WO 2010/ 012358PCT/ EP2009/ 004952 - 1 - G aft copolyners for ion
exchange chr omat ogr aphy The invention relates to a nodified
separ at i ngWRIIPEPSS t o0 the preparation thereof, and to t RETAEBE09/064952
t hereof for the separation of charged biopal ynmers 5from i quids.
Prior art lon exchange chromatography is probably the nost frequently
enpl oyed 10 nethod for the purification of pharmaceutical proteins,
pepti des and other biopolynmers. Virtually all industrial purification
processes include ddeatircopolymersdoriomgexchapge Chroatatoyraphy
interest are ion exchanger resins which have a high binding capacity
for the target_nol ecul es. 15The use of suitable separating materials
in which the i dRRdN¥RTBioPsrelates te @amodifisddsapacating metsriahriol theepnepgratibt
pol ynmers, whi ctheresf, iandt tor theCOyRiRNEOY fdp '

Qhd %‘éﬁé%‘clﬁn %frﬁﬂfﬁap rgﬁ/eoS ‘I:de;s)%ﬁ@nle s

is partigularl dvant ageous (W Ml ler, romat og 1990,
133- 140) . 20Fuﬁ8&| ]gqﬁil@ési‘sed pol ymers which are obtained by grafting

correspondi ng func- tionalised nononers onto a nultiplicity of
?i ffte_rent I _surIﬁﬁg,sa,lrﬂavle beenhknpwnI }‘or bmagydy_ear_s. If the
unctional i sation 1 nvol ves chem cally bonded ionic groups,
corresponding materials can be used for ion exchange chromat ography.
ﬁg_ Ahr el gg i v;al lonl ax@mngegﬂa&onm‘togmpby s epretatly tn@lmmrf@qg@?@%,ﬁgbyad
ich ardginte : | Y rs_is. found i
the patents ERTD TS, BB URako G a8 B oo B BB ec s 1 hlper
more than one RBRBNEErHNHURIAIUNGwerialsurifioatoraprecesass intladerate onmone
patents. For tbnSe@hahFe . YOF paflicTRF iiBidsP are b SXBRSHTRT SoBMS twhikih
order to Obtalft;la uj t xchanesf e ,selected in such™a way that
bot h nonomers el‘?en%r Obﬁq@p%cggg-@ gt CtFEﬂeE"tﬂ? ‘or one nononer is
neutral. The conbi nati on and type of nononmers that are preferred for

the graf §Scoporysrest SRELRAbIE Sepatatify hALALE in 18 ibhelgrbliss g%f 168@-

skilled in the_art hlas. to carry out, a | arge nunber of experi- nment's

before he obtarha e§8H3’P’%‘Vi°ﬁ3"Wé{8Fﬁfﬁl’%‘VWﬁ % WhiGTeare D dgi) eovalently hended

puri- ficatiortood spprortreedans, iaparticolbdy msyamtepeoute@Vanidilior, e Chromatog-

bi opol yners. ;gghfqg?(,,ogp@qggg%gpzoogl 004952 - 2 - EP 1 473 075 A
als fo

descri bes nmaterl r ion exchanger chronmatography. For the

preparation of the materials, a polymer solution consisting of
ﬁl( acr %I af¥ do- Z:umﬁibyalisbdn:_folwae@swlp]ibgmr@ o@fai:@bc: by gra;]fting c?rrequnding func-

i sobut oxynet : a \ t hacr te i.s
RSt e Dt 8 ARKIEL"Sr JRRRRE SRl g peen

adsor bed ont o hydroxyl -con alnln? suppor. 1
porous cel | ul J©WE faranany mearsy &f tha Rinctionalisation iinnelvesoshemioally hoodad:

chem cal i nkiiogicRfbuee edrR@psHBIRG ha®RbR! ¢4t baNketer aPEk&thnge chro-
coating. In tgﬁ %gor tion, a hydrogel, which is a water-swoll én,
?@ q,p: ts polynerised in the pores of the support. It

cross-|ipnked

is only é]{rough the polynerisation in the pores that the material
becones suffi & iVe)di - [Pedp! t it :
pressure- st abﬁ%&?[ﬁhgelg ;a%l intt]gg]tbieznd.:r %és?bééasﬁ%ﬁ%cg@n%%‘g%ﬁjgészwg ich are
necessary for B398 g‘fﬁﬁg%ﬁ‘ﬁﬂoﬁt'oﬂfﬁ bigrelweRre i fund 1n e patentskl Or33%
conponent's, nalddl gr BEpHAE8, 186D Bratt polymaers emristhgantbré tess ohi kbAdmer
agent and dEXtJnﬁﬂgPﬁ‘élﬁm@%ﬁﬁﬁ?we Lo AR IRRAL Bhtehls. For € Gisk Bholy-

separatiébg mat eri al ) ) ,
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 nheutral. 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-
ments before he obtains separating materials which are suitable for the puri-
fication of pharmaceutical proteins, peptides and other biopolymers.
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15 Kobayashi et al. [Journal of Chromatography, Vol.958, No. 1-2, 109
- 119, (2002)] in turn describe a chromatography material which is
obt ai ned byWQ20a$/612p5 a pol yner conpri sing i sopropyl acryl apcderangsosss:z
acrylic acid onto silica, or silica gel._3he 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 difficult by the fact that no aliphatic hydroxyl groups are

Bg 63882 / (2)833 28Eﬂmmetommd@e@ntmdmgtérrig@fdr%ﬁrﬁ%@aﬁgépc ﬂf %ﬁ?l‘%{ For
St's
of a 255upporttr@ grlai%twi-h%f‘g’ %%B'pgri?&?ﬂﬁbépil“gﬂn F?GF‘B'&E“Q ot 2-acryl-
crosslinked geﬁml%&m%w-hewpahsswm g r Nisabutoxyfrietiylacs/idvkleAana
hydrogel is pOth%kytﬁéﬁyl Fhétﬁk?c 9HetR so tF@deHﬁowotro % hi3ehi supports,

sufficiently dl%}r:s'ocgq; sta e mater| ressure-
in the appl i cabt AP ERRPIBOoRATANG ‘{"%uuf%é Ritipise However, this (ﬁf@@fmﬁlﬂ"
occur, but i nsdeesinohiavblydchgmical nking eema%ewﬁboﬁ%téﬁﬂ%dthe%p-

d hobi
oy obayashi - IEbaE, 37 e 2980 1Bh 5 3L ARGE. JEh i B VBEEsEFRS ‘T
all cases requﬁ"?'ﬁ?éi RO'¥NBE 4 PRlYMejisad dnthe phiestofithe Sapmrhslt theorlp through
Tt er 8l 90 1 Bt e oo IR e Horcs Tk eRRle RS A sufientl dimen-
sufficiently s@gﬁ%"}é} ?‘%bﬁ g‘? Iﬁé‘?@ P"e%'rgo*?%ﬁ%i%{%ﬁ@ﬁﬁcéﬁ%o& FesbEpee
3 - (Object MPRETEHs @tﬁt netessasy Mremenprepammmjrthemydl‘tgedaﬁ.leeé and at
prepare a supmgégtm%m?bné}ﬁglmné ond Pgﬁowﬁmﬁ%ﬁhg@ﬁ%&%rpj g{.lgl Fb}s—

and ot her bi opgl yne g& 5capac

for preparati kﬁwpﬁpﬁ "F"?)%Qe A ﬁn@l‘fzf‘setslsﬁﬁﬂ fog dhe é)reparathrhroé tl@@@smed
mat eri al shoul gepesatingamkteriab hydrol ysis, in particular stable to

al kali, 14 order to enabl e purification or regeneration of the
separating mat 10r H 13, with essential properties of the

support bei ng Rehayas blet @iutbf Ral G rpmatoarahy, e 95BoNo. T 109 — 119,
i nvention rel a(tZGSZI]ansﬂparcm;bn’lﬁe @B&Iﬂbhfdtﬁgrﬁgﬁprmﬁbﬁﬂ Wﬂiéhgﬁnd)@taf?l'éd by

organic 15 s racteris rs

up from at ;@ Bﬂ{n\%’o%%ﬂnegr%mﬁ E i gapgpboggf?&w%npﬁeaﬁggﬁﬁe aﬁ‘ﬁt%ﬂt? eﬂ"‘

where at | eastm@ Qi Flicergakt Theeainr ef this arafting is tx prodizne hh@ropbplalcaxrmptgtses

mat er i al 20 whi |18/ wieEnPSdUJIBR OFf éﬁ'dn%hé@bﬂ'rﬁén&n@rh@irﬂﬁﬂ hét ﬁﬁéfsh OR%
own tha

of these unit es..a heutr.al r ) hav

suppor t materﬁm?@ h PR IS %‘a‘dWP 'ﬁf%ﬁ%y R’ﬁﬂ@tg@tﬂ%ﬁw%cd’ydmm
neutral conondfedpaee peserttdrethasupppd satfacgandsiica & stablerto hgpaiyais. ng
of f charged bi onol ecul es, in particular charged biopolynmers. Due to

T Psat  pn ofU% GIPERRRED AU AsteTbse SHarRiodaPhi uaisateh B vTsists of a

support material and a gel. Support-supported porous, crosslinked gels are
obtained. As also described in EP 1 473 075 A, a hydroge! 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.
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.
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The present object is therefore also achieved by the preparation of
correspondi ng graft copol yners on hydroxyl -cont ai ni ng surfaces of

por ous par tWeRedep3s5Ht her noul di ngs. The graft pol yners b QeRek b bo004952
these surfaces by the reaction are, in accordance with the invention,
built up fromtwo or nore 30 recurring units, where at |east one of
these units carries a charge and at least one unit is linked to a
neutral group, so that these graft polyners are capable of binding a
charged subst ar@igietty i oni c i nteraction. The present invention
therefore furthernore relates to separating materials 35which are
capabl e of binding charged substances, in particular biopolynmers, by
i oni ¢ i nteract il&F olRet of e prespar iatémtionol thé‘l@ﬁﬁ??célﬁ%ﬁ’age g%tuﬁﬁbﬂlfrﬁaterial
graft WO 2010hQ¥R358RET, : = 4. polyners bui]t rom
two or mge re;grrlg. g n&%@ﬁé?%&?éﬁh’%@gﬂﬁ %ngaéiﬁelb}q@pe M&he ydth high
units carries 4°CHAVgENANHISh daBabe @neloped tfoe pecparative Bpplidatises dro ap
neutral group, irctustriaéstmend to hydroxyl -contai ni ng surfaces of porous
particles or other noul dings by chem cal reaction. 5 The present

i nvention rel ahﬁs’ in particular, to correspondi ng separating
mat eri al s whi ch"Ra¥HPPRTcMgasial skeddsymstable to hpdnpiyels, M partkURE SthBKed

agarose or a delkali,an dptlertoCaHEIRS blifridRibE dr 3L &EEFQ'- LA LNar gani ¢
support Woth a ap&gjmq?c&ﬁﬁl n@eé_saﬁshbrasertsupp%r . t%fétgglgrs&oia- ing mate-
materials of this type PoP | onoBLehRiPhErties ik seprasheing sigined.
correspondi ng hydroxyl - contai ni ng base supports to the surfaces of
whi ch copol ynegabjaétemefyebm@At inehfged are distingui shed by the fact
that a) the base support contal i phati c hydroxyl groups, 15b) the
copol yners arqg;oyalently bonded to the support, c) the copol yners
contain at | eabte thwentiif fdatesto soFEaBRg Htdfal i "HHF@ il &
linked ihSa | idl%brt%ﬁ%‘ﬁ%fs %aH@ﬁe '%ggoq %getr qﬂ?ogpﬁf'ggét %@H%tﬁ?ﬂ@c
unit which carries a chargé I n tha-rormieft ROKmefohyill upframoat least two
car boxyl i ¢ aciBOHMEHURIFeARRoHNSF toaiieaatipportonaetiamuhere Bt @WaRHD @fctehp
addi ti on cont aeasriagdinits on:buraiﬁdh@rseﬁéﬂa}ﬁhgr,\,\ﬁl‘a]tgﬁﬂu%”ggge%EEi gnal I%
am de groups, ut Loy or hich’ carfires I?'?@&aqq' gar
charge in the form of 3‘%3%8%# gerﬁgib'&%PﬁthGF‘eé‘Qﬂ%SﬁVleﬁ@ aRUt@! groupn t he
formof an am ne or anmonium group and in addition con-25tains alkyl
and/ or aky| expgriounts hitvd sREwATHht SLSMRP materials derivatised with N-alkoxy-
alkylacrylamides as neutral comonomer are suitable as separating materials
for separating off charged biomolecules, in particular charged biopolymers.
I?ue to the graft copolymerisation with N-alkoxyalkylacrylamides, good utilisa-
- 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 uni_ts, 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.

30

The present invention therefore furthermore reiates to separating materials
wh|_ch ‘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 copolynmer has at |east one uncharged nononer unit of the
general fornula Sl) 30 | HC=C CN Y R R2R3(1) in which R1
denot es hyd¥®af012338 R2 denot es hydrogen or methyl, and RBCHmE2099/004952
i ndependently of one another, WO 2010/012358PCT/ EP2009/ 004952 - 5 -
denote hydrogen, straight-chain alkyl having up to 4 C atons, neth-.
oxypropyl, ethoxyethyl or nethoxyethyl, g) only nononer units of the
sane charge are conbined if nore than one nononer having a charge is
present, 5h) t pelynars buitfur fremtwo@retore nedRribgwior@nfer Ghas Aehdre dt kst

[ | : | S 1. 99 to.90 .
10, The presente oy it i RS 4 ndro Bb 2B RERP BN BPlbskp ublls g to
separating mat 8Mexiral geup; ean b bRard o byfiroxwkcontalning sifawes afporous

hydr oxyl - cont apaitifssldtans mopERGs bylcPekiiaal seidiapes of which
copol ynemss are coval ently bonded, and which are characterised in that

a) the base sul?_ﬁort contains aliphatic hydroxyl groups,
e 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
0 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,
15 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 [east 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
20 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-

25 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)
0
30 |
HT:C C N Y
R" R? R® (1)
in which

- R' denotes hydrogen,
R? denotes hydrogen or methyl, and
R®and Y, independently of one another,



b) the copolyners are covalently bonded to the support
copolynmers contain at |least two different nononer unit

, C) the
s 15d) the

nonomer unwos20ar@23senked in a |inear manner, e) the copol yoptriiesioads:z

| east one mononer unit having a charge ofgthe general

whi ch Rldenot es hydrogen, denotes hydrogen and 20R3denotes R4- SO3M

formula (1),

in

R4- 000, R4-NROR19 or R4- NRORLOR11x where R4denotes straight-chain or
branched al kyl ene having 2 to 4 C atons, R9, R19 and R11,

ooyt o benzol | oo lrodan S AahuciRISRy REYIRYLp (P4 OatomRy ARY-
enyl or benzyl, s . Na, ,
Br, Y or nethyl sul f%WBmBVEPHEX%%%gF%FB%Hé%Efﬁ% | east one nononer

unit of the gegeomy mManomgrainita)of the3gime chifgeRii&cafrdbjnddrif miore than one

i fdenot es hydr ogg@noser REARG Al @Rird®isPrbserfienot es hydrogen, Na, K, or

N-14. ¢

out a charge is in a range between 1: 89 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,

¢) the copolymers contain at least two different monomer units

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

h) the ratio of the monomer units having a charge to the monomer units with-

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*-S0,M, 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 I
H

in which

R’ denotes hydrogen,

R® denotes methyl,

Z denotes hydrogen, Na, K, or NH..
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WO 2010/ 012358PCT/ EP2009/ 004952 -6- Preference is given to separating
materials according to the invention characterised in that f) the
bound copolYf8HWMZE8 5t | east one uncharged nmononer unit OFC¥ a0b 004552
general formula (1) I I HC=C C N Y 10R RX13(1) in which RIidenotes
hydr ogen, R2 denotes hydrogen or nethyl and R3 denotes nethyl, ethyl,
propyl, nethoxypropyl, nethoxyethyl 15where Y denotes hydrogen or R3
denotes nethyl or ethyl where Ydenotes nethyl. 20A particularly
preferred variant of the separating materials according to the
invention is dpgfélads %"@@er’?i}b ééet%rétﬁﬁ;t mbf@fals%ccbﬁﬁn@Rpl‘PanH?érﬁloﬁrdﬁar-
built up from at | east b nt “nononmer units, e copol yner
has at | east e a n|t havi ng a negative charge
252-acryl am do@ttﬂreabesmd topolgmarchak atdasstanenmidhatgedryib@smeeunit of the gen-
car boxyeghyl - ?hhﬁ Q om t he group
2-acryl am do- 2- ganesulfonic acid, acryl am de,
carboxypropylacrylan1de car boxynet hl ynmet hacryl am de,
car boxyet hl ynet hacryl am de, carb@xypropyf net hacryl am de, acrylic acid
and nethacrylic acid, and

HC—GC—C—N

10 R1 RZ R3 (1)

in which
R! denotes hydrogen,
R? denoctes hydrogen or methyl and
R® denotes methyl, ethyl, propyl, methoxypropyl, methoxyethyl
where
Y  denotes hydrogen or
R® denotes methyl or ethyl where
Y  denotes methyl.

15

20 A particularly preferred variant of the separating materials according to the

invention is distinguished by the fact that

c) 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-methylpropanesulfonic acid,
2-acrylamidoethanesulfonic acid, carboxymethylacrylamide; carboxyethyt-
acrylamide, carboxypropylacrylamide, carboxymethlymethacrylamide,
carboxyethlymethacrylamide, carboxypropyimethacrylamide, acrylic acid
and methacrylic acid,

and

25

30 f) the copolymer contains at least one uncharged monomer unit selected

from the group dimethylacrylamide, ethoxyethylacrylamide, methoxyethyl-
acrylamide and methoxypropylacrylamide.

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,
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30f) the copolynmer contains at |east one uncharged nononer unit
selected fromthe group dinethylacryl am de, ethoxyethyl acryl am de,

met hoxyet hMOZOFAI3HBde and met hoxypropyl acryl ami de. 0 35APGTER2§H004952
preferred enbodi nent of the separating naterials described in
accordance with the invention is distinguished by the fact that c)

t he copol yners contain at |least two different nononer units, WO
2010/ 012358PCT/ EP2009/ 004952 - 7 - e) the copol yners have at | east
one nononer une}theaopotynerpbave aveashangg@onselee ahit tlating a gdsitivgrobarge,

2 {acry1ov) am NGB TN APRARYB I B et -
2- (di et hyl ani noeti®igs|3-Eenjodammepropy)tinesthylammentemiepioridet Rddietnylamine:

- (di met hyl am noethpRadtylbiridd, V- @BtB@aminoethyl)methacrylamide, 2-(dimethylamino-
- (di et Byl am nogf, %%wngh{?%c”r _%ﬂ

3- hyl " : ,
r <(3pyl )acryl ani de, fﬁn‘aﬁg@’@m}ﬁ]é ﬁhﬁ%ﬁ?@(ﬁ?ﬂ@?a 3-(diethylamino-
(
(

di et hyl ami nop]ar@pyngmlami@ﬁ%(djgthylaminopropyl)methacrylamide, 3-(diethyl-

(et haer T oy ey RpARPRBGISAER, T diothylaminopropyhmethacyiamide, 2 (meth-
3-(acryl oy?/- a)r/n' n%W@%?ﬁ?%?thﬂﬁﬁVP QRiUAKERPTIdR and Srigciovt-awino-
ccﬁpol yrrersdcont apmpamtrirmﬂagamnmnﬂmbmbﬁe]d m)n;)merdunit sel ected from
t he groupodi net cryl am de, ethoxyethyl acryl am de,
met hoxyet hyl acry 'ild?n de and met hoxypropyl acryl am de. 15The present
i nventi on addi §i$8f0pglymaracertainatdesst eoessichargedaoreragiunit selected
separating mat erfr@hsh@geipingtiyladriiemidey eidx@BthyRicRiahal! shebfoxgemit
copol ymers on hyEc‘lJ 1 i hing surfaces o poryous particles or
ot her noul di ngs, méﬁd?cgﬁéﬁgeﬁ%’&gmpgk&ﬁ%m{‘{%t graft polyners built
up fromtwo or nore recurring monomer units, where at |east one of
these uniibs carhé prosent iRbafoPBYdiRbNAY bRAS tPAPrRlest 185 R Ytk sration of
carries an unchapr@getd éra_o@bgg.mhl ch %re Oﬁgrito a hy(?r]pxgl - cant a&tnl n
surface by chetfRESRUTK s agPorng INYPEIIGTh RIRTeARRIY ©h SHBlt COBPIY-
bi ndi ng char gettesutas hydoagl-cdntaipimgtsucfates obpompak parices dyothenmeuldings,
i nteraction. i CLl B [alY i
lext bl e oraf i ool pnaraar ety B I8 ofle bolfmert 63k Bonl A ¥ frdie recur:
i on- exchangi ng§ BIgpOMer kAdswivhers @ leasheng phihespoinjirsarries a ¢sharge ane at
ci al l Iy ag%; | abeastcatie of tl@s@haﬁi@%arﬁéﬁ%omﬁdrl(a][rge&m@\ghicbMreitﬁ)l}_li@'ﬁi fota
up only ro X . ' S opi.c aci roups.  .The
patents £ 0 7 o9k EGHEAg sliade BRERRIS e atRb G, A BaRe BRI are
capable of binding charged substances, in particular biopolymers, by ionic
interaction.

2
2
p
3
3
2

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 Fractogel® EMD 803 (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.



conbi nati ons which are to be preferred in the synthesis of an ion
exchanger. The exanpl es also only describe graft polynerisations with
one nononeWOBWiIgHsresult directly in an ion exchanger. PANYZEP2009/004952
2010/ 012358PCT/ EP2009/ 004952 - 8 - In pargicular, the grafting of
functionalised acryl am des and acrylic aclid has been investigated,
since the polynmers forned therefromare stable to hydrol ysis under

al kaline conditions. In addition, the poly(acrylam des) are able to

f orm hydrogen tmomcumhltab draftifg rmf@ﬁct@% faﬂﬁdébsan@wwctabld Res
S5better svvellatg)l r}(’ g equs ons ? le to hvd
varophi 11 of tyPeebieRldPtoRhe 75 Pobhiths T0bse Hrii e sialg to hyd-
according to t'lﬁlélalmvmn aihaliﬂwmrtﬁ#ﬁmnsl n aﬂdlbmtﬂlgrmqhﬂycwlmmdes)sareama

f | | |
ovopear ng“r;v%@ oA REGen botiaeMIfch M LOimaldadaRCloR sk AMAY B Tthe

graft copol ynme %t @Me(flgﬂ litydp SpHERHS SRlutians tﬁﬁ%i’?ﬁ’h‘l‘@@%'ﬂﬁ”&l ng to

t he invention ot her chroma- tography supports can al so be used.

roups, " pret eri) HecpEApRh & e Rrhuito N3RS 2ORHBG Brtel fupytion
pol yneri sat i onh%a%fﬂilf%ﬁhmg‘mt%f@l)éy SUPpOTe. $Heheas, fos e&@mphen&r@gt@m@ TSK
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crosslinked ese cross
pol ymers al so Ei 3@ [cqpgist: fek exampisy P§ OFIRNG lerr@s%n‘éudhargamc polymers can
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materi al s, acco
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particles whi Cﬂl can
ese crossllnked hydrophilic po[ymers also mc]ude those comprising styr-

ene and divinylbenzene, which can preferably be employed, like other
hydrophobic polymers, in a hydrophilised form.

25

Alternatively, inorganic materials, such as silica, zirconium oxide, titanium
dioxide, aluminium oxide, efc., 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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35pol yneri sation of magnetisable particles or of a magnetisable core.
WO 2010/ 012358PCT/ EP2009/ 004952 - 9 - However, preference is given to
t he use of wiyagiroapeasBi ¢ support material s which are stabl er¢DEP2009/004952
hydrol ysis or can only be hydrol ysed withgdifficulty since the
materials according to the invention nust w thstand al kal i ne
purification or regeneration at pH 13 over an extended use duration.
The supports may 5 al ready carry | ow nol ecul ar-wei ght |i gands.

Ligands may caHbweQ&e REfef@ic fNaRERGoUHHRURSe JPHHRIIMIRI SuSsRt Rtat&als
groups which ar .Eble i f rmaé)?ro en bonds., Pre e{ven e.th. | v?n to
7 oands whi oh wEiRE sectt 3 Ruinsi 6 oahan;bet bbb it gty sine
support mat er i tilesmateyiald accardingits tthefinventien uh@st lwithstangeatkalines pirificationh
particles, who i hZes
Pr ef er enge i's §Iﬁ've§§ﬁ%|§1§?§raﬂ)§|l_e“fgpggrgaﬁg%tﬁgﬁd ésgﬁgra\%@gpg%g&uppofﬁemay
support imat eri &readyesamy lpwsRolscelaryyeig disaRds. Hdgarisingy GRoRY- Qe 8UEOHR
%ggref ergbl ]}/ pehiavgsd gaTL_tpisChWOpﬂ'diiﬂc@ﬁcf@sSingﬁ?umnhfgﬁ ab@bbd%etazoo férmaAgdro-
nm Prefer 0 i en 5 an nm
Faual 1y, the. sghehds Sethtehte ROGReR 18 BN VRRD AaBhihsr Saftharmss o
fibres, hol | owheidha&®olymeiti ngs or nonolithic noul di ngs. Mnolithic
noul di ngs are three-di nensi onal bodies, for exanple in cylindrical

for n}[ _ 20|150r t Tiee puppert rmagtegarf g‘zapoé!ytﬁl%bh_ﬁ@t bﬂﬂregi??dﬁaﬁ:?péalﬁr spherfical
positively or V, charged..nononer i s used. uraj i of .
char ged rmnorre‘rg'bgﬂg%’ @h%?eog_%g',g%o%‘ilc ”ﬁSr@hemgiw 1@&0‘5'&? r%f[ﬁé”ﬁg 'S
can be ni xed i@vVen Hepattislegives hetwepmBandiiPOnginer i al s havi ng
properties which are inproved in accordance 25w th the invention.
Monomer s havi Nphe sopgeitirgtegalRUPagam Parieulaf,0be GX @i firthe of Sidhigithés or

acid or carbox __Suitabl e noner s. having, sul foni c,aci

groups afs, fo‘}rfﬂe‘éegé@gfp;‘%r°§%P9ﬁ§le§sﬁ? HORR S{255HANEPY 5?{%%% afdgg’oo nm.
R4- SO3M i n whPeferracaisigirg) td pefesizesdrativgennd aBd 208nranot her, can
have t he neani ngs hydrogen or al kyl having up to 6 C atons,

et a1 T qam v St o b oot eryod e
at oms, such a§$ Onﬁvovfhé&ﬁ%ﬁoaﬁn%%w%@&I%t'ﬁ%ﬁaﬁg,& M"(S‘%{i&'&@”‘%‘,’dcmgs are

hexyl ene, or dhfﬁ%ﬂmi@akbbéﬁe, for examplevn sylintiricel f8rm@. at ons, such
as, for 2&anple, isopropylenes 350r isobutylene. WO

2010/ 012358PCTF PO graftl Bolymerisation, at least one positively 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
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*-S03M, 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, 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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Mis a hydrogen atomor a netal cation, such as sodi um or potassium
or an ammoni um cation. Mis selected in such a way that the nononer

I S wat er - sWiO9I04012358 Mention i s nmade by way of exanpl e ofCIL/ER2009/004952
sul foal kyl acrylates, such as 3- 5sul foprgpyl acrylate or

2-sul foethyl acrylate, and the sul foal kyl nethacryl ates, such as
3-sul fopropyl nethacrylate or 2-sul foethyl nethacrylate. Preference
Is given to the use of the acrylam des of the general fornmula (1) 10

| HC7 C NwYis @ﬁﬁir&éew\/ﬁﬁmﬁ oR8 metmwbuémay\’@b&hm%f pd@ss?uﬁﬁ é’r an

ncependent |, Sy ShAR w SRS 4 Mal B30 e B IBR e

R2 can |ikew seolgele. i ndependent|y of one another, carboxyl or

car boxynet hyl . p2afeh ¢s5‘ﬁ1a°d|e3 %gaﬁ e?{%ﬁM]e e Qul‘f‘&lll@? a@@zl&té@ Qf:haas 3-

strai ght gchain | ene VI n
oxampie. Srot hy PAIRSIORH Rgiate or Brip PR Gy eire aprahe sulraityl Bisthesndates.
al kyl ene gr oupsidvasg-slifoprofylCnethaomylats oc D-satfoethgrmethaoyade.

i sopropyl enes | . r l.an,
Such as” sod: unt e EHPAIGAF o Hel b MELORERERER B P eufil |
in such a way that the nononer is water- soluble. Suitable
acryl am des which may be nentioned here by way of exanple are
2- acryl agpdo- 2- et hyl prigpanesul fonic acid (AMPS) and 2-acryl am do-
etha nes ulfon ic acid.

HC'_—'—T C N Y

R’ R? R? (1)

15

where R® = R:-SO;M, in which R', R? and Y, independently of one ancther,
can have the meanings hydrogen or alkyl having up to 6 C atoms, can pref-
erably be hydrogen or methyl. R' and R? can likewise be, independently of
one another, carboxyl or carboxymethyl.

R® can also be R*-SOsM, 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 iscbutylene.

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.

Suitable acrylamides which may be mentioned here by way of example are
2-acrylamido-2-methylpropanesulfonic acid (AMPS) and 2-acrylamido-
ethanesulfonic acid.

20

25
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Suitable monomers having a carboxyl group can also be, for example, acryk-
ates of the general formula (2)
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30 Suitable nononers having a carboxyl group can also be, for

exanpl e, acrylates of the general formula (2) WO

2010/ 012358PCIAEPZGBO9/ 004952 -11 - 0 HC=C 11-0Z R7R8(2) Srawiem2e05004952
R5-COOM in which Rl and R2, independentlyy_of one another, can have

t he neani ngs hydrogen or al kyl having up to 6 C atons, preferably
hydrogen or nethyl, carboxyl or carboxynmethyl, and in which R5 can be
a straight-chain al kylene group having 1 to 8 C atons, such as, for
exanpl e, 10 net hyl ene, @thyl ene, propyl ene or hexylene, or a branched
al kyl ene group having 1jto 8 C atons, such as, for exanple,

| sopropyl enes BCTsObutgter@z Mis a hydrogen atomor a netal cation,
such as sodium or potassium or an ammoniumcation. Mis selected in
such a way that gt heghononer is ter-soluble. 15 Mention is nade by
way of exanpl e of the carboxyal Kyl acrylates, such as carboxyet hyl
acrylate, and the carboxyal kyl nmethacrylates. Preference is given to

the use of t hew%@i arﬂﬁéé 1['1%"‘:: RMdhg R%) rﬁ‘é?@ﬁﬁ nﬁ@ GF d 4ridMr. bah

which R1, R2 i ndepe one anot he meani ngs
ahave the mea mgs hydrggen or alkyl having up to 6 C atoms, prefe?ably

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.

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.

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 R1, R? and Y, independently of one another, have the meanings
hydrogen or alkyl having up to 6 C atoms, preferably hydrogen or methyi, R’
and R? can likewise be, independently of one another, carboxyl or carboxy-
methyl.

R® can also be R>-COOM, and in which R® can be a straight-chain alkkylene
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.

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.

10

15
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30 Particular preference is given to the use of unsaturated carboxylic acids of

the general formula (2) where Z = M, in which R’ and RB, independently of
one another, can have the meanings hydrogen or alkyl having up to 6 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-
soluble. Mention may be made by way of example of maleic acid, itaconic
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hydrogen or al kyl having up to 6 C atons, preferably hydrogen or
methyl, R1L 20 and R2 can |ikew se be, independently of one another,
car boxyl oWOZAHHE#3F8 nethyl. R3 can al so be R5-COOM and PET/BEZSENDORS2
can be a straight-chain al kyl ene group hgging 1 to 8 C atons, such
as, for exanple, nethylene, ethylene, propylene or hexylene, or a
branched al kyl ene group having 1 to 8 C atons, 25 such as, for

exanpl e, isopropylenes or isobutylene. Mis a hydrogen atomor a
metal cation, atidhcirmcenidi aod, ohepadonis aoid] of fumBrieHzRNi OMmheatl particiar

' lected i . t ' -soluple, . ..
par ¢ cul ar pr oo nde RGO R mbBSHRRNGRe fotlB e v AT s B ayion R
acids of the g@eRotas hydiosanand B8 denates hydrogen iop alii kviRruptad3 Rsatoms.
i ndependent |y pér @€ panisBE mentam nidY Be thSddTBWYI8F B¥HH 98 S él:{ryi@' ord

having ug to 6_C atons referably hydrogen or nethyl, carboxyl” or
car boxynet hyl .aﬁ\ﬁ ?%awg}%‘gn atomor a netal cation, such as sodium

or potassium or an amoniumcation. Mis selected in such a way that
t he nononer is water-soPuble. Mention may be nmade by way of exanple
of maleic acid, itaconi WO 20101012358PCT1EP2009/ 004952 - 12 -
acid, citraconHgzacgd— nic acid, or fumaric acid. O these,
particul ar prefe¢renge is given to nononers of the formula (2) where Z
= M in which » degot es hydrogen and R8 denotes hydrogen or al kyl
having up to 3 C atons. For thi )pur pose, nention may be made by way
of exanple of acrylic acid 5and nethacrylic acid. 0 FIC=C-LI-QZ 11

10R7R8 (2) 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

19 (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, pheny! 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)

25 acrylate, 2-(dimethylaminoethyl) acrylate or 2-(dimethylaminopropyl) acrylate,

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 Y, 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, alky, phenyl or alkyl-
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Mononers having a positive group can carry, for exanple, primry,
secon- dary or tertiary am no groups or can be quaternary amoni um
salts. Sui V&AW BH8ners having ami no groups are, for exaPI/BL2003/004952
acrylates of the formula 15 (2) where Z-%3R4- NROR1O, in which R7 and
R8, independently of one another, can have the neani ngs hydrogen. or
al kyl having up to 6 C atons, preferably hydrogen or nmethyl, and in
which R4 can be a straight-chain alkylene group having 1 to 8 C
atons, such asphémﬁ |chngd, efor Mrhpleemmthﬁl eihlyeore bemtydpSlitiée atrylamides
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35 can be, for example, chloride, bromide, iodide or methylsulfate. Suitable
acrylamides which may be mentioned here by way of example are 2-(acryl-



25Preference is given to the use of the acryl am des of the general
formula (1) IoRit..., where R3 = R4A-NRORA in which Rl, R2 and Y,

i ndependenVPy0W0IBER anot her, have the meani ngs hydr ogen RET/ERREH004952
having up to 6 C atons, pref- erably hydrnagen or nmethyl, and in which
R4 can be a straight-chain al kyl ene group having 1 to 8 C atons, such
as, for exanple, nethylene, ethylene, 30 propylene or hexylene, or a
branched al kyl ene group having 1 to 8 C atons, such as, for exanple,
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or methyksul fate. Suitable acryl am des whi may be nentioned here by
way of exanple are 2-(acryl- WD 2010/012358PCT/ EP20091004952 - 14 -
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preferably had®t FE2MBSH HE! ¥‘?I8Y’, OleFHPKYE We,“t'Io§o'B?)5§%ﬂ magley{grg by
or isobutyl, Mawnntekamplidoft amyplantide (iémi)ndimethyahdeplayadd \dthdapetndaar-
to 4 C atons, : I Hg;m% 1 0r, et

Mention may bea‘-?HI@I%,eq'ﬁ%trh g‘emﬁggpé'ﬁe tgx I eé{%%lgﬁé?éil_ag% Hg'ﬁ %{%é’)pylacrw-
di net hyl acryl £gE; P@fﬁmﬁt'%ﬂ‘/&lﬂ@It%%,b%t%émww@? they are more
met hoxyefthyl actathians dedehdisbah@sidrs apyluaenhdtamed amifssf er ence is
given to the N-substituted am des, since they are nore 20stable to

hydrol ysis than esters and unsubstituted am des. The actual pol yner
can be’ prepar dd8 actyak palyrgenegis be prepared daveriafs waysain thegcaset of “grafting

Phe surf ace | o R b LR e S Sie P ol
pol yneri se- 2§°?I‘%§“8§§%I’I BFeFAG RieP; gf @@ ‘Eﬁ?et‘%e"gaﬁqg@@’,“qaﬁ@ yimerisa-
graft p_ofimar tion tactien up initiatedt o1y the cwrfanej ahduhe grefiqratyrser @ beilt up
pol yreri sat i oyl rm WhdRAt2i | AshGinBR. NBle? pOIFmBHEARA® nltnb i which

support material can al so be e e
PP aflow inding ?o the surfdce 3{‘ the support material can also be employed.

Preference is given to the second method and particular preference is given
30 to variants in which only a few by-products, such as a non-covalently bonded
polymer, which have to be separated off are formed. Processes with control-
led free-radical polymerisation, such as, for example, the method of atom-
transfer free-radical polymerisation (ATRP), appear particularly interesting.
Here, an initiator group is covalently bonded to the support surface in the
desired density in a first step. An initiator group can be, for example, a halide
bonded via an ester function, as in a 2-bromo-2-methylpropionic acid ester.
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Preference is given to the second nethod and particul ar preference is
given 30 to variants in which only a few by-products, such as a

non- coval ewol 1daoessed pol yner, which have to be separ at edrol/EPzan%004952
formed. Processes with controlled free- r_aig,i_cal pol ymeri sation, such
as, for exanple, the nethod of atomtransfer free-radical

pol ynmeri sation (ATRP), appear particularly interesting. Here, an
initiator group is covalently bonded to the support surface in the

35desired densThy graft polymicisatid®Rs cfietMutiiRlz0se@haWles 30 the prds@hce of
exanpl e, a haljde bonded vja ap ester f I’lCtI%ﬂ as i.n a .
5. br ono- 2- et h@?ﬁﬂ%@f §rlts. écqra eérgpe?rje-s{%@ graft polymerisation reaction can be
2010/ 012358PCTintteEaD by 0410681V} dbthe Midrogylafontainihg reeppsit withoutsthe sup-
carried out | Nod SRAMHICHS hePackilatbd® TRICRERESN 6 ARRRY EhicdRbitn Aute
preferred one-ste raft polynerisation reaction can be injitrated by
ceriun(1V) on Wﬁﬁﬂgﬁﬁ"éﬁdﬁ-%%%taiqﬂfWgO%*JBﬁcﬁr@ft PRivimesisatiemehe @sisbistusu-
ga?/i ng E:) 0 be aalty erapieged Thias aqgaots eolutisn Rathr@tbyceh@kEib®th e range from
ilute 5 mner 0 Y [ ra )
ool yror Dsat § on 1 BUGB shdn WERIAbE e b B8 ph ordpBlouiar preferangs is
with a concent@¥en & theyuss ef gl aitrie @eid, vehich Bogoploped with acefeanibtign
fromO0.1 to 0./6Qke riede/fro@rd.d €0b@01RRENEr ence is given to the use of
dilute nipric acid, ich is enployed with a concentration in the
range fromO0.1 to 0.001 nol/1. 10 For experinental series on
grafting, prefkerexperiventdisencgonegrattiog; preferercehas been igweal totkel use of
acryl am des andnasrdised aehhmiabs aha dRRIBAMTEIRe K BBfmRCRFhieaThére

stable to hydrfoliﬁ:ﬁls klagq(iler Ine co . 't oun

that separati nCRAESRNS IQyRYqrolyis dedepalkgling songilianse Hihagihesn Tawidthat
have proper - @Mrmg/\lﬁa?é‘riﬁ_ defivgtised &y graftasslpnhdagitionwiibh thage proper-
i nventionsare 3 . . o
graft-pol yneri @%’Iﬂ‘ﬁb\nﬁﬁ %ntl_: kllnéa'lrdfgégﬂ{ergg@@%ﬁé%ﬁg@ﬁ#”ﬁ%@hﬁ%leo%tﬁlaeg éfbﬁu&
2-acryl am do- 2BIB{SWPPEH dpRisEals| are raraft-RelvinerispRgyith the monomers mentioned
202- acryl am doatthafsi®widgtabe.acid acrylic acid

2- (acryl oyl am noet hyl ) tri nmet hyl ammoni um chl ori de

2- (di et hyl am noet hyl ) acryl am de 25di net hyl acryl am de

met hoxyet hyl acd-prafardidosmeyiwbpanesuifbeic adite(AMPSPw ng support - bound
graft coR0l ynezacaifnidbethaReé@nRadiyi t abl e supports, such as, for
exanpl e, Fr actqo{ggll TSK HW65 (M 30or (5), by conbination of two
nononers and i kct?‘ﬂ%t ed with respect to their properties as cation
exchanger, in particular their binding capacity: poly(AMPS,

di met hyl acry! a1 %) ioyBRINMNNRImERLRABHIIN BfbYdaM de)
2-(diethylaminoethyl)acrylamide
25 dimethylacrylamide
methoxyethylacrylamide

By way of example, the following support-bound graft copolymers are pre-
pared on suitable supports, such as, for example, Fractogel TSK HW85 (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)
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WO 2010/ 012358PCT/ EP2009/ 004952 - 16 - In order to obtain graft

pol ymer s havi ng advant ageous properties, charged nononers and

unchar ged WeHEM&3358re preferably mxed in such a ratio tRCTBRR009/004952
anot her that the proportion of the chargeg conponents is 1 - 90 nol %
relative to the total anount of nononers, preference is given to a
proportion 5 in the range 3 - 70 nol % based on the total anount of
nononmers. For the preparation of the separating materials according
to the inventi bnordehdo ramtainegraft quobyrmers rredving ad@lmﬂage%)uemﬁémta@ tierged

i TTe of "sedi ool e BEy ."%F“O““éé'@faeg%ﬁ%g?% PSR e A, AT 1o

enpl oyed. 10 | @n%a§0§@éﬁhatdbﬁd>r@mwrao ngléafgaﬁ@om@onﬁnﬂsas ded 90 mol%
acryl am de canrdistivertafthe mbb’ﬁﬁbum&ﬂ“ rﬁ@ncﬁn@ﬂstk&féreﬂBQ id §iebn td18 proportion

i ncorporation 1 re mer_copcentration
enpl oyed@ar e o%‘tathfer{gﬂ ‘Llia'bI%Q B/n%?f’ﬁg oé'rtgg% PW%'PE ‘SW@BQ?\?&S SFr‘Pr the
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present therei PRIRTRY Y8 WQMP@HW%‘FT ssdirperted cﬁ’@éﬂﬁfﬂﬁf matenal
envi ronnent , i preférablyd.0% of25cavkery eaiptoyed. sul f onat e groups or pro-
20 tonatlgd secondary or tertiary am no groups or quaternary anmmonium
groups. The materials according to the invention are therefore

particul arly stneabeenfeund tat archeesedesnchan gachagedwcadamiorycantregraft-
unchar ged nonopsymunséd agmsﬂfﬁurfef'@id e tr@é/ﬁ{c@q&arﬁﬁ&afa%b%n%bwﬁg to

uni ch conai st BTy bRtcERlal raRbRey B3Etbahe PR T he or a1

polymers are all linked to a surface, they forma hydrogel thereon,

whi ch COﬂBeSpUTﬁ’é éﬂ’ ﬁlﬂ?m@rs] 9Y@d’ar@ti‘4ﬁ Uedrdlt e wit et fﬂ%rél}f'tﬁ)rprﬂ%%'fﬁg

of neutral gro é whi ch consi sts on one charged
mononer unit. SHES mogg%ééga&vp haigepare faeredd @%waﬁwgy 'omsegtvsm
the static binidithg agemus megiuaf cblyemlmmgamj theopiclaloed oh e ned@Gtive
(Gamranor m 'S|0h@¥8l%t%ﬂ)%‘b§33rb§?ﬂﬂﬁefe‘?ﬁ1 ﬁﬂie'éﬁ:éndttrgq of e XUBAURBH of the

capacity is determ ne ution o i icreasi ng t
salt concent r RIUSPUE ENyBFBDment, i Kpecorm qf@arboxylate or su fonate groups or pro-

2(;10 1012288 P%Em%bﬁﬁd&@%r‘ted@ry%rhmﬁﬁoﬁﬁs ér at&nﬁ]ﬂam%n‘itﬁh Yreupd
charging is ¢ rou

di ssolved in ?'@%&%@éﬁrﬁc‘%g‘?‘%"ﬁgﬁg‘?{ (ﬂ :Elrﬁ’l]t @f‘%ﬁﬁ%@éfﬁ’aﬁ*ﬁ%
sodi um acet at elS& ingen sxwangﬁaecmormatmnfw dherinebarget rognomer erits ergure
the salt concetnbf #id AefayerBepdrafio dedfledt t@vBec é’é dnng Q‘aﬂdpo@me% g
buffer. The bi ca aC| t s cal cu ‘Pﬁ?ed fr ro'ﬁ(ﬁ

concent r %I on g{]r%%git' nnag RPIYZIEEW PQ Vcﬁ ORBGhaEgsshreRgmer
experi ms%l s arwiskdwe tha draib belyherSarepall kikegl tp,a surfaeasthegdormt autydrogel
that conpar ablifesdoat b\ﬁuéﬂ E@rl*é!ﬁboﬁéfﬂglg' ﬁdé,eé It %%rg@ﬁeﬁ@' QY€% the pres-

al though | ess char% m)norrer i's
pol yneri sat i orE"CfH Y gﬁ%u&a%%thQWQGBWPWBC%W& PBlyriYf omereharaed

. di met hyl acryl annd@'newamt has a hi gher static binding capacity for
| ysozyme and 1 gG conpared with the product 07PP221, although only 66%

of the aggunt of AMPS used for 07PP221 was enpl oyed for 08PP063. 15
For the assessment of the cation exchangers, firstly the static binding capac-

ity of lysozyme and polyclonal human IgG (Gammanorm) is investigated in
the range pH 5 — 7. The binding capacity is determined after elution of the
protein by increasing the salt concentration to 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



Surprisingly, it has, in addition, been found that the separating
materials according to the invention conprising graft copol yners

achi eve sigodhigandsky hi gher dynam c bi ndi ng capacities tR&IEP2009/004952
conparative gels. This applies, in parti ﬁL}l ar, to the binding of
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contact tinmes) during the charging. For exanple, the graft copol yner
075W261 conprising AVPS and net hoxyet hyl acryl am de, in which the

nol ar ratio ofy r : L0 i ’

xanpl o). achiBoeet2 tygfite td Bl BREUIRRGHEIS SalBdBRE o brSaln/oDEh of
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5originate, for exanple, frommnmal cells of rodents or hybridoma
cells. The target nol ecules are separated fromat |east one or nore
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chromat ogr aphyThY ASSAI8 Sckdiid @Hind iﬁ%fﬁféﬂ%gﬁ 85 BERQ8fR s peixm@?s
whi ch cont ai ns theeaﬁ\gig{jatl n ial according to the | nvention.

.mat .
The 1iquid canPiyl aﬁpf@r%a% GRIP Sreheyycambe yged ffersthe selective, par-
glr ?\e/ir ';] :E : Sgalneﬂﬁlyfmmgarorbmrpsmaetdiet hihdimgf‘oritbdslﬁiﬁﬁi () @fL oe I@Umﬂmrei%arget
o al 1o meanPede e A EERTBL SR ool S it PR St
as the tArget Palialuselscive o mpossiagive binding 05 adsomtibe of @nBiaTdnere sete
separ ating mat@fdaay colipon@nisi Wit aiPP o E&bAatich VPIHE $dboRBERS ERRSEhent
with the princ p[lefs of _t.he chromato raghlc tf.|UI€I se ed 20, ?L}/ .
i nt roduci ng et | STRirats Byt %'853?5?% ehfrglion g ae%&’g)ﬁ%f@,e mixfure without
" suspensi on conpniisiory adsergdioparf atieny merteecdnapgnentemerél ensthe diaaisi afdhe
material is s idat oy i J :
separati g ovvi(_)llrrllggtcgQ‘lrt%gZ %}P%Elige%%cﬁgiéﬂabgﬁgfa té&rr?ggﬂ’:tthlgggglérﬁseln' %]ﬁ!?én ent
t ar get m)?ecul %'%J%QFP'?“‘B’P DiqRY xrﬂ%rsn?g%rnaéwrahéewpaﬁ.n@et igolefien, enrich-
i nVﬁnL i ]9? Themsepand/or migphatibrdf Diogaymersohenuenbinpiret waaRked, et BoR-
wash buffer, we . the
it as the || quidl hREnERead/of §§'§’%F§“n§f BBplShel* fBBEM IS Esltte:
with the separ@id AyturateirrEnatantsdheresh thafiselatiore epvieBmant asdfos tapletien
\Mtqi ch do got t bcbmﬂiop@itymes a'&ﬁ?];eﬁeu niaks ][bﬂ}c{TEéWaittﬁés tf@ﬂfbh%@%ﬁ%@%M
steps w o) abl.e.buffers ollo ou sor e.
t ar get rr;q)l ecuhﬂbrﬁﬁb"adgélgprg?si 3id &P[{ﬁ%eS%rR%YaP r gfe%ﬁ@c'ﬁf’%{}g@ enrich-
carried out bymentasdlr mepietion oh psiteisagand paptides, ehedstlaton, bgnrichment
changi ng the phhd/dr BBEIBON VPlenzyRRs! ﬁ{ég%bld%h,e%Hlti@rﬁéﬂ érﬂj{%ér ?ﬁ%[etion of

obtained in a urifieq and (io centr %’e formi e el uen ]
target nol ecul @Ongﬂaﬂ‘? RO %*E%%@Pg 9‘9‘8? aﬁg]%apgalgg%c%m@ eF rsP sy
t2 8 89‘(’)/0 25&{3 t iC_Ic_antﬁuotiy ragrhensblthie S@étatiod nrictirmhent dador pdémdetion 8D phos-
10101 P = z i Llsal S [ [

the target ml%}?jﬁg%%ggéﬁ%%rﬁp ﬁ°ﬁé??%eéﬁfarﬁﬁ?%'° LB’EIF g‘f (t)l?é 3%%%?&5’ gArﬁ:hFr%nt
acconpanyi ng sKéeLRRIstianohiopd adslitves, thepselatiom gnigheenkrnd/pRgepletion
t ?r gtet ol te(r:] ul & rnend-hamd Ipbly_@éadftﬁﬁridbé,embli%olbﬁorﬁ(Hriri@ﬁﬁ‘\!elﬁlﬂagﬁ'@r @lt@hféﬂﬁn of
eluate in throygh: own,t.0 the person_s in ar
how he has to éi%}:ps&la@% lpﬁ%teh%h it i[%%étfoq’ r?"ﬁ'gsfﬁ‘ﬁeﬂ?aé}c’{ rf%pmognaf/egpglt -
t he conduct i vigtianded ardgable-girasided BNApthe isoletion,arvichment Bod/ar depletion

separ ati 8y mat@rpiadmidNANBINSSIatibn, | shridfi@nt é&%Héeérleﬁoﬁ BERNA, the isola-
purification task t he

nat, to bind the targef .ol ecuyle. separatin

mat eri al accort&ﬂnm&anmaﬁﬁp?W%%g?HﬁﬁggH} B‘Bﬁ%eg‘el igolgtien,etrichment Andlor
chr omat ogr aphi depbetiant otbestaelistreteifs; dhe isatatine ghriofimenthand/ot depletice £
for a bi opol Yigigo- bha ofriBRHEES, $he RoldiichAbhHATEH i & of lipo-
separating materlaI?, it can be enpl oyed I h oné of the

chr ormat ogr aphi R iU¢ SLfatigR. errishunentiapd/ar sleplation vé pragiicts Borstldpod and
ordglr totff]enovrailk,hﬂ'xer dlatiea], érﬁfﬁilﬂhﬁérf(teandlﬂ;ﬁ'rc,@!éifﬁﬁsQﬂtloﬂ?ﬁéﬁéb%f—%ight
enabl es the i a e inventjon

conpr ehensi Vgﬁbéﬁ%@%h%&?tﬂ/&?orﬁgﬁrﬁg (PH%%}?W% ,p%iafm?gelf ﬁ@t ppEdient), the
assumed that Sparafion okian édlifomhenafbl wiedicareertbtarrieo (fdri éxasepiehan
chote et PIARTBGRoeaBlas st J00MancAdh bRk

ment /or depletion of enantiomers
35



literature cited shoul d be consulted. Accordingly, these docunents
are regarded as part of the disclosure content of the present

descri pti oWO 20100185358 better understanding and in order t oPGT/ERPSONIAIS2
the invention, exanples 25are given bel owgwhi ch are within the scope
of protection of the present invention. These exanples also serve to
Il lustrate possible variants. Furthernore, it goes w thout saying to
the person skilled in the art that, both in the exanples given and
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chl oride is neleaosdsite 28rrows Itl@cﬂﬂ’v{ant@g@pm ywotnineccardaince ivgir ibasprin-

stirring at 15&&@@ df iqsiti dhir&flaidly a?ssiryﬂﬁ%umhradghaé\éh%é%é@%d
to pH 6 using %(?]nln

addition is ¢ BN WE'CEo‘fqﬁ'ttalﬁggl?‘? gea%ragngﬁ'aatﬁﬁéeaqgarcfggg o ithg dpven-
vol ume of 180 fidn. vitehliaiad cansed thaugh .thé colispremnsérely theoughemagedithtiaval

this sol ¢5i on, t ﬁ%%q.] I S

with dilute mfr?gér%a ] g%lpfé“ﬁtg@ |%’E tgge&r?) égiggaﬁgol_ﬁ“ﬁ@?] Orﬁ%‘q@ﬂjg
g of 2-acryl an*?fdahz‘ [P OAPEB IR Bie serpspting metetpl iBaixe: 9\'151’6*\9“'21-
33% sodi :j um h%dndmydsﬁlrmg ot sbaklmglfc&CbSTﬂongfasdmectatg%ednda\@dlﬂ%/s orl bpblyreis
adjusted to ohnitric
acid. 25An i ni O?g)r t’%ﬁo ?{ﬂﬂoﬁmgg}ﬁqﬁgﬁeﬂgraiﬂb%b%p afithlﬁ ew{s(’ee??susml?\g
nitrate and O. \Moréf ipfacsgndanice Ayith ﬁ’@l RIiNcp %Oﬁih%ﬁhfémamgrél@fmcmmed bed
i nitiall%0int rmme@ubmgatr@rm R tfeuaé@éra‘t’éd mt@r%?%%p%lué”éu%ﬁéhélﬂn
The entire appa(rsﬁg renderted in eat ed émi i/fgc atl(?
and deconpr essT "?gh | YPEGREINY FR ”E[:é%@ﬁ% SERATANKE'RE elected
war med to 40C Smthﬁhéiaawpmbﬁimthaﬁéﬁh@dl stiparattooroveing to |t®hlghsim:§dyednt[m
the inertised $pHRRBAE BHreat an internal tem

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-

30 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

5 purified and concentrated form in the eluent. The target molecule usually has

a purity of 70% to 88%, preferably 85% to 99%, particularly preferably 90% —
99%, after desorption.



perature of 40C with stirring. Under a gentle stream of nitrogen, the
suspen- sion is stirred at 40C for 18 hours. The reaction solution is
then filtewedkowffizasBt h suction through a glass filter friRCIE2poo/0asvd2
the gel is washed on the frit 35with in_egch case 100 nml of wash
solution as follows: WO 2010/ 012358PCT/ EP2009/ 004952 - 22 - 3x

dei oni sed water 8x 1M sulfuric acid, 0.2M ascorbic acid 3x deioni sed
wat er 2x 1M NaOH 53x dei oni sed water The gel is suspended in 200 m

of dei oni sed V\Hbﬁév@md|§ébb§)b§§ibleqop’rrhe7tab§étmﬁbl&5ﬂ’eWﬁgr@éihhrﬁ)fhechcﬁm thut
The storage | Sfog%r cc§>Ut ' nwé?s Lﬁ?’ﬂ%@% :tﬂgnnc{ £ me senﬁ)araf31 ing matena? The

Preparation of
2-acryl ani do- ztamthvobpulgaaébm fobtdined dirdctiynby doltiedting| the roplumm @duate in

batch 07PP221; | i
(F e m %:;ﬂl\{??g% @m;bgwhrﬁtg%@wr@&] wpéa rr%?qﬁtgg é—:ﬁ{ gcg\fu hte%cfm adapt

dei oni sed wat el ”§0‘PLR%‘?F Hithg pH Q”WPY H?en‘é@ AHCH WY I Aides to bindza
g of 2-acryl ansphwifi- biepolyiner dp anssidrainyg materiad, andhabed itdis eidvadtageous

sodi um hydroxqa é\nﬁﬁf‘?gﬂoﬁ p‘ﬁg cmc% deqﬁé %héﬁqgg%@r in a glass

reaction appara rrrer. I'S"adj usted to 6
usi ng 32% sodi um hydrOX| de sol ution and 65% ni t ric acid, and the

m i(t ur eAl S rra?Eh@&epatemng rhatedibl ﬁ@wm ofo ﬂ@ombnmsnt Gaﬁ'%é)!]!sé@% a first
m ceri

hit ot e aoq" oyt Pt Al AGHRD ﬁca@umgstgp) AL PR T G jofa

initially intriyapelgamer.nf medrzamqmerﬁjep ismeariediouh with edlser sepacibigi reaterials,

The entire appprahUse le?n pidReah eshe2ot f}%r&h@ma&@%ﬁ}sﬁﬁ.ejs&ﬁEAt.&V%pgtwmaa

T subsequen
and deconpr es #pﬁow\ﬂléé G L{Ee;s%) g?n or e?tos PeSmO\Pe the residual |mpur|ttes

war med to 40C
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 fo 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



The initiator solution is added to the inertised suspension at an
internal tem perature of 40C with stirring. Under a gentle stream of
ni trogen, WREOWESH- 30 sion is stirred at 40C for 22 hoRFKEP2§pL004952
reaction solution is then filtered of f wpth suction through a gl ass
filter frit (P2), and the gel is washed on the frit with in each case
100 m of wash solution as follows: 7x deionised water 3510x 1M

sul furic acid,_0.2M ascorbic, aci . d_5x dei qni seg water WD 201 Q/ 01
2358PCT/ EP2008T 0 IRROTAtTSS GiveR In iesoXArnle hEF &g descspiion Aswedas in the
dei oni sed wat efaiws 2QEWBIOFIat e buffer pH 7 2x dei oni sed water 5
The product is stored in 20% et hanol at roomtenperature. Preparation
of a graft copol yner conprising 2-acrvl am do-2-net hyl propane-

sul fonic acid nd d net hyl acryl am de (batch 08PP063) 10 A suspension
I's prepaged fr of filter-noist Fractogel TSK 1-1Ws5 (S)
(washed with di I ute m neral acid and deionised water) and a sol ution

of 8.0 g of di pRiBMlRCHY! ibnlofh Gfaft ?P{[ ido-
b RPar Qia copolymergciml?rusmq amido

2-acryl am do- Z- met y| rooane uLTonlc acra and
hydr oxi de sol uéiRsinyRopa! fapans et 2t vs gaglVy -
appar at us w t hOES\Waéd) e stlrrer The pH is adjusted to 6.2 using 32%
sodi um hydr oxi de solution and 65%nitric acid, and the mxture is
made up g a total volunme of 190 mM w th deioni sed water. An

ini tiator sol ut-Rehotmegiaxypthylamise in 30 mimfsisiamsatewrianis wo!ad fe Bte5°C
and 20 0.4 g oh @iij?/asy Fédcﬁoﬁ(?dp#)arétugﬁwm a%adﬂﬂé Qfitreeds. s@g F 32@/0 sodium

initially intrg ppi.ng f.unne

The entite apdibptide -BufeRie RIS e JopBBLEpe A die.of Bh oy
and deconpr ess¢hieridg isimeferedigeinom Eheeasnd pEagpion fmrma uhtbengmaus gtirring at
war med t ?540C A it &R aPRPPRhPe 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.

A suspension is prepared from this solution, 78 g of filter-moist Fractogel
TSK HWE5 (M) (washed with dilute mineral acid and deionised water) and a
solution of 16.4 g of 2-acrylamido-2-methylpropanesulfonic acid (AMPS) and
9.8 g of 32% sodium hydroxide solution in 30 ml of deionised water. The pH
is adjusted to 8 using 32% sodium hydroxide solution and 65% nitric acid.

20

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.

25

30 N L . .
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

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



25The initiator solution is added to the inertised suspension at an
internal tem perature of 40C with stirring. Under a gentle stream of
nitrogen, WRSIEKEPEH- sion is stirred at 40C for 22 hour SECTTER2009/064952
reaction solution is then filtered off wpbh suction through a gl ass
filter frit (P2), and the gel is washed on the frit with in each case
100 m of wash solution as follows: 30 7x deionised water 10x 1M

sul furic acid, 0.2M ascorbic acid 5x deionised water 2x 1M sodi um
hydr oxi de sol u3 @¢ioRdisdd wigéroni sed water | x 50mM phosphate buffer pH
7.0 WO 2010/ 04.2358PCT[.EP200 4952 2x dei oni sed water 2x 20%
et hanol/ 150V @9#‘%?8@ @ W@S%C{f?)lfi@&'q n 20% et hanol at room

t enper at ure. 53AgienigbdaMaten of the chemical conposition of the graft
pol yners The ;jyipmtmmﬁl groups can be cleaved off the graft

pol ynersg whic J acrylam de chains, by acid hydrolysis. The
funct i on3l gro?l}i)é1 '8?'5 x@é $lated as

The gel is suspended in 200 ml of deionised water and adjusted to pH 7
using 25% hydrochloric acid. The storage is carried out in 20% ethanol at
room temperature.

10
Preparation of a graft copolymer comprising 2-acrylamido-2-methylpropane-
sulfonic acid and dimethylacrylamide (batch 07PP221)

A suspension is prepared from 78 g of filter-moist Fractogel TSK HW85 (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



10 am ne. Primary am nes can be anal ysed quantitatively by HPLC after
derivatisation with ortho-phthal al dehyde and nercapt oet hanol . For

cal i brati oWO 20968 al am nes are used or the nonomer usREH/ERZ0QHDE4952
synt hesis, which nust then be hydrol ysedohi_ke the graft pol ymer.
151000 pl of 5 Mhydrochloric acid are added to 10 ng of dry gel, the
m xture is treated in an ultrasound bath and subsequently heated at
125C for 10 hours in a 1 m pressure container. After cooling
to room t enperzt UMesodidre hpdexiiersoigiont ai ner is opened. About 20200 pl
of super nat ant ﬁﬁeBh@S& g of f and centrifuged (8000 rpm for 5 mn.
40 pl of the c ear ?ant are neutralised using 176 pl of 1 M
sodi um hydrOX|%5@6%@hQ§ﬁhatﬂﬁlﬂJf@Z@|‘b7 of 0.5 Mborate buffer, pH 9.5,
and 119 pl of acgsienistaadmwater 8:2 (V/V) are added and m xed. 100
pl of OPA reagent, 25 which is prepared from 100 ng of

ort ho- pht hal al dehyde, 9 m of nethanol, 1 m of 0.5 Mborate buffer
pH 9.5 and 100Th# pridunkiscigeddt Batodthans = doted teraperature. m xture i s
shaken vigorously. After a reaction tine of 2 minutes, the sanple is
anal ysed by HPLC gUV det ectlon 330 nm . 30Tab| e 1: The anal ysi s of
the graft pol yREPIERION A\ senalypek £Q ¢ -aqppemigo2-methylpropane-
et hanol am ne) sadispiaraid randi mméthyiamwmae%atﬁnrmewoesml oyed. - 25 -
Unit Useq@f nononmer per g of filter-noist gel Monomer unit per g of

dry grafted gel AMPS 1.0 nmmol /g 0.70 pnol /fg Met hoxyet hyl acrgl am de
0. 67 mol / g* ol\ggsmﬂﬁzqrgls prepared from 10090 filter-moist Fractogel TSK HWE5 (S)

(washed with dilute mineral acid and deionised water) and a solution of 8.0 g
of dimethylacrylamide, 11.1 g of 2-acrylamido-2-methylpropanesulfonic acid
and 6.9 g of 32% sodium hydroxide solution in 60 m] of deionised water in a

15 glass reaction apparatus with a paddle stirrer. The pH is adjusted to 6.2
using 32% sodium hydroxide solution and 65% nitric acid, and the mixture is
made up to a total volume of 190 ml with deionised water.

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

20 0.4 g of 65% nitric acid in 25 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.

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 ml 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



*Use of acryloyl chloride Determ nation of the static IgG binding
capacity (mcrotitre plate format) Al gel suspensions are adjusted
to a gel sW@ZEMI23B] une of 50% usi ng 20% et hanol in wat ePCT/RPAPYU0ENS2
plate is filled with binding buffer and-gwygt-h in each case 20 pl of

t he honogeni sed gel suspension. The filter plate is then sucked off
in a vacuum station. A deep-well plate is filled with binding buffer,
protein stock solution (poly-clonal human |1 gG Gammanorrn, Cctaphar g,
or lysozynme i n2xdéiensedwaeided and m xed so that the concentration is
9.3 ng of plg 0 | ysozyme per ni. 200 pl of
protein sol ut %ﬁ?gégtggmﬁ%ﬂ%%a@ inthe filter plate and shaken
for 15 mn in a shaker. The filter pI ate is sucked off in the vacuum
station. Washi Tige pidduct RGtired b 2099 6thadoltré&h teABBratilde and sucki ng
off is carried out twice. In each case 200 pl of elution buffer (20
mM phosphate, 1 M SOdI um chloride, pH 7) are then added to the filter
pl ate, and shakgigg onof thedchamicalgonfasition oftike grafepoianarst i s
sucked into a UV pI ate in the vacuumstation, and the plate is
measured at 28 in the hoto er. The 1gG binding capacjties,
calculated fro ?ﬂ%‘CQPn%t%r upsFarbe sleayed ofbieraatt pe whigsaggeply-
are listed in Japlkmi@ chbiashbnadio hybiudfsts. Thesfadctimal droupe dbemmted as

hosphat ¢p 25 ' ,
Phosphat o, 22 SN0 frErR SRl oarPbb SnuiseR WA AP HFL I derie-

t he dynanic | ofeSaHPRWHE eﬁm@h@@lalmyﬂelen@1@@5@@@3@0@/@0@@@@6
- Puman IglG Gammrrmt efdml fmm@@fmrmbdt& tﬁebﬁ@r@éﬁﬁtﬁfﬁé&ﬁl |rpfhe1%h£'¥? ViRV
rate is selec a n the colum is

mn. After ri n@ﬂﬁﬁﬂﬁbtﬁ% %sredﬂ‘ke(ih%gééﬁaﬂ%mieg el ut ed vvlth buffer B.
5Buffer A: 25 nM SOdI um phosphate 25 nM sodi um acetate, pH 5.0

Buf fer BIS2S MActrdiais MIKERIMdRic 4tk B SR AFGLArery dolMifiuelt

5.0 The dy bi n t | ona

cal cul ated 10f¥F ‘?é%‘gl’{ea'ﬂh‘hfag ‘FBE‘{;\ %/'V} QH%?#W@%/%?W%%IE’MHP
protein in theana Uaileressdre ochteiaeed per ml of packed gel (Table 2).
Table 2: St ati c and dynam ¢ binding capacity (SBC and DBC) of

pol ycl onal | gG (Gammanorm) at pH 5.0 in ng of protein per m of
sedi nment ed or n&@%’ #90lng Je Iroomggprratyiey Hererassa gentsper Iy About

200 pl 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 yl of
acetonitrile/water 8:2 (V/V) are added and mixed. 100 yl of OPA reagent,

25 which is prepared from 100 mg of ortho-phthalaldehyde, 9 ml of methanol, 1
m! 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).

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

35



| gG DBC2 Fractogel EVMD SOS M 104 124 70 131 07SWe61 110 121 91 139
07PP221 86 126 82 138 08PP063 119 130 157

10
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20

25

30

35

WO 2016/012358 PCT/EP2009/004952
-925-
Unit Use of monomer per | Monomer unit per g of
g of filter-moist gel dry grafted gel
AMPS 1.0 mmol/g 0.70 pmol/g
Methoxyethylacrylamide | 0.67 mmol/g* 0.63 pmolfg

*Use of acryloy chloride

Determination of the static 19G binding capacity (microtitre plate formaf)

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 ul of the homogenised gel suspension. The filter plate is then
sucked off in a vacuum station.

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

200 pi 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 pl 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,
and the plate is measured at 280 nm in the photometer.

The IgG binding capacities, calculated from the eluate, per ml of gel sedi-
ment volume (lgG SBC) are listed in Table 2. The bindihg buffers used are
25 mM sodium phosphate, 25 mM sodium acetate, pH 5 for plgG and 25 mM
sodium phosphate, 25 mM sodium acetate, pH 7 for lysozyme.,

Determination of the dynamic 1gG 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



164 2 Contact time 8 mn - 27 - PATENT CLAIMS 1. Separating
materials for ion exchange chromatography, conprising a crosslinked
synt heti c pol2pmen2as8 a crosslinked agarose or a crossl i nkKedI/Bepesa04432
or a conposite material conprising an ingggani c support wth an
organi c coating as support material, to the surface of which
copolynmers are coval ently bonded, characterised in that a) the base
support contains aliphatic hydroxyl groups, 10b) the copol yners are

coval ently bonggfiahdgGeamrRPOlh, OelaphafmsaPROA W}@hr@ﬂ?lﬁ Jf 108d. THRASdwW
two different NOMer U%Its H%}tt he n%nf)ger unﬁf}sﬁ@re inked,in. a
linear manner, "y ' RR'SESTOTS Hist thg Soupcy Wagorg HEWeR <uff & iR Sfter
carries a charugsing with buffer A, thei golurhe i elutadositebsfférfBni ¢ aci d, of a
carboxylic acid or in the formof an 15am ne or ammoni um group and

cont ai nszal kyl _apd/ or_ al kyl ene grou and_optional ly am de groqups,

but no a?yl grﬁﬂg‘%’,’gﬁgﬂ%s%ﬁﬁl Rﬂ%gﬁﬁfﬁsggﬂﬁ}"§8§t‘1%ﬁﬁetﬂ%lﬁ’§§@§d
mononer unit oBufféreByehenidl sddiuninphaspiate, 20 mM sodium acefitdiCF@ RaCll,- WY
111 R RR2R3 5.0

The dynamic binding capacity (DBC) of polycional human 1gG is calculated
10 from the photometrically (280 nm) determined amount of protein in the eluate
and indicated per mi of packed gel (Tahle 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 m] of sedimented or
15 packed gel.

Batch Lysozyme lgG SBC lgG DBC' igG DBC?
SBC
Fractogel 104 124 70 131
20 EMD SO3
M
07SW261 110 121 91 139
07PP221 86 126 82 138
08PP063 119 130 157 164
25 ! Contact time 2 min
2 Contact time & min
30

35




i n which 25R1denot es hydrogen, R2denotes hydrogen or nethyl, and R3
and Y, independently of one another, denote hydrogen, straight-chain
al kyl having up to 4 C atons, nethoxypropyl, ethoxyethyl or

met hoxyet hyl, 30g) only nonomer units QETQhe sanme charge are conbi ned
i f nmore than one nonomer having a chargé is present, h) the ratio of
t he nononer units having a charge to the nononmer units w thout a
charge is in a range between 1. 99 to 90: 10. 352. Separating

materials for ion exchange chrPaoBErphy GitcArifding to Claim1,
characterised inthat - 28 - . I | HCCCN Y R R2 11R13(1') 5e) the

copol yner has at | east one nononmer unit having a charge of the
general fornulla EgparatingwhatetialRicrdon esshangdr dyematogbaidyotesptisidgagen

or methyl, and crogslinked synthetic polymer or a crosslinked agarose or a crosslinked
5 dexiran
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 hase support contains aliphatic hydroxyl groups,
10 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 [east one monomer unit which carries a charge
in the form of a sulfonic acid, of a carboxylic acid or in the form of an
16 amine or ammonium group and contains alky! 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 ﬁ
HCI):C C N Y
R R
in which
25 R’ denotes hydrogen,
R? denotes hydrogen or methyl, and

R?and Y, independently of one ancther, denote
hydrogen, straight-chain alkyl having up to 4 C atoms,
methoxypropyl, ethoxyethyl or methoxyethyl,
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 : 9910 90 : 10.

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



Ydenot es hydrogen and 10R3denot es R4-S03Z, where R4denotes
strai ght-chain or branched al kyl ene having 2 to 4 C atons, R9, RI19
and R11, independently of one another, denote hydrogen, nethyl,
ethyl, propyl, phenyl or benzyl, Zdenoteg_hydrogen, Na, K or NH4 and
Xdenotes C, Br, |, or nethylsulfate or the copolyner has at |east
one nononer unit of the general formula (2) 0 HC=C-1Cl-0Z 11 R7 Ra in
whi ch R7denot es hydrogen, R8denotes nethyl, Zdenotes hydrogen, Na, K
or NH4. 3. Separating materials for iongexchanger chromatography
according to Claim1l, characterised in 4 at f)the copol yner has at
| east one unchar ged nononer uniHCIﬁZQ+ﬁ?anmTrakaornula (1), in which
35 R1 denot es hydrogen, |

R R R® (19

& e) the copolymer has at least one monomer unit having a charge of the
general formula (1), in which
R'  denotes hydrogen,
R? denotes hydrogen or methyl, and

Y denotes hydrogen and
10 R®  denotes R*-8057, R*-C00, R*NR*R' or R-NR°R'"R"X

where

R? denotes straight-chain or branched alkylene having 2to 4 C

atoms,

R®, R and R", independently of one anocther, denote hydrogen,
15 methyl, ethyl, propyl, phenyl or benzyl,

Z 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)
20

@)
HC—C—C—0Z
R’ R® (2)

25 in which

R"  denotes hydrogen,

R® denotes methyl,

Z denotes hydrogen, Na, K, or NH..
30 3. Separating materials for ion exchanger chromatography according to

Claim 1, characterised in that
f)  the copolymer has at [east one uncharged monomer unit of the

- general formula (1), in which

R' denotes hydrogen,
R? denotes hyd rogen or methyl and



R2 denotes hydrogen or nethyl and - 29 - R3 denotes nethyl, ethyl,
propyl, nethoxypropyl, nethoxyethyl where Y denotes hydrogen or R3
denotes nethyl or ethyl where 5Y denotes nethyl. 4. Separating
material s according to one or nore of Chains Ito 3, characterised in
that e) the copolyner has at | east one nononer unit having a negative
10charge, selected fromthe group 2-acryl am do-2-net hyl propane-

sul fonic acid, 2- ac%l am doet hanesul f oni ¢ aci d,

car boxynet hyl acryl ait’ dedermaehoreited, rathd corwpainmhoxypropyl, methoxyethyl

car boxypropyl acryl am de,, gar boxymet hl ynet hacryl am de,

car boxyet hyl net hacryl am %e car boxypropyl net hacryl am de, acrylic acid
and net hacnilic aci é dnedes Hydragetepol yner contains at | east one

unchar ged nononer uRPt cﬁeﬁio@@g ety gﬁbﬂqlpewgé;@up di et hyl acryl am de,

et hoxyetdyl acryl am | acryl am de and
met hoxypropyl acryl a%\edeg?%g%%%gl%ar ating materials according to one
or nore of Clains 1 to 4, characterised in that e) the copol yner has

at |east one yong éraﬂﬂgqnéiaﬁélsgcao@ﬁqtblo\f% &rhﬁé.%f cﬁé‘h%c’f gz feram t he
group 252-(acryl ox m oetﬁ1 ?/I )trinmethyl amoni um chlorid
3- (acryl oyl am no2C5Fd %‘5) £t met hyl ammoni um chl ori de,

2- (di et hyl am noeehylh)eaccupgblymardm,s 2 {datil ehb yharonmaratrihyHaviret haegativam de,

Ed: gi %: gm Egg: E% ﬁ%‘t e fﬁ“ﬁ‘om the group 2-acrylamido-2-methylpropane-
(
(

d
di et hyl am nopr Op§,q g;cpg agrylamldoethanesulfomc acid, carboxymethylacryl-
di et hyl anmi nopr opyijdee chakyétagiagglamide, carboxypropylacrylamlde carboxy—

S o b AR RESEr, bR BTRSRRK B ana

3- (acryl oyl am nopr o@rppymeth@quamdﬁmﬂma@m and oethaadylic acid,
15 and

T} the copolymer contains at least one uncharged monomer unit
selected from the group dimethylacrylamide,
ethoxyethylacrylamide, methoxyethylacrylamide and
methoxypropylacrylamide.

2-
2-
3-
3-

20
5. Separating materials according to one or more of Claims 1 to 4, char-
acterised in that
e) the copolymer has at least one monomer unit having a positive
charge, selected from the group

25 2-{acryloylaminoethyl)trimethylammonium chloride, 3-(acryloyiamino-
propyhfrimethylammonium chloride, 2-(diethylaminoethyl)acrylamide,
2-(diethylaminoethyi)methacrylamide, 2-(dimethylaminoethyl)acryl-
amide, 2-(dimethylaminoethyl)methacrylamide, 3-(diethyl-
aminopropyl)acrylamide, 3-{diethylaminopropyl)methacrylamide,

30 3-(diethylaminopropyl)acrylamide, 3-(diethylaminopropyl)meth-
acrylamide, 2-(methacryioylaminoethyi)trimethylammonium chloride
and 3-(acryloylaminopropyl)trimethylammonium chloride
and

f) the copolymer contains at least one uncharged monomer unit

35 selected from the group dimethylacrylamide, ethoxyethylacrylamide,

methoxyethylacrylamide and methoxypropylacrylamide.



f) the copol ynmer contains at |east one uncharged nonomer unit

35sel ected fromthe group dinethylacrylam de, ethoxyethyl acryl am de,
nmet hoxyet hyl acryl am de and net hoxypropyl acrylam de. - 30 - 6. Process
for the preparation of graft copol ynersagn hydroxyl - containing
surfaces of porous particles or other noul dings, characterised in
that graft polyners built up fromtwo or nore recurring 5Snmononer
units, where at |east one of these units carries a charge and at

| east one of these units carries an uncharged group which carries

mono- or di - aleky! préadeder bl a{qd Btk BRI B lnyBRRL | L U} ed

am de groups whi c are bo F@\YP{ ta| ni ng ace by
chemical reacti onco'&?\ﬂ"?ﬂf%':@ﬁloélp@r%ﬁ ‘H?%Obﬁtﬁﬁbﬁ’@u@n% RORRG"
10char ged subst anteikediimthzagrattpdigmeks oyl luprfeyns twd¥r imefé eecurring

interactgon. 15 2910%%&9 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- and/or alkoxyethyl- or alkoxypropyl-substituted
amide groups which are bonded to a hydroxyl-containing surface by
chemical reaction, giving materials which are capable of binding
10 charged substances, in particular biopolymers, by ionic interaction.
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