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However, the conduction value in the ceII culture supernatant must be
reduced in order that binding to the ion exchanger takes place. This can be
carrnied out by desalination or by dilution of the supernatant. Both possibilities
are undesired, in particular, in the case of large-volume production proc-
esses.

In the presence of salts (high conduction value), charges are masked. In
Q order nevertheless to enable binding to an ion exchanger at relatively high
' conduction value, at least one second interaction between the protein and
the chromatography support must be present in addition to the ionic inter-
action.

Separating materials which, besides an anionic group, contain further func-
tional groups and bind biopolymers in the presence of salt are known from
the literature.

US 5,652,348 (Burton et al.) discloses chromatography resins and the use
thereof which are obtained by hydrophobic modification of ionisable ligands
using non-ionisable ligands. The binding here takes place under conditions
which supports hydrophobic interaction. The desorption is carried out at a
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chr onmat ography (W Muller, J. Chromatography 1990, 510, 133-140). A lar-
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20 ers for the binding and removal of charged biomolecules having a peptide
structure, where, after the desorption step, a salt-free or reduced-salt solu-
tion is present, so that desalination commences at the same time.

US 7,008,542 claims a method for the removal of a substance, in particular
bioorganic molecules having a molecular weight of greater than 1000
daltons, which is carried out using a support matrix. The latter contains at
least two structurally different ligands, where at least one ligand is an ion
exchanger. Typical ligands have a molecular weight of <1000 Da.

30 US 7,144,743 describes a polycyclic ligand for chromatography .which is
substituted by an anionic group.

Functionalised linear polymers, which are obtained by grafting corresponding
functionalised monomers onto a multiplicity of different surfaces, have been
known for many years. If the functionalisation involves chemically bonded
anionic groups, corresponding materials can be used for cation exchange

35
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Many approaches for the modification of cation exchangers are thus known

from the patent and journal literature. Various methods are also known for

20 the preparation of adsorbents containing ligands which work with mixed

mode. However, there are only a few commercially available adsorbents

which are suitable for binding proteins and in particular antibodies from cell

culture supernatants.

e 25 The chromatography gel described in US 7,144,743, which is derivatised by
means of 2-mercapto-5-benzimidazolesulfonic acid as ligand, can bind up to
30 mg/ml of 1gG. Our own measurements with Gammanorm using a corre-
sponding product which is commercially available under the name MBI
HyperCel® have shown binding of 23 mg/ml at pH 5 and 140 mM NaCl (10%

30 breakthrough).

In the case of another product marketed by the same company, hydrophobic
charge induction chromatography (HCIC) is used. Using this product, up to
about 32 mg/ml of polyclonal human IgG can be bound.

35 On use of another commercially available product which is marketed under
the name Capto MMC®, a dynamic binding capacity (10% breakthrough) of



fication of antibodies which have advantages with respect to capacity,
throughput, econoni c efficiency or selectivity (J. Chro 007,

15 848, "X@ZOO%':‘:‘?”OPOI ymers are per se highly suitable fﬁéﬁﬁgﬁgﬂﬁ‘g[}z

nodi fica- tion of chromat ography suppor#s since a wi de choice of functional
groups, in particular also for the synthesis of multifunctional materials,
fs available, and it is possible to build up thick |ayers containing a

| ar ge number of functional groups. In particular, high-capacity

chr omat ogr a'pln)glrrata@pi—%s arach 1 5@ AN a0 \dﬂ@éﬁhd@/fomwmém@(}.tmnumimadel with a

o sepat at | [ LEdRed U HRDO BRI Lot e o ocithopd Mg 2B 098" "

process whi Idbwesemttnplgelmm@evelﬁpadsemaaﬂeﬁpeaemh@Bs andlhﬂgi&rat er| al s

25 and whi Ch‘s'ﬁﬁlﬁw |gh separation activities, in particular with
respect to non onal ant| bodi es, on use for the separation of cell culture
supernatants or other biol ogi cal | i quids without significant reduction in

the conduct irvigkiafifon, tfe t418Y rutfher dca%nfé.'b%ﬁﬁ'a%amgmeui@odubt@rbdmémﬁgI al

scal e ] ect ] ect O resent vention is therefore to

provide a sepHhat h@arma& whighj g/e iy ehl%@sblnﬂﬂwb@ale& frem iy ties sauitiongs 1 or

‘proteins, i@nPagd ittt trakiRehObf cB8NIJURM 8EpEfrtase! LngalidtiE®ry or no
super nat ant and is U|t ‘S\D-?Q'Gor use on an 35 industri al sca equ ﬁ'le

prepar at i ve§@6m9 85t © F@ne O§pYi g9 AFCRRRlY GAUSS 60RPHHENLSS

parti 81 ar, célheulohiagipentathhewhickseve amirgatieory behavienef ore to prepare

mate- rials-which, at a conduction value as is usually present in cell

culture super- natants, have hi gher protein binding capacities under
(Qt herwi se i Gibate camtinussntdi lveé ardendradh fa:rathbq:roeixidmaufgaadsx:rbemséoctlm bwyri-

avail abl e t e,

F\r/alct ogel (rﬁ %ﬁﬂ Mﬁweﬁ'ﬁgﬁgbrﬁ ein rg\{arlzéﬁéé g@ag{e%s g(g{Dﬁ(grcga %t&fl d be
hi gh with gduaugkridyecgnomic lefficignay ef rse@q@mbwéd Chremetqgrapiy 3 R887only a
short 16ont agygt ige ghY fpéngﬁe?@a?e r"“sle'}g%r‘m‘igts‘%! itaBle fdr'%h@%hHa%H'rﬁBdHEQBf

dynani ¢ condi tions, &5 aré present mat ogr aphi ¢ processes at
relatively Heg®f phwamé@phma@omrtﬁ BNCE [Rewsieechaice oh fundlipaat 9evnss it hus

t ?gt Zygt hefb?nlgg{aﬁ A forttﬂlee'sfyﬁﬂieéi@bg fmgpﬁbﬁé}%rm@t@gmst fhﬁau@%ﬂ@gﬂﬂpf 't (r;
p in purlfi [ | S

D ovi de an LIk Zoes eI Buld Lpahie RYSRuEHPRInG ¢ TatisSUdbenAl dpctonal
purificati ogrcmpsr dgepertiatilaonhigh- cf@@city chtbmizédgrephy mhte?@lslﬁaw Ibdﬂqub-

st gni bpcant Ly hBNA AL hganR" QREIE &itn 4 I sSiPRERlayer (v. Chromatogra-
phy 1993, 631, 107 ~ 114).

However, no separating materials are known to date which can be prepared
( by a process which is simple to carry out using inexpensive starting materials
= 25 and which have such high separation activities, in particular with respect to
monoclonal antibodies, on use for the separation of cell culture supernatants
or other biological liquids without significant reduction in the conductivities
that they would be suitable for use on an industrial scale:

30 Object

The object of the present invention is therefore to provide a separating mate-

rial which has improved binding capacities for proteins, in particular also for

antibodies from cell culture supernatants, and is suitable for use on an
35 industrial scale for preparative applications.
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Achievement of the object according to the invention and subject-matter of

the invention

20
The object of the present invention is achieved by the provision of a novel
separating material which can be prepared by derivatisation of the surface of
a hydroxyl-containing inorganic, organic or hybrid support material by co-
’ valently bonded copolymers, where the copolymers are graft polymers built
- 23 up from at least two different monomer units, and where at least one of these

monomer units contains a functional group having a negative charge and at
least one of these monomer units contains a hydrophobic group which im-
parts a hydrophobic character on the copolymer in addition to the negative
charge. The characteristic feature of the graft polymer bound to the surface
30 of the sebarating material is that it can be prepared using at least one
monomer unit which contains at least one carboxyl and/or sulfonic acid group
as negatively charged groups and in addition contains ester or amide groups
and alkyi and/or alkylene groups having in total a maximum of 8 C atoms, but
no aryl groups. Another variant is that it carries a negative charge in the form
35 of a sulfonic acid or carboxylic acid and in addition contains alkyl and/or
alkylene groups, but no aryl groups. Furthermore, the copolymer comprises,



151" 1" 1" (1) in which Rl, R2 and Y, independently of one another,
denote H_or 20 R3 denotes R4-SO3M or R4-000M R4 denates

strai ghtw&@%ﬁ?ﬁp%ranched al kyl ene having 2 to 4 C ato TARGOR(OGERDt es H,
Na, K or NH4 25 or of the general formda (2) O Il HC=CCOz 30 I,1=(2)
in which R 8 and R, independently of one another, denote Hor CH3, or 35
R denotes COOMif Z =M and R8 =H, Z denotes either M R4-000M or R4-SG3M
where WO 2008/ 145270 PCT/ EP2008/ 003990 -7 R4 denotes straight-chain or
hranched al inteerdiahaati teps? dme Molomieonsnit awlich Mateiret assirhigNkch#&inoor NH4, 5

or at |east .| h ongr ~upi f t r f.or 1).and a
monoer -uni PO ERC B8R BRSNS 3TRETE' Copldmd on SRl efifiisPeshener
uni t cont ai hiydppholwa gupirobnd epmdaips gfsteher agudergibupsr he egraft) polyimies h
i nparts a h E@gﬁ/‘ [ t G f l¢ r o NP
denotes H 0}66 C{B tEg%qé%rﬁgﬁe@%ﬁ%r.t'%ﬁg,_p@a%%ﬁﬁoi%ﬂgﬁgngt rvm]%ht ?ch%i n or
branched al KY@lahgatingf the menesear unitsohaving a negative charge to the monomer
units containing hydrophobic groups in the range from 99 : 1 to 10 : 90. The
preparation of the graft polymer covalently bonded to the surface of the
separating material in the form of a copolymer is preferably carried out using
at least one water-soluble monomer unit having a negative charge of the

10 general formula (1)
~-
N I
HT:C C N Y
15 R1 Rz RJ (1)
in which
R', R*and Y, independentty of one another,
denote H or CH,,
20 R® denotes R*-S0,M or R*-COOM,
R denotes straight-chain or branched alkylene having 2 o 4
C atoms and
M denotes H, Na, K or NH,
Q- 25
or of the general formula (2)

O
|

HC—C——C——0¢
30

RW R o
in which
R’ and R®, independently of one another,
denote H or CHs, or
35

R’ denotes COOM if Z =M and R® =H,
Vi denotes either M, R*-COOM or R*-S0;M. where




15 in which Y and R3 together carry at least 6 C atons, or Y denotes H
and R3 denotes straight-chain or branched al kyl having 6 to 18 C 20 atons
or Y den8Pe08445238d R3 denotes aryl or Re-aryl or 25- YPHUESIWE0M9%Y cHg
and R3 denotes R4- CONHX, X denotes strai/ght-chain or branched al kyl having
6 to 18 C atons, 30 aryl or R6-aryl R4 denotes straight-chain or branched
al kyl ene having 2 to 4 C atons R6 denotes a straight-chain or branched

al kylene having 1 to 4 C atons, in which a nmethylene group nay be repl aced
by 35 0 anR’nmay be subst i detstes yraigBOdhantoVa2@A8d b2k having 2 to

PCT/ EP2008/%(&§9?0 -8 Mdenotes H Na, K or NH4 or a correspondi ng nononer
unit contai ni aoa(nﬁ'ydrophobi c group of the general formula (2), 5 in which
R7 denotes BndR6 denotes H or CH3, Z denotes straight-chain or branched

al kyl havingg 4 to 18 C at Lyl E&gpgryl or R4- CONHX, X denotes
strai ght-chg}n or branchedgg}ﬁ?(t;(?%q-hg\\lliy’ngo d'8 C atons, aryl, R6-aryl,

or at least in each case one monomer unit of the general formula (1) and a
monomer unit of the general formula (2)

and at least one further monomer unit containing a hydrophobic group of the
general formula (1), which imparts a hydrophobic character on the copolymer
10 and in which

_ R’ denotes H or COOM,
{ R? denotes H or CH;,

Y and R® denote straight-chain or branched alkyl having up to 18 C
atoms,

15 in which Y and R® together carry at least 6 C atoms,
or
Y denotes H
and
R® denotes straight-chain or branched alkyl having 6 to 18 C

20 atoms or
Y denotes H
and
R’ denotes aryl or R®-aryl

( or
- 25 Y denotes H or CH4

and
R® denotes R*-CONHX,
X denotes straight-chain or branched alkyl having 6 to 18 C
atoms,

30 aryl or R%-aryl
R* ' denotes straight-chain or branched alkylene having 2to 4 C
atoms
R® ~denotes a straight-chain or branched alkylene having 1 to 4

C atoms, in which a methylene group may be replaced by
35 O and may be substituted by COOM

and
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and 15 R6 denotes a straight-chain or branched al kyl ene having 1 to 4 C
atons and _where the nolar ratio of the nononer units havi n% @F (%gglve
char ge tOLR® 14 FRoner units contai ni ng a hydrophobic gr%(aB PR range
between 99:1 to 20 10:90. A coval ently8bonded graft polymer of this type

can |ikew se be prepared . using at |east one water-sol uble nononer unit
of the general fornmula (1) 25 HCG-C-NY | (1) 30 or of the general
formula (2) 0 HC=CCOzZ 351, 12 (2) WO 2008/145270 PCT/ EP2008/ 003990 in

whi ch Y denpit es R5- COO\/Id%ncaesH-RNa ikndepehdent |y of one anot her, denote H,
strai ght-chain or branched al kyl havi ng 1 5to 6 Catons, car boxyl,
carboxynet hyl R3 denotes H, straight-chain or branched al kyI having 1 to 6
C atons, Y @5adeumeamrgiimgzirghnembaiunitor:omaaﬁngneai heyidkgy reaiec lgroupgef the to 8 C
atons, opti pol ysubstituted 10 by al koxy or carboxyl groups
or/ an y(?ene avi ng &23 to 10 C atons, optionally nono- or

pol ys bstl tiptweichy al kyl, al koxy or carboxyl groups 15 and M denotes H,

Na, K or NHg7and Z denoa%tg/},q, Y.

R® denotes H or CH,,
Z denotes straight-chain or branched alkyl having 4 to 18 C
atoms
10 aryl, R®-aryt or R*-CONHX,
X denotes straight-chain or branched alkyl having 6 to 8 C
atoms
aryl, Rs-aryl,
and
15 R® denotes a straight-chain or branched alkylene having 1 to 4
C atoms
and

where the molar ratio of the monomer units having a negative charge to the
monomer units containing a hydrophobic group is in a range between 99:1 to
20 10:90.

A covalently bonded graft polymer of this type can likewise be prepared .
using at least one water-soluble monomer unit of the general formula (1)

25 |O|
H(|3:C C N Y
R’ R R? (1)
30
or of the general formula (2)
ﬁ
HC—/—C—C—0Z
35

R' R’ (2)




In addition, separating materials of this type can al so be prepared using
at 20 | east one water-soluble nononer unit of the general fornulae (1) or
(2) in WRIZBPS/MSHEnot es R4-SOBM and 25 RL and R2, indepBRBEREINGOBIGne
anot her, denote H, straight-chain or brgnched al kyl having 1 to 6 C atons
and R3 denotes H, straight-chain or branched alkyl having 1 to 6 C atons
and 30 R4 denotes net hyl ene, ethylene, propyl ene, hexylene, isopropylene,
i sobutyl ene or phenyl ene. The radical Y of the water-sol uble nonomer unit
of the genejplnicgrmula (1) or formula (2) enployed may al so adopt the
foll owi ng neaning: 35 Y denotes RS-%;)O\/LP wher e sinmul taneously WO

2008/ 145270 YPCT/ EP2008/ 003990denatgs R™-GRPM2, i ndependent |y of one anot her,

coote N, ST, o, Dbl pema (¢ 5 Catom O
enotes H, straight-chain or hranc al. avin at ops an
denot es met hyl ene, et hyl ene, a%&&?gﬁ'e?tr%%bﬁnaéﬂé’r%f%'%\egpaargr{@"”?%gﬁutyI ene
or phénylene. Particul ar prefgr@@catonss, gavisoxyl, casbpamadthy materi al's of
this type i3ch com 10 prise I LS. Which.c i S t. . 1

di fferent oner units and Qﬁ@@%smﬁ%@%%’? §P'§{)arﬂ§f‘?§ea"fﬂ%§ga9m€ase at

| east one nononer unit havintp @Chatgats,we charge sel ected fromthe group
aci d.”car bogymet hyl acry - an o2 e MRt arEicAEl SRRACRIRaMRGon ©

car boxypropyl acryl am de, car beRjeStGyforns, ertianedy ynena-d, polysubstituted

car bodget hl ynet hacryl am de, cpy gmwproq%}@haﬁ{ws- am de, maleic acid,
acrylic acid and nethacrylic acid and in each“case at | east one nononer
(unit cont ai ni ng a hydr ophobi coiﬁ?%@up of the general fornmula (1) O

arylene having up to 10 C atoms, optionally
mono- or polysubstituted by alkyl, alkoxy or
carboxyl groups

15 and
M denotes H, Na, K or NH, and
Z denotes M or Y.

In addition, separating materials of this type can also be prepared using at

20 least one water-soluble monomer unit of the general formulae (1) or (2) in
which
Y denotes R*-SO;M
( and
- 25 R' and R?, independently of one another,

denote H, straight-chain or branched alkyl having 1
to 6 C atoms and

R® denotes H, straight-chain or branched alkyl having 1
to 6 C atoms and
30 R* denotes methylene, ethylene, propylene, hexylene,

isopropylene, isobutylene or phenylene.

The radical Y of the water-soluble monomer unit of the general formula (1) or
formula (2) employed may also adopt the following meaning:

35 Y denotes R>-COOM,
where simultaneously




20 11 HCCCGCGNY I, I=1, (1) in which 25 R denotes H RZ denotes H or
CH3, Y denotes H and R3 denotes aryl or R6-aryl, 30 or Y denotes H or

CH3 andMRREHSEWs R4- CONHX where X denotes aryl or ReP&T{FP200§401430

denotes net hyl ene, ethyl ene, propyl ene- aiid R6 denotes a straight-chain or
branched al kyl ene having 1 to 4 WD 20081145270 PCTI EP2008(003990 -11 C
atons, in which a nethylene group nay be replaced by -0- and may be
substituted by COOM and M denotes H, Na, Kor NH4. 5 Preference is

f_urt Iher nor emiar@jnR{o feFar at | hdlepahaehth) 6f @rﬁ? bﬂbm_e&ype in w{n ch tﬂe

copol yner conprises at |eas ne omer. uni t .havin n i.ve. . charge

sel ected fromthe group 2-acr @FE\%@&%%%W%P%%%&%@“@%?&' Ngving |

2-acryl am doet hanesul f oni ¢ actadf CCatdmexgnet hyl acryl am de, carboxyet hyl 10
acryl am de, gzar boxypr opyl acry Lde,. . C yethl ry. e r-
boxye_tshl yrretFﬁacryI am de, carb g%@%p@‘l %ﬁ@ﬁcﬁﬁﬂ%}/gg%%i%fje#%’mahgaﬁmgcgcryI I C
C, aci’d and nethacrylic aci d tnd QG Atorewpotlyner conpri ses at | east one nono-

e uni t Coal ni ng a hydr ophglh redAyRinet Rin/AHE 1y e B Gpyidre 0 15 U

isopropylene, isobutylene or phenylene.

Particular preference is given to separating materiats of this type which com-
10 prise copolymers which comprise at least two different monomer units and
where the copolymers comprise in each case at least one monomer unit

( having a negative charge selected from the group 2-acrylamido-2-methyl-
propanesulfonic acid, 2-acrylamidoethanesulfonic acid, carboxymethylacryl-
amide, carboxyethylacrylamide, carboxypropylacrylamide, carboxymethyl-

15 methacrylamide, carboxyethlymethacrylamide, carboxypropylmethacryl-
amide, maleic acid, acrylic acid and methacrylic acid and in each case
at least one monomer unit containing a hydrophobic group of the general
formula (1)

0

20 |

HC—C—C——N—Y
IL‘ R* R’ (1)
( - in1which
A R denotes H,

R? denotes H or CHs,
Y . denotes H
and
R® denotes aryi or R°-aryl,

30 or
Y denotes H or CH3 -
and
R® denotes R*-CONHX where
X denotes aryl or Rs-aryl,

35 R? denotes methylene, ethylene, propylene and

R® denotes a straight-chain or branched alkylene having 1 to 4



(1) in which R denotes H 20 RZ denotes H or CH3, Y denotes Hand R3
denot es phenyl, benzyl, phenyl ethyl or phenoxyethyl, or 25 Y denotes H or
CH3 andWM2M¥MRYs R4- CONHX, where X denotes phenyl, beR&JIEP2¢f}8/003990
phenyl et hyl, and 30 R4 denotes nethyl ene,. et hyl ene, propyl ene,

acryl oyl phenyl gl yci ne or acryl oyl phenyl al ani ne. Correspondi ng separating
rmat eri al s whi ch have been prepared using at | east one conpound sel ected
fromthe group of the nethacryl am des, the ‘acryl- am des am des or the

unsaturat ed carboxylic agj g rﬂ@v@ms%tﬁwle)ﬁeaﬁ@sa@h@eﬂﬁ@él$ep|a&@@«bytI es. WO
2008/ 145270 PCT/ EP2008/ 003990 -12 The rez%cgpy 2 %&OI on relates, in

particul ar, to separating®naPeMmay g sybstity ove, for the
preparationggfi which at | east one conmpound selected fromthe group of the

sul f oal kyl ryl ates, as 3-sylfopr | acrylate or 2-sulfoethyl

acryl \aﬁt e, viirfﬂyl sul f oni ¢ ﬁ'éﬂaéesﬁ?yﬂan@ﬁﬁfm%ﬁi c acid, allyl 5 sulfonic acid
and, Winyltoluenesulfonic acid or fromthe group of the sulfoal kyI

et hacr e el52Ch B LR oRe bl oS Bia Ttbls PP B wilEh i
mal SI C ac:c d, ths:ucopoiso%earﬁom[%tsied at tlaaajnbﬁe ambdgmartﬂrrat?avmgaf megraésacgm C
actd, or TUumgh} géfe ted fro ‘Ehegé%{@: c]ﬁ-&s\-rﬁ ¥ el @UC as

boxyet hyl t £ R
g?r{)l 8%3 i an%% aﬁ@@thanteﬁul{cw@c aﬁ\%éxgamxvg\%tmﬁgrﬁwagatcc?ar}ﬁozsvetewrt abl e,
N L A R e e L e
(Pt epar ed us.%yﬁwﬂr@%@@cw%ﬁaﬁmvay&r@?ﬂww em%m?mwg acrylic
ar boxymet hycar eyt anethacngier i wathykasapdighetdeomprises at least one mono-
mer unit containing a hydrophobic group of the general formula (1}

0
15 l l
HC_—C—=C
R’ R? R’ (1)
in which
R’ denotes H,
20 R? denotes H or CHj3,
Y denotes H
and
R? denotes phenyl, benzyl, phenylethyl or phenoxyethyl,
(' or
h 25 Y denotes H or CH3
and
R? denotes R*-CONHX, where
X denotes phenyl, benzyl, or phenylethyl,
and
30 R* denotes methylene, ethylene, propylene,
acryloylphenylglycine or acryloylphenylalanine.
Corresponding separating materials which have been prepared using at least
- one compound selected from the group of the methacrylamides, the acryl-

amides or the unsaturated carboxylic acids have particularly advantageous
properties.



acryl oyl - gamma- am nobutyric acid and acryl oyl phenyl al ani ne, acrylic acid,
nmet hacrylic acid and ethacrylic acid. 20 Particular preference is given to

separating materials which conprise a co- valently bonded graft_pQqlymer on
t he surf‘%&é‘?osﬂf‘%’ﬁ%r ed using at |east one nonomer unit v@ﬁﬂﬁmﬂg@&’ 99

pronounced hydrophobic content in the-fl@-nm of at |east one al kyl or aryl
group having a suitable nunber of carbon atons. 25 Separating materials of
this type have proven particularly effective in accor- dance with the

i nvention owng to the possibility of interacting with the bio- polyner to
be renoved Tied prdyentiraesition rélated)yd patiolirctocssgaratingnthtalisie, aby neans of

LSt ng at 1 SHEETBRE g R ARl R Wi PR bRl oal cored
from the grsmigcted fide the gyaupvoitple dudfoatigsacryiates, suchyds keutfopmpyar yl al kyl

LrY) e OnESyoRL ¥ 9 oslY oA, A SRR achE Sl BhES o B .
aryl aP kyl rastlioanis gtidtand, ainytaluepeauonieacisher yorattbe dreupaf thecsuligaliyldesi r -

35 abl e. “Qn%ﬂ%rﬁﬁé%?@u&?‘éé@%ﬂ%t %@ﬂac@&&e%@% %s;f}bbgi RE{HREh-ve

Gi
separating materials can also be prepared using at lea ne nononer_ unit
of the genddtf i$ BMAP¥Ed 1) having a hydrophobic content, in which Y = R6
and in which 5 R and R2, independently of one another, denote H,

ndepondent M9WEYEh 2 A RECOTRHSESHEC AR e TP BRI REE: Sikyl | ary!
10 al K91 ar yhama adial ikadonicbed ecitraeomickadid ghesgcomy acidr oy fumarigaodsy, C_
Bl koxy,  phand o0k e EickadaBiPaCTRbIT B A e ARkl FEblpt. B
ere R3 anchrB6xyalgdirhethacedates aanl dss be@ntplayedin ac@eganee with theterial s in
T G S T AR S L N
15 Separating materials which are highly suitable for the purpose according to
the invention can, in addition, be prepared using at least one compound
selected from the group carboxymethylacrylamide, carboxyethylacrylamide,
acryloyl-gamma-aminobutyric acid and acryloylphenylalanine, acrylic acid,
methacrylic acid and ethacrylic acid.
20
Particular preference is given to separating materials which comprise a co-
valently bonded graft polymer on the surface, prepared using at least one
monomer unit which has a pronounced hydrophobic content in the form of at
least one alkyl or aryl group having a suitable number of carbon atoms.
o 25 Separating materials of this type have proven particularly effective in accor-
dance with the invention owing to the possibility of interacting with the bio-
polymer to be removed both by means of the hydrophobic content and also
by means of the charged content of the graft polymer.

30 Consequently, derivatisation using at least one monomer unit having a
hydrophobic content, selected from the group of the alkyl vinyl ketones, aryl
vinyl ketones, arylalkyl vinyl ketones, styrene, alkyl acrylates, aryl acrylates,
arylalkyl acrylates, alkylaryl acrylates, alkyl methacrylates, aryl methacryl-
ates, arylalkyl methacrylates and alkylaryl methacrylates is particularly desir-

35 able.




C

ing a hydrophobi c content, in which 20 R3 ,. R6, independently of one

anot her, denote nmet hyl, ethyl, propyl, butyl, pentyl hex eptyl,
octyl, %99?08“6%769/I 2-) 3-, or 4- oxapentyl, 2-, P%T”Eémbg&éﬁgéiyl

2-, 3-, 4-, 5- or 6- oxaheptyl, 3-butexiBpropyl, i sopr opyl 3-butyl,

i sobutyl, 2. met hyl butyl, 25 |sopentyl, 2- met hyl pentyl , 3-nethy|penty|,

2- oxa- 3- net hyl butyl, 2-nethyl -3-oxahexyl, 2-phenyl-2-oxoet hyl,

phenoxyet hyl , phenyl benzyl, phenyl ethyl and phenyl propyl and where R3 and
R6 toget herP@l@lbnbarI@teﬁeQaﬁé s@pé}@hgrrﬁateri%& &aparsatbmgremh'@d using atdeastdi ng to

the invention are accor ref r.abl one of
t hese nonon®t® U}ﬂntoén%roLfﬂ'éi?ﬁlhég?D 8Wﬁ[ﬁa(lq %5 'Sﬁpa ﬁ§ %Bgéac CeahZ% R/e char ge
and at | easin vameh Yond&fer unit whi ch con- tains a hydrophob| c group which
inparts a Qg ﬁ.p RQ?_IC character on the co 35 pol yner besides the negative

I 0

char ge, ly at |east one neutral nonomer unit, which may be

hydr hi I [ cR W\)Jl 08/indepguderdy/ ERIGOF@DBR90 - 14 Particul ar preference is
given to separating b Guraden Sy Branehes BRKEvingaRNAe epar ed usi ng
at | east one neutral nononer unlt of the general “for- Ia (1) whi ch may

be hydrophilic, wherea®Ms R6 and in V\:hl ch 5 R R2, independently of one

anot her, depq@faﬁd)drcp:(ﬁ méb)ghdemy Bﬁoné@ﬁg{}fg}dently of one another, denote H,
al kyl , al koxyal kyl , e ch h 0 Very parti cul ar

preference is given t @&"ﬁﬁde?r %ﬁa@%ﬂ?&v iyl at least one
neut rd0 nononer unit anmaqn mwm hydrophilic, of the general formula (1)
where Y = R6, in whi ch |nd endent | of one anot her, denote H or

rethyl R3 , R, mde‘ﬁgﬂr&"e%%kﬂfgr% MACYHEL X4 8" YhFot e H, met hyl , ethyl,
butyl, isopropyl, 3-bahgile theiadiofdungior argt traxpenhbybeor et hoxyet hyl . For the

preparation of the separat ,PEoiBLEEled B} akE25 (ptMOXP AR, cARIBEE'
acetoxy or acetamino groups,
15 and where R® and R® together carry at least 6 C atoms.

Separating materials in accordance with the present invention can therefore
be prepared using at least one monomer unit of the general formula (1) hav-
ing a hydrophobic content, in which
- 20 R® R® independently of one another,
denote H, methyl, ethyl, propyl, buty!, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, 2-, 3-, or 4- oxapentyl, 2-, 3-, 4- or
5- oxahexyl, 2-, 3-, 4-, 5- or 6- oxaheptyl,

- 3-butoxypropyl, isopropyl, 3-butyl, isobutyl, 2-methylbutyl,

- 25 isopentyl, 2-methylpentyl, 3-methylpentyl,
2-oxa-3-methylbutyl, 2-methyl-3-oxahexyl,
2-phenyl-2-oxoethyl, phenoxyethyl, phenyl, benzyl,
phenylethyl and phenylpropy!
and where R® and R® together carry at least 6 C atoms.

30
Separating materials according to the invention are accordingly preferably
prepared using at least one of these monomer units containing a functional
group having a negative charge and at least one monomer unit which con-
tains a hydrophobic group which imparts a hydrophobic character on the co-
35

polymer besides the negative charge, and optionally at least one neutral
monomer unit, which may be hydrophilic.



unit selected fromthe group acrylam de (AAmM, dinethylacrylam de, neth- 20
acryl am de, isopropylacryl am de, nethoxyethyl acryl am de and et hoxyet hyl

acryl am de ar fromthe group nethyl acrylate and net hyl can
t her ef or WOrd0 Béﬁﬁ c9yed and using two or three nononers sggi@?g@yf)ﬁ%’ﬁqthe

group 2-acryl am do- 2- net hyl propanesul foMe acid, acrylic acid, Narylalkyl -
acryl am des, such as benzyl acryl am de and acryl oyI phenyl al ani ne, N-car 25
boxyal kyl acryl am des, such as acryl oyl - gama- am nobutyric acid, and N

al kyl acryl am i des. The present invention relates, in particular, to

separ ati ng Par@ilad prefeaence&sgivebed sabanailnglmatdmatshoftmea typbamhlclathlaueof t he

whi ch
groups 151 Rean PRRE R alalfe A BaSiBhE RR AL R gty BT E SR G Veen
96: 4 to 40: ﬁmlalm) 1whx¢h maydqe bydraphilicng mat eri al s whose copol yrrer conpri ses

2-acrylamd fonic acid or/and
2-acryl am dgfqteﬁemgjéu fonl C g@lﬁ%l]l as 35 nmononer unit(s) having a negatl ve

charg@ and fn .W#ich the nol arindgpepdent'y pkompaBaterdrnale thol methyinegat i ve

charge to tRe rgmoner units Cmbabﬂuggﬂ)ﬁomggﬁgfh%{lSZ?O PCT/ EP2008/ 003990
-15 hydr ophobi'c phenyl, benzyl or phe iIsin a ranggggetv\een

70 : 30 to 30 : 70 have partﬁ%ﬂ@&rwyaléwoal%ﬁbggylt £ash havingR 1% Sar at i ng
mat eri al s having particul arl yaapesl properties are those in 5 which the
copol ymer conprises acrylic acid or/and nmethacrylic acid as nononer unit
havi ngl a negative charge, and in which the nolar ratio of the nononer
uni t s 1Ravi nyeay pagiilarerefeneges tsagivére torseparating materialsrdcmitaining at least

hyd hobi 95 :
8 % tor 70 :  sBe il Rietue Qi 30 Sl RLGHPIE, bR, SRR RERIREC, P2,
(t he copol ynét) wbete Y= BeslraWhmhorrer fr om t he series

2-acryl am deyt2- qut hyl pr opanes g@hgen ﬁé“énafr%?ré{ér‘?dquipﬁ H;@jﬁﬂ]m fonic

acid as m)norge dnit having a nega- ti Rar ge and a monorer
series acrylRc %.GI d and net ham|pﬁadaetlwoﬁgn%ﬁ50tn% nol ar ratio of the

nmonomdi5 units having a negati Mgngﬁéaqgﬁ,etﬂwtémw BRRLTE6D ,@,@w% @Rt ai ning a
“hydr ophobi ¢ phenyl, benzyl or_ phenyl et s in range et ween 95:5
to 30: 70 have proven very gootfogh't %ﬂgb}yggéﬁ ho&M?t@é’ is achieved, in
particular, by separating materials in which 20 the proportion of char ged
groups of. t f,}%rl%ﬁé %?gp% {IOI’\ o??ﬁe geraggrtati%lr}ﬁa errisal,caq'least one neutral monomer

unit selected from the group acrylamide (AAm), dimethylacrylamide, meth-

20 acrylamide, isopropylacrylamide, methoxyethylacrylamide and ethoxyethyl-
acrylamide or from the group methyl acrylate and methyl methacrylate can
therefore be employed, and using two or three monomers selected from the
group 2-acrylamido-2-methylpropanesulfonic acid, acrylic acid, N-arylalkyl-
acrylamides, such as benzylacrylamide and acryloylphenylalanine, N-car-

- 25 boxyalkylacrylamides, such as acryloyl-gamma-aminobutyric acid, and N-
alkylacrylamides.

The present invention relates, in particular, to separating materials, as
described above, in which the molar ratio of the units which carry negative

30 charges to the units containing aromatic groups is in a range between 99:1 to
10:90, preferably in a range between 96:4 to 40:60.

In turn here, separating materials whose copolymer comprises 2-acrylamido-
2-methyipropanesulfonic acid or/and 2-acrylamidoethanesulfonic acid as
35 monomer unit(s) having a negative charge and in which the molar ratio of the
monomer units having a negative charge to the monomer units containing a



val ently bonded to the surface which contain only sulfonic acid groups as

charged groups is in the range from35 to 70 nol!o in relation to the total
anount oWOQRVas1453Wl yner. The obj ect according to the inv&RTTEFROBHAINPOr t her -
nore be achi eved by correspondi ng separgging materials in which the pro 25
portion of charged groups of the graft polyners which contain only carboxyl
groups as charged groups is in the range from60 to 98 nol%in relation to
the total amount of graft polyner. The separating materials according to

the inventi ﬂgdﬁjﬁd%{ Ehéqﬁﬁabbb{zﬁ'&kﬂﬁény@hfl rbﬁﬁ'i@ ih @ ra‘r'@% bétween 70 :

chr omat ogr ap resent I nvent relates to
chr omat ogr ap 0&9 umgam.p@mce’éﬁﬂyag@p REOPEEWRS- at i ng mat erials according to
the invention descrl bed. In partl cular, the separating materials

characteris here are  al so uI.arI .3 i hI suitable fo

onmoval of BLEDET SRBPGtROcRASTAlS BoHBa Rertieianudont ABRe RS atE hasFyT
advan?ggggggvmdirgtthbl oopdalyn‘?r S??ﬁprlm‘s a-:ltmf rdaedid/\llarm%d/nielﬁaiﬂhé’@llﬁ as
P2008 Sl nd effec rom I qui avi

el ectrolyt1 SBELPRUFE) T aroBbve Entrad. il whick el PBY ol o) the gher
than 9 nB/cnnnom;meeam%s bfavnnlge@aega&vfachangegtonthEemoabmer\Mmetsmtalmng a
correspondl i i e I lytic
conducti vi ty | n Fﬁﬁ’%llé/gﬁ @yl irg%m igﬁgﬂ%%}ﬂé&g?ﬂﬁl ngac% gr ea r han §)1 isin
di ssol ved f & flor3&an be desorbed. These separating materials are thus
sui talige for adsorbing antibodies froman aqueous liquid having a pH of
5.5 and having an. el ectroﬁ%;lc conductjivity which.is higher than 6 nS/ cm
oref erabl y D @eslitiam separ szatﬁﬁalsc‘éfn”t'%tﬁﬁoe e WHieR they copPeivmeTeCanner

(for removal frﬂéem 81 ®lopdhfer! frbmwh@lsSerE%esz?iﬁtehnéQ @@@Wy@éﬂdﬁﬁpggtfl@dirrw cgn
ut ed sultable |1 qui

b tly ted
Z”Tﬁgqﬁfgseﬁplqe a0drE periaidoeang P RPnE TR s ongeesrofnil AEVioNas SRGET | ved
Zepa- rat i ngiveathargelbnt ar ntdmmre&rfwalthefseaneblammicyamd afndoﬁethdldrﬂm acithy

esor py t on | Ler)
ot o oo o ac T, oo RO Athober Ui BBRDE 4 AbaBTke crdlae o dhe oy by
i ncreasi ng trhengroar snmsangmﬂaln|ra@a/rmdr@ghthd|phyeny||g beheylpi phenyledhygraup on

d/ h : h
ana/or t row@p} %E&nb%l?ﬁ%@?eeggg%% ﬂ%q@ﬁk’/é nd»fér&‘i{o%@torp%é‘“ty to that

of the adsorp A'suit pr ces e preparation of such
separating materials according to the invention is carried out by

graf t - pol ymerHespregent objedsis RMeVERNATBArticular, by separating materials in which
20 the proportion of charged groups of the poly(acrylamide) graft polymers co-
valently bonded to the surface which contain only sulfonic acid groups as
charged groups is in the range from 35 to 70 mol% in relation to the total
amount of graft polymer. The object according to the invention can further-
( | more be achieved by corresponding separating materials in which the pro-
a 25 portion of charged groups of the graft polymers which contain only carboxyl
groups as charged groups is in the range from 60 to 98 mol% in relation to

the total amount of graft polymer.

The separating materials according to the invention are particularly highly

30 suitable for use in chromatography columns. The present invention thus also
relates to chromatography columns which contain the separating materials
according to the invention described.

In particular, the separating materials characterised here are also particularly
35 highly suitable for the removal of biopolymers from liquid media.
It has proven particularly advantageous that biopolymers can be adsorbed



unit containing a functional group having a negative charge with at |east
one nononer unit containing a hydrophobic group, and optionald

neut ral W8 2Havi ng hydrophilic properties, on a hydrpgﬂﬁngtéf?f)%ﬂ%l ng

i norgani c, 25 organic or hybrid support1®ater|al in a one- or two-step
reaction. For this purpose, for exanple, at |east one nonomer unit
containing a functional group having a negative charge is dissolved in
dilute acid with at | east one nononmer unit containing a hydrophobic group,

and opti onaklriplg a‘tﬁﬂéﬂf@dtlver@ﬂﬁ@ﬂﬁi ndaaulhw:d@/@h @;awomlcmdaﬂettquwhmlb

ddi f I

Grat t - ool yrEELchaH 6 et Bye ey dhaneg e SrpsiTe. B b8Afs Whnase, o
support mat eepatatm@haatﬂrmlsas.shaeeercxrblrnag.pbodmgd)mpulgntelr@m Boraguesus lig-
preparat! on M Wit SERARA R EbdiviDHAGH S5hEE S0 ol SomSitm

parti cul ar rlsed nohoner ~cont al ni ng
car bo¥yl gr@@p afpHl tggegmﬁdhah 4 o8 ruldasgalyedENER? 0B8Y 0639 rbed Zbese14527o

-17- 0 HC—C t f
one anot her Peé'rﬂ(g1 el-r’_?ténalg_ére gagu%e%ﬁ(;ﬂtag% Eﬁ @%ﬁ/ﬁnﬂ% ?Qlﬁ n%)seggﬁﬂ & ©
strai ght - ch@avesrs Hiosit heying Rypne’ Advieng having an eiﬁcﬁrcé\tt@nﬁowtlwﬁenot es
H Na, K or vN‘iflh |salﬁ‘|gh@f th?arﬂ@ﬂ%'?%h Cﬁ?@@éﬂgﬂﬁgrﬁértﬁgﬁﬂ m@r/@rH aRé Ctahethggneral

formula (2) RN I§ q_ R8,
i ndependent |b5¢ %e%ﬂbaa%kpﬂ%rnanr@érfef éernoml fegm, biglogical fiquids. Hhe 16ated
10 separating material can subsequently be treated and the biopolymer eluted

( with a suitable liquid.
The present invention thus also relates to the use of the characterised sepa-
rating material for the removal of a biopolymer from a liquid by desorbing the
15 biopolymer bonded to the separating material by interaction with the ionic
and optionally the hydrophobic groups, either by increasing the ion strength
and/or by modifying the pH in the solution and/or through the use of an elu-
ent having a different polarity to that of the adsorption buffer.

20 A suitable process for the preparation of such separating materials according
to the invention is carried out by graft-polymerising at [east one monomer
unit containing a functional group having a negative charge with at least one
monomer unit containing a hydrophobic group, and optionally with a neutral

( monomer having hydrophilic properties, on a hydroxyl-containing inorganic,

25 organic or hybrid support material in a one- or two-step reaction. For this
purpose, for example, at least one monomer unit containing a functional
group having a negative charge is dissolved in ditute acid with at least one
monomer unit containing a hydrophobic group, and optionally a neutral
monomer having hydrophilic properties, with addition of a cosolvent in the

30 presence of cerium(lV) ions and graft-polymerised on a hydroxyl-containing
inorganic, organic or hybrid support material.

The process according to the invention for the preparation of the separating
materials characterised above is, in particular, characterised in that

35 a) at least one monomer containing carboxyl group of the general formula (1)



R7 denotes COOMif Z = Mand R8 =H, Z denotes either Mor R4- COOM where R4
denotes straight-chain or branched al kyl ene having 25 to 4 C ato %9%\3, and

M denot &¥0 RPO8RAS27K or NH4, optionally together with a M%HE%@Pﬁw3
nononer, is gr aft pol ynmeri sed onto a -Hydroxyl-containing inorganic,

organic or hybrid support material, and 30 b) sone of the graft-polynerised

carboxyl groups are subsequently con- verted into am de groups by coupling
to an amine. A selected variant of this process consists in that a) at

|l east one nonomer codt ai ni ng carboxyl group of the general formula (1) 35

WD 2008/ 145270 PCT/ BHR2008/ 003990 -18- 0 Il HC=C-CNY (1) 5 in which Ri1,

R2 and Y, imndepeodenCHy—nf—oNe anot her, denote H or CH3, R3 denotes

R4- 000M R4 denotes straijght-chain or branched al kyl ene having 2 to 4 C

atoms and 105pM dgnotes HgsNa, K or, NH4, and/or of the general formula (2)
&éC-C- C 1517 le (2) in Wt ch R7 and R8, independently of one

anot denaiisicd or CHS3, or 20 R7 denotes COOMif Z = Mand RB = H Z

denotes M 0'51 IE4? CPVI R4 de

genotes | mdeperrln ﬁy g cr)%zia%rr]]tothcer}a' n or branched al kyl ene havi ng
denote H or CHs,
R? denotes R*-COOM and
R* denotes straight-chain or branched alkylene having 2
10 to 4 C atoms and
- M denotes H, Na, K or NH,,
and/or a monomer containing carboxyl group of the general formula (2)
15
HC—C—C——0Z
R’ R* (2)
in which
- R’ and R® independently of one ancther,
denote H or CH3, or
R’ denotes COOMif Z =M and R® =H,
Z denotes either M or R*-COOM where
R’ denotes straight-chain or branched alkylene having
95 2 to 4 C atoms,
and
M denotes H, Na, K or NH4,
optionally together with a water-soluble monomer, is graft-polymerised onto a
hydroxyl-containing inorganic, organic or hybrid support material, and
20 b) some of the graft-polymerised carboxyl groups are subsequently con-

verted into amide groups by coupling to an amine,

A selected variant of this process consists in that
a) at least one monomer containing carboxyl group of the general formula (1)

35
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35

et one% di et hyl f or mam de, di net hyl acet am de and tetrahydro-

pé&r -

in which

R’ and RS, independently of one another, denote H or CHj,

or

R’ denotes COOMif Z =M and R® = H

Z denotes M or R*-COOM

R* denotes straight-chain or branched alkylene having 2to 4 C
atoms,

and

M denotes H, Na, K or NH4,

optionally together with a further water-soluble monomer, is dissolved in
water so that the proportion of negatively charged groups is 1 to 100 mol% in
relation to the total amount of monomer,

b) the resultant solution is mixed with the support material in such a way that
0.05 to 100 mol of total monomer are employed per iitre of sedimented sup-
port material,

c¢) cerium(lV) salt dissolved in mineral acid is added to the resultant suspen-
ston, causing a pH in the range from 0 — 5 to arise, and a cerium(lV) con-
centration of 0.00001 ~ 0.5 mol/l, preferably 0.001 — 0.1 mol/i, and

d) the reaction mixture is graft-polymerised within a time of 0.5 to 72 hours
and

€) an amine or an amine mixture is employed for the modification of the

i es, the pro@ss is carried out using charged nmononers and



nononers in a ratio to one another such that the proportion of the hydro-
phobi c corrponent is 1 - 90 nol%inrelation to the tot aI anount of nono-

nmer, %&Qg’?ﬁ&{ 100 nol of nononers are enpl oyed per PH{EE ﬁ"é@@@dg“ 25

mant ed s erial. A selected formof carrying out

according to the invention con- sists t+h9that functionalised
(meth)acrylam des and (neth)acrylic acid are graft-polynerised onto the
surface of a hydroxyl-containing inorganic, 30 organic or hybrid support
material in a one-step reaction. Another variant of the process according
to the invegrafbpolyomarissdscarhoxagroaps hy dooplnd,iandononer i s

graft-poly ! & Lnj I LG ¢ | rq rid
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proce%s accor di n?gto the inventjon for “the prepar ati on of sep rati ng

mat er iPal s i $24% ef 80dpilyioZd ritedh 8L‘Plha[ﬂﬁdaQJr%’l%&ﬂ@leﬁdoéhﬁ%‘%ﬁﬂi ¢ nmononer
in water, W@I)Qih bkyPpPhiyenat bwmn@quumemvﬁgmttbefa P BEIFRSE Frdr tﬁergabu such

Felati on Lo MIe deaeYaiia: “dhokaeimig. faelpohenzdehitamamb it | on
Wi tnh t?e fumpelhlylglmrgher prabF:iacxlamdz’;e gMitrl??mlﬂePﬁhégoiﬁhﬂFg}lm trg:a;l:'taldi ]
E”éri"ﬂﬁg ) &Ee HiebaRing ik fiederifeatt do o REPHGG i atploBep it 6 51 on,

causi ¢ a pouplindie range fromO0O - 5 to arise, and d) graft-polynerising

the reaction mxture within a time of 0.5 to 72 hours. The nmononer unit

Cgs(ed for the hydrogjhobl c nodification is preferably em ployed here in an
cess of 100 arder® couy astdhe proegss peeording trethenvgation sther dilie addded to
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20 In order to obtain derivatised separating materials having the desired proper-
ties, the process is carried out using charged monomers and hydrophobic
monomers in a ratio to one another such that the proportion of the hydro-
phobic component is 1 — 90 mol% in relation to the total amount of mono-

(‘ mer, where 0.05 — 100 mol of monomers are employed per litre of sedi-
' 25 mented support material.

A selected form of carrying out the process according to the invention con-

sists in that functionalised (meth)acrylamides and (meth)acrylic acid are

graft-polymerised onto the surface of a hydroxyl-containing inorganic,
30 organic or hybrid support material in a one-step reaction.

Another variant of the process according to the invention consists in that a
hydrophilic monomer is graft-polymerised on a hydroxyl-containing inorganic,
organic or hybrid support material in a liquid reaction medium, and the

35 resultant graft polymer is hydrophobically modified in a second step by a
polymer-analogous reaction.



25 rials according to the invention for the renoval of biopolyners from
liquid media, in particular for the renoval of protein fromliquid nedia
or for twoO2008edl of antibodies fromliquid media. The PCEFH08/003590
particularly selective if the biopolyngg_interacts with the ionic groups
and optionally with the hydrophobic groups of the graft polyner covalently
bonded to the surface of 30 the support nmaterial. The biopolyner is
adsorbed here by interacting both wth the charged content of the graft
pol ymer and-al.s | - ' : . | tion
o the adsorbed B aporyaar HEIOHIE R EnERTbE M= prhRraieh SRR Cen 3RS by
desor bi ng t tfeaterialsds prefieraldv gaaiacdouttey separating material by interaction
with the i O%Wi@simiﬁgtd BYRODHiliBYHERBIMEP IS water, WHIP S BeRa | tieyd With )

i ncreasing the 1 on strength and/or WO 2008/ 145270 PCT/E P2 008/ 0 03 3 90
-21- b) by AwdNeMAGOMES Ik 3 Rt eush thal Hie PERerien ©f neagatikellchargs!

sui tall e el yedlipdevi 9100 Fidi%einaRiationl tarthé YotbPaidait ef nidhemdr, adsor pti on
buffer. The i nv.enti%n desgriﬁgd] Pel ow. a cordi%ﬁﬂr eI.a]t.es tc?n t he h

pr epar at i on PofMigNgr the ESHERTHEPIUSH Witinex§YR IRiIAlgNsTHI R @Y%t or ous
particles o).0% tootdE-mspohdbtad msendrhablae nemplbyedspemtiire hofasedimented
characterised inet\ﬁgﬁ 1|: e graft poly 10 ners are built up fromtwo or nore
recurring urﬁ)lotbgT,1 Y4t least one of the wunits carries a negati ve charge
and at | eastc)@ddingicerium (M) rdediddiseoiaetiydrromnepdlodid tgribapesaitanti suspeax: t he
graft 1ol ynek I ' S| : in particular charged
substancesn%ﬁ?”c%ragfc@léf%aﬁgnil%hé]g%ﬁ@ﬁgﬁﬁgr(La%s)fo gb\?ﬁ%ﬁ cul ture supernatants,
by ionic i nttegaeftipelvmeanssimhhaimactipnimisiure véthin afttmeof Prietos’Dbbaded to t he
@upport surface, so-called "tentacles", as ion-exchanging groups is known.
Thus, the graft polynmer in the commercially available cation exchanger
Fract ogel (r)Theviyosgmer wyit used far the hydrerhiabimmpdiiatioscigrpiefryably em-

cont ai ni ng gikbfedNherefii En EHxREBS -of HI® t%019,@!’0b0ﬂ‘ﬁ|oﬁ’)8qh&@&@ibnﬁbatﬁboﬁﬁirﬂébi EMD
es
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The present invention thus also relates to the separating material obtained in

20 this way, which may be in the form of a chromatography column, and which
has been derivatised in accordance with the invention by gfaft polymerisa-
tion.

( The present invention likewise encompasses the use of the separating mate-

25 rials according to the invention for the removal of biopolymers from liquid

media, in particular for the removal of protein from tiquid media or for the
removal of antibodies from liquid media. The removal is particularly selective
if the biopolymer interacts with the ionic groups and optionally with the
hydrophobic groups of the graft polymer covalently bonded to the surface of
30 the support material. The biopolymer is adsorbed here by interacting both
with the charged content of the graft polymer and also with the hydrophobic
content. The subsequent liberation of the adsorbed biopolymer removed
from the liquid can be carried out by desorbing the biopolymer bonded to the
separating material by interaction with the ionic and optionally hydrophobic
35 groups again either by
a) increasing the ion strength and/or



exanple, in a solution which conprises 150 nM sodi um chl oride. 25 The
patents EP 0 337 144 or US 5,453,186 give no information on nononer

combi nat WOOOHHEW are preferred in the synthesis of a s&ECTEPEIENLIF0| on
exchanger. Only through our own attenpt®ito prepare various graft polyners
was it evident that the conbination of hydrophobic and negatively charged
30 nononers is particularly suitable for the planned use. Functionalised
acryl- am des and acrylic acid, as listed, for exanple, in Table 1, were
preferably b?g?%éd]Wiﬁ%fH@ﬁHof grafting experinments, since the polyners
fornmed therefrom are hydrol ysis-stable under al kaline conditions. For the
i nvesti gati 8hte 0B mt erials were subjected to treatment with 0.1 Mto
1.0 M sodi uanbygroxi de 35 solution for a nunber of hours. Mre detailed

osur Lant,  Rovar meare B SRR cuhidiGR e BEie GRS RSB A B abe. 22
have very gaddosptenlbufterproperties in spite of their hydrophobic
properties. This can apparently be attributed to the fact that the

resul tant poly(acryl- am des), as known fromthe literature (W Shi et al.,
J. Chromat odih@phyemtjon desaribegblaclonzaccrginglyaiedatasite the preparatign od @eaft bonds

nccordi gt SSPRATRES on RybfdilEBRTRALAHLEE, oF polu> BRAICRY BO oPRoRe o s,
for exanpl e SPAPdiIEgo§ultabtenousss; whigh araphagstensadsin thahthe araft gobhe

comrerl€i al | yngrgadrkahlile upavsHRaAo! or ABfS PeduMing hits Mvhe Bt RastBAE of The S
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i fied by nmeans of graft 10 copo] yners.. Th raft c | yner s
bonded t o t NOEIRaHaT SoReaRyes GhBem and 2t BBRLLEE pivit 5, kel I o BPEiRY
(pr e]E)ar ati ?n plhobtoe%coum ahieini tﬂs@blt@@@éﬁt polvhedl éregahjllettiooniah grargpd sub-t he
surface of the ronat ogr, SUpport _.i.s.carri t a_s
o af £~ pol yrSices: o PorGUBEEHAER SlsraRe e nictE P salnde el divres
in a two- st @pdpedicritsre supemiajards by iomic ideraotiorabl e hydrophilic units is
car- rjised out, followed by incorporation of the hydrophobic groups by

pol yner - anal ogous reaction on the graft J)ol mer. 20 For the preparation of
t he nmat eri allheavse ofifiegibie grafe pohywesrsi endest tethe BapPOtBUEgEapRy-calledor t s

can al so be "sfeskledOWRYBh-exdMaNBIRY SR iserid¥in tThds, ithe graft polymer in
the commercially available cation exchanger Fractogel® EMD SO; (M) is
built up from only one recurring unit containing sulfonic acid groups. The

20 cation exchanger Fractogel® EMD COO (M) likewise consists only of
recurring hydrophilic units. These cation exchangers exhibit only a low
binding capacity, for example, for immunoglobulin (IgG) if the IgG is located
in a solution having a conduction value greater than 10 mS/cm, i.e., for
example, in a solution which comprises 150 mM sodium chloride.

=

25

The patents EP 0 337 144 or US 5,453,186 give no information on monomer
combinations which are preferred in the synthesis of a salt-tolerant ion
exchanger. Only through our own attempts to prepare various graft polymers
was it evident that the combination of hydrophobic and negatively charged
30 monomers is particularly suitable for the planned use. Functionalised acryl-
amides and acrylic acid, as listed, for example, in Table 1, were preferably
used for series of grafting experiments, since the polymers formed therefrom.
are hydrolysis-stable under alkaline conditions. For the investigations, the
materials were subjected to treatment with 0.1 M to 1.0 M sodium hydroxide
35 solution for a number of hours. More detailed investigations of the properties
in aqueous solutions showed that the resultant, novel surface structures



that the material used contains reactive groups which are accessible
graft-polynerisation reaction, in particular OH groups. Suitable su
mat e 25 WPAPE/18840t heref ore al so be prepared, for exanpl BCTEPHEH803§dhi c
Organic polyners of this type can be pol ysacchari des, such as
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For the preparation of the materials according to the invention, other chro-
matography supports can also be used. However, the prerequisite for this is
that the material used contains reactive groups which are accessible to the
graft-polymerisation reaction, in particular OH groups. Suitable support mate-
rials can therefore also be prepared, for example, from organic polymers.
Organic polymers of this type can be polysaccharides, such as agarose,
dextrans, starch, cellulose, etc., or synthetic polymers, such as poly(acryl-
amides), poly(methacrylamides), poly(acrylates), poly(methacrylates), hydro-
phitically substituted poly(alkyl allyl ethers), hydrophilically substituted poly-
(alkyl vinyl ethers), poly(vinyl alcohols), poly(styrenes) and copolymers of the
corresponding monomers. These organic polymers can preferably also be
employed in the form of a crosslinked hydrophilic network. This also includes
polymers made: from styrene and divinylbenzene, which can preferably be
employed, like other hydrophobic polymers, in a hydrophilised form.



25 Preference is given to pore sizes between 5 and 200 nm The support
mat er i alygo BFWAe9@l |y al so be in the formof menbranes, gd-HERMosniIedd oW
fibres, coatings or nonolithic rnoul di n% Mbnol i t hi ¢ moul di ngs are

t hr ee- d| mensi onal bodies, for exanple i cylindrical form 30 Figure 1
Sshows diagrammatically the two preparation variants nentioned above. In

detail, this figure shows the follow ng: Mnonmer 4, which contains an
ani oni c grou and hydr ophobi ¢ nononer can _be grafted as a m xture
directly orfth &rﬂﬂﬁVﬂydmﬂS@ﬁ”'Pcmﬂﬁﬂ%?ts%‘in P3celiqa, Z'W"@‘Wl AYden ditanum cal ly
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20 preferabl’t}ﬁr@%‘ﬁ- bgrﬁ'@%l gﬁg%trl tuef g WEH at%St Pgul ar r?orﬁéls% egw

al kyl groug@raadigneurfaving 1 to 4 C atom; al koxy or car boxyl gr oups. R4

may al so conS|st of a chain of an alkylene and an aryl ene group or an

aryl ene an aIk n? grourﬁ. Mis a hydrogen atom or a petal cation,
such as sodf sty[ppo erfals may also consist of Tirregularly shaped or sphencal

particies, whose particle size can be between 2 and 1000 um. Preference is
given to particle sizes between 3 and 300 um.

The support materials may, in particular, be in the form of non-porous or
preferably porous particles. The pore sizes can be between 2 and 300 nm.
25 Preference is given to pore sizes between 5 and 200 nm.

-

The support materials may equally alse be in the form of membranes, fibres,
hollow fibres, coatings or monolithic mouldings. Monolithic mouldings are
three-dimensional bodies, for example in cylindrical form.
30
Figure 1 shows diagrammatically the two preparation variants mentioned
above. In detail, this figure shows the following:
Monomer 4, which contains an anionic group, and hydrophobic monomer 5
can be grafted as a mixture directly onto the hydrophilic support surface 1,
35 giving the chemically modified surface 3 containing anionic and hydrophobic
groups. If monomer 4 contains carboxyl groups, the hydrophilic anionic sur-




potassium or an anmmoniumcations. Mis selected so that the nononer is 25
wat er - sol ubl e. The sul foal kyl acryl ates, such as 3-sul fopropyl acrylate or
2-sul f oeMRA8MSE0at e, and the sul foal kyl nethacryl at es, PSHER2YE/005990

3-sul fopropyl nethacrylate or 2-sul foegdyl nethacrylate, are nmentioned by
way of exanple. Preference is given to the use of the acrylam des of the

formula 1 where R3 = R4-SBM in which R, R2 and Y have, independently of
one anot her, 30 the meani ngs hydrogen or al kyl having up to 6 C atons,
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polysubstituted by alkoxy or carboxyl groups. R* can likewise have the
meaning of an arylene group having up to 10 C atoms, such as, for example,
phenylene. The alkylene group may optionally be mono- or polysubstituted,

20 preferably mono- or disubstituted, in particular monosubstituted, by alkyl
groups having having 1 to 4 C atoms, alkoxy or carboxyl groups. R* may also
consist of a chain of an alkylene and an arylene group or an arylene and an
alkylene group. M is a hydrogen atom or a metal cation, such as sodium or

( © potassium, or an ammonium cations. M is selected so that the monomer is

25 water-soluble. The sulfoalkyl acrylates, such as 3-sulfopropyl acrylate or
2-sulfoethyl acrylate, and the sulfoalkyl methacrylates, such as 3-sulfopropy!
methacrylate or 2-sulfoethyl methacrylate, are mentioned by way of example.
Preference is given to the use of the acrylamides of the formula 1 where
R®= R%-S0O;M, in which R' R?and Y have, independently of one another,

30 the meanings hydrogen or alkyl having up to 6 C atoms, preferably hydrogen

or methyl, R" and R® may likewise be, independently of one another, car-
boxyl or carboxymethyl, R* may also also be R*-SO3M, and in which R* can
be a straight-chain alkylene group having 1 to 8 C atoms, such as, for exam-
ple, methylene, ethylene, propylene or hexyiene, or a branched alkylene
group having 1 to 8 C atoms, such as, for example, isopropylenes or iso-
butylene. The alkylene group may optionally be mono- or polysubstituted by
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25 C atons, such as, for exanple, nethylene, ethylene, propylene or

hexyl enewaﬁ[wﬂw?;oanched al kyl ene group having 1 to 8 C q,%qm,m@%gbggs, for
exanpl e, 1'sopropyl enes or isobutyl ene. The al kyl ene group may optionally
be mono- or polysubstituted by al koxy- @® -carboxyl groups. RS may |ikew se
have the neaning of an arylene group having up to 10 C atons, such as, for
exanpl e, 30 phenyl ene. The al kyl ene group may may optionally be nono- or
pol ysubsti- tuted, preferably nono- or disubstituted, in particular
nmonosubst i t atkeay dsycarbbkytigroupsips” heaw ikewiae inayetheomeagngt ofn@n aaylkogy or
car boxyl gr - i aj I n n

aryl ene gro Pdagjr h?ﬁmé{:@s Fderi@ g};gﬁ %‘ﬁg’aﬁjgﬁeﬁé Bd?og%?'ﬁme?s&gé | r%ggrr]]éatom
or a netal ekvlesie guphmay cptiosally benreenrorraealyeHstisitednp IUFAQE&t i ons.
Mis sel ect gd giubshftfted B FEMIENEF richosabstitusl] LIb?r' Bkylk u%@h‘é@ﬁwwh

acryl ates, such as carbox%ccl;:th |~ WO 2008/ 145240 PCI’? 2008/ 093 90, -26
acryl ate, andothé lomna) M" SRORX¥gPHPESRamaYRiseiconest B a-liP B exam
pl e. Pref er gacsikylengiardnan anjl8ge lgs@u@brtah%rzl@rmélé\rm dasalfietdgrégy. mlie 1
where R3 = Rg)—ﬁ‘gpowh |tn whi ch R't, R2.and Y ave,5 |.ndependeintl. of one
another, t Re"HUQAPAGRIOM & sy &etat CarRly SHER a5 Sadiuf 0f ROTPINE, Urdfer abl y
hydrogen 5 ammehiuyt ,caRbnanill K2 setacted kenitisst thee maordepen e ndtgr-sblubkee

anot her, car car hyl . .R3 be R5- in
o oh RS cav Bt ahITGRS NED May b5t mRBUo T Bere 3908 O ¥t 2k
such 49, foR-asrgiapmido-2-metypropanesulfgnienacipr ¢AMRB)le and heqtaytamidor a
branched a'%ﬁﬂéﬂé%dﬁB@Hﬁbi@aVing 1 to 8 Catons, such as, for exanple,
"sopr opyl enes or 1so utfiéne. 10 The al kyl ene group nay optionally be nono-
(br pol ysubstituted by al koxy or carboxyl groups. R5 may |ikew se have the
meani ng of an arylene group C having Wp to 10 C atons, such as, for
exanpl e, phenyl ene. The al kyl ene groupg|may optionally be nono- or
pol ysubstituted, preferably rmamo=—mor—disufstivuted, in particular
monosUBstituted, by al kyl groups hhving hafing 1 15 to 4 C atons, phenyl,
phenyl met hyl , al koxy or car boxyi oups. »may al so consist of a chain of
an al kyl ene and an aryl ene group or an aryl ene and1hn al kyl ene group. Mis
a hydrogen atomor a netal cation, such as sodiumor potassium or an
ammoni um cations. Mis selected so that the nmononer is water-soluble. An
bexanpl e of suitable acryl am des which may be nmentioned 20 here is
acryl oyl - gamma- am nobutyric acid. Particular preference is given to the

B o BRI By 5ot By BB B2 Bl gl v o

acid or acrylates of the formula 2 where Z = R>-COOM, in which R' and R?

can have, independently of one another, the meanings hydrogen or alkyl

having up to 6 C atoms, preferably hydrogen or methyl, carboxyl or carboxy-

(; - methyl, and in which R’ can be a straight-chain alkylene group having 1to 8
’ C atoms, such as, for exampte, methylene, ethylene, propylene or hexylene,
or a branched alkylene group having 1 to 8 C atoms, such as, for example,

isopropylenes or isobutylene. The alkylene group may optionally be mono- or

polysubstituted by alkoxy or carboxyl groups. R® may likewise have the

meaning of an arylene group having up to 10 C atoms, such as, for example,

30 phenylene. The alkylene group may may optionally be mono- or polysubsti-
tuted, preferably mono- or disubstituted, in particular monosubstituted, by
alkyl groups having having 1 to 4 C atoms, alkoxy or carboxyl groups. R®
may also consist of a chain of an alkylene and an arylene group or an ary-

- lene and an alkylene group. M is a hydrogen atom or a metal cation, such as

sodium or potassium, or an ammonium cations. M is selected so that the
monomer is water-soluble. The carboxyalkyl acrylates, such as carboxyethyl




hydrogen or al kyl having up to 6 C atons, preferably hydrogen or nethyl,

car boxyl yero6d[RHymethyl. Mis a hydrogen atomor a nmet gl tzIJo%Rm buch as
25 sodi umor potassium or an amonium cations. Mis selected so t

nonomer is water-soluble. Maleic acid,-?8aconic acid, citraconic aci d

mesa- conic acid, or fumaric acid nmay be nenti oned by way of exanple. O
these, particular preference is given to nononers of the fornmula 2 where Z
= M in which R7 denotes hydrogen and R8 denotes hydrogen or al kyl having
up to 3 30 @cafdaiﬁsansd\dhg:padoma y( methagrglatrecasd inentengd by wanhateydme aci d
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()f denotes straj ght- c al n or branche

R6-aryl, anda§9deRdPelf £ somsgRtch Bs. rf%ﬁxg%hwrwlw@ g’@fl‘%@gl to 4
C atoms, buigybumcahiy abstichiatly bbié yinofiet I&CFMIyéhﬁstTfﬁIéd)ep@éﬁabM@ﬁbrW way of
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18 C alkylene group. M is a hydrogen atom or a metal cation, such as sodium or
potassium, or an ammonium cations. M is selected so that the monomer is
water-soluble. An bexample of suitable acrylamides which may be mentioned
20 here is acryloyl-gamma-aminobutyric acid. Particular preference is given to
the use of unsaturated carboxylic acids of the formula 2 where Z=M, in
which R” and R® can have, independently of one another, 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
- 25 sodium or potassium, or an ammonium cations. M is selected so that the
monomer is water-soluble. Maleic acid, itaconic acid, citraconic acid, mesa-
conic acid, or fumaric acid may be mentioned by way of example. Of these,
particular preference is given to monomers of the formula 2 where Z=M, in
which R’ denotes hydrogen and R® denotes hydrogen or alkyl having up to 3
30 C atoms. Acrylic acid (AA), methacrylic acid or ethacrylic acid may be men-
tioned by way of example for this purpose.
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atons, and net hyl ene groups may be replaced by 0, aryl, alkytaryl,

aryl al k al kyl and/or aryl group may be npno- o tuted
prefera§+92%§ﬂ§%ﬁ%- or disubstituted, in particular nnnoé%@gk%@gﬁﬁgé

al koxy, cyano, car- boxyl, acetoxy or -&Jfetanino radical, and. Y and/or R3
accordingly preferably denote, | ndependently of one another, nmet hyl ,
‘ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, 2-, 3-,
or 4- oxapentyl, 2-, 3-, 4- or 5- oxa- hexyl, 2-, 3-, 4-, 5- or 6-
.oxaheptyl, 3-butoxypropyl, isopropyl, 3-butyl, iso 30 butyl, 2-nethylbutyl,
| sopentyl, 2-nethylpentyl, 3-nethylpentyl, 2-oxa-3- nethyl butyl;

2- et hyl - 3 oxahexyl . Y and/or R3 can preferably al'so have, |ndependently
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pol ysub- Str‘nbﬁﬁﬁ@ r;)FHrgbéﬁ aRP YRRy h%rogb@%%bhg}l %‘?'ld Zrbe%'iéé SHh@fht-
nmonosubstitute cyano ce getamno

radi cal . RSC%%&Tdlfﬁwfiﬁdpﬁkkﬂk/hé\”aﬁl“y{%éﬁcﬁ éiorﬁ%.x@[y' iﬁeélfslylor Ia)c(t\IQI’\”JDﬁ:onyl
decyl 15 2-, BhereAX ,de'ﬁotésrstﬁa@mabwmdr,bra@cm SKYIRARYY 6 tametdwdnSBaaﬁahexyl

RS can brefigtan Vsl 30 DR Al o o 2 Phel il BLatRs M F L
pref erabl y Cratoims, bug@ecty!ate aRBbptyehesthbtrylaté amgsbéonemnd@dobyemdywﬁ/al kyl
ooV oo P BRI e SRR I skl Al bl Blb o
Al kyl gr oup@hn:achandyRohavg; mdependsniynof opheandther, dheeneqmmgﬂ'l’fwdn@ﬂorrer s
act é'ewnggl Ygemar aamaﬁ%gvﬁ@r o %'eobe%}ﬁé éjﬁb@%b@gg%a&ﬁ ¥ LG, ek W acryl -
which Y and/or R have mdependently of one ancther, the meaning alkyl,
where Y and R® together carry at least 6 C atoms, preferably 6 to 18 C
atoms, and methylene groups may be replaced by O, aryl, alkylaryi, arylalkyl,
o~ where alkyl and/or aryl group may be mono- or polysubstituted, preferably
25 mono- or disubstituted, in particutar monosubstituted, by alkoxy, cyano, car-
boxyl, acetoxy or acetamino radical, and. Y and/or R® accordingly preferably
denote, independently of one another, methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, 2-, 3-, or 4- oxapentyl, 2-, 3-, 4- or 5- oxa-
hexyl, 2-, 3-, 4-, 5- or 6- oxaheptyl, 3-butoxypropyl, isopropyl, 3-butyl, iso-
30 butyl, 2-methylbutyl, isopentyl, 2-methylpentyl, 3-methylpenty!, 2-oxa-3-
methylbutyl; 2-methyl-3-oxahexyl. Y and/or R® can preferably also have,
independently of one another, the meaning of a phenyl group, which is pref-
erably monosubstituted by cyano, cyanoalkyl, alkyl, alkoxy, alkoxyalkyl, pref-
erably in the p-position. Y and/or R® preferably stand, independently of one
another, for a phenyloxyalkyl group, such as phenoxyethyl, or a phenylalky!
group, in particular Y and/or R® paricularly preferably stand, independently

.
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Furthernore, neutral nononers, which are preferably hydrophilic, can

opti onal ] d in the one-step graft polynerisatio thi , It
i's pos&%?@gggg?ﬁprove t he swel | i ng behavi our of the g&agﬂfg%zgpé;ﬁpg)é@yi n
aqueous nedia without increasing the-@8arge density of the graft pol yners.
Neutral 25 nononers which are suitable for this purpose are, for exanple,
lower alkyl acrylates, such as nethyl acrylate, |ower alkyl nethacrylates,
such as nethyl nethacrylate. Preference is given to the use of acryl am des
of the genesfaine ootiner afot beheyle piierylB8)y! i phevyipropRl Adkad grRBups ean carry
I ndependent e - r.. et hyl |1 0 1d R6
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it provi desphdireylduyags graipfduchi &4 éhéﬁé)éyiélﬁyl! east phdWidkpdyeup, i phhe
cerium~lV)-initiagted reaction, It should additionall npt ed here that
ot her proceldldr '?opagicgfqr}ypwﬁiﬁ{eﬁiys%l?p% f%rgl?ie%yg(ﬁ'ﬁéx’lf’gsﬂ: DRQPQPERF@/ ceis
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onded polYy. - - are . Wi
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of at om t r aarsider maydiecaenpongdbeicshy way of EKkBMple.appear particularly

interg®ting. In a first step here, an initiator group is covalently bonded

to the support surface in the desired density. An initiator group can be,
for exanpl € urthermore, neutral monomers, which aré preferably hydrophilic, can

optionally be added in the one-step graft polymerisation. In this way, it is
possible to improve the swelling behaviour of the graft polymers in agueous
media without increasing the charge density of the graft polymers. Neutral

25 monomers which are suitable for this purpose are, for example, tower alkyl
acrylates, such as methyl acrylate, lower aikyl méthacrylates, such as methyl
methacrylate. Preference is given to the use of acrylamides of the general
formula 1 where Y = RB, in which R' and R? are, independently of one
another, hydrogen or methyl and in which R® and R® denote, independently

30 of one another, hydrogen or aikyl having up to 4 C atoms. R® and/or R® thus
denote hydrogen or fower alkyl. The latter preferably has the meaning
methyl, ethyl, butyl, isopropyl, 3-butyl or isobutyl here and in addition the
meaning of alkoxyalky! having up to 4 C atoms, such as, for example, meth-
oxyethyl or ethoxyethyl. Acrylamide (AAm), dimethylacrylamide, methacryl-

35 amide, isopropylacrylamide, methoxyethylacrylamide and ethoxyethylacryl-
amide may be mentioned here by way of example.
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a halide bonded via an ester function, as in a 2-brono-2-nethyl propionic 20

aci d est aft polynerisation is carried out int
per (1) §9t2£047ﬁ5g{osecond step. If the hydrophobic m)nomep8

conpletely in the liquid C phase, whic28is evident, for e
clouding of the reaction solution 25 or fromdroplets of
phase, grafting does take place through the reaction of th
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If the hydrophobic monomer has not dissolved completely in the liquid
phase, which is evident, for example, from clouding of the reaction solution
or from droplets of a second liquid phase, grafting does take place through
the reaction of the two monomers, but the resultant product behaves rather
more like a normal ion exchanger. The properties in this case are thus de-
termined principally by the charged monomer unit. This means that the graft
copolymer must be prepared in such a way that charged and hydrophobic

30 functions in the graft polymer can cooperate with one another in solution. For
the reaction, it is therefore attempted to employ the dilute acid and the cosol-
vent in a ratio which is the most favourable for the specific reaction. For car-
rying out the graft polymerisation, the acid is usually employed in an aqueous
solution having a concentration in the range from 1 to 0.00001 mol/i, pref-

35

erably 0.1 to 0.001. Dilute nitric acid, which is employed with a concentration
in the range from 0.05 to 0.005 mol/l, is very particularly preferably used. in
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10 material obtained. The yield of graft polymer on the support material can be
Pu increased by adding further solution of a hydrophobic monomer in the pres-
( : ence of a cosolvent to a graft polymerisation with charged monomer which
has already started.

15 Further series of experiments have shown that separating materiats deriva-
tised by graft polymerisation and having properties improved in accordance
with the invention are obtained if suitable support materials are graft-
polymerised with the monomers mentioned in the following table.

20 Table 1: Monomers for graft copolymerisation.

Monomer name Abbreviation Structure

( 2-Acrylamido-2-methyl- AMPS I /k\/%s?
.25 i aci H\ﬁ oo

propanesulfonic acid

Acrylic acid AA
H\OH
30 ) )
N-Arylaikylacrylamides ArAAmM I
. S
(for example benzylacryl- R P

amide, acryloylphenyl-

alanine) . o Ofig
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25 It has been found that although lower alkylacrylamides (AlkyAAm), such as

butylacrylamide, can be copolymerised with monomers which contain sulfo-
nic acid groups, such as, for example, AMPS, the derivatised support mate-
rials only exhibit, however, binding capacities for irmmunoglobutin (1gG) in the
region of known separating materials, such as, for example, that of the graft
30 polymer made from pure AMPS,
In this connection, it has been found that the higher alky! groups, such as, for
example, octyl groups, make a positive contribution to the binding of pro-
teins. Surprisingly, however, it has proven particularly advantageous in the
course of the investigations to admix aromatic monomers (for example
ArAAm) with the reaction mixture during the preparation of sait-tolerant ion
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20 improved binding capacities are found if the proportion of charged groups is

60 to 98 mol%, based on the total amount of graft polymer. Particularly
advantageous properties have been found for materials in which the propor-
tion of charged groups is in the range from 70 to 95 mol%.

L 25 In order to obtain graft polymers having advantageous properties, charged

monomers and hydrophobic monomers are mixed in a ratio to one another
such that the proportion of the hydrophobic component is 1 — 90 mol% in
relation to the total amount of monomer, preference is given to a proportion
in the range from 3 — 70 mol%, based on the total amount of monomer. On
30 use of AMPS, the proportion of the hydrophobic component is selected, in
particular, so that it is in a range from 20 — 60 mol%, based on the total
amount of monomer. On use of AA, particularly good progperties of the graft
polymers are achieved if the proportion of the hydrophobic component is in
the range from 5 — 50 moi%. For the preparation of the separating materials

35 according to the invention, the monomers are normally added to the support
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15 Although the second preparation variant has, as a two-step process, the dis-
advantage of an additional reaction step, the graft polymerisation is, how-
ever, not restricted by the efficacy of the added cosolvent. In a first graft-
polymerisation step, it is preferred to graft only hydrophilic monomers, which
are readily soluble in the liquid reaction medium. At least one monomer here

20 contains carboxyl groups. The graft polymer can then be hydrophobically
modified in a second step by a polymer-analogous reaction. This step can be
carried out, for example, by coupling of benzylamine with water-soluble
carbodimide to a poly(acrylic acid) graft polymer, giving a grafted

C- poly(benzylacrylamide).

25

Monomers which can be employed for the two-step process are the mono-

mers already mentioned for the one-step graft polymerisation. The mono-

mers containing carboxyl group can be employed in a graft polymerisation

alone or also as a mixture with hydrophobic, neutral monomers and/or with
30 monomers containing sulfonic acid groups. Preference is given to the use of
mixtures with neutral monomers and/or with . monomers containing sulfonic
acid groups. Particular preference is given to water-soluble monomers con-
taining carboxyl group or mixtures of water-soluble monomers containing
carboxyl group with further water-soluble monomers. The following water-
soluble monomer containing carboxyl group of the general formula (1) are
thus particularly preferred
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90 or the neutral monomers already mentioned for the one-step graft polymeri-
sation. Example of water-soluble monomer are containing carboxyl group are
acrylic acid, carboxyethylacrylamide, carboxyethyl acrylate, carboxyethyl-
methacrylamide, carboxymethylacrylamide, carboxymethyl acrylate, carboxy-
methyimethacrylamide, carboxypropylacrylamide and carboxypropyimeth-

C 25 acrylamide., methacrylic acid and maieic acid. Examples of further water-
soluble monomers are acrylamide, 2-acrylamidoethanesulfonic acid, AMPS,
isopropylacrylamide, methyl acrylate, methyl methacrylate, 2-sulfoethyl
acrylate, 2-sulfoethyl methacrylate, 3-sulfopropyl acrylate, 3-sulfopropy!
methacrylate.

30 In the coupling reaction of benzylamine to, for example, poly(acryloyl-
gamma-aminobutyric acid) graft polymers, it is possible to react virtually all
carboxyl groups if the benzylamine is employed in an excess of about
4000 mol% in relation to the carboxyl groups bonded to the support. With an

35 excess of coupling reagent EDC (N-(3-dimethylaminopropyl)-N'-ethyicarbo-

diimide hydrochloride) of 300 mol% in relation to the carboxyl groups bonded
to the support, a conversion of about 90% of the carboxyl groups present
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normal |y addmbalymema femp iquitds, such as, for example, cell culture supernatants.

20
At high surface densities, for example, of poly(acrylic acid), about 30% of the
carboxyl groups present were reacted under the selected conditions in the
case of an excess of amine and a deficiency of EDC in relation to the car-
C boxy! groups bonded to the support. However, a large excess of coupling
25 reagent also enables a higher proportion of the carboxyl groups to be
reacted. However, a disadvantage of this procedure in the case of reactions
on an industrial scale is a considerable increase in the costs of the two-step
preparation. For economic reasons, this procedure is therefore not a true
alternative.
30
Significantly more favourable is the preparation of a graft copolymer from a
mixture of monomers containing carboxyl or sulfonic acid groups. A mixture
of AMPS and AA as precursor may be mentioned here by way of example
since, due to the sulfonic acid groups, ion-exchanging groups are still pre-
35 sent in the graft polymer even in the case of optionally complete conversion
of the carboxyl groups. Complete conversion can be achieved, in particular



25 material in excess. 0.05 to 100 nol of total nononer are enployed per
litre of sedinmented polymer material, preference is given to the use of
0.15 - 250 2/$V/¥46270A sol ution of the ceriun(lV) salt in nPREERFOHEPWY0
preferably ammonium cerium1V) nitratelgn nitric acid, ideally |ikew se
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wth stirring at a tenperature 30 of 5 - 95C, preferably 20 - 70C, and
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is generally dissolved in water and mixed with further monomers possibly
present in such a way that the proportion of the component containing car-
boxyl groups is 1 — 100 mol% in relation to the total amount of monomer,
C» preferably 10 — 100 mol%. The monomers are normally added to the support
25 material in excess. 0.05 to 100 mot of total monomer are employed per litre
of sedimented polymer material, preference is given to the use of 0.15 - 25
mol/l. A solution of the cerium(lV} salt in mineral acid, preferably ammonium
cerium(lV) nitrate in nitric acid, ideally likewise freed from oxygen, is added
to the aqueous suspension, freed from oxygen, with stirring at a temperature
30 of 5 ~ 95°C, preferably 20 — 70°C, and subsequently stirred at this tempera-
ture for the duration of 0.5 to 72 hours, preferably 2 to 20 hours. The con-
centrations in the aqueous solution which arise after addition of the
cerium(lV) salt solution are selected so that the pH is 0 — 5, preferably 1 - 3.
The cerium(IV) concentration is set so that it is 0.00001 — 0.5 mol/l, prefera-

35 bly 0.001 — 0.1 molf, in the reaction solution,



fewer benzyl groups are present in the graft polyner. Experinents wth
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The elution in the case of nonocl onal -p¥t eins can be optinised nore easily
30 since, in contrast to polyclonal proteins, very simlar species have to

‘be dis- solved off. In order to assess the separating materials, the static
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capacities are achieved by the graft copolynmers at pH 5.5. At 15 this pH,
~the graft copolynmer is negatively charged. By contrast, the IgGcar- ries
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modi fi cati omodificdl satidreétahapgdrophilic graft polymer. In summary, it can be
stated that particularly suitable separating materials for 25 ion exchange
chr omat ogr aphy at a conduction value as is usually present in cell culture
super nat ant $hugngefh palygnerst haopg | diffenre ntvifiydhoptrarisd sostertts,| bas thefsame

20 graft densities, can be prepared by the two-step synthesis in a simple man-
ner, starting from, for example, a poly(acrylic acid) precursor. In Table 3, the
results of the examples shown in lines 6 — 8 show such a series with different
proportions in mol% of benzyl groups in the graft polymer. Experiments have

- also shown that there is a binding optimum at about 25 mol% of benzyl
C. 25 groups in the graft polymer. The recovery of a polyclonal IgG is higher the
fewer benzyl groups are present in the graft polymer. Experiments with
monoclonal antibodies have shown that the recovery is also approximately
100% in the case of about 25 mol% of benzyl groups in the graft polymer.
The elution in the case of monoclona!l proteins can be optimised more easily

30 since, in contrast to polyclonal proteins, very similar species have to be dis-

solved off.

In order to assess the separating materials, the static binding capacity of
polyclonal human IgG (Gammanorm) in 75 mM and 150 mM sodium chloride
35 solution is generally investigated in the range pH 5 - 7. The conduction value
of the 150 mM salt concentration corresponds to that of a cell culture super-



a nononmer unit which carries a negative charge in the formof a sulfonic
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al kyl dﬁﬁﬂgp’§¥§@lene groups and in total a maxi mum of 'E@E%gﬁggw%ﬁt no
aryl 30 groups, or which carries a negdi ve charge in the formof a

sul fonic acid or carboxylic acid and in addition contains contains alky!
and/ or al kyl ene groups, but no aryl groups, and conprises at |east one
nmononer unit which carries an ester group and, as hydrophobic group, a
strai ght - Chﬂéatlant)l(fre@n@‘mthl —al kyiS/bayi Tige dinding 8afaeity issdefermined nftegr oup

and whi ch con a| ns east _on m ro : a d I|C groups,
strai ght - Ch%ll rﬂ)‘? Eﬂ%élt?gdn rf:"@'ln tﬁﬁ\?‘%ﬁg&gcgﬁvgﬁgﬁo %b{}%t {lng)@%gil.ong orpan
aryl group. The ratlo WO 2008/ 145270 PCT/ EP2008/ 003990 -39 of the nononer
uni ts havi ng AY Q@%r - Wall

hydr ophobi c r I'S prsle]?hﬁ %? 58# hgr"{g% gtev\%}ﬁ%ﬁ%@% %hteakgé%gm%

hydr ophobi ¢ 18®imi sedium ¢hlerige aT@ thisi qrn@r@rasgm withilgEi sgution t'%l@é"tﬁdace 5

at hi gher Séblttocﬁﬂ?fékglﬁr%tubﬂrbf ﬁ)‘%‘cﬁwé Bﬁ]tn%ﬁ% &ﬁﬁlé&oﬁth?y |I%F@as¢r’r§ tHsalt
exchangers are nas I ons 5§ the ionic

i nt er act i onCPRCGVRIRBAR at{%’tﬂlMd\‘%@b@feﬁhﬁsow tﬂl‘%b%jﬁ?ﬂ HFﬁ%@ %‘t”@a‘i’rpé{% The

addi tional medﬁqmﬁ@lrecowir&ng@bgnltﬁ acRiele@mysirtulidhecRsyt idcisasaitabl es
sufficiently st rl?ﬁ&i bi ndi Thi s hydrophobi ¢ interaction probably also

occurs with Qﬁé@rﬁt'ﬁﬁeﬂ‘}d th (ﬂ mer chains and results in reversible
li nki A§ of these chains (C. Tri bet Bi ochime, 1998, 80, 461-473). For

h t d f d r af d i
char act e | S3hkfkarby PGP Shh B e ST HEBL e AL giERRL o 1
C bound to Fr aolyom’s(aghla’\a(slgmﬁ:amtlwalsigmér dysamiobinding| capaditieg tharethee si ze
|
oot vens; Ey R BRI MR o RAKIIILNIIRG 1R SR Seor,
copol ymer b'yg‘fbbé?déﬂﬂséﬁa@jtlés @id@chiped by thie aeft eraplymars atipH $apt Abul ar
in thé5presﬁﬂ§%l—Pfthé J¥ht @ebBeH sgrdéé%twgp%hd??é@ By doarasbitse @fdarp()' ymer

thus lies nore conpactly on the surf under

rous
hi gh-sal t cﬂﬁﬁl|'T‘Pr(?n805'ﬂhé¢/é|?@’hé‘le§§§"e 8Ty @'iﬁsql)enfhﬁmmmsﬂgéh%rtékes
hydr ophobi Cp@rcéf;.’orlr‘[tﬂiawethrc&l iopidintérastisma! If eie gositivé uhiges 60a pbilyi ci ent's

KD h d di d Thi f

s thus gr oGETS B RIRIF ceB SR RRTETS BP G B iy as SPPREENETL e 1 '\
and very rehddkyhracgbssilie efﬂ@%hmadreaﬁprm:nies{edl witlolveeg simalt Amcagteofis 25
buf fepg The 148! PhisBitdRGIRHUILE SXABiteBUS b QRaff BpBGrETE dirflbek e

separation _ e X ) R
of whether their synthesis is carried. out directly only by a graft polymerisation

step or by hydrophobic modification of a suitable hydrophilic graft polymer.

L In summary, it can be stated that particularly suitable separating materials for
25 ion exchange chromatography at a conduction value as is usually present in
cell culture supernatants contain a graft copolymer which consists at least of
a monomer unit which carries a negative charge in the form of a sulfonic acid
or carboxylic acid and in addition contains ester or amide groups and alkyl
and/or -alkylene groups and in total a maximum of 8 C atoms, but no aryl

30 groups, or which carries a negative charge in the form of a sulfonic acid or
carboxylic acid and in addition contains contains alky! and/or alkylene
groups, but no aryl groups, and comprises at least one monomer unit which
carries an ester group and, as hydrophobic group, a straight-chain or
branched alkyl having 4 to 18 C atoms or an aryl group and which contains

35 at least one amide group and, as hydrophobic groups, straight-chain or
branched alkyls having a total of 6 to 18 C atoms or an aryl group. The ratio



charged bi opol ynmers. They are preferably enpl oyed for the separation of
proteins, in particular antibodies, which may be pol ycl onal or nonoclonal,
30 fron1§m3yﬁgﬁﬁzﬂ¥agnents or fusion proteins which cont &GT/EROEMPB8dy
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with the more hydrophobic graft polymer also exhibits smaller distribution co-
efficients KD with decreasing sodium chloride concentration. This surface
structure is thus greatly swollen at sodium chloride concentrations less than
( 1 M and very readily accessible to the components dissolved in the aqueous
« 25 buffer.

The materials according to the invention can be used for the separation of
charged biopolymers. They are preferably employed for the separation of
proteins, in particular antibodies, which may be polycional or monoclonal,
30 from antibody fragments or fusion proteins which contain an antibody part.
However, other biopolymers can also be separated off, such as, for example,
polypeptides, nucleic acids, viruses, eukaryotic or prokaryotic cells. The
separation enables the biopolymers to be purified, isolated or removed.

35 The target molecules are separated from at least one or more other sub-
stances from a sample, where the sample which comprises the target mole-



with an increase in the ion strength. The target nolecule can thus be
obtained in_ a /[i)urlfled and concentrated formin the el uent, gg‘gg Sg%t nol e
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nol ecule is then obtained directly by collecting the colunm eluate in

t hrough- f | owuld ts disskivedninta ligbie, penishois bkoldhedntoncomtachmnithhibw matdréd t o

dapt WO 20Q8/ P = h t |
the pH andl JECPRETS SRR AT {OPRLITES HEnge 0 Shc B Rras s8Rl sho 1
a separ at i ngegands iaR4 hmurs\hletsqadvantageowuawodgeoamorﬂamce W@thribﬁlﬁrlrbat i on
t ask t t , but
ngtS engl us?\/c@}l@%’oﬁ‘ h&uuB SEF%EPHE%HJ% r@gg rldlgﬁéﬁ 'r?:asent tﬂe el n, -
such as, forpherx%mplr@ Whwhb@wtamsmh@sse@afahngsnauﬂrlabaccgrdm te dhe yavesy
urine, or ganio®X trhClicuid r@a'nkrunv‘l?ﬁéfu%l'gkﬁ’é"co%ﬁ Mérely Iﬂ'grbhgh 9 r%r%‘&?tﬁhor%' !

cul tures, ferrrentatlon brot hs, ani extracts. Anti bodies i nat e,

f or exarrpl e forceosh hamvanPed threugh i meaesta aPuMppANalernative §net 96 ¥he
separating mRitéh chlordgegrainyg i Whidhethiendeqiziraidiy Araledl it seided vith thier IR{-

b1 opol ymer 44 oyStig S Ew@éﬁ?a&éaﬁé”a%ﬁtpﬁitﬁﬁaegm%c“ﬁem%r“ﬁpﬁaf)%?%éef o
fS|OIr gt |1tq ?(r)\s neelaigfof bs abl®ito ébna:m)j the seb.’arﬁmgpaa&nahslt 0:1 I:b@hlbefmmgjﬂeabgzar e
mpur i 11 es, IR agsbBlte B e PifichlRy 8 bEPmdloliiii LT bR

Cpr esent i nvéryt indroduaing thes dquidetd bboseparatatsirdo s fornexdmaple, e suepessicBngt h

of the cell c%%pfrw.@%méogé sora b o RS WHhe I el Aralfi FiARYIAF S dHiscieapt ure

step is general esired

not yet beer$0atbﬁ Biesyitahje f@rthﬁéiesﬂgdﬁmﬁ%tt%‘g@\awmt@ itSUgh ld@aﬁltlbﬁng’@éps
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rating material. Further washing steps with suitable buffers may follow. The

desorption of the bound target molecule is carried out by increasing the ion

( strength in the eluent. By changing the pH in the eluent, preferably by

- 25 increasing the pH, through the use of an eluent having a different polarity to

that of the adsorption buffer or, if desired, through the use of a surfactant

dissolved in the eluent, elution is likewise possible, preferably in combination

with an increase in the ion strength. The target molecule can thus be

obtained in a purified and concentrated form in the eluent. The target mole-

30 cule usually has a purity of 70% to 99%, preferably 85% to 99%, particularly
preferably 90% — 99%, after desorption.

However, it is also possible for the target molecule to remain in the liquid, but
for other accompanying substances to bind to the separating material. The
35 target molecule is then obtained directly by collecting the column eluate in
through-flow. it is known to the person skilled in the art how he has to adapt



chr omat ogr aphy col umm which is packed with the separating material 30
accor di na‘to the i nvention, one or nore buffers and a pack |leaflet with
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witten MR Tons. The liquid is adjusted to a pH of PERGPRBAN%, 5.5

using a buffer and brought into contac#i1wi th the chromat ography col um.
The colum is firstly washed with a wash buffer, giving one fraction of

t he non-binding con- stituents, and the biopolyners are then desorbed using
an elution buffer of 35 higher ion strength, for exanple using 1 M NaC
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exam pl es &@Ne. onexampe fam mrmnal gethiosrgsients ophyRt $ the
preserit0 15 application to these alone. Furthernore, it goes without saying

to the pers skilled in the art that, both .in the exappl es given.and al so
(0 the erimd (o SoBF ARG el ACORIMEHE 6 invBOHER BB EBIL bt n t he
conposi ti ons:habmyﬂgriwlhiy pdication @té@@&éﬁéuréﬁt_e\wicgm m!ﬂ;-ug!ﬂmcb%é?t an the
conposi tion . nn X S ven Lf. r, v es
coutdar | oo FondhyfRe §is MBERER ARkadBRAls DLk sEIfEotinh Biag ot
ot herw se, %ogat auch @syddryexampirt coll suspehsions lor detl hamogsnates, ffstlydoi os,
whi ch & e S'P)%"‘fﬂ{t&{@d ‘b%lfé’r‘éethg%ta%iun%%-g??r?oréé?rto?éﬁwmb%oarfé h‘ﬁ&g@ties‘c Qgcﬁhe
preparation of which solvents'in certain volune ratios are ' used in a
m xture. Thést npier aely & epll drbrin. A advamippesofaie miesesEwveptiednads wel |
as in the ¢eatABed oV VBYAsiER i tha® the ion strength of the cell culture super-
natant does not have to be adapted. The capture step is generally followed,
if the desired purity of the biopolymer has not yet been achieved, by further
20 chromatographic purification steps using other separating materials which
are capable of removing the various residual impurities. Since the sequence
in which the separating materials are used may have an influence on the
overall performance of the process, it may in certain cases be advantageous -
( not to employ the separating material according to the invention until the
25 second, third or fourth purification step.

The invention likewise relates to a kit for the purification or separation of bio-

polymers from one or more other substances in a liquid. The kit consists of a

chromatography cotumn which is packed with the separating material
30 according to the invention, one or more buffers and a pack leaflet with written
instructions. The liquid is adjusted to a pH of, for example, 5.5 using a buffer
and brought into contact with the chromatography column. The column is
firstly washed with a wash buffer, giving one fraction of the non-binding con-
stituents, and the biopolymers are then desorbed using an elution buffer of
higher ion strength, for example using 1 M NaCl solution, and obtained in a
second fraction. '
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35 WD 2008/ 145270 PCT/ EP2008/ 003990 -43- Exanples Exanple 1: 5 Procedure
for the »greﬁ]arati on of a graft copolyner from 2-acryl am do- 2-

met hyl pr A8 ¥8ni ¢ acid and benzyl acryl am de (batch Om%?sfo%?%?cedure:
10 A suspension of 70 g of filter-noist42~actogel TSK HW5 (M (washed with
dilute mneral acid and deionised water), a solution of 32.3 g of

-benzyl acryl - amde in 250 ml of dioxane and a solution of 41.5 g of

2-acryl am do- 2-" net hyl propanesul fonic acid and 25 g of 32% sodi um hydr oxi de
sol ution i MThéGraderitf delsirphibaeshatésthe parsenakikd in thegbaso npplyt ihen

: i.th 15 padd ' ._Th [ ' d 75 m
W Th dei oni ueniit 2pRRIRRESy ks Byenon st BEMRG Dol dh hy bl 3
sol uti on orasi@fhed tthatca persdn killduin ehe sot will dre ablepto sitifige 1Be Talgpvef
anmmoni um Ce&‘%%%h&-"ﬂ’ﬁg{c]%f,j%,gﬁ% 1.2 g of 65%nnitric acid in 25 m of

dei oni sed water IS ini uced in a dropping funnel with pressure
equalYsation. The entire apparatus is rendered inert by repeated (3x)

apparat ue i Loy IERE RPLARELAT BheSWAbLEGSTng 8 R RARALAR. Rd Pifent 1o
to the inerltte@éures@gtsén§¥@wdmp@hcgnwltqdagAaeordmgIv,nt@sﬁaldopémﬁéﬁat@ﬁee of

70C. The sugRaR$ePBs partSdfithe Aiscsuf® coh®int bf tROPFesentBESErificgent | e stream
of nitrogen. "The reaction solution is then filtered through a glass filter

frit (P2) with suction, and the gel on the frit is washed wth in each

case 100 nlFeof beashundespanding@marasir okderv: illgdtrdee thebinVeatibh Uekematisd, 0. 2M
ascorbic acid 3x d ||on| sgﬁ wat er ﬁ'/)?; 1., M sodi umfh dr oxi de f%tp’;tl on__Ax
dei oni sed vidfePVeE BRIOX: hich, arg wiffup the\proks £f 1 rgﬁe/célopd; FIEP803990

((-44 The gelinventiors pRmededsiam@88 atdo sérvedo dhissiate passibleavatiands. \Bwet o pH 7
the general validity of the inventive principle described, however, the exam-
ples are not suitable for reducing the scope of protection of the present
15 application to these alone.

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-

ponent amounts present in the compositions always only add up to 100% by

20 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 % by weight or mol%, with the

exception of ratios, which are shown in volume data, such as, for example,

C-- eluents, for the preparation of which sclvents in certain volume ratios are
25 used in a mixture.

The temperatures given in the examples and the description as well as in the

claims are always in °C.

30
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usi ng 25% hydrochl oric acid. The gel is stored in 20% et hanol at roomtem
perature | e 2: Procedure for the preparation of a_graft co ol ynmer
from acry‘Pl ?:0 é{é? ®and ben- zyl acryl am de (batch 068V\297) ﬁ%’é@&w’é 070 A
suspension of 77.9 g of filter-noist Fdactogel TSK HW5 (M (washed with
C. dilute mneral acid and deionised water), a solution of 1.34 g of
‘benzyl acryl - amde in 14.5 m of dioxane and a solution of 18.0 g of
acrylic acid in 50 mM of deionised water is prepared in a glass reaction
appar at us VEX3NPlesddl e 15 stirrer. The suspension is adjusted to pH 4
"usi ng 32% sodi um hydroxi de solution and nade up to 375 m w th deionised
water. A further 6.72g of benzylacrylam de are dissolved in 73 m of
d| oxane |n0|g1 ﬁln qt ng funnel with pressure equalisation and nmade up to 100
with 20 816N sed water. A starter sol ution conprising 9.6 g of
n$ um cefPiogeduxg fai theitprepatation2ofy a grafésmpolwmérc from £-perykBnigo-&f
de| ont sed t funnel wth
pressure e\(lq\ﬁg s%rt%f)bﬁéglilﬁledI%ﬁ?@ri&gggﬁgﬁ%%@a%g%}@ﬁ?reﬁ ?gert by
repeated (3x) evacuation and deconpression with nitrogen. The suspension
in the appapaidesiutes subsequently warnmed to 55C. The starter solution is
added to the inertised suspension with stirring at an internal tenperature
of 55C. The suspension is stirred at 55C under a gen- 30 tle stream of

ni t rogen, a,quuz.},@eﬁ‘smﬂfoﬂT@gbﬁﬂmwr&ﬁbMt&'f’@séi@ééillDSRFHV\%H(WI QRashed adiged

@0 | n_t ot t. t 55C f
Further 17 Sbie Bt sk dng; daoupes matelapasiotionn F&%éif.oa RegaViaentn i o
; tEenffi ![teramdd"mmlﬁﬂﬂ mlgifadmx’ahétamd fa iostolL(tlaﬁ) ]?W41h5@uof|2)acrydmdldbh2~ gel on
the fri S
Toitovs: asnsiPESRREt A SRT AGRG%S BP 3ot sodRE R SolREp (g
8x 0. 5M sul $QlI'TiICOfad'BldeBdZWEﬁclsrmepaaiﬂ th Ai2s908actiom apparatos PG aE

P20081 003990addridy, SRECNSRANA & el A il BeidiRsPligiéon, The

gel i$5suspen M sodi um h dI‘OXI ution an shaken

for 20 hour@nd @djusted detpldrd fusing 32 /var$06hmﬂ Hydmltiets@uw of $afasmbiE f ur -

acid.

A starter solution comprising 13.7 g of ammonium cerium(lV) nitrate and
1.2 g of 65% nitric acid in 25 ml of deionised water is initially introduced in a

20 dropping funnel with pressure equalisation. The entire apparatus is rendered
inert by repeated (3x) evacuation and decompression with nitrogen. The
suspension in the apparatus is subsequently warmed to 70°C.

"_j 95 The starter solution is added to the inertised suspension with stirring at an
internal temperature of 70°C. The suspension is stirred at 70°C for 17 hours
under a gentle stream of nitrogen. The reaction solution is then filtered
through a glass filter frit (P2) with suction, and the gel on the frit is washed
with in each case 100 ml of washing solution as follows:

30 . .
8x 0.5 M sulfuric acid, 0.2M ascorbic acid
3x deionised water
2x 1 M sodium hydroxide solution
4x deionised water

35 ox acetone

5x water



ther with in each case 100 ml of washing solution as follows: 2x 1 M sodi um
hydr oxi i 5x dei oni sed water 10 The gel is sus | m  of
dei oni se O\SX‘/QM"'SQ’% adjusted to pH 7 wusing 25% hydr ochl gg?@gg@?@@%e gel
is stored in 20% ethanol at roomtem T#tature. 15 Exanple 3: Procedure for
the preparation of a graft copolynmer from 2-acryl am do- 2-

et hyl propanesul fonic acid, acrylic acid and benzyl acryl ani de (batch 06SW
085) 20 Procedure: A suspension of 69 g of filter-noist Fractogel TSK HW55
(M (washedThewgel isdsuspeadeine 280 mtoidendisadiveriesaad adiustgd taplof uti on of
32.2 g of b I j b2 j ; 0 [ 9 g of
2-acryl am dgaéégﬁi‘&%@éﬁpﬁﬂgsﬁﬁ%ﬁ?% %%%qg?do ?glgé%&oa:‘?m%g&%ﬁjdi um

hydr oxi de sBE@&i&n in 50 M of deionised water and 9.0 g of acrylic acid
is prepared in a glass reaction apparatus with a paddle stirrer. The
suspegsi on s nmade up to 475 mM with deionised water and adjusted to pH 4
usi ng~32% sE&SROM'Aydr oxi de .sol ution or 65%nitric acid. 30 A starter

sol ution coPpsderiuig fdidhé pFephraAiBRTidigratiesdponirhd fromt a@ikic asid and Beg- of 65%
nitric acid_in 2? m o;) &Q@@fﬁ ter is initially introduced in a

dr oppi ng f uRHEFYRTIYESPE {Vi sation. The entire apparatus is
rendered inert by repeated (3x) evacuation and deconpression with

ni t rogen. TE? Qég‘f%USpenSi onin the apparatus is subsequently warnmed to

55C. 200819 " PCT/ E P2008/ 003990 -46 The starter solution is added
to thdlinertised suspension with stirring at an internal tenperature of
55C. The su .00 ¥Rl - st ream
67 i trogen R BIo T oGl Pl o DR R PP
frit (P2) witutesminaranacidrand deiogisedonatene  solutipn ofidsted otenzylaay- each

case 100 m apfidaas Hurmmt o didheland @ $QuGon 8K 18. OY T HIWId cidGh &0 M 2M

ascorbi c aci 3x .dejonised water 2x 1 M sodi um hydroxi de sol ution
of delonised water Is prepared in a glass reaction apparatus with a paddie
15 stirrer. The suspension is adjusted to pH 4 using 32% sodium hydroxide

solution and made up to 375 ml with deionised water.

A further 6.72g of benzylacrylamide are dissolved in 73 ml of dioxane in a
dropping funnel with pressure equalisation and made up to 100 mi with
20 deionised water.

A starter solution comprising 9.6 g of ammonium cerium({lV) nitrate and 1.2 g
of 85% nitric acid in 25 ml of deionised water is initially introduced in a
second dropping funnel with pressure equalisation. The entire apparatus is

25 rendered inert by repeated (3x) evacuation and decompression with nitrogen.
The suspension in the apparatus is subsegquently warmed to 55°C.

™

The starter solution is added to the inertised suspension with stirring at an
internal temperature of 55°C. The suspension is stirred at 55°C under a gen-
30 tle stream of nitrogen, and 20 ml of the benzylacrylamide/dioxane solution
are added every 30 min. In total, the reaction suspension is stirred at 55°C
for a further 17 hours after addition of the starter. The reaction solution is
then filtered through a glass filter frit (P2) with suction, and the gel on the frit
is washed with in each case 100 ml of washing solution as follows:
35 2x 0.5 M sulfuric acid/0.2 M ascorbic acid - acetone 1:1 (V/V) |
8x 0.5M sulfuric acid, 0.2M ascorbic acid



10 The gel is suspended in 200 m of 1 M sodi um hydroxi de sol ution and
shaken for 20 hours, after suction filtration on the frit {r&e @@Jg i9§ washed
fur- theVOA%¥H %A %ach case 100 M of washi ng sol ution aSCToit 0399% 2x 1
M sodi um hydr oxi de sol ution 4x dei onis#ésl-water 5x 0.5M sul furic acid, 0.2M
ascorbic acid 5x deionised water 20 The gel is suspended in 200 m of

dei oni sed water and adjusted to pH 7 using 25% hydrochl oric acid. The gel
is stored in 20% et hanol at roomtem perature. Exanple 4: 25 Procedure for
t he prepar aBkadeigfised gagdrt copol yner from 2-acryl am do- 2-

met hyl pr opaggq%fs%gji@_ng}vd??)ﬁgglsg%n}sbi c acid (batch 05PP131) Procedure: 30

A suspensiofi“of " T t Fractogel TSK HW5 (M (washed with
dilute mneral acid and deionised water) and a solution of 33.6 g of 32%

2 dog2. met RyPorgpEnsvapraiet 1 20D o ol BRI GEfltMiro e, Rodibh And™Yy

of alrylicshaken ifer 20 dparsafiar sucipaditratia ondhe dibtreagekiswashed faddl e

stirrer. 35tHdGyifiPeAsH Odkd $0@ﬁﬂ%f%§h%g€\%&u%n%tfbll&%:om sed water and
adjusted to pH 3 using 65%nnitric acid. 20081145270 PCTI EP20081003990

-47 A starter solution conprising 2.8 g of ammonium ceriun(lV) nitrate and
0.7 g of 63%1INM Ebgiua¢ hildioRideOsdliti®d dei oni sed water is initially

i ntroduced i.n a.drop- ping funnel with pressure equalisation. The entire
appar at us ig’xrc%h%?‘g‘a“%ﬁeé'rgt by repeated (3x) evacuation and deconpression
with APtrogen. The suspen- 5 sion in the apparatus is subsequently warned

to 42C. The arte ti IS d ] inertis S i i4h
(sti rring at T@% 6%'n{5e§%ﬁ%ntd§§p' r%@ﬁ?@ %f1E 8%'%@%‘3%@3&}5%@%5%@%%?@ tg?'i) '\Flvrfed at
\42C for 5 hosing 23%dhgirbsllquemcidy Tate gebim stergoeinal Qffcccthanokaf tponnéemi7
hour s under @raﬂﬁF@.' e 10 stream of nitrogen. The reaction solution is then
a

filtered thlpoug glass filter frit (P2) wth suction, and the gel on the
frit is washed with in each case C 200 ml of washing solution as foll ows:

7x deildni set b Ste 3:
Procedure for the preparation of a graft copolymer from 2-acrylamido-2- .
methylpropanesulfonic acid, acrylic acid and benzylacrylamide (batch
06SW085)

20 Procedure:

A suspension of 69 g of filter-moist Fractogel TSK HW65 (M) (washed with
dilute mineral acid and deionised water), a solution of 32.2 g of benzylacryl-
( amide in 250ml of dioxane, a solution of 25.9 g of 2-acrylamido-2-methyi-
K 25 propanesulfonic acid and 15.6 g of 32% sodium hydroxide solution in 50 mli
of deionised water and 9.0 g of acrylic acid is prepared in a glass reaction
apparatus with a paddle stirrer. The suspension is made up to 475 ml with
deionised water and adjusted to pH 4 using 32% sodium hydroxide solution
or 65% nitric acid.
30
A starter solution comprising 13.7 g of ammonium cerium(tV) nitrate and
1.2 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
35 suspension in the apparatus is subsequently warmed to 55°C.



15 8x 1 Msulfuric acid, 0.2 Mascorbic acid 5x deionised water 3x 1 M

sodi um hydroxi de solution 3x deionised water 1x 50 mM phosphate buffer pH
7.0 20 He¥/bH2¥ed water 2x 20% et hanol / 150nM sodi um cﬁﬁafﬁf‘a%%fﬁﬂ%”e,m i's
stored in 20% et hanol / 150 mM sodi um chi ggi-de sol ution at room tenperature.
C 25 Exanple 5: Procedure for the preparation of a graft copolynmer from

2-acryl am do-2- net hyl propanesul fonic acid and acrylic acid (batch 06PP066)
30 Procedure: A suspension of 210 g of filter-noist Fractogel TSK HW5 (M

g \gaihed }M g g‘ODedétlabtbe s@imgﬁhaqls #fdet w?@m@ﬂéﬁgug\m@én awith atnsmbuéut an of7 .
go 0 I 0X ution in er, :

g of 2- acrylIn §§"ajrd¥?@86 t/ggréobﬁ%éliﬁ?%?ﬁ'en&erf%@g%lslQﬁoqun@

i ce-cool i ngunded £ Gehtle Qﬁrearacosllmtoo .dThe reaetia edlutiorn iglthss fillemed i on

SUspensi on. 1oy 5‘?9%15% P < B B b oo S

usi ng 965% niwith io eeshdcase HGmi ef washing soiutiamps falaws: 20. 7 g of anmoni um

ceriun(lV) nitrate and 5 7.2 g of 65%nitric acid in 90 m of deionised

water is initially introduced in a dropping funnel wth pressure

equal i sat i o¥x OrhM suifuriceacighgh2bit @scarbicrasidiered i nert by repeated (3x)

evacuation @r}c{jﬂgﬁ@ggwﬁqéﬂ on with nitrogen. The suspension in the
apparatus i s subsequent warmed to 55C. 10 The starter solution is added

to the inertdxskM §Q@H€h@¥$ﬁx'ﬁﬁtﬂ‘i’|@tanrl ng at an internal tenperature of
55C. Tie suspension is stirred at 55C for 3 hours C- under a gentle stream

of nitrogen..The reaction outl iltered throu | ass filter
(fcf"rit (P2) wilt¥ g6k s GiHSP&A ded e 3@@ F '\‘?r%qd"ﬂ@ b\&%fﬁé sPluonnandch
ase 300 nm shbkeasbr 00 redrsit aftar @.R:tlfool fitration b the flietlnigebd wasleed 8xr-0.5 M

sulfuric aCitlﬁjer \Qrtﬁ i%ﬁ‘&%%é’é QOS%Idof washing solution as follows:

15 2x 1M sodium hydrox'ide solution
4x deionised water
5x 0.5M sulfuric acid, 0.2M ascorbic acid
5x deionised water

20 The gel is suspended in 200 ml of deionised water and adjusted to pH 7
using 25% hydrochloric acid. The gel is stored in 20% ethano! at room tem-
perature.

( ) Example 4;
' 25 Procedure for the preparation of a graft copolymer from 2-acrylamido-2-
methylpropanesulfonic acid and acrylic acid (batch 05PP131)

Procedure:

30 A suspension of 140 g of filter-moist Fractogel TSK HW65 (M) (washed with
dilute mineral acid and deionised water) and a solution of 33.6 g of 32%
sodium hydroxide solution in 120 ml of deionised water, 46.6 g of 2-acryl-
amido-2-methylpropanesulfonic acid (addition with ice-cooling) and 16.2 g of
acrylic acid is prepared in a glass reaction apparatus with a paddie stirrer.
The suspension is made up to 400 m! with deionised water and adjusted to
pH 3 using 65% nitric acid. V
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5x deionised water 2x 1 M sodi um hydroxi de solution 20 The gel is
suspended in 600 mM of 1 M sodi um hydroxide solution and shaken for

hours, a¥P8P0844%%"Pon filtration on the frit the gel is V\%ﬂéﬁmf’%ﬂm”?%er

W th in each case 100 ml of washing sol4gftion as follows: 25 2x 1 M sodium
hydr oxi de solution 3x deionised water 1x 50 nmM phosphate buffer pH 7.0 2x
-dei oni sed water 2x 20% et hanol / 150nmM sodi um chl oride 30 The gel is stored
in 20% et hanol / 150 mM sodi um chl oride solution at room tenperature.

Exanpl e 6: @%té?f@cﬁﬂw& f:@r‘hph@lﬁ DZ 8 6ﬁéﬂnﬂfﬁbrﬁumacé}f@ﬁ(tIVFﬁﬁr%ité’@ﬂH dv

‘2-acrylamd ro m c.acid and a bat c g6PP189
V0 2008 1453 A5 bCTEB0 S 809D B G8ia5ispRoraln s Ml jssdupd Wo o )
pr _egar a’ai orpmig fangeladith gmkwgquélgsam)nﬂﬁerewhlmdpar%{mmtsh)elnnemmm_ | Logi c
acid and a i C at c furt e t X
05 M oul Y EsRAtEl TahoBlelauB AT Oacomiaselot i8S aPhf E5Per
Procedur e fsion timtheappdrahgs isfsubsagyéathy warmeddo ¢2a€t copol ymer conpri sing
2-acryl am do- 2- met hyl propanesul foni ¢ acid and acrylic acid (batch 06PP262)

10 Procedure: C - 40 nl of sedinented graft copol ynmer conprising
2- acryl ani dbhe sterterysoluien imaddad ftorthe iaertgedrsbispengioncwibisdirdng B £6¢ ogel

(bat ch OGPP%?e%afi{e?npé/Y%ﬁn%dof%%“@ tmélgu%erﬁgloq‘ﬁ?% 8fir€a %t 42 AHhbltst er ed

wi th suction on 'ass t er - noi st S suspended
in a solutid sub :a_qqugarﬁlyoat "BERY {EMApETaeUrEOr @juﬁhebﬂM@Lt;ﬁ.ugéerﬂea%mand

adld glsi@dt t ostiddrft-of m&% 3@é raaal;lhgﬁ Ncﬂlﬁtlﬁﬁ I§thg 6ﬂlt€re§i méaﬁgrt\ a é%@hlt@r with a
paddl e stir een c an ste necessary,
Cﬁ)_ 8 g of N.{g (Bﬁi:éryﬁyﬁgﬁlq@parggj,@ a9 o ﬁgg grir |§owashegl v{nt In eac case

200 ml of washing solution as follows:

7x deionised water :
15 8x 1 M sulfuric acid, 0.2 M ascorbic acid
5x deionised water
3x 1 M sodium hydroxide solution
3x deionised water
1x 50 mM phosphate buffer pH 7.0
20 2x deionised water
2x 20% ethanol/150mM sodium chioride

The gelis stored in 20% ethanol/150 mM sodium chloride solution at room
( temperature.
: 25
Example 5:
Procedure for the preparation of a graft copolymer from 2-acrylamido-2-
methylpropanesulfonic acid and acrylic acid (batch 06PP066)

30 Procedure:

A suspension of 210 g of filter-moist Fractogel TSK HW65 (M) (washed with
dilute mineral acid and deionised water) and a solution of 56.1 g of 32%
sodium hydroxide solution in 150 ml of deionised water, 77.7 g of 2-acryl-
amido-2-methylpropanesulfonic acid (addition with ice-cooling) and 27.0 g of
acrylic acid is prepared in a glass reaction apparatus with a paddle stirrer.
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di i m de hydrochl oride (EDC) are added. The suspension is stirred, during

whi ch thﬁo
sol uti on.

Z&ts}e'r%s gl d at pH 4.7 by addition r of 6% SOd'HLn?/E

hours, a further 0.8 of EDC are 25 addebéﬂﬁé???e pH is

furthernore held at pH 4.7 by addition4d- 6% sodi um hydroxi de sol uti on and

noni tored for mn.

17 hours, it
and the gel
sol uti on aslTh&sUspENsIANRS deadsnlpdd G6& al wWith deiphisedi watet ldngr adjusied it i on 5x

‘50 M pho
sol uti on

is f
on th

w83608

1 hour. When the reaction solution has been stirred for
iltered through a glass-filter frit (P2) with suction,
e frit is washed with in 30 each case 40 ml of washing

h@é‘ o ng %Eg 35 2x 20% et hanol / 150nmM sodi um chl ori de
[ 145270 2 0 08/0 03 99 0 -50- The gel is stored in

20% et hanol / 150 nmM sodi um chl ori de solution at room tenperature. Exanple
8: 5 Pr ocecwrﬁaﬁ@f sbhﬁloﬁhold@hi rﬁgm@f 2b¢ yéfagmﬁeomenacgn@wmombmnd

conpr
(batc

S

i ng
06PP3

15

F 859 hi: aC'Qée% 8%@833@35# RRter oS e NG eel g JF e ne 1o

a graft copdﬂopplﬂ@rrunﬁenwrthquegs@eeamalhammlﬂ 'Izwer@t\ﬂ‘nﬂ Fppepanesyiréndéredaci d

d | 10
N (3"l et FEdnbY

TBpbAR 3 kA Rliopoate Metomprestios it MilreoeRod e,

added i n easspeason ibtheplppatatuPivsaskequently vidrtmedoo5°6g of benzyl amine to
a graft copol yner conprising 15 2-acryl am do-2-nethyl propanesul fonic acid

and a

of beﬁé

2-acryl am dgt e?;,ngp
CGGPPZGZ) 1.0

M Nopr Q
hydr ochi orl‘é!?,d‘f(rEB(:gem Sigam .q{ @H@Eeﬁaé‘pe B@ﬁ#‘ﬁﬂesqlgt'olfbrléc@@@r 8”@@‘1 t he
pr epar at i onthedu

acid and 4-a
suspen5|on Y

N

20

25

30

35

ylic_aci d@_ﬁ bat ch 06PP346) Procedure see procedure for the coupli ng
yl an e st

& gpldfien dﬁ)pdﬂw teshedoefiisedi sigpension with stirring at an
f
%é?lr{éé}%ﬂ.gié@t ONfife §Géﬁerﬁl§¥ ?s?éﬁ(r'réaﬁ a‘?“flsd i(olP% ﬁBurs

caro i1mde

Qrg’léés GREOTHTER) MWilNs ctReN lé'né!nihéogeﬂ orBid ¥t nE erasmesul f oni c
SW)55 25 Procedure: A

ﬁh%%c@?a#’é%ﬁbbc aﬁl@asfﬁ%@?@@en a’ﬁéR'%5 (M (washed with

7x deionised water

8x 0.5 M sulfuric acid, 0.2 M ascorbic acid
5x deionised water

2x 1 M sodium hydroxide solution

The gel is suspended in 600 ml of 1 M sodium hydroxide solution and
shaken for 20 hours, after suction filtration on the frit the gel is washed fur-
ther with in each case 100 ml of washing solution as follows:

2x 1 M sodium hydroxide solution

3x deionised water

1x 50 mM phosphate buffer pH 7.0

2x deionised water

2x 20% ethanol/150mM sodium chloride

The gel is stored in 20% ethanol/150 mM sodium chloride solution at room
temperature.

Example 6:

Procedure for the preparation of a graft copolymer from 2-acrylamido-2-
methylpropanesulfonic acid and acrylic acid (batch 06PP189)




dilute mneral acid and deionised water) and a solution of 16.8 g of 32% 30

sodi um hydroxide _solution in 75 m of deionised water, 13, f 2-acryl -
am do- 2- 2’IW*i"b“rSE)-@anesuI fonic acid (addition with ice- co%Fi%f%)lgogf?ﬁ”%@. 79
of 4-acrylam dobutyric acid is preparedSin a glass reaction apparatus with
a paddle stirrer. The suspension is nmade up to 200 m w th deioni sed water
and adjusted to pH 3 using 65%nitric acid. 35 WO 2008/ 145270 PCT/ E
P2008/ 003990 -51 A starter solution conprising 6.2 g of amoni um
ceriun(1V) Rrocedereasee (précgdurel f@Senigreparationdof @ Bfaft copiolyheeoficped

e ortial Ly . eps : | St
equal i sati of AHetiR - BRNRobAngs e  £a0d ' HREF 2h(C, BBETT e,
evacuat i on 868PJ66xnPINds Surdmerwivahinigt stegenwitTdx us pérsulferisi acidi 0.2 i

appar at us i gosisegugnid e'EEd to 55C. The starter solution is added to
the i ertisea suspension wth stirring at an internal tenperature of 55C.

The stspension is stirred at 55C for 3 hours wunder a gentle stream of
ni trogen. Tipghesiel?:0n solution is then filtered 10 through a glass filter

frit (P2) with suction, and the gel on the frit is washed wth in each
case 100 i Fépcsmysifagthestaunlig dlberayiegiee te g2l copelMenGAmRLSRy 0.2 M

ascor bi ¢ acpdacrgrantied Pnimeaisl ivaipaheddlfdnic hel S0 horib\didpatish 0OPPRBEAN  5X
dei oni sed vvaterrglx 50 nM phosphate buffer pH 7.0 me dec?e(?ni sed water 2x 20%

et hanol / 150mM sodi um chloride 20 The gel is stored in 20% et hanol / 150 niM

sodi uhOchl oFrdeediout i on at room tenperature. Exanple 11: 25 Procedure for

the preparation of a graft polynmer from 4-acrylam dobutyric acid (batch
5PP116) Procedure: 30 25.0 g of 32% sodi um hydroxi de solution is added to

a sol ution 40 m0.d8 gedimemedngmabb wopolymercicdmprisk@0 dracryfardigioedrinsattiyinat er

at 0 - 5Ci agzail L : ' t & g of

acryl oyl Chl’bg@q%{eeas%ﬁangﬁf%%ld?hgg A8 aédﬁ oM Wg&o@éﬂﬂ&&cﬁ @éﬁﬁﬁsg)l%ré

washed 8x with 40 ml of water each time and filtered with suction on a glass

15 filter frit.

The filter-moist gel is suspended in a solution of 12.8 g of benzylamine in
32 ml of deionised water and adjusted to pH 4.7 using 32% hydrochloric acid
in a glass apparatus with a paddle stirrer. After the pH has been checked

20 and adjusted if necessary, 0.8 g of N-(3-dimethylaminopropyl)-N‘-ethylcarbo-
diimide hydrochloride (EDC) are added.

The suspension is stirred, during which the pH is held at pH 4.7 by addition
of 6% sodium hydroxide solution. After 3 hours, a further 0.8 g of EDC are

25 added. The pH is furthermore held at pH 4.7 by addition of 6% sodium
hydroxide solution and monitored for min. 1 hour.

Y

When the reaction solution has been stirred for 17 hours, it is filtered through
a glass filter frit (P2) with suction, and the gel on the frit is washed with in
30 each case 40 ml of washing solution as follows:

10x deionised water
3x 1 M sodium chloride solution
5x 50 mM phosphate buffer, pH 7.0
35 2x 20% ethanol/150mM sodium chioride solution




32% sodi um hydr oxi de solution is added sinultaneously fromtwo dropping
funnels with viLﬁg:orous stirring at 0 - 5C. The mxture is then stirred at

room 35 VORI YUe for a further 45 minutes. The nonomef C&EFAIREMPPS
acidified to pH 2 using 65%nitric acish-W0O 2008/ 145270 PCT/ EP2008/ 003990
52 70 g of filter-moist Fractogel TSK HW5 (M (washed with dilute m neral
acid and deionised water) is suspended in the nononer solution. The
mxture is made up to 450 mM w th deionised water and adjusted to pH 2
using 65% Whergel iQctctedSn/RFhadgthanoBthlhMsouMrdtsomide 2olltigncdt @omoni um
ceriun(lV) pitrate and 1.0 g of 65%nitric acid in 50 m of deionised
water is infYTBFIAMEnt roduced in a drop- ping funnel wth pressure
equal i sation. The entire apparatus is rendered inert by repeated (3x)
evacuati on El}gnﬂﬁéqﬁpressi on with nitrogen. The suspen- 10 sion in the

S sups

apparatus i quently warnmed to 42C. The starter solution is added to

t he i HAerti sBdocrdiperel the adupting tof benagaatinate aigiak capplymareenaprigieg of 42C.
Th . . . o
€ SUSpensQ%r&%nﬁ%?—?ﬁ@r@tl’%@plﬁégnfe%lf%@%'lﬁsan@?%y%QEEIOCB%(EH gslﬁPS&Q)Om

t enperature for urs under a gent stream of nitrogen.
The reaction solution is then filtered through a glass filter frit (P2)

Wi th sucti opro@tlirk R ed8locBButd forf thelcdupling Hiask iy ldinihe t8as réﬂa@@‘ao@OQ m
of washi ng sol ution as follogs:_ 5x_dei oni sed vvatﬁr 20 8x 0. M?u furic
acid, 0.2 MTcHBPUSIAg|aacy@misootimethyRerRanesylionig agd; ROTIEAHE
sol utilén  2xbatehoobErRI6IRL 86 g?%fTNegg@ilmétﬁyléhﬁrﬁmﬁﬁﬁl)iM-el catboaiiimis oni sed
wat er and aﬁ%as&ﬁﬁj %@@Q usj 25% hydr ochl oric acid. The gel is stored
in 20% et handf ot IS up&3c te 12: 30 Procedure for the

(coupl ing of amnes to a graft copol ynmer conpri sing
2-acrylamd x%n?@% /| propanesul fonic acid and acrylic acid Procedure: 35
20 M of sedinented graft copolyner conprising 2-acryl am do-2- et hyl pro-
panesul f oni €raegduranidr hergaupting oif heony Brire tysalgrath sophly0BPROGEIHIND5PP131)

15 2-acrylamido-2-methylpropanesulfonic acid and acrylic acid (batch 06PP346)

Procedure see procedure for the coupling of benzylamine to a graft copoly-

mer comprising 2-acrylamido-2-methylpropanesulfonic acid and acrylic acid

(batch 06PP262). 1.0 g of N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
20 hydrochloride (EDC) is added in each case.

Example 10:
Procedure for the preparation of a graft copolymer from 2-acrylamido-2-
(‘ methylpropanesulfonic acid and 4-acrylamidobutyric acid (batch 06 SW055)
25

Procedure;

A suspension of 70 g of filter-moist Fractogel TSK HW85 (M) (washed with
dilute mineral acid and deionised water) and a solution of 16.8 g of 32%
30 sodium hydroxide solution in 75 ml of deionised water, 13.3 g-of 2-acryl-
' amido-2-methylpropanesulfonic acid (addition with ice-cooling) and 17.7 g of
4-acrylamidobutyric acid is prepared in a glass reaction apparatus with a
paddie stirrer. The suspension is made up to 200 ml with deionised water

and adjusted to pH 3 using 65% nitric acid.
35



WO 2008/ 145270 PCT/ EP2008/ 003990 -53 are washed 8x with 20 nl of water
each ti r@ogragsféilayﬁﬁlr)ed with suction on a glass filter fpg%mp%@&ggo et o

sol ution: | of ami ne are dissolved in 20nl of d&ionise

(or DMF/ deionised water 3:1) and adjust®d-to pH 4.7 using 32% hydrochloric
acid (Table 2). EDC solution: Dissolve 2.4 g of

‘N- (3-di met hyl am nopropyl )-N -ethyl carbo- diimde hydrochloride (EDC) in 4.8
m of deionised water. 10 The filter-noist gel is suspended in the am ne
sol uti on i nAastagat shiuobeakgrisingle 2 giof amrddusoterira(iVangrateemda@degl, and
the suspensij 8S. . Sf n .at AL . -a _f her 1.2
i of £be 8 0P[R acadfien if STLEETRETbHIRT i bl puglesd 1 BRI 17
hours. 15 Thingrfeaoel with poesaureequslisatianeriée anire aghacatys s erfdaredingrt i t
with suctio ieflo ) \p@#ﬂ, TR a O m of
was hi Sg sol E”gﬁg%tgaﬁgfg %P%%h:t@gar?clﬁ fdteglgi}pre (gli %ﬁltbggﬁdgpgﬁggamt er
3x wi th 1 MPiedNihe Bpareatusis sdrseauentlewaimed t2:3%°CvN) The gel is suspended
in 20 M of 1 M sodium hydroxide solution/ethanol 2:8 25 and shaken for 20

hours, after suction fjltratiopn on the frit the gel is hed  further with

in each cas hQOStﬁﬁebﬁo(HQQHi'ﬁga utd g}? %Wﬁc{]ﬁb\g‘?erﬂoq ?‘s%ttﬁ"ﬂgn A oxi de

sol uti on/ et lras@lal ZeBpertuRkebPBECATHBIsBEpSAsIdN 1S WiieahatsPHrel eorb®ithioars pH?. O

2x dei oni sed ter 2x,20% et hanfol [ 150nM sodi um chl or hﬂe sol ﬁ%‘ﬁl og. tThed gel is
pefe PRk ¢

stored in 28968t Faf6M1e ST GAN sANIFRSERY of iy aGHRn iSvlian 5 ere
t enpef 8t ur ethrdGyR G0 Glatd Ffed FROH BRGDSUONSEYHNd tHetgeFxaripé éritlid: wishoekdur e

(2 acryt am s RebRpREERUaDr bipBrdRl ahtREBRG: Srlobin 17 ¢ aci

5x 0.5 M sulfuric acid, 0.2 M ascorbic acid
3x deionised water
15 4x 1 M sodium hydroxide solution
5x deionised water
1x 50 mM phosphate buffer pH 7.0
3x deionised water
2x 20% ethanol/150mM sodium chloride
20
The gel is stored in 20% ethanol/150 mM sodium chloride solution at room
temperature,

( Example 11:
' 25 Procedure for the preparation of a graft polymer from 4-acrylamidobutyric
acid (batch 05PP116)

Procedure;

30 25.0 g of 32% sodium hydroxide solution is added to a soiution of 20.6 g of

"~ 4-aminobutyric acid in 200 m! of deionised water at 0 — 5°C in a glass reac-

tion apparatus with a paddle stirrer. 18.2 g of acryloy! chloride and 25.0 g of

32% sodium hydroxide solution is added simultaneously from two dropping

funnels with vigorous stirring at 0 — 5°C. The mixture is then stirred at room

35 temperature for a further 45 minutes. The monomer solution is acidified to
pH 2 using 65% nitric acid.




(batch 06SW58) 5 Procedure: 20 ml of sedinented graft copol yner

conpri sing 2-acryl am do- 2- net hyl pro- panesul fonic acid and

4- acryl awodobkitegeioc aci d on Fractogel (batch 10 06SW55) par&rPpesiaexdd®bx with
20 M of water each time and 5x with 20591 of / 0.1 M

2- nmor phol i noet hanesul fonic acid solution (MES buffer) pH 4.7 each tine and
filtered with suction on a glass filter frit. 6.4 g of benzylam ne are

di ssolved in 20mL of 0.1 M MES buffer and adjusted 15 to pH 4.7 using 32%

hydr ochl or i Soagdingthifol} liodB 4K SR5MA HREREAdilai e AR 8 ne

solution in a“seal

N- ( 3- di net hghddem@psedwatens lswhpemdwuthmﬂmqmrwmm -ThejeniKEDE)S ar e
added, and H‘cﬁiesH?%“%@le'@l Jﬁ?& egdvf] &%hs ﬂ§t[eHr aﬁﬂ%/ﬁs‘ir@ 63o4ours,

a further 0.4 DC are a emxt IS s for a further

17 hours, TH@”?@Q@UW solution is flltered through a glass filter frit

wth §uct|on and the gel on the frit is washed with in each case 20 m of
[ as fal- 25 | ows ei oni sed wat er

washi ng sol yti.o 3

T or e cofutPBer Selkfian commramnaces B anERoRM BongB(Y) e BaTebl Ot or 2x
20‘;? et r\?gggbwe?x&/}am@leum mhio;rnl @eldewnﬁed)Wafa“res geitiallysinsoauedd im a2d}%p

et hano odi oride sol uti,on ratur

50081 145270 PRETLAPShILT drSbute <tlatSah Thel SR ArPAERLE  fids ey Mer

pol ycl onal bhymapeaigd (3&hevacoation asd de@othprgsodn MGE nitrogan20halduspesphat e,
75 mvgodi u o in 20 mM phosphat e,
150 nmM sodi l%? %nhﬁéégggawg’%u%eﬂﬁ%@@%org%’et erm ni ng thg bi Edl ng

eapacity is described in Exanple 15. 5 Exanple 14: Procedure for the
ngfgl .( ng gL nglr.%afhg%g%ubﬁ i8 egﬂo%fdt toPHeY [RHiSEA B e ion HitRCEtHiRGT ACRML YT i C

internal temperature of 42°C. The suspension is stirred at 42°C for 5 hours

and subsequently at room temperature for a further 17 hours under a gentle

15 stream of nitrogen. The reaction solution is then filtered through a glass filter

frit (P2) with suction, and the gel on the frit is washed with in each case

200 ml of washing solution as follows:

5x deionised water
20 8x 0.5 M sulfuric acid, 0.2 M ascorbic acid
3x detonised water
2x 1 M sodium hydroxide solution
2x deionised water

The gel is suspended in 200 ml of deionised water and adjusted to pH 7
using 25% hydrochloric acid. The gel is stored in 20% ethano! at room tem-
perature.

Example 12:
30 Procedure for the coupling of amines to a graft copolymer comprising

2-acrylamido-2-methylpropanesulfonic acid and acrylic acid

Procedure:

35 20 m} of sedimented graft copolymer comprising 2-acrylamido-2-methylpro-
panesulfonic acid and acrylic acid on Fractogel (batch 06PP066 or 05PP131)



"benzyl am ne are dissolved in 20nmL of 0.1 M MPS buffer

"N-(3-di net h@f%gsnb@%% pyl)-N -ethyl carbodiimde hydrochloride (EDC) are

10 Proce
4-acryl a

20 nl~ ofYQAb0Ef 4

dure: C 20 ml of sedinented graft polyner conprising
m dobutérii c acid on Fractogel (batch 05PP116) are washed 5x
Bh time and 5x with 20 mi of 0.1 M  PCT/EPZ008/003950

W th

3- nor phol i nopr opanesul fonic acid sol utis@n+ (MPS 15 buffer) pH 4.7 each tinme

and filt

4.7 usin
the am n

added, a
furt her
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ered on a glass filter frit with suction. Variant A: 6.4 g of

g 32% hydrochloric acid. 20 The filter-noist gel is suspended
e sweuvasted BxavigeaDahl of batdegach mé gnofiltered with suction on a

nd sion is shaken at roomtenperature. After 3 hou
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solution as follows: 5 1 Ox deionised water 3x 1 M sodi um chl ori de

5 h hat e buf f H7.0 Th l,S,. t in 200/
Bl o L A A
-bi ndi ng caphinmly ocbE[HO| sadlitcmmabré dinem ddged( Geantheoso3pensi@0 isdhagkosathat e,

g ! 1 UNg ‘ _ :
e 5 pp ety BAReP o ot B fiynen Sl FESE SiljidiEare 4leE"
i ncarchcmixuiesis gdaked heida furthecalhpheurss. Exanpl e 15:

The reaction solution is filtered through a glass filter frit with suction, and the
gel on the frit is washed with in each case 20 mi of washing solution as fol-
lows:

(if desired 5x DMF)
5x deionised water
3x with 1M sodium hydroxide solution/ethanol 2:8 (V/V)

The gel is suspended in 20 ml of 1 M sodium hydroxide solution/ethanol 2:8
and shaken for 20 hours, after suction filtration on the frit the gel is washed
further with in each case 20 ml of washing solution as follows:

2x 1M sodium hydroxide solution/ethanol 2:8

3x deionised water

1x 50mM phosphate buffer pH7.0

2x deionised water

2x 20% ethanol/150mM sodium chloride solution

The gel is stored in 20% ethanol/150 mM sodium chloride solution at room
temperature.

t A
i ng




Determ nation of the static 1gG binding capacity (mcrotitre plate format)
20 All gel suspensions were adjusted to a gel sedinment volune of 50% using
20% of evbaomlissrrowater. A filter plate is filled w th brPodEprmodudsdeEr and
with in each case 20 pl of the honnge_rg4s_ed gel suspension. The filter
plate is then filtered wth suction on a vacuum station. ~- 25 A deep-wel |
.plate is filled wth binding buffer, 1gG stock solution (polyclonal human

| gG Ganmanorm Cct apharma) is added, and the conmponents are m xed. Add 200
pl of 1gGs Iurtni?ﬁn o the gel in the filter plate, and shake the plate for
.30 15 m n on*q %l! f. The filter plate is filtered with suction on the
vacuum st aPramedute fardsheashpling of benaylamirnkO® pgraff chp oidineg cbofpfisinggach ti ne

and filtered  with. sugti € pl [ er (20 mv
phosphat e, gaﬁ}%lé@ﬁ?ﬂH&%{ﬁgﬁrﬁ;&?@%ﬂ!%ﬂ&ﬁg&%&# gg&ééj#‘t%ob@&ergﬁ‘{@er pl at e,
whi ch is sh@daéeh P6BWEDRE)i n. The supernatant is sucked into a WV plate on
the vacuum station, and 35 the plate is neasured in the photoneter at 280
nm WD 2008/145270 PCT/ EP2008/ 003990 -57 The 1gG binding capacities per n
of gel sediREREEUNE (1 gG SBC) calcu- lated fromthe eluate are listed in
Tabl e 2. The binding buffers used were 20 nM phosphate, 75 nmM sodi um
chloride, p

6.5,, and 20 hosphate, 150 nM sodi um ch| orj de, 6.5. 5
The bi ndi ng?® &Yad %@@@%ﬁé@ﬂﬁga%&%&évmfgcqmpawa|g-af:w@m%%ﬂﬂ%th%f%-r e
SPO\tNR in T?bém%lfoﬁmn%&ia ?d 19-doeylemid dtattyran Qtidtgmcrrmﬁtc@é| q?amsi tit(r)\n
0 ra rs C uncti.anal groups can. be cleave romthe
oratt ool yroe SN ehe ashas ith Pk Al metBime Al Syt ¢oyal & rhe

(f uncti onal Q.r‘loNp@-raoqahdli?eethaabedlfasipaarjidlesoa!ltd:mgﬁElSebaiﬂeﬂ)]}/pslflédﬂf.'f each
uantitativg - Le rivati ti.on means o

“grtho-pht haﬁ@%a%eﬁq;éégdg\ﬁ%h %c?@gpqrﬁégiﬁéﬁ@eréﬁtr C)al.l ibra- tion, the

commercial am nes are used or the nononer used in the synthesis, which

must then b ' : : ; hloric
2ci d ae addec) ok Sptefamie e Beanteln POIBFD WMES by hdpeler
ul trasdund 9aRi dahyshebdEquveroshlpiaeed at 125C for 10 hours in a 1 ni
pressure container. After cooling to roomtenperature, the pressure

contai ner is_opened, and . . . . o
'?he ICI‘ﬁ\ter-mo'gt gel is suspended in the benzylamine solution in a sealable

beaker. 0.4 g of N-(3-dimethylaminopropyl)-N‘-ethylcarbodiimide hydrochlor-
ide (EDC) are added, and the suspension is shaken at room temperature.

20 After 3 hours, a further 0.4 g of EDC are added, and the mixture is shaken
for a further 17 hours.

The reaction solution is filtered through a glass filter frit with suction, and the
gel on the frit is washed with in each case 20 m! of washing sclution as fol-
25 lows:

PN

10x deionised water
3x 1 M sodium chlcride soluticn
5x 50mM phosphate buffer pH7.0
30 2x deionised water
2x 20% ethanol/150mM sodium chloride solution

The gel is stored in 20% ethanol/150 mM sodium chloride solution at room

temperature.
35



about 200 pl.of supernatant are pipetted off and centrifuged (8000 rpm for

5 25 m n%égﬁ/&ézﬁf the clear supernatant are neutrali seggﬁ@,g@mé@g(pl of 1

M sodi um e solution, and 325 pl of 0.5 Mborate .5 and
119 pi of acetonitrile/water 8:2 (VN)-% e added, and the conponents are
m xed. 30 100 pl of OPA reagent, which is prepared from 100 ny of

ort ho-pht hal - al dehyde, 9 mM of nethanol, 1 mM of 0.5 M borate buffer pH
9.5 and 100 pl of nercaptoethanol, is added, and the m xture is shaken

vi gorousl y. TAét etatia bimelived i capacityeobfpdlysiomalt BemanhdgGaPbhemanama) ysed by

number of - oRaped o g L2 e MRckBils, ey GReiP P RS 308 gor

i s shaken wBthmg. & Igﬁﬁm&lmz&mfmmw@ohataﬁéovm%mﬂ!m ¢h|0rl@©,1pfﬂ/lﬁh§'dﬂtrﬁ:hl or| c

acid. The g etﬁ@??&%téﬁnﬁhﬁﬁth‘éﬁynb% % M‘éééglb%ﬁjlmlﬁx%?r%llérﬁ‘fhydr oxi de
gel 1s subseque dr|

sol ut Bon The ntly vva he equi'val ence points
5 are“determ ned by formation of theflrst derlvatlve The results are

listed in TeRhhgle 142xampl e 17: 10 Determination of t he dynam c |1 gG bi nding
capacity C. _Col ums were packed m. of cont Proteo-Cart col ums

TR & bed PHRIAANSIOSARRIT0 ShhEOaHBMIAS 1R CHa PO GIIRITED col urme
Wi th a bed4dspylanidotidyitragidd ba@dh CHPPI €B96PP118e col urm were char ged
with 15 an 1gG solution having a content of 1 g/l in buffer A (prepared
from paol ycl onal human 1gG Ganmanorm Cctapharma) to a breakt hrough of 10%
The f8w r Brecétkne: was sel ected so that the contact time in the colum is
4 mn. After rinsi ng wwth buffer A the colum was eluted with buffer B.
20 Buffer A 25 nmM phosphate, 150 nM sodi um chloride, pH 6.5 Buffer B: 25
(mvl phosphat @0 m! ®f §ad|nu¢nted|gfaﬁd@olymere:canmsmgﬁ Burytamidabuty?is agid on

phosphat ., FofiB SRAiur s 916 L RiLkPsy RS ol willonbbalaRphatd. 1 M

sodium chl orid hat e, mvi SOdI um
chloride, pPxswih %&mle@f g1 M3 W"PRP'&I‘QMF’?@FES@QW%cﬁﬁ'%rﬁ%ﬂ'\tr%} i(MES pH 9.0
15

buffer) pH 4.7 each time and filtered on a glass filter frit with suction.

Variant A: 6.4 g of benzylamine are dissolved in 20ml! of 0.1 M MPS buffer
and adjusted to pH 4.7 using 32% hydrochloric acid.

20 The filter-moist gel is suspended in the amine solution in a sealable beaker.
0.4 g of N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochioride (EDC)
are added, and the suspension is shaken at room temperature. After 3
hours, a further 0.4 g of EDC are added, and the mixture is shaken for a

C further 17 hours.
- 25

Variant B: 1.1 g of benzylamine are dissolved in 20mi of 0.1 M MPS buffer
and adjusted to pH 4.7 using 32% hydrochloric acid.

The filter-moist gel is suspended in the amine solution in a sealable beaker.

30 0.07g of N-(3-dimethylaminopropyl)-N‘-ethylcarbodiimide hydrochloride
(EDC) are added, and the suspension is shaken at room temperature. After
3 hours, a further 0.07 g of EDC are added, and the mixture is shaken for a
further 17 hours.

35



The results are listed in Table 4. 35 Exanple 18: Binding experinent with
nonocl onal anti body WO 2008/ 145270 PCT/ E P2008/ 003990 -59 A1 m capacity
Pr ot eo- Cav 20081148270 ( Merck KgaA) is packed with a separ at -PATVEP2AF W%
(06PP343), prepared in accordance with_Exganple 7 (17% com pression), and
equilibrated wth 25 nmM phosphate, 150 sodium chloride, pH 5.5 (about
12 nS/cm. A sanple conprising 20 ng of chinmeric, nono 5 clonal antibody
(as described in dinical Cancer Research 1995, 1, 1311- 1318, dissolved in

25 mM phos e ' : ride, ; ' ' - he.gcol um
o At Pow r A setdOs TRRA VAR &l ote e TiSred iuab BAE e D, LT
conpri si ng 35ctitm,phodpthet gels1om thedirimrehwesherd with an gachscgse B{eml of

subsequent rv?eféh\fr?%gomioﬁré‘éféﬁ%\k@()dy after elution was 98%in the 10
i out . The

experinments carr e chromatogramis shown in Figure 3. Exanple
19: 15 Size exclusion chromat ography The distribution coefficient Kd of

pul ullanes haMd doNided Qitefol ecul ar  weights, depicted in Figure 2 through
their viscosi t¥ radi us, s determ ned experinmentally by isocratic

exper i ment s At T Mhpedugnrhloddmeahttipat i ons (0, 0.1 20 and 1.0 M sodi um

chloride) f®x soaNEbhosHNEBUFEPPRTIGI Ng acryl am do- 2-
nmet hyl propanesul fonic acid and acrylic acid before (Fractogel S03/C0OO and
after coupling of benzylam ne (Fractogel S03/COQ benzyl). 25 30 35 WO

2008/ 145270 TRElg&lR200 8tdYed98 RQ0%68thahoV150-miMtsodiummahtoride eglutign @t BodimZ ¢ ¢
ccC Cm()lMtglm'xle?atEeE NEEVt E(AVVr NO VEO000 - a - W~rNO (n
G W Ur .

Q The static binding capacity of polyclonal human 1gG (Gammanorm) in 20 mM
phosphate, 75 mM sodium chloride, pH 6.5, is is 7.6 mg of IgG/mi for gel
variant A and 16.8 mg of IgG/ml for gel variant B. The method for determin-

15 ing the binding capacity is described in Example 15.

Example 15:
Determination of the static IgG binding capacity (microtitre plate format)

20 All gel suspensions were adjusted to a gel sediment volume of 50% using
20% of 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
filtered with suction on a vacuum station.

( 25 A deep-well plate is filled with binding buffer, IgG stock solution (polyclonal
human IgG Gammanorm, Octapharma) is added, and the components are
mixed.

Add 200 pl of 1gG solution to the gel in the filter plate, and shake the plate for
30 15 min on a shaker. The filter plate is filtered with suction on the vacuum

station. It is washed twice with 100 pl of binding buffer each time and filtered

with suction. In each case, 200 pl of elution buffer (20 mM phosphate, 1 M

sodium chloride, pH 7) are then added to the filter piate, which is shaken for

5 min. The supernatant is sucked into a UV plate on the vacuum station, and
35 the plate is measured in the photometer at 280 nm.
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The 1gG binding capacities per ml of gel sediment volume (IgG SBC) calcu-
lated from the eluate are listed in Table 2. The binding buffers used were 20
mM phosphate, 75 mM sodium chloride, pH 6.5, and 20 mM phosphate, 150
mM sodium chloride, pH 6.5.

The binding capacities of the separating materials from Example 12 are
shown in Table 2.

Example 16:
Determination of the chemical composition of the graft polymers

The functional groups can be cleaved off from the graft polymers which are
polyacrylamide chains by acidic hydrolysis. The functional groups are liber-
ated as amine and can be analysed quantitatively by HPLC after derivatisa-
tion by means of ortho-phthaldialdehyde and mercaptoethanol. For calibra-
tion, the commercial amines are used or the monomer used in the synthesis,
which must then be hydrolysed like the graft polymer.

1000 pf 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, and

about 200 pl.of supernatant are pipetted off and centrifuged (8000 rpm) for 5
min.

40 yl of the clear supernatant are neutralised using 176 pl of 1 M sodium
hydroxide solution, and 325 pi of 0.5 M borate buffer pH 9.5 and 119 l of
acetonitrile/water 8:2 (V/V) are added, and the components are mixed.
100 pl of OPA reagent, which is prepared from 100 my of ortho-phthal-
aldehyde, 9 ml of methanol, 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).
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(D (DaciB( Dhe ge! charged in this way is tltrated with 0.1 M sodium hydroxide
solution. The gel is subsequently washed and dried. The equivalence points
5 are determined by formation of the first derivative.

The results are listed in Table 4.

Example 17:
10 Determination of the dynamic IgG binding capacity

Columns were packed with 1 ml of contents. Proteo-Cart columns with a bed
depth of 19 mm and 20% compression and Superformance columns with a
bed depth of 13 mm and 10% compression. The column were charged with

15 an 1gG solution having a content of 1 g/l in buffer A (prepared from polycional
human lgG Gammanorm, Octapharma) to a breakthrough of 10%. The flow
rate here was selected so that the contact time in the column is 4 min. After
rinsing with buffer A, the column was eluted with buffer B.

20 Buffer A: 25 mM phosphate, 150 mM sodium chloride, pH 6.5
Buffer B: 25 mM phosphate, 1 M sodium chloride, pH 6.5

or

25 Buffer A’: 25 mM phosphate, 150 mM sodium chloride, pH 5.5
Buffer B’: 25 mM phosphate, 1 M sodium chloride, pH 5.5

or

30 Buffer A”: 25 mM phosphate, 150 mM sodium chloride, pH 5.5
Buffer B": 50 mM TRIS buffer, 2 M sodium chioride, pH 9.0

The results are listed in Table 4.

35 Example 18:

Binding experiment with monoclonal antibody
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A 1 ml capacity Proteo-Cart column (Merck KgaA) is packed with a separat-
ing material (06PP343), prepared in accordance with Example 7 (17% com-
pression), and equilibrated with 25 mM phosphate, 150 mM sodium chloride,
pH 5.5 (about 12 mS/cm). A sample comprising 20 mg of chimeric, mono-
3 clonal antibody (as described in Clinical Cancer Research 1995, 1, 1311-
1318, dissolved in 25 mM phosphate, 150 mM sodium chloride, pH 5.5) is
applied to the column at a flow rate of 0.2 ml/min. The elution is carried out
with a solution comprising 25 mM phosphate, 1 M sodium chloride at a pH
5.5. The subsequent recovery of the antibody after elution was 98% in the

10 experiments carried out.
C,, The chromatogram is shown in Figure 3.
Example 19:
15 Size exclusion chromatography

The distribution coefficient Kd of pullulanes having various malecular
weights, depicted in Figure 2 through their viscosity radius, was determined
experimentally by isocratic experiments at three salt concentrations (0, 0.1

20 and 1.0 M sodium chloridé) for a graft polymer comprising acrylamido-2-
methylpropanesulfonic acid and acrylic acid before (Fractogel SO3/CQQ)
and after coupling of benzylamine (Fractogel SO3/COOQ/benzyl).

C

30

35
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PATENT CLAIM5S 1. Separating materials for ion exchange chromat ography based
on hydroxyl -contai ni ng base supports, to the surfaces of which copol yners
5 are coval ently bonded, characterised in that a) the base support contains
al i phatgc hydroxyl groups, b) the covalently bonded copol yners are bonded
to thewsupport via a termnal nononer unit, c) the copolynmers conprise at

| east t%w different nononer units 10 d) the nononer units are linked in a
| i near ﬁanner e) ot he copol ymer conprises at |east one nononer unit which
carriesga negatlvgr charge in the formof a sulfonic acid or car- boxylic
acid arfg i n addi t®ofE contii ns ester_or Anmgdesgroups and al kyl  and/or

al kyl eng groups afd3n tgal a rgx 'Q Qatons, but no 15 aryl
groups,._or whi ch catf_"rl esEa negat®PvE cha el mthe form of a sul fonic acid
or car—boxyl iC ag’l & and Tn addition contains al kyl and/or al kyl ene groups,
but nooaryl gro%s f) the copol yner conprises at |g&ast one nononer unit
whi ch c&rries, as” 20 hydrophobic group, a straight- ahal n or branched al kyl
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atons or corresponding aryl groups and contains ester or am de groups, and
g) the ratio of the nononer units having a negative charge to the C 25
mononer WRi2088/H6%0ai ni ng a hydrophobic group is in a rabfgEEBRPOHREA 099: 1 to
10: 90. 2. Separating materials accordipg-to Claim1l, characterised in that
a) the base support contains aliphatic hydroxyl groups, 30 b) the

coval ently bonded copol yners are bonded to the support via a term nal
nmononer unit, c) the copolyners conprise at |east two different nononer
units d) the nononmer units PrA TiEWNd i € & AihNBRS nmanner, e) the copol yner
conprises at |east one nononer unit having a nega- 35 tive charge, either
of the general fornula (1) WO 2008/ 145270 PCT/ EP2008/ 003990 -63- 0

HC=CC-N-Y (3) SprﬂatW@' Gﬁht@ﬂials%raﬁéln Yexd @e@ﬁ%}hbwg@é eoa’aywt fwr,

or bt anched sl RYVORU-SRUPRIGOREF SUPROS tay wﬁéuq;éeﬁiiﬁﬂ‘aﬁ@ SAdVRErS K or
NH4, Sor of tharegédilﬁa'léhtlyf pomded chayaderided iGRA002 7 8 (2) | n Wm ch 20 R7
??dZRSM gﬂgepe“ﬂ&p tl)gseogu;())pnoert gcr)]r('n)ttalhn%réIlpha?c?ly%roxy?groups or R7 denotes COOM
b) the covalently bonded copolymers are bonded to the support via a
terminal monomer unit,
_ c) the copolymers comprise at least two different monomer units
10 d) the monomer units are linked in a linear manner,
-~ e) the copolymer comprises at least one monomer unit
C“ which carries a negative charge in the form of a sulfonic acid or car-
boxylic acid and in addition contains ester or amide groups and alkyl
‘ and/or alkylene groups and in total a maximum of 8 C atoms, but no
15 aryl groups, or
which carries a negative charge in the form of a sulfonic acid or car-
boxylic acid and in addition contains alkyl and/or alkylene groups, but
no aryl groups,
f) the copolymer comprises at least one monomer unit which carries, as
hydrophobic group, a straight-chain or branched alkyl having 4 to 18 C
atoms or corresponding aryl groups and contains ester or amide
groups,
and

20

L_ g) the ratio of the monomer units having a negative charge to the
25 monomer units containing a hydrophobic group is in a range between
99:1 to 10:90.

2. Separating materials according to Claim 1, characterised in that
a) the base support contains aliphatic hydroxyl groups,
b) the covalently bonded copolymers are bonded to the support via a
terminal monomer unit,
c) the copolymers comprise at least two different monomer units
d) the monomer units are linked in a linear manner,

30

e) the copolymer comprises at least one monomer unit having a nega-

35 tive charge, either of the general formula (1)



Z denotes either M R4-000M or R4-SO3M where R4 denotes straight-chain or
branched al kyl ene having 2 to 25 4 C atons, and M denotes H, Na, K or
NH4, or at |east in each case one nononer unit of the general formula 1 and
of the g¥RASPEN146H¥nul a (2) and 30 f) the copol yner conptG¢SER2084/0038%st one
nmononer unit containing a hydrophobicggroup of the general formula 1,

whi ch inparts a hydropho- bic character on the copolyner, in which R
denotes Hor COOM 35 RZ denotes H or CH3, Y and R3 denote straight-chain
or branched al kyl having up to 18 C atons, WD 2008/ 145270

PCT/ EP2008/ 003990 -64 ©n which Y and R3 together carry at |east 6 C atons,
or Y denotes H and 5 denotes straight-chain or branched al kyl having 6
to 18 C atonmsypr—Ycden nNH—and R3 denotes aryl or R6-aryl 10 or Y
denotes H or and R3 dernjotes R4- CONHX, X denotes straight-chain or
branched al kyla_%;avi ag 6 to 18 15 C atonms, aryl or R6-aryl R4 denotes

strai ght-chai n bfanched &l kyl eif¢ having 2 to 4 C atons

in which
R' R?and Y, independently of one another,
denote H or CH;,

R? denotes R*-S0O3M or R*-COOM,
R* denotes straight-chain or branched alkylene having 2 to 4
10 C atoms and
C M denotes H, Na, K or NH,,
or of the general formula (2)
16
HC—C—C—0Z
R (2)
in which _
20 R” and R®, independently of one another,
denote H or CH3, or
R denotes COOM if Z =M and R® =H,
Z denotes either M, R*-COOM or R*-SO;M, where
R* denotes straight-chain or branched alkylene having 2 to
O : 4 C atoms,
. 25
and
M denotes H, Na, K or NH,,
or at least in each case one monomer unit of the general formula 1 and
of the general formula (2) and
10 f) the copolymer comprises at least one monomer unit containing a
hydrophobic group of the general formula 1, which imparts a hydropho-
bic character on the copolymer,
in which
R denotes H or COOM,
R® denotes H or CHj,
35

Y and R’ denote straight-chain or branched alkyl having up to 18
C atoms,



R6 denotes a straight-chain or branched al kyl ene having 1 to 20 4 C atons,
in which a nethylene group may be replaced by 0 and may be substituted by
COOM andWON0RfI#518s H, Na, K or NHA C 25 or a correspOntERYPOFBHSMer unit
of the general formula (2), in which.-B4.denotes H R6 denotes H or CH3, Z
denotes straight-chain or branched al kyl having 4 to 18 C 30 atons, aryl,
R6-aryl or R4-CONHX, X denotes straight-chain or branched al kyl having 6 to
8 C atons, aryl, R6-aryl, and 35 R6 denotes a straight-chain or branched
al kyl ene having 1 to 4 { gkieAs Y& 20084dtha2 Lar PGl GRS/ AGHQI0 - 65- and
g) the ratio of the nonomer units having a negative charge to the nononer
units containi Ag a hydrophobic group is in a range between 99:1 to 10: 90.
5 3. Separating nateri al gegsiegHling to daiml or 2, characterised in that
c) the copolyneré conprise at |east two different nononer units, e) the
copoléner conp?P es at |east one nonomer unit having a nega- tive charge
from Bhe seri eR*2- acryl adéniste’ shaightighaopanesmchediatkyhbiding &t 18
2-acry|arridoethanesulfon'ct ﬁkq” car boxynet hyl acryl am de car boxy

et hyl acryl am de, carboxy r%gy acryl am de, carboxynethl ynet hacryl - am de,
car boxyet hl ynetrhacr yl an denoteartboxypr opyl net hacryl ani de, nal ei ¢ aci d,
acrylic acid ag dnethacrylic acid and f) the copol yner conprises at | east
one nononer un|E containing a 15 hydrophobic group of the general fornula

(1) 0 R denotes aryl or R™-aryl
10 or
- Y denotes H or CH4
C- l and
R denotes R*-CONHX,
X denotes straight-chain or branched alkyl having 6 to 18
15 C atoms,
aryl or R®-aryl
R* denotes straight-chain or branched alkylene having 2 to 4
C atoms
R® denotes a straight-chain or branched alkylene having 1 to
20 4 C atoms, in which a methylene group may be replaced
by O and may be substituted by COOM
and
M denotes H, Na, K or NH,4
25 or a corresponding monomer unit of the general formula (2),
in which
R’ denotes H,
R denotes H or CHs,
z denotes straight-chain or branched alkyl having 4 to 18 C
30 atoms,

aryl, R®-aryl or R*-CONHX,
X denotes straight-chain or branched alkyl having 6 to 8 C
atoms, aryl, R%-aryl,

35 R® denotes a straight-chain or branched alkylene having 1 to
4 C atoms



HC=CCNY (1) 20 in which R denotes H R2 denotes Hor CH3, Y denotes H
and 25 R3 denotes aryl or R6-aryl, or Y denotes Hor CH3 and R3 denotes
R4- CONHXVRR80%I4558 x denotes aryl or R6-aryl, R4 denot eRCHEPIN/R0

et hyl ene, propylene and R6 denotes a sghai ght chain or branched al kyl ene
having 1 to 4 C atons, in which a nethylene group may be replaced by O
and nay be substituted by COOM 35 and M denotes H, Na, K or NH4. WO
2008/ 145270 PCT/ E P2008/ 003990 -66 4. Separating materials according to
one or nore ofa@aim l1to 3, characterised in that c) the copol yners
conprise at two.di fferent nononer the .c nmer ri ses
at | east one nﬂa}]&%rraﬂﬂl‘?f MY A Re g';‘&'ts a!‘ﬁ"(‘/% %ﬁ'&ﬂ@@v? rgf dOs &gp
2-acryl am do- 2muoeiohyd rpdmigacerstalringiachydroghobid-grouy | isuin doeiriyenbstwdemi ¢
acid, car boxyrrgé{)yt gbam de carboxy- ethylacryl am de,

car boxypropyl a car boxymet hl ynet hacryl - am de,

car boxyet hl ynet hacryl am de, car boxypropyl net hacryl am de, maleic acid,
o et d 2SRRI BI S B il 1112 CARERLERTBEL oo

| east one nbnomEr cont hobi ¢ 'gr ou ener al
formula (1) H@)meN;OpolﬂnQ@ qcznprmsq aj Ieashtvmmﬁﬂerent monomerunlts

e) the copolymer comprises at least one monomer unit having a nega-
tive charge from the series 2-acrylamido-2-methylpropanesulfonic acid,
10 2-acrylamidoethanesulfonic acid, carboxymethylacrylamide carboxy-
- ethylacrylamide, carboxypropylacrylamide, carboxymethlymethacryl-
C- amide, carboxyethlymethacrylamide, carboxypropylmethacrylamide,
maleic acid, acrylic acid and methacrylic acid and
f) the copolymer comprises at least one monomer unit containing a
15 hydrophobic group of the general formula (1)

2 R | R? R’ (1)
n which
R denotes H,
R? denotes H or CHj3,
Y denotes H
(— and
25 R denotes aryl or R%-aryl,
or ‘
Y denotes H or CHj
and
R denotes R*-CONHX where
30 X denotes aryl or R%-aryl,
R* denotes methylene, ethylene, propylene and
R® denotes a straight-chain or branched alkylene having 1 to
4 C atoms, in which a methylene group may be replaced
- by O and may be substituted by COOM

M denotes H, Na, K or NH,.



R denotes H, RZ denotes H or CH3, Y denotes H 20 and R3 denotes phenyl,
benzyl, phenyl ethyl or phenoxyethyl, or Y denotes Hor CH3 |.- and 25 R3
denot es We20BNMRMher e X denot es phenyl, benzyl, or phetGil/ER3H3/0039%Nd R
denotes net hyl ene, ethylene, propyl enegg30 acryl oyl phenyl gl yci ne or

acryl oyl phenyl al anine. 5. Separating material according to one or nore of
Clainms 1 - 4 character- ised in that a) the copol yner conprises

2-acryl am do- 2- met hyl propanesul fonic acid or/and

2-acryl am dpet §g r%tl'i'néf %ﬁeff‘ﬁgda@éor%ﬁo?@r idr RRYE NG laidws NEggtive

char ge, the r e nononmer urits aV| ng a negative charge to the
WD 2008/ 14527OCW¥FED'§698V1 w8990 -67 nononer units containing a

hydr ophobi c phé'm‘.te cog@wérs% ROV heleB¥ twdiBReritmbfornBr @niténge bet ween
70 : 30 to 30 Separating material according tqo one or nore of

Claims 1 - 4 cﬂhﬂ@c@%‘?Q'Y@ef §g@quﬁe§ [rdteast aneemMOSRBISs it RIVPY i3BEI%cr vl i ¢
ﬁf' d br/and rren\trea@nyﬂ eCiroMOhe SRieaTnaDRAartioL2 hebth pprapareaalfonie axi?@r?ﬁ and
e nol ar i 0.0 NONEr . UNi a negative.cha 0 the
L nomer a1 s BB mdeEa AR R teid b B iR ATk o oup
isina rangef é%‘tymﬂ_ a?ﬁdé34tcar56xﬁﬁopﬂd©cﬁyl%r8mar aiarmyméterynaéthacnﬂn ding to

one or more of _C.ajns_1,- aracter. ised in.dt

Compri sos & monDiE "Tedhor iR BehiarhRE . RS S A RANE ¢ oni
acid and 2- acr yiadert doet, lrendisddicoand naethdcadic atll amhomer unit having a
negat hge chargg ﬁ%dagaol%@mﬁrlgésom [t S SSoSthd! LRit2 G HaRily a

nmet hacrylic aci
- hydrophobic group of the general formula (1}

C

mt

O|
—0

O—/

=<

15 R'" R® R (1)
in which
R' denotes H,
R? denotes H or CHj,
Y denotes H
20 and
R’ denotes phenyl, benzyl, phenylethyl or phenoxyethyl,
or
Y denotes H or CH;
( and
S R® denotes R*-CONHX where
X denotes phenyl, benzyl, or phenylethyl,
and
R* denotes methylene, ethylene, propylene,
30 acryloylphenylglycine or acryloylphenylalanine.
5. Separating material according to one or more of Claims 1 - 4 character-
ised in that
a} the copolymer comprises 2-acrylamido-2-methylpropanesulfonic acid
- or/and 2-acrylamidoethanesulfonic acid as monomer unit having a

negative charge,
b} the ratio of the monomer units having a negative charge to the



b) the nolar ratio of the nmononer units having a negative charge to the
nmononmer units containing a hydrophobi c phenyl, benzyl or phenylethyl group
is in a WaRges/bseWeen 95:5 to 30:70. 20 8. Process for PHEERRWHAIARPI on of
separating materials according to one_gr._. nore of Claims 1 to 7,
characterised in that at |east one nmononer unit containing a functional
group having a negative charge is graft-polym erised with at |east one
nononer unit containing a hydrophobic group, 25 and optionally with a

neutr al ”D“OWEFné}%\fhé‘rgHHﬁgsdwmirhh% apﬁgﬁsgﬁbﬁf: phe‘ﬁm Cbe"f"nzwglr BK&WI f?{}i ai ni ng

i norgani c, organic or rird su a one-

reaction. 9. PEuEsSE lad&@rféng@bﬁ &g th: 80 tenit a_é@ erised in that at I east
one nono- 30 mer unit containing a functional group having a negative
charge are dissolved in dilute acjd with at | east gne mpnomer unjt

contai ning 8 RePRHINsbMeteyid @scoriing ihene pamsrealiHaimadutd ahaasifsier

having hydrophydd @ ﬁhbeafltﬁe e8polyirich o@ﬁ%ﬁge@reml|@a@aaﬂmeeimmﬁdwe
series acetone, acet am de, di net hgl %ﬁr mam de, di oxane, tetrahydro

35 furan in th&C 51?%% M Yt haviee e nqaative & pol ymeri sed onto a
hydr oxyl - cont albt)llthi@n’aﬂaraailoptﬁahedebrﬁéOBMs%é\?ﬂg%Cﬁ'égﬁ?%QﬂfaB@é%me 68 10.

Process for the_pre ation of .separ | al olotoly ims 8
or 9, char actemfgr?s%'ﬁg{lu%'h POI&B&II}HI&% @iqrogﬂé%m&% Lg Bgaaﬁgﬂgfgxyl
group of the ggneumls iha rangel etweenDI 5 to AGCON- Y R12 (1) in which 10 R1,
R2 andqY, independently of one another, denote Hor CH3, R3 denotes

R4- 000M and R4 denotes straight-chain or branched al kyl ene having 2 to 4 C
G—r ons and 15. MSkpacatay matenigl akcordimgHin one or more of Claims 1 - 4 character-

ised in that
a) the copolymer comprises a monomer from the series 2-acrylamido-
2-methylpropanesulfonic acid and 2-acrylamidoethanesulfonic acid as
15 monomer unit having a negative charge and
b) a monomer from the series acrylic acid and methacrylic acid and
b) the molar ratio of the monomer units having a negative charge to the
monomer units containing a hydrophobic phenyl, benzyl or phenylethyt
group is in a range between 95:5 to 30:70.
20
8. Process for the preparation of separating materials according to one or
more of Claims 1 to 7, characterised in that at least one monomer unit
containing a functional group having a negative charge is graft-polym-
@ erised with at least one monomer unit containing a hydrophobic group,
25 and optionally with a neutral monomer having hydrophilic properties,
onto a hydroxyl-containing inorganic, organic or hybrid support material
in a one- or mulitistep reaction.

9. Process according to Claim 8, characterised in that at least one mono-
mer unit containing a functional group hanving a negative charge are
dissolved in dilute acid with at least one monomer unit containing a
hydrophobic group, and optionally with a neutral monomer having
hydrophilic properties, with addition of a cosolvent from the series
acetone, dimethylacetamide, dimethylformamide, dioxane, tetrahydro-
furan in the presence of cerium(lV) ions and graft-polymerised onto a
hydroxyl-containing base support.

30

35



and/ or a nononer containing carboxyl group of the general formula (2) 0 1l
20 HCCGCCGQZ I, la R (2) in which ' 8Rand R, independently of one anot her,
C 25 den¥Pe'#¥/4p2’¢H3, or R denotes COOMif Z = M and R%CTL‘EPUU’ZOQ?%WM es
either Mor R4-000M where R4 denotes sg8ai ght-chain or branched al kyl ene
having 2 to 4 C atons, 30 and M denotes H, Na, K or NH4, optionally
together with a water-sol uble nononer, is graft-polynerised onto a

hydr oxyl - cont ai ni ng i norganic, organic or hybrid support nmate- rial, and 35
b) sone of {{Hepasedds-BPNEBldpaesticiiePPEratif® Hitte RIS a%@bﬁ;ﬁﬂ%wt:llaams
ctonverted into_amde 8r oggs by. coutpl ing to an am ne. WO 2008/ 145270

PCT/ EP2008/ 003986 9, chdracierssddndlal according to G aim 10 for the
preparation of aseprast ong mvhemer cahsainngoratbogyl tgpoop @f dhe heraiffol ai ms 1
to 7, character] eg] in that a) at |east one nononmer containing carboxyl
group_of the g@H ) for- mula (1) 50 HCGCNY I, I, I, (1) in which 10
Rl, R and Y, independeﬁily of one another, denote H or CH3, R3 denotes
R4- 000M C R4 denotes s |r ai ght-chain or branched al kyl ene having 2 to 4 C
atons and M deHTmCH,—Na,—N—Ur—YNM, 15 and/or of the general formula (2)

R' R? R’ (1)

in which

10 R', R? and Y, independently of one another,

CF denote H or CHjs,
- R? denotes R*-COOM and

R* denotes straight-chain or branched alkylene having 2
to 4 C atoms and

15 M denotes H, Na, K or NH,,
and/or a monomer containing carboxyl group of the general formula (2)

20 HC—C——C——0Z

R’ R*® (2)
in which
R’ and Ra, independently of one another,
( 25 denote H or CH3, or

R’ denotes COOM if Z=Mand R® =H,
Z denotes either M or R*-COOM where
R* denotes straight-chain or branched alkylene having
2to 4 C atoms,

30 and
M denotes H, Na, K or NHa,
optionally together with a water-soluble monomer, is graft-polymerised
onto a hydroxyl-containing inorganic, organic or hybrid support mate-
rial, and

a5 b} some of the graft-polymerised carboxyl groups are subsequently

converted into amide groups by coupling to an amine.



0O HC=000zZz I 18 20 (2) in which R7 and R8, independently of one another,
denote Hor CH3, or R7 denotes COOMif Z = Mand RB = H ( 25 Z denotes M
or R4- 00D PMS/HSAY es strai ght-chain or branched al kyl eRETHEWOEGOPN o 4 C
atons, and Mdenotes H, Na, K or NH4,.g80. optionally together with a
further water-sol uble nononer, is dissolved in water so that the
proportion of negatively charged groups is 1 to 100 nol%in relation to
the total anmount of nononer, b) the resultant solution is mxed with the

support mat gri 6l'}’robésssHé(‘fbrﬁ|ngV‘ﬁ%>YCFa|‘lﬁt1(ﬁfo@@héPréﬁ%@af"&ﬂ opgeﬁéﬁaﬂh RAYRFEr are
enpl oyed per litre of sedi nent ed ?E%I'fg % , ﬁierlurﬂ(l\/) salt
di ssol ved i n nidheRetordingdoianeideere 8 meekia aq'ﬂaragt@é'ﬁﬁ Rt causing a
pPH in the range)fatogad one5rrtdhoarﬁerS@ontamwgacmo&wg/ohﬁwmePgEni&aeaﬂS/ 003990
-70 cerium1V) concentration of 0.00001 - 0.5 nol preferably 0.001 - 0.1
nmol /1, and d) tRhe3 r(igctlon m xture is graft-polynerised within a tine of
0.5 t@ 72 hours and 5 an amne or an amne mxture is enployed for the
nodi fication of the graft-polynerised carboxyl groups by coupling, and f)
that the total rommt—ofCamme—enployed is in a nolar ratio of 0.01 to
100: 1 to the carpoxyl groups|bonded to the support and is converted into
am de groups inghe presencezof a c)oupl ing reagent, which is em 10 pl oyed
inanolar ratio of 0.01 :1 to 20{(T1 to the charged groups bonded to the
support, and g)in /hicH kyI , aryl or arylal kylam ne having 6 to 18 C atons

fromtige gr ourh1ar|§gzl p%n% ny of oné la%%ff?ebregé?{otae ' %?Cl‘ila_, met hoxybenzyl -
( R3 denotes R*-COOM,
- R* denotes straight-chain or branched alkylene having 2 to 4
C atoms and
M denotes H, Na, K or NH,,
15 and/or of the general formula (2)
0]

HC—/—C—C——02

R’ R* (2)
20 . .
in which
R’ and R®, independently of one another, denote H or CHs,
or
B R’ denotes COOM if Z =M and R® = H
(. - z denotes M or R*-COOM
R* denotes straight-chain or branched alkylene having 2 to 4
C atoms,
and
M denotes H, Na, K or NH,,
30 optionally together with a further water-soluble monomer, is dissolved
in water so that the proportion of negatively charged groups is 1 to 100
mol% in relation to the total amount of monomer,
b) the resultant solution is mixed with the support material in such a
way that 0.05 to 100 mol of total monomer are employed per litre of
35 sedimented support material,

c) cerium(lV) salt dissolved in mineral acid is added to the resultant
suspension, causing a pH in the range from 0 — 5 to arise, and a



am ne,

i s enpl oyweRob&r45eWe coupling. 12. Chromat ography col umPCEERZMBAIIIG a

napt hyl net hyl am ne, phenacyl am ne, phenyl et hyl am ne, phen 15
oxyet hyl am ne,

tryptamne or tyramne as free amne or as hydro- chloride

separating material according to one_ggnore of Clainms 1-7. 20 13. Use of
the separating materials according to one or nore of Clains 1 to 7 in a
chromat ography colum. C, 14. Use of the separating materials according to

one or

nmore of Clains 1 25 to 7 for the renoval

of biopolyners fromliquid

medi a.  15. Usecéﬁﬁﬂiﬂlgné’oﬁc%ng gbm 43 o, dUkaCt 614 ni réf{é?atblﬁfv‘ @4 apol ymer

ts dis-

solved I'n a

ueous |qU|d whi has "an

I'c conductivity

of 1 to 20 mSPchinghd ailde of greater than 4. 30 16 Use accordl ng to one
?Ighé:f'eé |o1r5rn|§th?é ﬁ“’scp%ﬂ ﬁ@@frﬁéhstéaa\tv;thlhhﬁ tPﬁ@%‘P'O’ﬁﬁb ppnded to

or nore of O ay
t he separating

teriral by interaction w't he 1 onic groups and

optionally hyd PEHFOBME groups is desor bed elther by 35 a) increasing the
i on sbrength aeg/aaramm)e &Yaﬁ@ﬁilrfé’hﬂﬁuié]%é}ﬂ M@eaQQBt‘hJeélr%amcanon of the

PCT/ EP2008/ 0039

he sol ution

15 20 25 30f) that the total amount of amine employed is in a molar ratio of 0.01 to
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12.

13.

14.

15.

16.

100:1 to the carboxyl groups bonded to the support and is converted
into amide groups in the presence of a coupling reagent, which is em-
ployed in a molar ratio of 0.01 :1 to 20 :1 to the charged groups bonded
to the support, and

g) an alkyl-, aryl- or arylalkylamine having 6 to 18 C atoms from the
group aniline, benzylamine, 4-flucrobenzylamine, 4-methoxybenzyl-
amine, napthylmethylamine, phenacylamine, phenylethylamine, phen-
oxyethylamine, tryptamine or tyramine as free amine or as hydro-
chloride is employed for the coupling.

Chromatography column, containing a separating material accordlng to
one or more of Claims 1-7.

Use of the separating materials according to one or more of Claims 1
to 7 in a chromatography column.

Use of the separating materials according to one or more of Claims 1
to 7 for the removat of biopolymers from liquid media.

Use according to Claim 13, characterised in that the biopolymer is dis-
solved in an aqueous liquid which has an electrolytic conductivity of 1
to 20 mS/cm and a pH of greater than 4.

Use according to one or more of Claims 13 to 15, characterised in that
the biopolymer bonded to the separating material by interaction with
the ionic groups and optionally hydrophobic groups is desorbed either
by

a) increasing the ion strength and/or

b) by modifying the pH

hrough the use of an

el uent having & Et‘ﬁPPB’P@ﬂSEquaéP?’E\S} 9{%%%5){ cgpplfr}gea stor ption buffer.
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in the solution

and/or

c) through the use of an eluent having a different polarity to that of the
adsorption buffer.



