed. 100 pl of OPA reagent,
which is prepared from 100 mg of ortho-phthalaldehyde, 9 ml of methanaol, 1
ml of 0.5 M borate buffer pH 9.5 and 100 pl of mercaptoethanol, is added,
and the mixture is shaken vigorously. After a reaction time of 2 minutes, the
sample is analysed by HPLC (UV detection 330 nm).

Table 1. The analysis of the graft polymer of 07SW261 (calibration using
AMPS and ethanolamine) compared with the amounts of monomer em-
ployed.




138 08PP063 119 130 157 164 1 Contact tinme 2 mn 2 Contact tinme 8 mn
WO 2010/ OWXp8iAaz348P2009/ 004952 - 27 - PATENT CLAI M5 1. PSep0a/00R%s2
materials for ion exchange chronatographyg conprising a crosslinked
synt hetic polyner or a crosslinked agarose or a crosslinked 5dextran
or a conposite material conprising an inorganic support with an
organi c coating as support material, to the surface of which

copol yners arle val ently bonded, [ I.Nn t;@%
support cont aj H@ﬂal i phatic hydr o) nggéﬁﬁ'%g()h%g 't hybilé) ry@;ﬂfg&rgﬁgf
coval ently bonded to the support | @&df filte-rooisbpgiver s dopgiadited getl | east

two different| gpeger units, d) theommngpgr units aped plggd in a

| i near mannerf, &) the _copolymer—as at Fedst—ome—mpnomer unrt whi—ch
carries a ch ry@tmwmﬁylawlyﬂmﬁef Q87 myAPkdaci d, of OBTHMeHYy| i c aci d

or in the f or roRfor adtyidypaiidiae or anmoni um group and contains al kyl
and/ or al kyl ene groups and optionally am de groups, but no aryl
groups, f) the copolyner has at |east one uncharged nononer unit of

the general fDetthrdndtion of the static IgG binding capacity (microtitre plate format)

All gel suspensions are adjusted to a gel sediment volume of 50% using 20%
ethanol in water. A filter plate is filled with binding buffer and with in each
case 20 pl of the homogenised gel suspension. The filter plate is then
sucked off in a vacuum station.

10

A deep-well plate is filled with binding buffer, protein stock solution (poly-
clonal human IgG Gammanorm, Octapharma, or lysozyme in water) is added
and mixed so that the concentration is 9.3 mg of plgG per m! or 12.5 mg of
lysozyme per ml.

15

200 pl of protein solution are added to the gel in the filter plate and shaken
for 15 min in a shaker. The filter plate is sucked off in the vacuum station.
Washing with 100 pl of binding buffer each time and sucking off is carried out
twice. In each case 200 i of elution buffer (20 mM phosphate, 1 M sodium
chloride, pH 7) are then added to the filter plate, and shaking is carried out
) for 5 min. The supernatant is sucked into a UV plate in the vacuum station,

20

25 and the plate is measured at 280 nm in the photometer.
The 1gG binding capacities, calculated from the eluate, per ml of gel sedi-
ment volume (IgG SBC) are listed in Table 2. The binding buffers used are
25 mM sodium phosphate, 25 mM sodium acetate, pH 5 for pigG and 25 mM
30 sodium phosphate, 25 mM sodium acetate, pH 7 for lysozyme.
Determination of the dynamic IgG binding capacity
. Columns having a capacity of 1 m! are packed (Proteo-Cart columns with a

bed depth of 19 mm and 20% compression). The columns are charged with
an IgG solution having a content of 1 g/l in buffer A (prepared from polyclonal




HC-C1 RL 0 C NY R3 (1) 1 R2 i n which 25RI denot es hydrogen,
R2denot eswbydimgessgsor nethyl, and R3 and Y, independent!y mfr/cwe09/004952
andt her, denote hydrogen, straight-chain kyl having up to 4 C

at ons, net hoxypropyl, ethoxyethyl or nethoxyethyl, 30g) only nonomer
units of the same charge are conbined if nore than

human IgG Gammanorm, Octapharma) to a breakthrough of 10%. The flow
rate is selected so that the contact time on the column is 2 or 8 min. After
rinsing with buffer A, the column is eluted with buffer B.

5 Buffer A: 25 mM sodium phosphate, 25 mM sodium acetate, pH 5.0
Buffer B: 25 mM sodium phosphate, 25 mM sodium acetate, 1 M NaCl, pH
5.0

The dynamic binding capacity {DBC) of polyclonal human IgG is calculated
10 from the photometrically (280 nm) determined amount of protein in the eluate
and indicated per ml of packed gel (Table 2).

»
Table 2: Static and dynamic binding capacity (SBC and DBC) of polyclonal
human IgG (Gammanorm) at pH 5.0 in mg of protein per ml of sedimented or
15 packed gel.
Batch Lysozyme lgG SBC lgG DBC’ lgG DBC?
SBC
Fractogel 104 124 70 131
20 EMD SO3
M
075W261 110 121 1 139
07PP221 86 126 82 138
) 08PP063 119 130 157 164
25 ! Contact time 2 min
2 Contact time 8 min
30

35




2

one nononer having a charge is present, h) the ratio of the nononer
uni ts hawegow/gp8ge to the nononmer units w thout a char ETEP200H/@4952
rahge between 1: 99 to 90 : 10. 352. Separating materials for ion
exchange chromat ography according to Claim1l, characterised in that
WO 2010/ 012358PCT/ EP2009/ 004952 - 28 - e) the copol yner has at | east
one nononer unit having a charge of the general formula (1), in which

Rldenot es hydrogen, Ydenotes hymipogep Qe K$qepof pp S4- SO3M  R4- 000,
R4- NR2R19 or R4-NROR19R11X where R4ddenotes stral ght-chain or branched
al kyl ene having 2 to 4 C atonms, R9, R19 and R11, independently of one

anot her, denofe Hyshragry mareias!for RhhadchaRbeRtomBYRBhy CoRigHg a
Mienot es hydr ogen and Xdenot es

met hyl sul fate orcrpﬁﬁwﬂﬂ(ﬁ cﬁ?{r/“;%%lﬁ%y'ﬂ?r p@gg{o%ﬁgqug%gﬂ@se&r{ia{ cropsiinfed
gener al °f or mul a qeXtrah HOCC- OZ ReR8(2) i n which
or a composite material comprising an inorganic support with an organic
coating as support material, to the surface of which copolymers are
covalently bonded, characterised in that
a) the base support contains aliphatic hydroxy! groups,
10 b) the copolymers are covalently bonded to the support,
) ¢) the copolymers contain at least two different monomer units,
) d) the monomer units are linked in a linear manner,
e) the copolymer has at least one monomer unit which carries a charge
in the form of a sulfonic acid, of a carboxylic acid or in the form of an
15 amine or ammonium group and contains alkyl and/or alkylene groups
and optionally amide groups, but no aryl groups,
f) the copolymer has at least one uncharged monomer unit of the gen-
eral formula (1)

20 |0|
Hcl::C C—N—Y
R' R? R? (1)
) in which
25 1
R denotes hydrogen,
R? denotes hydrogen or methyl, and
R*and Y, independently of one another, denote
hydrogen, straight-chain alkyl having up to 4 C atoms,
methoxypropyl, ethoxyethyl or methoxyethyt,
30 g) only monomer units of the same charge are combined if more than
one monomer having a charge is present,
h) the ratio of the monomer units having a charge to the monomer units
without a charge is in a range between 1 : 99 to 90 : 10.
35

2. Separating materials for ion exchange chromatography according to
Claim 1, characterised in that



R2denot es hydrogen, R8denotes nethyl, denotes hydrogen, Na, K, or 3.
Separ at i ngommsieoizzEss for i on exchanger chromat ography accarci/Erpoéaedos:z
G aim1l, characterised in that f)the copgjgynmer has at |east one

unchar ged nmononer unit of the gen- eral forrmula (1), in which 30 Rl
denot es hydrogen, R2 denotes hydrogen or nethyl and R3 denotes

met hyl, ethyl, propyl, nethoxypropyl, nethoxyethyl where Y denotes

hydr ogen or 35 r re Y -

2010/ 012358PCT/ %@2@‘%%8’%@%} '51%@9'?3%{. %Bﬁ@tﬁ%@”%er‘ ﬁ@??‘%‘g@% th\n%
to one or nore of @eremsformuda @), Bhalhigbt eri sed in that e) the

copol yner has at |géast @éﬁ)’f@?ﬂ?&ﬁ{gg?!,”i t having a negative 5charge,

sel ected fromthe group, 2-acrylam do-2- et hyl propane- sul fonic acid,
2-acryl ami doet hane‘gul f ofrotas PYdrogenEe) net hyl acryl ani de;

car boxy®t hyl acryl aR? de, deeitbo R IBOM| REDDBIMRANR R or R:-NR°R'"°R"'X

car boxymet hl ynet hacryl am de, carboxyet hyl net hacryl am de,

car boxypr opyl net ha‘é’béfean‘i de, acrylic acid and nethacrylic acid, 10and
f) the copol yner cBht ai denatés straight-chainwordirandgest] aikplemerhavng 2 to 4 C
selected fromthe gr oupatg' t hyl acryl am de, ethoxyethyl acryl am de,

met hoxyet hyl acryl am, de,.an t hoxypr opyl acryl am de.
Y Y Y Igb R'%and Igﬁ, independently of one another, denote hydrogen,

10 methyl, ethyl, propyl, phenyl or benzyl,
M denotes hydrogen, Na, K or NH, and
J’ ) X denotes Cl, Br, |, or methylsulfate
or the copolymer has at least one monomer unit of the general
formula (2)
15

HC—C——-C——0Z

R R’ (2)
20 in which
R’ denotes hydrogen,
R® denotes methyl,
Z denotes hydrogen, Na, K, or NH,.
- 25
3. Separating materials for ion exchanger chromatography according to
Claim 1, characterised in that
f}  the copolymer has at least one uncharged monomer unit of the gen-
eral formula (1), in which
30 R' denotes hydrogen,
R®> denotes hydrogen or methyl and
R® denotes methyl, ethyl, propyl, methoxypropyl, methoxyethyi
where
35 Y denotes hydrogen or

R® denotes methyl or ethyl where
Y  denotes methyl.
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155. Separating materials according to one or nore of Clains 1 to 4,
charac- twoiegibisst hat e) the copol ynmer has at | east one g 8§9/004952
unft having a positive charge, selected fg[?omthe group

2- (acryl oyl am noet hyl ) tri met hyl ammoni um étl ori de, 3-(acryl oyl am no-
20propyl ) tri met hyl ammoni um chl ori de, 2-(diethyl am noet hyl)acryl am de,
2- (di et hyl am noet hyl ) met hacryl am de,

2- (di et hyl am noet hyl ) acryl am de,

2- (di nmet hyl am noet hyl ) met hacryl am de, 3-(diethyl am nopropyl) -

acryl am de, 34(dbepagtinginatpriaisydccosdingde pharmdraeore of Claims 1 to 3, charac-
3-(di et hyl am no | am de,

3-(di et hyl am nogti gei{j)ﬁg{%acryl am de, 2-(neth-

25acryl oyl ami noe® y‘l FtGAPeBIASH hatmeineast o Blonemerinithqving ginegetve no-

D OPYabt one. unchar o erde SCOEU IRMNE group £ BchlamiRES Ry AR NS
di met hyl acryl ami de, gﬂ‘?&ﬁ&%'ge é‘laéBf"?/m&ﬁ%egléanW{%WitWPWV?@HWI'
and Imat hoxyproEygacamlcm‘mdﬂ)ox@enytmfande dﬂﬂl@oﬂp@@@ﬁ@(ﬁwm:ldé SHirdbky-
copol ymers on hydro ng. surfaces ou i C

ot IEleryrmul di ngs, %L{Hfrﬁgh% ?"% cfehgg FtYIGF MQ'B‘EFH tcaﬁbowpéqﬁyl—
two or nore recurrlmgtmmdmmcnd;c ®5dhvbadenethatedistacimhe of t hese

units ctdries a chaé and at | east one of these units carries an
uncharged group which carries nono- or di-alkyl -

iO/ 012358PCT/ Eﬁzdbg/m@wzer-comamsaﬁ&ﬁaﬁt oaemafqu mogpmer unit

o e Skt go Sy e AR e
ydroxyl -co
whi ch are capabl e ﬁ@%ﬁﬁ?@'@? QU‘B&%{‘ pRyprop aﬁ'éﬂgm@&} ar
bi opol yners, by ionic |nteract|on 10 15 20 25 30
15 5. Separating materials accordlng to one or more of Claims 1 to 4, charac-

terised in that
e) the copolymer has at least one monomer unit having a positive
charge, selected from the group
2-(acryloylaminoethyl)trimethylammonium chloride, 3-(acryloylamino-
20 propyl)trimethylammonium chioride, 2-(diethylaminoethylacrylamide,
2-(diethylaminoethyl)methacrylamide, 2-(dimethylaminoethyl)acryl-
amide, 2-(dimethylaminoethyl)methacrylamide, 3-(diethylaminopropyl)-
acrylamide, 3-(diethylaminopropyl)methacrylamide, 3-(diethylamino-
) propyl)acrylamide, 3-(diethylaminopropylymethacrylamide, 2-(meth-
25 acryloylaminoethyljtrimethylammonium chloride and 3-(acryloylamino-
propyljtrimethylammonium chiloride
and
f} the copolymer contains at least one uncharged monomer unit selected
from the group dimethylacrylamide, ethoxyethylacrylamide, methoxy-
30 ethylacrylamide and methoxypropylacrylamide.

6.  Process for the preparation of graft copolymers on hydroxyl-containing
surfaces of porous particles or other mouldings, characterised in that
graft polymers built up from two or more recurring monomer units,
where at least one of these units carries a charge and at least one of
these units carries an uncharged group which carries mono- or di-alkyl-

35
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and/or atkoxyethyl- or alkoxypropyl-substituted amide groups which are
bonded to a hydroxyl-containing surface by chemical reaction, giving
materials which are capable of binding charged substances, in
particular biopolymers, by ionic interaction.



