WO 2008/ 145270PCT/ EP2008/ 003990 GRAFT COPOLYMERS FOR CATI ON EXCHANGE
CHROVATOGRAPHY The invention relates to a separating material having
i nproved bi ndi ng capacity, to the preparation thereof, and to the use
t hereof f r val of charged biopolynmers fromliquids. Prior
art Chr on&?%%&ggﬁs?q?s one of the nmost suitable methods forT/EFE08/003990
i solation of proteins. Mpnoclonal antibodies can be purified, for
exanpl e, by affinity chromatography using protein A figands. Binding
to the ligand fromthe cell culture supernatant is possible w thout
adaptation of pH and salt concentration. Neverthel ess, these sorbents
can only be enpl oyed®? R8T £LOPPMMERY FRR t@RAEON BECHAYCE REROMAEDGHRAPEDSt s and
due to bl eeding-out of the ligand. The use of high-capacity ion

exchanger res o e.a ' However, the conduct.ion
val ue in thes1::e Iiﬁ\ietﬁ%?ﬁ?éeé%s%%grongt J“iéé r%ﬂic{ %ﬁ%tep@\c,i\ﬁ@é'ﬂgi'ﬂmd%%cp%% bd
bi ndi ng to t K&PREIY. 4R danmdaratisrndbersioacand tpHhe usarthereot fr the teroaval loj
desal i nati on ohardsd Bibpolyiens #bntif@idguper nat ant . Both possibilities
are undesired, in particular, in the case of |arge-vol unme production
processes. In the presence of salts (high conduction value), charges
are masked. |Biiof@dier neverthel ess to enable binding to an ion
exchanger at relatively high conduction value, at |east one second

i nteraction tween the protein d the chromat ography support nust
be. pr esent i TGRS S RBe GhiTE MiskReR Brimeiragpaoa hmgeolation. of

mat eri al sdmﬁgimtb\teir_lsesl‘ﬂdwlamiaauhﬂh:tmidiasgcmme (puﬂfi@d,nid‘r%ﬁm&ilei wgéﬁﬁﬁm}a'
groups and bi [ I Of;. I [om
2, ST RGBS b AIGERSE M g gd RO 12
chr omat ogr aptfy MBS UREaAET krarsble withewt aqitetorapepidsngi saliicanpentra-

hydr ophobi ¢ tiodi Nevetthaesgfthésnisbbh® ddrgamyHeuspbyae o i0hEaPbtent

| i gands. The 4bi.ndi condi tions which supports
hydr ophobi c id%%eggéc f@ﬁh%%@%@s@%{iﬁgﬁgﬁgé?gﬁf ﬁl’gaFd‘at a - 2 -
different pH neaning that the resin becomes hydrophilic and attains
a charge, anhiehesd ofmibHEsrRItH ié@fexbﬁ@qg’t‘eﬁ*%_si‘ﬁg%Qhe}adoﬁrétﬁé’?l%gﬁiative.
Burton et al Ho(l\%\!g%eﬁ\ré{]%l ﬁg% t%ndv%oengmr%eerhn&gww, 56, 4 W
describe 5the puriticat i n or chyAdsi W &L P ISURgTatant {Hist rbe
has been par féddeq inourien bat bindinguisl thegon @xanargetakdscplace Ehis EBnbe
094 899 di sckasrs autyidedit&lont oy GMYAlT Ble WA@EE'E@% besibilities
particul ar prgéel Ir%}[s . usi.ng %?tlon X hanagS%rs Ich'1s'c argc_ eri sed
in that the O bi" 8?%%“54'9 RffPlRy Bufieatase: 8t iaspenriime Predustioniaci s
carried out &Bse®latively high ion strength. The cati on-exchangi ng

ligand here is bound to a support matrix via the second functional
group and a frggﬁer. US 7,067,059 clains a process for the preparation

of chromat ography PERTENCe 19 eaifst digh sgndstion- value), cherass awchasled. In
Ihq;gandsi whepglerrevpribplasatio @mal;& biatinged @vtorlkdihng¥eE bi fet_atively high
nmocyst ei ne SRS openi n resu in. groups
cont ai ni ng af GI easdtd HS\%&“%&?? ?%tnéfe ég%iﬂﬁf;%terggﬁon %ewe@ %@2‘?’%}%”
EP 1 345 694U eSRiormatogiRrhy IsHPReT Helside presenh inerdtitioy -to 20erisnit ontet-he
bi ndi ng and aefimval of charged bi onol ecul es 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 sane ti neePSting go@erals whighneesideeahaaidnic gtdup, menawafurtifer func-

substance, i flof@rdrbGpl 8hd 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



25 bi oorgani ¢ nol ecul es having a nol ecul ar wei ght of greater than
1000 daltons, which is carried out using a support matrix. The latter
contains at least two structurally different |igands, where at | east
one ligand is an ion exchanger. Typical |igands have a nol ecul ar

wei ght of WeG0®/1BER70 30US 7, 144, 743 descri bes a pol ycycl i gctiaansioden
chronat ography which is substituted by am_anionic group.
Functional i sed |inear polyners, which are obtained by grafting
correspondi ng functionalised nononers onto a multiplicity of
di fferent surfaces, have been 35known for many years. |f the

functi onal i sadifferent nko) mm@etﬂ'aﬁ&ﬂh'eyr&ﬂﬂ%o#@soﬂ%&ogﬁiﬁé‘%d attains a
correspondi n%‘g@d@)% 3%81 Q%r %%d fqr cati og exc ange

2008/ 145270P 10639469 Pryein (of 'BYCEPIYE) BREPRARD er , .

Chr omat ogr aphy 1990, 510, 133-140). A |arger nunber of possible graft
pol ymer st r ucButars enai. qBideshionsgnees iy ,5%% ' LQEQf § o

bi opol ysrer s itﬁegf; N i.g tpe pat gg/?s EP,0n3é1 ffﬂg_a‘gérg@%%gﬁwhﬁpﬁbe
Graft pol ymers ‘o%ﬁ??%qrha ABYBOSIRAD Brieriond meatrixnwvhich hagnbesn asdially
obt ai ned by dopdfigebyicoaplirgtoareambsickamane. f rom t he pat ent
literature. However, the conbination of the nonomers is only

di scussed bri I1y i hg,leerature: |n order to obtain suitable
exchangers, o ISeioses memedyyl farelhesemayal afibiomdlecules in par-

sel ect egj s;)ht’thalar mhimmmratmr@?h@ngéﬁsh%ﬂ&ﬁ%i &a@éct@ﬁééﬂ fn HL4RS
or one ; : nar.y. nomer m Xt ur.es or .

cheni cal md?ﬂ@@? ?%%az“%‘? OP ﬁgtt %ffl’a'F”tS’@ﬁ@%tPE egqq@ndatca@@ﬂ it rglatively
ménti oned. THESN MeptERigtion e caliemexshsngingsligand fiereds bounddbubkeppor

syntheti c_polnysttieciathe depbrs furstishalafoud Qhd %@%@éﬁ’ of
hydr ophobi cal |y nodified poly(acrylic acid) 15and BSA, has been
i nvestigated and di scussed in Bi omacronol ecul es 2003, 4, 273-282.

Many appr oacES7 087, G9eclaive #inracsssnfonithe arémmatiore baogeisategephuls

known fiSom t kenpatied tmiredlnidRier Halon! éﬁc‘?{aﬂg;%lr ﬁ%asn\é%yr\@;é?% 1 ég%??%aé%@ is

al so known f t he preparation of adsorben ]

whi ch wor k wfg%’ﬂ%%i ‘%@dp EY&H&MF%&%PW&%H%WI@M@W to ring open-
commer ci al | y Ngy &3uith @reifsordréainingwhiledst awe fimstibadllgofigy.  bi ndi ng
proteins and in particular antibodies fromcell culture supernatants.

25The chroma el cribed in US 7,144,743, which is

deri vatj.sed ngé?’gfa@?ﬁéﬂ&fpﬁ BREdeesiberanthelaine the ismotioacxthasg-

|Gia gand2%an Bintbrithe thinding ramkintenafval @Gchﬁlgr\?ﬁpy?mm ,}gse;ﬁr@na@lal hiBide
MManor m usk = C ich.is commerci

avai | abl e un Elrg(,:tta %egc&?\r;e?r% ﬁ)@%;@%}%@ﬁ%ﬁ étﬁﬁv@ Sﬁlicfs{}ﬁ? B Fﬁﬁ%@gﬁﬁ taphu-

ng/ Ml at pH BPARPreseinke Meatdegalguaion commences at the same time.

(\ . U.S 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 polyeydlic ligand for chromatography which is
substituted by an anionic group.
Functionalised linear polymers, which are obtained by grafting corresponding
.5 functionalised monomers onto a multiplicity of different surfaces, have been

known for many vears. if the functionalisation involves chemically bonded
anionic groups, corresponding materials can be used for cafion exchange




30br eakt hrough). In the case of another product marketed by the sane
conpany, hydrophobic charge induction chromatography (HCIC) is used.
Using this product, up to about 32 ng/m of polyclonal human |1gG can
be bound. LYﬁE)Ch use of another commercially avail abl e product which is
mar ket ed (HAEP¥ K& hane Capto MVMOO, a dynani ¢ bi ndi ng caIER2)08(00H
br eakt hrough) of WD 2008/ 145270PCT/ EP2(8/ 003990 -4- 7 ng/m at pH
5.5 and 150 mM NaCl was found for human 1gG A nultinodal |igand is
used for the preparation of the product described in US 7,067, 059.
However, this gel was not devel oped especially for antibodies and

bi nds 45 my/ FhT@pategrEphy (Vi Mdten idokhremetogranty 1490 1540, ¢BBRTEOLIAldry
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This result i pAGBHINCY Gradis edlviners oopopesitg moret Frainl@eel oghiayr gnit
super nd ant Waigh i j We] e._continues .t
be a demand for tﬂ%&ggﬁgkﬁl%ﬁﬁ @%g? en é'lef %Ergotkﬁg%ufrr?m%ﬁcoﬁ?@ﬁbf
anti bodi es wAlTH ShERVEYE)dRe SgaYingtion fdae aranomere ipanly discussed briefly
tzg(r)gugggutshsé'cide‘mératwéf inchreBcy @Hta&&imbievéﬂﬁ}ﬁaﬁ?ersq&é?ﬁ%:}i&ﬁ%%m%

: = : e r,s [ uitable for e
surface nodif ?é@y}}ngﬁé%t%onsm%ﬁb %rg’?%epﬁg%g 8Pt@ag¥3ﬁ§|§ MRONGRBrs: Aghier
of functi onaPtFfolPYC qrAgRiEtgreuPSIOr ngoot dre Mumosyars ligsiesitraf. Ternary
mul ti f dRcti onmnomsrenixalras drscravatdlabbgiicanthsi 4f thg AR RelLaflihbd
up thick lay &a-cﬁ@%ghﬁq a | arge nunber of functional groups. In

articul ar, |gh- apaci hr omat ogr aphy materials can be pro-
20duced by covering the surface with a "soft" polyner |ayer (J

Chr omat ogr a- Thé\)intéRR%on bahwed? i frovey; r .
materi al s ar@Eel;novw(} toS Sfat e \/\hlz)r(ﬁegéga:ge rgr’epﬁcéw%y%t%c%@gél\?ﬁf%h
is si rrﬁée t 08 (YCBAS: O r‘?@‘allwg‘?«p naysrariekisaliyngoailiedr pelv@cndic anid)
whi ch hdve sarhBYfghasdsmnanvestigated and Hissussed inadibingbtomio/dbdibs 2003,
respect to npnocl.ggal antibodies, on use for the separation of cell
cul ture supernatants or other biological |iquids wthout significant
reduction in the conductivities that they would be suitable for use
on an i ndustMany appaiaehe8@rdhé ewddification of cation exchangers are thus known

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

20

25 The chromatography gel described in US 7,144,743, which is derivatised by
means of 2-mercapto-5-benzimidazolesulfonic acid as figand, can bind up to
30 mg/ml of IgG. 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 § and 140 mM NaC! (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 lgG can be bound.

35 On use of another commercially availabie product which is marketed under

the name Capto MMC®, a dynamic binding capacity (10% breakthrough) of




The object of the present invention is therefore to provide a
separating mate- rial which has inproved binding capacities for
proteins, in particular also for antibodies fromcell culture
supernata&b&vmﬁﬂgnbs suitable for use on an 35industrial scale for
preparative applications. WD 2008/ 145270PCT/ EP2008/ 00355/ EF2083/003p30
particular, the object of the present tfAvention is therefore to
prepare nmaterials which, at a conduction value as is usually present
in cell culture supernatants, have hi gher protein binding capacities
han cation exchangers

under otherw,se ,identjcal cqndition )
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separ ating n&? 819/ of BRAparticul ar under dynanic conditions, as are
presenP in chromatographic processes at relatively high flow rates.

The ai m of the - 10sent invention is thus the synthesis of a. .
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subject-matter of the invention 20 The object of the present

('hventi on is_achi eved by the provision of a novel separating nmaterial
whi ch can bebe‘?Férs‘é’PHBU%%/fQj@% aviamangd fasihe provisior of pasabents for the puri-
hydr loxy![ I c orficaitinn ngf iagfbgaiais cwhighghaies aﬂvahtdg@bdwﬁhlpr@@péctﬁﬁ ejabatitpy
coval ently th%qi, P S, e yner.s are, gra 0 rs
bui It 25 upq?ro gtﬁpl ea%ﬁ?ﬁilc\?\gwcgréﬂ??l%m%&@r?@?t%ﬁ%ﬂ%grég t

| east one ofSthéde—fsnoRelmen: eee eohsahighhastitaiie faurthe syrieop nraliicey a
Eegat | \éeb_(?haﬁcgﬁoﬁﬂﬁomatégﬁéﬁfﬁy t@u&ﬁ)cﬁ‘{? difess vﬂ@@@ﬁﬁf&e le'J‘F][thJ r?cti@ﬁé‘lt%bﬂés,%
ydr ophobi ¢ i | ppar a. rophobi.c character.on the

copol yner ir%rgﬁﬁ?{%ﬁgg o {F\%esyﬁ@beg{si ?v/fcejmb’ﬁ'glfr&g.owl"f'@a%ﬁﬁ%a&ﬁ% lligpteg and
feature of tihis pessitle jolbyidupubiskdayess ioetaining aclarg@Onahbehef functional
separating gps.aln partfchrt, highG ' ials® NEro-
nonomegq uni 'z@\?h?ch nct(;nt ai nt% a?tg e229®0%2|&)§l§,‘%}[§ ?g@g%ﬂ%%&'?’%ﬁ% g%i gro
acid group a%ucﬁ’gg%\f FOETSe 5@'@%’0&‘%‘”})? SAW PRYHEHIRYESHY-c GhRtofIa{egra-
ester or anmiely RBUESTahdl altld¥). and/ or al kyl ene groups having in

total a maximumof 8 C atons, but no aryl groups. Another variant is
that it carrjes a negative char%e in the form 350f a sulfonic acid or

carboxyl i ¢ ddPHEYRIINE FERAHINE SRAtEHRIP AraknaMeyip dateimbichagar be peepared
groups, but moaargdesgmdiiisis siuplehtercamyeut UbiBgAePQIeyERE sEATRG eRSrals
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.




WO 2008/ 145270PCT/ EP2008/ 003990 - 6 - inter alia, at |east one _
nmononer unit which carries a straight-chain or branched al kyl having
4 to 18 C atons or correspondi ng aryl groups as hydrophobic group and
contains ester or amide groups. The graft polymer bonded to the
support na¥eeeeE1432g bui It up from nononer units whi ch haeCaESR0I03990
rati o of the nonomer units having a negagive charge to the nononer
units containing hydrophobic groups in the range from99 : 1 to 10 :
90." The preparation of the graft polyner coval ently bonded to t he
surface of the separating material in the formof a copolymer is
preferably cdnmiaeitutar thesoljgctadf the psésenh tventier issibbigibe tBRREHERE Halet

i ' 1). 0 B@ CC NY
1580 R8eS 50 MOLFIEREES el b Pl LI LA e e
one anot her, "HHEe NAVRrhighes PHipibt RisdiRg- SaBwities Raderouiberwien otlesfical
strai ght - chaicenditiohs ahshedtion kxtiehriehacbMingcialy 4vaARMA &5 dhte, Nach K0T
NH4 - 2591 of gfhe, gener %aét%é’l"'mog {6 Eraciogel EMD COO™ (M), The

protein binding capacities here should be high with good recovery of the
protein employed if the protein has only a short contact time with the sepa-
rating material, in particular under dynamic conditions, as are present in
chromatographic processes at relatively high flow rates. The aim of the pre-
10 sent invention is thus the synthesis of a salt-tolerant cation exchanger and

the use thereof in protein purification.

An additional object of the present invention is to provide an alkali-stable
separating material by means of which purification or regeneration is facili-

15 tated at pH > 13 without significantly changing the properties of the separat-
ing material.

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
25 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 separating 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 alkyl 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,

—



30R1R2(2) WD 2008/ 145270PCT/ EP2008/ 003990 -7- denotes straight-chain.
or branched al kyl ene having 2 to 4 C atoms, and Mlenotes H Na, K or
NH4, 5or at |east in each case one nononer unit of the general

formula ( nomer unit of the general fornula (2) and at
| east one%%?@%@%z nomer unit containing a hydrophobic §¥BERIBT0EE

general formula (1), which inparts a hyd8ephobic character on the
copol ymer 10and in which Rldenotes H or COOM R2denotes H or CH3, Y
and R3denote straight-chain or branched al kyl having up to 18 C
atoms, 15in which Y and R3 together carry at |least 6 C atons, or
Ydenot es H adteRRIEnorleleast rafieympansaiaem ubit Whighceedeal &ydtrafightiohgirs of o
18 C 20at ons mandfeenetkys hbBviagdd to 18 G atoms or corresponding aryl groups as
hydrophobic group and contains ester or amide groups. The graft polymer
bonded o the support material is built up from monomer units which had a
2 molar ratio of the monomer units having 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)
]
HT:C C—N-—Y
15 R1 R? R:s (1)
in which
R, R?and Y, independently of one another,
denote H or CHs,
20 gs denotes R*-SOsM or R-COOM,
R* denotes straight-chain or branched alkylene having 2 to 4
C atoms and
M denotes H, Na, K or NH4
(!
., _ 25

or of the general formula (2)

30

R'" R? (2)
in which
R” and R?, independently of one another,
35 denote H or CHs, or

R’ denotes COOM if Z =M and R® =H,
zZ denotes either M, R-COOM or R4-8O3M, where



1 R3denotes aryl or Re-aryl or 25Ydenotes H or CH3 and R3denotes
R4- CONHX, Xdenotes straight-chain or branched al kyl having 6 to 18 C
atons, 30aryl or R6-aryl

aIkerne havi
al kyl ene R

gener al

forrrula (2),

2 to 4 C atons R6denotes a straight-chain or branched

| tdenot es strai ght-chain or branched

in
?‘Hg*“fz?"o 4 C atons, in which a nethyl ene gr RGI/ERIHOSIHE3990
repl aced by 0 and may be substituted by COOM WO

2008/ 145270PCT/ EP2008/ 003990 - 8 - Mlenotes H, Na, K or NH4 or a
correspondi ng nononmer unit containing a hydrophobic group of the

5in whi ch R7denotes H, R8denotes H or CH3,

Zdenot es strﬁght chain or dﬁramamig}hﬂ(watmawbmcﬁed alkiBn€ hatvivigss 1610
X at ons,

™y

10

15

20

25

30

35

4 G atoms,
and
M

denotes H, Na, K or NHy,

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

and in which
R1

R2

Y and R®
atoims,

or
Y

and

R.’S

atoms or
Y

and

R3

or

and

denotes H or COOM,

denoctes H or CHj,

denote straight-chain or branched alkyl having up to 18 C
in which Y and R® together carry at least 8 C atoms,
denotes H

denctes straight-chain or branched alkyl having 6 o 18 C
denotes H

denotes aryl or R%-aryl

denotes H or CHs

denates R*-CONHX,
denotes straight-chain or branched alkyl having 6 to 18 C

aryl or Rs—aryi
denctes straight-chain or branched alkylene having 2 to 4 C

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



aryl, R6-aryl or R4-CONHX, denotes straight-chain or branched alkyl
having 6 to 8 C aryl, R6-aryl, and 15R6denotes a straight-chain or
branched al kyl ene having 1 to 4 C atons and where the nolar ratio of
t he nononer units having a negative charge to the nononer
uni ts conWal WP§LEszrohydr ophobi ¢ group is in a range bet ween/i900k/003090
2010:90. A covalently bonded graft polyger of this type can |ikew se
be prepared using at | east one water-soluble nononer unit of the
general formula (1) 250 11 HC=C C N Y R1IR2re 111 (1) 30or of the
general fornmula (2) 35 HC=C 1I RR2 (2)

M denotes H, Na, K or NHy4

or a corresponding monomer unit containing a hydrophobic group of the
general formula (2),

5 in which
=Y denotes H,
R® denotes H or CHj,
Z denotes straight-chain or branched alkyl having 4 to 18 C
atoms,
10 aryl, R%-ary! 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 0
HC—/C lCI N Y
FL' R* R’ ’ (1)
30 or of the general formula (2)
Q
HC—C—C—0Z
35

R' R? 2)




WD 2008/ 145270PCT/ EP2008/ 003990 - 9 - in which Ydenotes R5-000M Rl
and R2,independently of one another, denote H, straight-chain or
branched al kyl having 1 5to 6 C atons, carboxyl, carboxynethyl
R3denotes H, straight-chain or branched al kyl having 1 to 6 C atons,
Y RGdenot ego sdok@dsghit - chai n or branched al kyl ene havi ng %ﬂ&zﬁosﬁo 990
atons, optionally nono- or pol ysubstitutged 10by al koxy or carboxy
groups or/and aryl ene having up to 10 C atons, optionally nono- or
pofysubstituted by al kyl, al koxy or carboxyl groups 15and Mlenotes H,
Na, K or NH4and Zdenotes Mor Y. I n addi tion, separating

materi als of it Rt YPe can al so be prepared using at 20l east one

wat er - sol ubl Q, monomer unit of the gengral forrmulae (1) or (2) in
denotes R°-COOM

whi ch 25 30
R’ and R?, independently of one ancther,
denote H, straight-chain or branched alkyl having 1
3 to 6 C atoms, carboxyl, carboxymethyl
R® denotes H, straight-chain or branched alkyt having 1
to 6 C atoms, Y
R® denotes straight-chain or branched alkylene having
up to 8 C atoms, optionally mono- or polysubstituted
10 by alkoxy or carboxyl groups
(( or/fand
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 NH4 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*-S0: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 aiso adopt the foliowing meaning:

35 Y denotes R°-COOM,
where simultaneously



Y and Rl and R2, R3 R4 denotes R4-SO03M i ndependently of one another,
denote H, straight-chain or branched al kyl having 1 to 6 C atons and
denotes H, straight-chain or branched al kyl having 1 to 6 C atons and

denot es t ene, ethyl ene, propyl ene, hexyl ene, isopropylene,

i sobut yl gﬁggééogﬂﬁ%m/l ene. The radical Y of the wat er-soﬁp TBERZOPE9EAE r
unit of the general formula (1) or formidbDa (2) enpl oyed may al so
adopt the foll ow ng neani ng: 35Ydenotes R5-COOM where sinmultaneously
WO 20081145270PCT/ EP2008/ 003990 - 10 - Rl and R2,i ndependently of one

anot her, denotg H _straight-chain or branched al kyl having 1 to 6 C
atoms and R3dRriIEB H, strai ghbdepsidendy ohpamenetienl kyl having 1 5to

6 C atonms and R4denotes net hy|cﬁ§mteﬁt,Bﬁféigﬁﬁehéh‘%%%he@bﬂ@}’ﬂwﬁﬂgg1

i sopropyl ene, isobutylene or p[h%ng)fl ene. rticular preference |
given to separating materials of vAYFHE which corn-
Rsa denotes H, straight-chain or branched alkyl having 1

5 to 6 C atoms and
R* denotes methylene, ethylene, hexylene, propylene
isopropylene, isobutylene or phenylene.

Particular preference is given to separating materials 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, carboxymethyt-

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 |
H(I::c C——N—-Y
R R? R® (1)
( ' - in which
R denotes H,
R? denotes H or CHs,
Y denotes H
and
R® denotes aryl or R.-aryi,
30 or
Y denotes H or CHs
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 1to 4



10 prise copolymers which conprise at |east two different nonomer
units and where the copolynmers conprise in each case at | east one
nmonomer unit having a negative charge selected fromthe group .
2-acryl am do- 2- met hyl pr opanesul foni ¢ aci d, 2-acryl am doet hanesul fonic
aci d, carbvxyges#sgfiacryl am de, carboxyet hyl acryl am de, PCT/EP2008/003990
car boxypropyl acryl am de, carboxynethyl - 44 .

15net hacryl am de, car boxyet hl ynet hacryl am de, car boxypr opyl net hacryl -
am de, nmaleic acid, acrylic acid and nethacrylic acid and in each
case at |east one nonomer unit containing a hydrophobic group of the
general formula (1) 0 11 &Geéme: m-whibh?ﬁrhétﬂﬁ%ﬂae@%d%mwlb@%placed by

25Rldenotes H, R2denotes 0 pHS Ydenat. a denotes aryl or
R6-aryl, O Ydenotes H or"laafl—%i1 awayﬁgc?éﬁ?gf@ieﬂﬂ! wher e Xdenot es

aryl or R6-ardd, 35 R4denotes nethyl ene, ethyl ene, propyl ene and
Rédenotes a syirai ght - chai geitedHansh&h a4y ene having 1 to 4

5
Preference is furthermore given to separating materials of this type in which
the copolymer comprises at least one monomer unit having a negative
charge selected from the group 2-acrylamido-2-methylpropanesulfonic acid,
Z-acrylamidoethanesulfonic acid, carboxymethylacrylamide, carboxyethyl-
10 acrylamide, carboxypropylacrylamide, carboxymethlymethacrytamide, car-
,; boxyethlymethacrylamide, carboxypropylmethacrylamide, maleic acid, acrylic
( acid and methacrylic acid and the copolymer comprises at least one mono-
mer unit containing a hydrophobic group of the general formula (1)
15 |
HCT—/C C N Y
rR"  R? R* (1)
in which
R' denotes H,
20 g denotes H or CHj,
Y denotes H
and
R® denotes phenyl, benzyl, phenylethyl or phenoxyethyl,
it or
25y denotes H or GHs
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
35 one compound selected from the group of the methacrylamides, the acryl-

amides or the unsaturated carboxylic acids have particularly advantageous
properties.



_WD.2008/.145270PCT/ EP2008/ 003990 - 1.1 - C atons, in which a nethyl ene
group may be replaced by -0- and may be substituted by COOM and
denotes H Na, Kor NHA. 5 Preference is furthernmore given to
separating materials of this type in which the copol ynmer conprises at
| east onewdRGOstEIS270NI t havi ng a negative charge sel ect edchrmpsobesoo
group 2-acryl am do- 2- met hyl propanesul fopy ¢ aci d, _

2-acryl am doet hanesul foni c acid, carboxynethylacryl am de,

car boxyet hyl - 10 acryl am de, carboxypropyl acryl am de,

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

car boxypr opyThetphasny raehtien rélratbe,i B Redichlara é/e%d:é.%atgg Hgﬁé@ﬁ% as

net hacrylic | d: t opol yner conpr.i se

uni t co%t ai mﬁ%%cqgﬁﬁ%rog%h%ﬁhe reBEEJa%(?P ql‘f@"‘é%%%?%‘% FEIAMRPYE) 15

HC=C C N Y Ragergdifrqm tha growpiad thelewttads/! HoryRO®2 denbbe S-$ilmprdgys,

denotes H anécr‘ﬁ%@@Bpﬁ%ﬁlfg&%lng’éoryl?f’eﬁ‘%éﬁ!s&ﬁq%ﬁeﬂoﬁ]gg}éelgégﬁgﬁg?%cﬁéaﬂ?:—’

grengfl;j?,ng'; ezﬁ@m%cegﬁ%a%g, Vinylgo(?{:]gneesilfonic aC|J_|c>)<r’ from the group of the sulfoalkyl ’
methacrylates, such as 2-sulfoethyl methacrylate or 3-sulfopropyl methacry-
late, is employed.

However, at least one compound selected from the group maleic acid, cin-
10 namic acid, itaconic acid, citraconic acid, mesacanic acid, or fumaric acid or
‘ the group of the carboxyalkyl acrylates, such as carboxyethy! acrylate, or the
(- carboxyalkyl methacrylates can also be employed in accordance with the
invention for the preparation of suitable, derivatised separating materials.

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.

' 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, ary!
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.




and 30R4denot es. net hyl ene,. et hyl ene, propyl ene, acryl oyl phenyl gl yci ne
or acryl oyl phenyl al ani ne. Correspondi ng separating materials
whi ch have been prepared using at |east 35one conpound sel ected from
the group of the nethacryl am des, the acryl- am des or the

unsat ur at P ¥WaF¥H6¥ ¢l i ¢ aci ds have particul arly advant age@rgEP2008/003990
properties. WD 2008/ 145270PCT1EP2008/09§8990 - 12 - The present
invention relates, in particular, to separating materials, as

descri bed above, for the preparation of which at |east one conpound
selected fromthe group of the sulfoal kyl acrylates, such as

3-sul f opr opy Paetiuidriyteffantive ssparbitred mdteriads yhmtro be prabatdd @ung atlehst,

vi i t o1 uenegur Frcediuperng oS R ATL 1B0Pn 2 tirealghs pontent

vi nyl t ol uenesul f on agl
met hacryl at e8! WBIGBY 3 ™2- sul foet hyl nethacryl ate or 3-sul f opropyl
met hacr yl at eandt ,n @hAhoyed. However, at | east one conpound sel ected

fromtihe group i c .ac] 1 cid, itaconic acid,
citraconic a?:kl Hgn%Saéﬁ%%%ng%%y%ggﬁgaﬁﬁﬁ% acid or the group of the
car boxyal kyl acryl at esiensig H, dgbreachesk pebtayichad aijkybitaingup thé C

car boxyal kyl nethacrylgbges can al so be enpl oyed in accordance with

the i nventiopazfor,t reparation _of suitable, derivatised separating

materi al s. 1%8@8%%?1%E]dﬁg?'é‘f‘?rﬁlyéﬁ\ﬁﬁ?(ﬁ‘?og?eé’ highly suitable for the

pur pose according to tdemoteventbrancieethor branatled tilkgh anfhe prepar ed

usi ng d0 | east one COM% 1Qkyed fromthe group

car boxynet hyl acryl am de,” car boxyet hyl acryl am de,

gﬁryl oyl - gamma- ani nob WRETE dhe,alkyl HRHP 8%/ ¢ PREEFPHES.ani ne, acrylic
id, methacrylic aci dvizerd tied hikghard/er @9l grougOndiad i cul ar preference

is given to separatin eri ' ' oval ently honded

graft polyner on the %%a%,p%bé B%tggdﬁbgﬁéé%p%@%’% Sﬁ%n%ﬁﬁjrﬂﬁ'ﬁ

unit which has a pron@SREEY HPEEEHHBBIOEOUWSAt ent in the form of at

| east 8Re al kyl or aryindgrieers RfasHdE® Rogetidrable snwHees iRy, bon
atons. 25 Separating materials of this type have proven particularly

effective in _accordance with the invention owng to the possibility
of i nteract i ABPAPLAG Mdetiale foagaerdancs Wit thenwesentiiotantiby camanaereddret he

hydr ophobi ¢ 60 ptepatedNSinglat RaRY o AithotlerlMt S g8k:SPHANI @) nhie
graft pol ymer. an equ nt | d§r|vgt sation using at |east one
mononer, .unit" 5\,-3{930% Cﬁi}%?%'?)tﬁﬁ W Eht ent, selected fromthe group of
t he al §9| vi Ryl Rket ones ndapghdenmthydf doet amdBer, ar yl al kyl vi nyl ket ones,
styrene, al kyl acrylate , | al e

ponBot Ae, 2l p@fﬁ'f B8 pefbl el Repty

al kyl aryl acrylates, alk nmet hacr ,
aryl al kyl nethacryl ates Oéh'b nANKy FA8FXH 2 et i dr PrapedYli 3~ Sardi®ul arl y

desir- able. WO 2008/ 1452X&REY, ER2D08/, B039800xahkpty,
( i 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.
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-
polymer besides the negative charge, and optionally at least one neutral
monomer unit, which may be hydrophilic.

35



Particularly effective separating materials can al so be prepared
using at |east one nmononer unit of the general fornmula (1) having a
hydr ophobi ¢ content, in which Y = R6 and in which 5R1 and R2,

i ndependent|y of one another, denote H, unbranched or branched al kyl
havi ng up W®2088/@33tons R3 and/ or R6, independently of onECTARRZDISEN3990
denote H, unbranched or branched al kyl , 4aryl, 10al kyl aryl, aryl al kyl,
where the al kyl group may carry oxo groups, where the al kyl and/or
aryl group may be nono- or polysubstituted by al koxy, phenoxy, cyano,
car boxyl, acetoxy or acetam no groups, 15and where R3 and R6 together
carry at | eaftarficuargiref@enGeRayiadn togsapatatirigahsterinlsafenis dgsecwhivhiiave he

present inventl far r ' at | t._on

Tonomer uni ¢ CPERE B iEastorl A ol B Bl 3RS e RO ren:
i n which 20RZUIRET) a¥melydsaptilite anot her, denote H, nethyl,

et hyl, propywhddaityyd REpsit wwhibexyl , heptyl, octyl, nonyl, decyl, 2-,
3-, or g#- oxapedyl, 2-, 3-, 4- or 5- oxahexyl - -, . 4-, 5- or 6-

oxaheptyl , %: R mde%@&f’ﬁ&?g?%%%‘?tﬁ%(ﬁﬁf’gf?yll'i,Dr@J%EWyI ,

i sobutyl, 2- Mt butyl, 25i sipdensridently nbomybpatheyl , 3- met hyl pentyl ,
2-oxa- 3-nmet hyl butyl, 2-nmet hyl -Bsexahexwl) ake ls qﬂ@?

phenoxyet hyl , phenyl, benzyl, phenyl ét mkﬂr a%ﬁgyp e’n%/%g)qropy 51%(’!?180 ?A/r(]:ere

R3 and R6 together carry at | é8S1'56 C atoms. 30 Separating nmaterials
according to the invention are accordingly preferably prepared using

at | eastp oneygf ; ' .ol ' .

havi ng a negz\i}té i%gggﬁglra SBF@%@%& r?% éggﬁ q@%@%ﬂ%ﬁ%ﬁ% b%lghwﬂi%ﬁggsltns
a.hydr ophobi @N§rSHFaRCEAMERpaK L Whigh Myt o Avlrehilinnt dke eenerl fareutso-

35pol ymer besi)eserehe=r"fganinrictchar ge, and optional ly at |east one

neutral R', R, independently of one another, denote H or methy!
R®, RS, independently of one another,
15 denote H, methyl, ethyl, butyl, isopropyl, 3-butyl,

isobutyl, methoxyethyl or ethoxyethyl.

For the preparation of the separating material, at 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 Z-acrylamido-2-methylpropanesulfonic acid, acrylic acid, N-arylalkyl-

{ acrylamides, such as benzylacrylamide and acryloylphenylalanine, N-car-

25 boxyalkyiacrylamides, 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-methylpropanesulfonic 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



nmononer unit,. which may be hydrophilic. WO

2008/ 145270PCT/ EP2008/ 003990 - 14 - Particular preference is given to
separating materials of this type which have been prepared using at

| east one neutral nononer unit, of the general formula (1), which may
be hydr ophWPReS4HREIe Y = R6 and i n which 5R |, R2,i ndepecmertobs/noedoo
one anot her, denote H or methyl R3, R6.ijgdependently of one anot her,
denote H, aIkyI al koxyal kyl , each having up to 4 C atons. 10Very
particul ar preference is given to separating materials containing at

| east one neutral nonomer unit, which may be hydrophilic, of the
general f or miyargihobihpheny, berR§] of phayiethyii rdapasdentbyg®beitden 70 :

anot her, den Iy |y of one another,
15denot e H, Ogﬁol_#d) @ﬁ%{?é/bgﬁ?ullaﬁ@;g?ggﬁ%%@% butyl, isobutyl,

met hoxyet hyl or ethoxyethyl. For the preparation of the separ ati ng
material, at Heask s@p@ra’mﬁgtm@t’enﬁ@ﬂﬁw Mlbuiéﬁﬂz@%@%rcﬁﬁ%é Afe §o8ERn

| d
sonr opyl ac s die ERSLIRITAERs ) S <2kt cENE o, gridnPate
or fromthe g“ﬂ@nwpmﬁeumyhamgﬁ aegatvadchaeged) ydndniat wkich yhe heolaramtio of the
therefore be rﬁ@ﬂ%rﬁ&ﬁ‘dm’c@ﬂ&l\n aNedPe Rhatdd ©aHERNOGhSr ﬁr’ﬁt e&&rﬁgmfnrgoy

N ar il kyl iy AP e %g’ffmfﬁ}@ﬁiiémm?g'm‘i@gﬁa frge between 95 : 5

acryl oyl phenypdlardlne, N-car- 25boxyal kyl acryl am des, such as
acryl oylG ganma- anm nobut yri c aci d, and NI - al kyl acryl am' des. The
present i nvegt | 0 reI at es, particular, to separating materials, as

(rjﬁscr i bed aboV WWEﬁfatﬂﬁa fﬁﬁiﬁ%ﬁlﬁ'Sr af this &fper inewhisht Sewapshyroer egm-
gative BOCMBgea traotdv@etrfidns wen@igs Q%@ﬁl@ﬁ?ﬁid Q-ngétﬁylﬁﬁndaﬁeé&lfo%uc

Lgngg bet ween @054 s JiaR oS & ABEY Adl &sARYS26! uW’:f‘%aan a nega—
tive charge and a monomer from the series acrylic acid and methacrylic acid
15 and the molar ratio of the monomer units having a negative charge to the
monomer units containing a hydrophobic phenyl, benzyl or phenylethy! group

is in a range between 95:5 to 30:70 have proven very good on use.

The present object is achieved, in particular, by separating materials in which
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-
( i more be achieved by corresponding separating materials in which the pro-
25 portion of charged groups of the graft polymers which contain only carboxyl
groups as charged groups is in the range from 60 to 88 mol% in relation to

the total amount of graft polymer.

20

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 biopalymers from fiquid media.
It has proven particularly advantageous that biopolymers can be adsorbed



In turn here, separating materials whose copol yner conprises

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

2-acryl am doet hanesul fonic acid as 35nononer unit(s) having a
negative C‘Q rge and in which the nolar ratio of the nononer units
havi ng a negatl&*harge to the mononer units cont ai ni ngP@I/ERq6P8/003990
20081145270PCT/ EP2008/ 003990 - 15 - hydriéphobi c phenyl, benzyl or
phenyl ethyl group is in a range between 70 : 30 to 30 : 70 have
particularly good properties. Further separating materials having
particularly good properties are those in 5 which the copol yner
conpri ses acrSfPY 2 effestivalydram eHisgid/navingan ¢lestrolytin oppduativity whinhi ing
a negative clhagigs, thands IS/t ERef&ROIYTRIGAET HRd 9 b/l Shy TRIIFRS ofUikkke

havi ng a negat.l to the nmononer units .containing a ,
hydr ophobi ¢ p?é’\ég’i‘f‘,ﬁ’gﬁ{é%%‘F’%o?"’hﬁﬁ%ﬁﬁ/?%ff%” P"&Péoﬁ’céymﬂrsdﬂr%@%“%ﬁ\'&n
95 : 5 to 70 uid3gich hasraragiictrobtic cosgaciafity rig thatrengalfsrofi toh2@mbyme
1 uhi OB he SR e QSR 8515 TBBRTEEG KA n 3R WBSorbed. These
- acryl am dodFRATRLH MAPES S Lus eiwe TehPeseinngntbodsative an
charge and a agpeonerlighidohatihg seiH es 54 rayki kavieg dnasidcisiyiacobticivity
acid 15 and L A0l ayi a negat.i.v,
charge to thwﬁ%ﬁr«%‘ﬁ h%ﬁ?@ %ﬁ?ﬁnﬁ?gﬁkngéﬁ%% %{ ngp%&_ Ia,ngbcgﬁz ps
or phenyl et hyi® Eﬁ"?ﬁﬂﬁl 7 simpledneapgyefopsemeral oBm Hiclegisa: linpidsavidepoaded
very gobd on seperatifigemptegiabtdn ebbssjuantly achiremed andnthBagibhQiar eld%!?
separati ng i A gb’i;adlglimh(:h 20 the proportion of charged groups o
t(he pol y(acrylam e‘) graft pol yners coval ently bonded to the surface
whi ch contain only sulfonic acid groups as charged groups is in the

range from 33hetpréSemhientidnrifligbisdelled BLHQIR! ofAAR WAk ler@ealdopa-
pol ymer. The ghi ernore be

i t t.h { furt
oh! vert by CAMEEI iG b8 e e & BOBPYIRE o eyt PoiesorRIng Hie
portion ‘of clhéERPSANgT bopdedto thee sgparfating ohgtesak bytitelactiontwitt tenlohic
carboxyl groups @sioRBRf GRANEHBHRSHIE §r&]ﬂast, %gpéﬁ%f%c%%%g%é% Wr B

inrelation to . the totgl .amunt aof graft poly parating
materi al s ac@BF’Zﬂrﬁ’d 'F'BQ'MEQ BRI G eéPE&’“Baﬁnﬁ&ﬂt@Wﬁhﬁh@wﬁ? d@n elu-
sui t abl e f or entbaving ehfifferatbgolaptiyyto tiodtwoitise addwpisresesr. i nvent i on
thus also relates to chromat ography col umms which contain the

separ at%'Ong ter.gbagl?; accorgi ng to the invention described. ~In
particular, ‘ PRCERY %%%Pf%aéaf{ﬂﬁ‘a@feﬁé@éﬁﬁ@é@flﬁﬁm%ataﬁ%lsacswdlng

lpar ti 3 ul a(rj | yt@5ie ghientioniis abtriad out bh@ra@@aweri@fngbétolé@hvaﬁé mbh&REr
iquid nedia NL QV. ' vant ageous tha
bi opol yner s ggﬁkgg%gégb@ﬂcw é%ﬁﬁ%‘éﬁ%ﬁ@?ﬁ%&z%ﬂ@%@b@ leagteone
sinply and ef TR seB@nEa @ Gurtphadiongroup, @coptiataflyivdth a neutral
conduct i vi tymenogieri Savnd hpdirophib propertics) & af syRehw.cBh@ies tirﬂﬁﬁ S,
nCS/ cm Jgy rreg&san% of tp&gﬁds%g r%t i a%rrﬁt erials, ereas corr,gespo ?:h ng
bi opol yners rIPan agueous 1 gﬁi d" '8 ThasCm ¥l @ﬁﬁgpg@p@tmn, For this
conducti vi t yPHIPOBRe ferapgmpleomt leasi @nBi@mmer unit containing a functional
group having a negative charge is dissolved in dilute 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)



5 and a pH greater than 4 is in dissolved formor can be desorbed.
These separating materials are thus suitable for adsorbing anti bodies
froman aqueous liquid having a pH of 5.5 and having an electrol ytic
conductivity which is higher than 6 nS/cm preferably higher than 9
nS/cm anWocAms/142® be used in a sinple nmanner for renowaT/EPeoIgI003990
bi ol ogical liquids. The | oaded 10separajyng material can subsequently
be treated and the biopolynmer eluted with a suitable liquid. The
present invention thus also relates to the use of the characterised
sepa- rating material for the renoval of a biopolyner froma liquid
by. desorbing the 15 bFopol yner bonded to the separating material by
interaction with the lonic and optionally the hydrophobic groups,

ei ther by intEeasiCng—the~Nom—¥trength and/or by nodifying the pHin

t he sol ution and/ qr throuéh t he use of an eluent having a different
polarity to tRat ef the ad%orptio )buffer. 20A sui tabl e process for
the preparatjon of such separatinglnaterials according to the

i nvention isic4biehed out by graft-pol ynerising at | east one mononer
uni t cont ai NRAGRBafdIVG iridepshd@fithuT dh@\vdrtghe, negat i ve charge with at

| east one nononer unit contai%ing h¥ﬁﬁgphobic group, and optionally
with a neutral nonomer having ﬁQ ?@BE i ¢ properties, on a

hydr oxyl - conRai ni ng i nor gani c depstesRYaBOOMEantiybri d support materia

in a one- orrfwo-step reacti oQenbies sttrléig'ﬁt-EHéiHlclﬁ%raﬁcg{ehdeéﬁwrgrllgha\%g 2

| east o@e nopoper _.unit containing a functional grou avin
negative cha&g‘gel%tomssas'}fved in dilute acid with at | east one nononer

E‘I”Ii t contai nMng a hydr ophobi cdgnaiep H, & Koptienal |y a neutral nononer
avi ng hydrophilic properties, with addition of a cosolvent in the
30presence of ceri un(rl;%/% ions and graft-polynerised on a

hydr oxyl - con‘?’ﬁ’ﬁf RGP ANGainigE FaR B Ybaronp st ithe gensral formuled?) al .
The process according?to the invention for the preparation of the
separafng materials Hhar acterised above is, in particular,

char act eri sedCHa-¢tatC35a9Zat | east one nonomer contai ni ng car boxyl
group of the general fornula (1) WD 2008/ 145270PCT/ EP2008/ 003990

-17- 0 11 HQRC 111 RR2 in which RL, R2 and Y, independently
of one anot her, .denote H or ,

in which

20 R’ and R®, independently of one another,
denote H or CHa, or
R’ denotes COOM if Z = M and R® =H,
z denotes either M or R*-COOM where
-~ R* deriotes straight-chain or branched alkylene having

( o5 2 to 4 C atoms,

and

¥ 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

30 b) some of the graft-polymerised carboxyl groups are subsequently con-
veried 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




-R3denot es R4- COOM.and R4denot es straight-chain or branched al kyl ene
having 2 to 4 C atons and Mlenotes H, Na, K or NH4, and/or a nononer
cont ai ni ng carboxyl group of the general formula (2) o HC=CICI-0Z |11
R2Re in which 20R7 and R8, independently of one another, denote H or
CH3, or RYVEHEES2@OOM if Z = Mand R8 =H, Zdenotes eit PET/EVRB/003990
R4- 000M wher e R4denotes strai ght-chain gg-branched al kyl ene having 2
to 4 C atons, 25 and Mlenotes H, Na, K or NH4, optionally together
with a water-sol uble nmononmer, is graft-polynerised onto a _

hydr oxyl - cont ai ni ng i norgani c, organic or hybrid support material,
and 30 b) sone of theograft-pol ynmeri sed carboxyl groups are _
subsequent|ly con-veil lejd I nto am de groups by coupling to an am ne. A
sel ect ed var ifgnt— Rrs—Nroceéss consists in that a) at |east one
nonomer cont ai r11i ng car boxyl group of the general fornula (1)

R R? (1)

5 in which
R' R®and Y, independently of one another, denote H or CHa,
R® denotes R%-COOM,
R* denotes straight-chain or branched alkylene having 2 to 4

C atoms and
10 M denotes H, Na, K or NH,,
( and/or of the general formuia (2)
; 0

HC—C—C—0Z

PR @
in which
R’ and R, independently of one another, denote H or CHa,
or

-0 R’ denctes COOM if Z =M and R® = H
Z denotes M or R*-COOM
R* denotes straight-chain or branched alkylene having 2to 4 C

atoms,
__ and
('I 25 M denotes H, Na, K or NH,,

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

30 0.05 to 100 mol of total monomer are employed per litre of sedimented sup-
port material,
c) cerium(lV) salt dissolved in mineral acid is added to the resultant suspen-
sion, causing a pH in the range from 0 — 5 to arise, and a cerium(1V) con-
centration of 0.00001 — 0.5 mol/l, preferably 0.001 — 0.1 molfi, and

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

and
e) an amine or an amine mixture is employed for the modification of the



“WO-20081145270PCT/ EP2008 003990 - 18- -HC-€-C N ¥-11R13 R R2-5i n whi ech
R1, R2 and Y, independently of one another, denote H or CH3, denotes

R4- 000M R4denotes straight-chain or branched al kyl ene having 2 to 4
NH4, and/or of the general formula

C atons a s H Na, K or

(2) 40 HC Woé&b@@%@ 15R7R(2) 20 in which R2 and R8, mde%%%%%%ﬁ%?”é’?
one another, denote H or CH3, or R2denofl@&s COOMif Z = Mand R8 = H
denotes M or R4-000M R4denotes straight-chain or branched al kyl ene
having 2 to 4 C atons, 0 and

graft-polymerised carboxyl groups by coupling, and

f) that the total amount of amine employed is in a molar ratio of 0.01 to 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 employed in a molar
5 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-fluorobenzylamine, 4-methoxybenzylamine, napthyl-

methylamine, phenacyiamine, phenylethylamine, phenoxyethylamine, trypt-

amine or tyramine as free amine or as hydrochloride is employed for the
10 coupling.

( . In order to carry out the process according to the invention, the dilute acid
employed is an acid from the group sulfuric acid, hydrochloric acid and nitric
acid, in a concentration in the range from 1 to 0.00001 molfl, where the acid

15 is mixed with a cosolvent in the volume ratio from 30 : 70 to 98 : 2. The
cosolvent employed can be at least one solvent selected from the group
dioxane, acetone, dimethylformamide, dimethylacetamide and tetrahydro-
furan.

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.



denotes H, Na, K or NH4, 25 optionally together with a further

wat er - sol ubl e nononer, is dissolved in water so that the proportion
of negatively charged groups is 1 to 100 nol%in relation to the
total anount of nononer, b) the resultant solution is m xed
with the suppomsiidszat erial in such a way that 30 0.05 to 28frpBbs/kooy
total nononer are enployed per litre of ,sedi mrented support material,
c) ceriumlV) salt dissolved in mneral acid is added to the

resul tant suspension, causing a pHin the range from0O - 5 to ari se,
and a ceriun(1lV) concentration of 0.00001 - 0.5 nol/1, preferably

0.001 -0.1 nofidel proed ding @ thih tl ; iol ]
pro®dds according Bvértiaf f?fé’fh%ﬁé?élé@ogﬁg the separatuég

graft-polynerjsed within a. tine of 0,5 to
an ani ne or a'lﬂg%ﬁfi#ésﬁfé}fa[ﬂbiyF%rr'gﬂﬁuggﬁd for the nodification of the
VO 2008/ 1452 7 RISYAARQ GS1ADGYISIN: matemerdn afate olfeteisi sridnany hived with
groups by co I ot hat 4 ] S
in a nmoar rg;tlg Fg@g?ogeggﬁ (l)ﬁ %?%ti%h%gh '?thg{ E@r@@%ﬁ%} gﬂ]ﬂ)gg%@%e%@ged
the support a&FBUPSSCHIRENT Bt lalinte the detpbamauatel mer@eece of a
gguml ing r ﬁagﬁmlxingrﬁhehebsltaﬂrﬂoﬂd).;tbd with eha®bpyorbateril @f sQei04 wel.iykir@t
1 to the r LOup. s rt. .and. g).an,a -,
aryl - or aryl%@i;}?:ﬁ%dﬁ]ﬁa@ﬂ %gé]ﬁ%t%gg%?%?gt%ﬁ@%ﬁ%rﬂe{ greg%)gﬁﬁdlmer%ed
ani li ne, benﬂﬂ'ﬁﬂ?rﬁé?"eﬂﬁﬂl uor obenzyl ami ne, 4-net hoxybenzyl am ne,
Bﬁg'ﬁlgw gjethh?/loa_radnsmg oétwtmey} @QFé r@kf@tso??réﬁﬂﬁgﬁﬁl@}%ifdgéd‘ga _thrgaereosrultggt suspen-
Xy y A .
hydr ochl or i d%’@@%ﬁ%ﬁ%@é@ﬂfﬂﬁeﬁﬁgg%&& Fiié’.arl'sr‘?’ﬁpg]er to carry out
the process &b @mnigpalymesisingehemeastionanixiuréevithinl aitimeasfi0ds ep? byed. i s

n acid fromthe group sulfuric acid, hydrochloric acid and nitric

acid, in a cancentration in the ra froml to 0,00001 nol/1, where
the acid 15 16 WoRRReNUIY YatbsoetyarapnpRis Werlinatiarais Breferahiyem-
70 to 98 : 2pldyed heyedh\amexaassl afydd wahDd,b80 ahclbeastelstivd BotheetHarged

sel ect eld fromrd j ot et byl f.or '
di et hyl acet I@rrn g %\Weﬁrgﬁaﬂ%gfo ﬁtﬁgﬁ.ﬂg%ﬁe%!rnggr&talog%%[@?nrgggﬁtvgplegaed
separati ng U IS 1RIIRIRKEY He 2peRrcess 9hiiihita 2068 melfe iprejeliasta die
carri ed out wharmggdgrangedomiztbivehe sapgdotlydr ophobi ¢ nononers in a

rati o to one another such that the proportion of the hydrophobic
conponent iST;{H - 90 Ml %in relation to the total anount of nononer,
where 0.05 - [18PTRINHMVEREAD HRYSsalsp selainsl toybe spearaling matefial sédthinehtred
suppor t20mat ethiaayAwsidhesiag bef irifi G6me aF BYSASMEtHg ridhsy SYIGSASSnd which

according t 0hEQ%eieﬂV(gé}{\}rargg%n’fg{glég?c%@%g%% glitb:]tgte iwgn Foinogyab}a%egolymerisa-

(et h)acryl am des an
tion,

The present invention likewise encompasses the use of the separating mate-
rials according to the invention for the removal of biopolymers from liquid
media, in particular for the removal of protein from liquid 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
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

30



graft-polynerised onto .the surface of a hydroxyl -contai ni ng

i norgani c, 30organic or hybrid support material in a one-step
reaction. Another variant of the process according to the invention
consists in that a hydrophilic nonomer is graft-polynmerised on a
hydr oxyl - COREUEAFRY | norganic, organic or hybrid supportPERER0KAI03G9M
a liquid reaction nedium and the 35resghtant graft polymer is

hydr ophobi cally nodified in a second step by a pol yner-anal ogous
reaction. WD 20081145270PCT/ EP2008/ 003990 - 20 - The process
according to the invention for the preparation of the separating

mat eri al s i s Proyfreedifiing therpl ed out by a) dissolving a

hydrophi | i ¢ npags|Lfidh water, which is optionally mxed wth further
monomers in a ratio such that the proportion of negatively charged
Sgroups is 1 39/900 nol %in relation to the total anmount of nonomner,
b) m xi ng t he) rigsmdaantofsolsutthbiole aWieht h@ﬁn@@@ﬁf@rarﬁﬁéaﬂéﬂr@'w'tﬂaﬁ‘é?ﬁ‘hé‘

way thag 0.0 ]:mﬁl of total nonomer are enployed per litre of
sedi nment ed p%dtsnepjn srqnateriﬂal c) adding ceriun(lV) salt

di ssolved in mneral acid to t he resul tant suspenlOsion, causing a pH

in the range Tfl'feQﬁV&'ltlo'ﬁ desscabks %efcﬁaﬂgccordmg @lAdd foof?xle)’é?@ngél%‘tieﬂ Jf%‘?&ﬁ

reaction m xt t noner
used for the cﬁé’ﬁ’?’%ﬁ%ﬁp %‘a’l‘nﬁﬁeaﬁaﬂ%?s SUrfaces Etjaﬁf%"sé?ﬁm‘ﬂ?%?éd’f Iere-
in an excess s§Pndiog. s@table ov0dingsovwhich erathamactsnistt én d'kmmg@@ra]f’époly-

oher e the | atrer affﬁ%gwmﬁ%‘fﬁb SRS BSERER B BB 1Bt S O e

r(el ation to f"ﬂ cﬁ?érfegse Barfeant Fileastelspunt is tRkedtesehydro-
i*nventi on t hpsobicsgoup| anedn tiattthe gsaip aodimarg amatadid & bm@t@ga‘pggd 's[]b20

this way, V\h's‘f‘e{hc%ylnb?ahl%ltap%hg@jée?r %ubﬁal‘fégst ﬂﬁ@ﬁ%r@p{%ﬂﬁ y Lgﬁugﬁst

whi ch has been p'I vatised I n a ance w enn
pol yneri sati 6A9 CRR&USirestRemataria: hivieniq 'I@’@)’\F@@nenconpasses the use of
t he sep&rating nate- 25 rials according to the invention for the

renmoval of bi rticular for

rem)xal of thg Ceqs\ré ﬁeﬂ] 18 ry&%mﬁrll %Egéo%pgp%ﬁaersglﬁﬁglisug]ac%nw B8lfies
fromliquid ntéata&'%rhés ﬁmmangmgparwpew &nbynséhest theegraft ndiy!mer in
bi opol yner i tl‘teel‘caalf'mfn‘q?er&&?-atlyt«1 évhﬁabl@%a@nogré&ﬂhén F%&é%mdéeh)dm"“s WEis

hyd hobi t | ent |

Sur f ace, of 038““*”255@?&% S BaBepBfrSTiat PSRt e ok e e
by i nt &Fact i AglBbtaXcHRRIR ﬁeactfmlgeEIM&)rﬁ@@f (of) tikewige aédnsms yorsly and
also with th%dwm@mm;ﬂm@oam@t Théf&@ &ﬂsegeeﬁ%g&sb%&% Ognl?f L&

adsor bed bio

re
desorbi ng t hg%g{n@p%qaﬂ?gov%{)ﬁaﬁ'@nleo ?rh'g‘rg‘é'b%&!%twlﬁ’?g('g@t Eihaalghys !ocated
i nteraction W ehselhon daivingaadcmpiictoalvajuehyeraeh erc 1898500 S, A0 &M

Eil‘ t her Zgy example, in a solution which comprises 150 mM sodium chloride.
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 sali-tolerant ion
exchanger. Only through our own attempts to prepare various graft polymers
was i evident that the combination of hydrophobic and negatively charged
monomers is particularly suitable for the planned use. Functionalised acryl-
amides and acrylic acid, as listed, for exampie, in Table 1, were preferabiy
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
solution for a number of hours. More detailed investigations of the properties
in aqueous solutions showed that the resultant, novel surface structures
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a) increasing the ion strength and/or WD 2008/ 145270PCT/ E

P2008/ 003990 -21 - b) by nodifying the pHin the solution
and/ or c) by neans of a suitable eluent having a different
polarity to that of the 5adsorption buffer. The invention described
bel ow accwaiongi4gzroel ates to the preparation of graft copginraREs0%06H
hydr oxyl - cont ai ni ng surfaces of porous_particles or of corre-

spondi ng, suitable nouldings, which are characterised in that the
graft poly- 10 nmers are built up fromtwo or nore recurring units,
where at | east one of the units carries a negative charge and at

| east one unhbveé yehj k& shellig Q%@xﬂ@@% Gplé Qﬁ'l@heiﬁﬂ%ﬂoﬂh&ﬁ@?pr&?ﬁ@eg.

graft. pol yners. are "abl e t i nd_charged substances, 1 n particu
char ged subs@ﬁ‘c%%n WP@W@VB’EF &HH Stle t@eﬁ]e %ﬁ’?tﬂl’ﬁie@earﬁéﬂﬁ%ﬁl Plitacie
super nat ant santges) oas &nown drare tthe fiteralirg ife/. (Bhe edfal f Ueghibreateyafthy A,

| b el Rfhas "
pol ymers bondegi tap4 Re3suBPofk oW {o¥6fn r@e@ofg%b b%(#rdftirﬁé@ﬁél%n&ts%céut?o%s.

i on- exghangi ng groups is known. Thus, t t poly
comercially avail abl e cati on exchanger Fractogel (r) EVD S03- (M is
bui I t up frofpotileypreperatiecwfrthagepaisting ondtaiials ngcomifori heaigiéhtion, a

roups. The F I E like
Const st s onl {PpBHIEAAIERHREhy GRS Sieb ee TR SE0oale GreuBR gt <
exhi bit onl yF¥VeJ{@hehdia gvhidipidieytical ¢ thecapmmercigiyr avaiimbleoGoydneaiin
(1 gG% i f t L heHV 651 (S) baddahsdcdrnb@ used UThie Bupgart iwnladi;ﬁea%\}mcrﬁé&rﬁlh ¥BG4R

r eat enpt han Moyl anple, .in a,solytio |
gorrpri ses 158&%*@% li Ui nqecﬁrl'agr ‘E%Q'ﬁﬁ%%? h%h%eéfé%p%e E&W%‘?’g"&?ﬁﬁ BIPPEE
?, 453, 186 gi 9€ Frsepeiblerhmiwootiferentorapasatiacrowiiiasat i ons whi ch are
preferred in the synthesis of a salt-tolerant ion exchanger. Only

t hr ough our attenpts.to prepare various graft polymers was it
evi dent thatQ}I\Aﬁged%‘?ﬂgﬂgﬂ@iﬁ%HPBERFWSPB%I%BF%S 'hg‘%%‘ﬁﬁqe\ﬁglﬂiﬁ charged 30
nononers is pachiaugtagiaphy sippdit & ¢aoried bat py anirete yed-pdunetiséaal | sed

acryl atbdes andiaGhYhd 6ndsk ' far exanple, in Table 1,
wer e preferabl \éret?csied fo? se{%i %%ﬁoéd%{r"a t%ﬂfr?g experinments, since the

pol ymers forned therefrom are hydrol ysis-stabl e under alkaline
condi tions. Wom alecisiererigas| Gty drangalesiiabe MRIrEpRIIOLARE & cho

treatment w thyQq L Ms | [ sol ution for

nunber of hours. I\/gr’egfgoé’ge aﬁ%%ﬁ ?Eﬁ/dggti(gwg{%n@%ﬁ&leﬁéc %@HB@PM%’ZV"FW"
aqueous_sol ut i BREICERGHERRCEARON IR OFEEROVAEBE., novel surface structures
WO 20084 145270PCT/ EP2008/ 003990 - 22 - have very good swel ling

D oe b SR TeBl T Y AR, GRS L LSRR e cvo
pol y(acryl arf'@@§arhyssupretia cencrse ke uUsedeHawerver, (W pehequsitafar thid.is
Chr omat ogr apthyt the Raftial 82dd cdRBin3Macti®s 8ratsvitieh P8 M-BYAHA98D the
Ponds I aqueoys RG0S reaction. in particular OH groups. Suitable support mate-
- 25 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-
philicaily substituted poly(alky! allyl ethers), hydrophilically substituted poly-
(alkyl vinyl ethers), poly(viny! alcohols), poly(styrenes) and copolymers of the
corresponding monomers. These organic polymers can preferably also be
employed in the form of a crossiinked hydrophilic network. This also includes
polymers made- from styrene and divinylbenzene, which can preferably be
employed, like other hydrophobic polymers, in a hydrophilised form.
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5 For the preparation of the separating materials according to the
i nvention, a hydrophilic chromatography support, such as, for
exanpl e, Fractogel TSK HW5 (S) or (M, which is identical to the
commer ci alyhy@A¥aiLabl e Toyopearl HW65 (S) and (M, can be used. This
support is rm@?ﬁbeﬁlbby means of graft 10copol yners. The Bf&ER2008/003990
copol ymers bonded to the chronmat ogr aphy28upport are accessible by two
different preparation routes: a) The incorporation of all
functional groups on the surface of the chromatography support is
carried out ingle graft-polymerisation 15step in the one-step
graft pol yne?%{tsa?qﬁgﬁgdn%ﬁa?'ﬁ a?&lgfsst%ﬁhp?%&@é., zifganigrmyoxjdaf titanynby
sui tabl e hyddeptiie. i dumitiiore oxideaetc ecarobl, efpldyewass BiphdHE Of F?Qréaﬁ.lia

a

of the hydrophghi r -.anal ogous reaction _on the )
pol ymer . 20 %?Q%’%eﬂgﬁﬁé}f%r@%%%ﬁéﬁﬁét 81 T ¥aicelss deRgrABC elor

i nvention, offePCTHTIBY RdneJriasHipnsiaspbe btajaed Ay stervatisatiod. ofHbeeser |
the pr é\r/ﬁquihﬁdee féroexanhyls, bSinbl‘Iﬁzﬂd bﬁrﬁﬁ%&%r: rﬁbu!%!ﬁlggt Wﬂﬁh%r@%{éfﬁgﬁéé&/ €
groups i ch; graft-polyneri Ion reaction, 1n
particul ar dﬁrﬁgi‘%oﬁ’%gﬁééhpéogrghg @U%SO'PYEWEF'eAy”zg’quB&@ thareof |7ee epdides
al so be prep#h&d, Cﬂfbﬁheé&%htﬂsebefmagn@hngyccqm@iynaﬁ@tioﬁrcgaﬁhgnetisable
pol yners of phitsldsypereanapetRabisagghari des, such as agarose,
dextrans, starch, cellulose, etc., or synthetic polyners, such as

pol y(ﬁgpyl - am des), poly(nethactylam des), poly(acryl ates),

DO: YE | khﬁcrzgwsé@) g@?@m is given to ﬂfﬂl e adil bycruptsfid %Uf)ﬁéirt Om?telriﬁlsl
pal y(al Kyl awhih RERGAISe i L& r al Ky
wiiny! ether s pol ¢Oyi 0 N g’?’géjhwoé{'és%f E%‘i‘a.W&@?éy)?’gﬁéﬁsseﬂﬁﬁ%*aﬁuwémeof
the correspondi N o?fé‘?’%.'”@“ﬁ@%‘?dﬁ“@éﬁpﬁ rpestymitstanchalkpliref eleabing or
alhso bF enpl I@Fﬁédeiaﬁonm p‘kbzm:bbvau} an @(’@édd@&aﬁe‘“&%g&hifﬁ%gﬂﬁﬁw Kray
This al so ing P i1 tyreng an ivin enzene,

whi ch gan pr f%ﬁ%ﬁb@“ﬁ@i@g‘gﬁ@@é%% ﬁﬂ%‘ﬁ’%ﬁwb‘?%wp%m%émrei n
a hydr ophi | i SEI9FSPUPAC ptioRakis 2oPET/ BPEoNE00BRA0are 2Ble to form
Al t er nat i vel lyydrogmr gaomide. nBiefsicatbs, isS WRlznaso Siiddngd: &/ | 1.de,
titani um di ¥ fgsq g,lolﬂ,ggni um oxi de, Iest ? , ncz% lﬁdgng%pfgﬁyé@ﬂ‘gjsq{s’gﬁﬂg%?
It is equally possTrbleé to enploy conposite materials, i.e., for

exanpl e, separating materials according to the invention can be

obt ai ned by Ther supbdrs aatenalef mhiesdl e | £ ar

i nor gad c pggﬁ&égg”% err%ﬂ.d]i n g l%ggﬂéigﬂ; g@ﬁger L@%’{yﬁé@%dﬁq %Bhﬁlﬁ%er
according td the r'nventi .'Cﬁr‘#i%&% 8 Defseerb? ande! G98r wme Peaferdnicetis
can t hensel $H® Railite slzee debyeeroPaing B0 |gat i on of magneti sabl e
particles or of a magnetisable core. 10However, preference is given

to the use h ophilic.support materials which are stable to
hydr ol ysi s gihecgﬂgpo(ﬁrwatg%”%?/dg%y’y'§eFEPfW"f]ﬁr:d?q f1 §@ forms phoentpoeous or

terials adefiembiypowushearticesnThoporaiskewichh Berpewakka LAE Woeani Ng
T regéner auzur@faeré\iceQHg%%ln%%lroré‘@{%glétgﬁw‘%%ggﬁgg%Eat| on. The supports

may al ready carry | ownol ecul ar - i"Yands may carry one
or nore

The support materials may equally also be in the form of membranes, fibres,
hollow fibres, coatings or monolithic mouldings. Monolithic mouldings are
i three-dimensional bodies, for example in cylindrical form.

Figure 1 shows diagrammatically the two preparation variants mentioned
above. In detalil, this figure shows the following:

Monomer 4, which contains an anionic group, and hydrophobic monomer 5
c‘_an be grafied as a mixture directly onto the hydrophilic support surface 1,
giving the chemically modified surface 3 containing anionic and hydrophobic
groups. If monomer 4 contains carboxyl groups, the hydrophilic anionic sur-
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15char ged groups, hydrophobic. groups or groups which are able to form
hydr ogen bonds. Preference is given to |igands containing negatively
charged groups. The support materials may al so consi st of

i rregul arl‘)(, shaped or spherical 20particles, whose particle size can
be bet ween"228K44¥3H0 pm Preference is given to particl eCEERES8/003990
between 3 and 300 pm The support neierials may, in particul ar,
be.in the formof non-porous or preferably porous particles. The pore
si zes can be between 2 and 300 nm 25Preference is given to pore
sizes between 5 and 200 nm 30 The support materials may equally al so
be-in the forfaref2 sentheapesiuced firgtssnchelibseyubhtly esnveareat inkgS BY hydro-

o ’ : . e fyd
bodies. for | padiitaih LoRbCiorekatlbldp ok ILRTRE pE Sidibeimice
di agr amat i cal l{pﬁ‘@gtf%gﬁ}fewpaﬂeaﬁ Y bast Dixataf dwdbrabisvieonomers,

detail, this dridguoeosbkobsantie 4 alittom Gtydrophd¥RNERE hedtralWibfdiners.
contai n§ an anionic group, and hydrophobi c nononer 5 can be grafst ed

as a mxture directly onto the hydrophilic support surface 1,
35gi vi ng t he effitc &Neystap dreftepolymefiagtiors abieast nomey regatinglg atlged

hydr ophobi ¢ gnongprger i ugBAORRIEh LcP@AR&I s &)?&Tn*ﬁﬂé}’%a%rﬁb’%d torl]ecar%cxxyl
oduced TiIrst an

hydr ophi lic 1.0 .- 24 - face 2 can_be pr

subsequent | yadé'%‘s)véﬁ@ggl‘?n%”%mﬁgﬁ Wﬁ?’amo%ﬂfen Iq JOMPs Gie JfSr Axgmpies

exanpl e{man apisuliiepicaanitestpnedesultaidadil] ailydkeilfaniccain vimgol RASSHIfonic

Mononer carache saniats 1L G DRAMRNS, AQner.$H can
c butendforfill SRMdrb & TPATBR, inFITRATS ROE

be a m'xturerh%(é h%gr'%ghé)bl Ic{énd neutéa nonomner s” [
&Eaft pol yrrer P¢8t NERPERTCNIY L 10ngranaiReaths a18ndE: ysiogamonelkyli kavirge d
“hi ch contal 1, ofp € @%m!peefem:is; bydroges il rsthRERGY GBSy methyl,
ui t abl e nonemgr; fi £ A s are, for. ex e
vi nyl sul foni ¢ acliﬁd\?ﬁ%baiz r?ggu gn?@@%ﬁ%@%%@%ﬁ QBQHPCLQE'PQ,P@ 8¢
vi nyl t o uene&HPHMUE 1% i Fample ynatheienss ethyieneopraplyiene osttegleBe=or
Fﬁ 303I\7|5_ i n whrehched afhgleﬁsle gc@lbhﬂi@)_xl@g 1it5®?@%@1ﬂ6 Cg'téfl)ehq;s'% DL o
e meani ngs 0 at ons, e ergi) %
hydr ogen or ﬁer?iﬂgﬁ?%%g%fﬁgguyﬁ%%bﬁ ?}é‘%gagl%’%%% HIRYP By cﬁ'o\ﬂg‘}% EROR4NChe
a strai ght - cRAVAURStIEYIEdnRY Figny Brwerpxyl ttoowsC Rt ome, lilewise dmvel tie

exanpl e, met mdamirey ofeimyykie, grBLE PRVRB TEEYHERE, sh 2218 SLafgged

al kyl ene gro C atonms, such as, Tor exa

i so%r opy gnegﬂ%&%{i%g{ﬁey%@ﬁgpeﬂ{%“paw ‘é‘?}t@"@j&?ﬁ mpo-ongp@whs;ittﬁ@d,
mono- & pol PEIHEPIM Masw-by diskbstituted, darpeotigulag rmumpsubstdutedn by alkyl

| i kewi se haverdube HaRmai i . j 0 C
atoms, such g;ns?étorf Zgrg:qaﬁwll]rg‘E giﬂ%? ?{ﬂgﬁi@ a‘?'{?sew%f ng&%g %g%sp %ay also
optional |y b& Wono. “of "g@loy?[] 5?'%’1?( 20 aD@NYRRe SrA 9 @b Addenst and an
di subst i t ut e@lkyieRe gapup.dliar hysnagarbstont ot ednetay calidny |sugh GdPsHdRAMi Y
having 1 to BotGssliomer M kidorim SAHOROM 19'8MRRq gﬁtkgamghig%%@'ﬁst

f -a chgin of _an alkylene and an aryl ene group
al kyl e%g groﬁ'ﬁ%rﬁpl@y% ﬂ%r aRky: BeYiRtes shahaps cashifenropylchorgate or
fﬁdi um or po?ﬁshiiéeihyl amrylate, anduhé _?mf@&k)iﬂ(?ﬁétrﬁbﬂyia%é @u@?fa%dsélﬂfcwwﬁsyl
e nonomner 3 oa cr es, such a
3-sul f opr oloyr\(ét cr r%\%%g&__c??%ﬁg {tj @&Qﬁaﬁwgiﬁa greaﬁg,n%%%é Sl’l@’ 2y o £SAMRIA.
net hacryl at esge %ggﬁe &% g8egyior W&?@p e Retfigmiges arthe-ferrhdlaet yHere
net hacryl at eR” aE-3@sij pnedichyR\Wa? ahd exAsR d@iﬁ&{%ﬁﬁ@%‘?oi leL to
t he usg0of t ' he fornula 1 wiere = 4-?%3%}0|n‘
whi ch R1, thhgnd MJ&%@?‘?’? g Séﬁ‘g)é’d?ﬁ"iﬁ%'ﬂp g‘ﬁ (RN Prefgmbinbydrogen
meani ngs hydo§&RybrRalerg IR heaynieufse besinGependentlypsieses abbter, car-
hydr ogen or hyt carBd i i 4 § P nt one
anot her, carmgh %art cxyﬁggthwr'reﬁt?ﬁﬁ?% bll%vérg@ bgﬁgsoégggbg@fgﬁhwbéﬁ% “Gthd
in which R4 can-pe h’gﬁ?'ﬁi%‘?@épHanHW&@ g onlomsasielyayg, fooegare-
at oms,3 such Ri&, Mmethyleneangthgienaepiopyime, oethex)IeRs, oPHOBMHEALY Ulkylene
5 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

e



WO 2008/ 145270PCT/ EP2008/ 003990 - 25 - al koxy or carboxyl groups. R4
may |ikew se have the neaning of an arylene group having up to 10 C
atons, such as, for exanple, phenylene. The al kyl ene group nay
optional Iy be nono- or polysubstituted, preferably nono-or _

di substi t uveadposiimsap@r ti cul ar nonosubstituted, by al kyl gpedps2d3aviso
having 5 1 to 4 C atons, al koxy or carbgxyl groups. R4 may al so
consi st of a chain of an alkylene and an arylene group or an arylene
and an al kyl ene group. Mis a hydrogen atomor a netal cation, such
as sodium or potassium or an ammoni um cations. Mis selected so that

the monomer iskewi & cabbitpl foupiR‘aRLY REMEIERER AL SINGRY Rearylene

' d h f exanpl e are )
102- acr yl am di208 AT BPokanbst RS P Alssyxamdles Phenyipani dbe
et hanesul f oni@kden=igrauplBRY CpUBally tR RIRBO26r Soily$uttietemaRIsbly mono-
cont ai ni ng_Cas b tenes iy G dfar 1h8hod 5 ARATS A LiE paving
have, 1 ndepentiBt S BI rka IRILOBhG PHBan A G as Sgesisa! abkyih of
havi ng up to @ @kpeoemndparetptets grobpdragesryinerentd: %’lﬂ, gi;kﬁgnlg%??s!é%gm is

- [ | r.ai - \
aroup having 4 Y4REeg RMLE R PR, 3 "B, S e Shiefiprlig, o an
group havi ng { - ; .
et hyl ene, pr GHYNERENCaHRRS/ | Mnis, sgiecigdbraribatetheaiioyionse igrwatpr-salbleg
1 to 8 C at orfuitablechcrgmmifios \m&ﬁil I %Iab?’brso ﬁ%@:ﬁgﬁé’d ﬁ@F‘eSbygg\{dnyéjte yg%re
Th | k o] e nno- ! .
al Eoiy %dr e(r:]:r%%%%nﬂg%ﬁb@%{h%@?%%ﬁeﬁu@%cseaqlélvz&{/%?)lrr@éﬁl ngra6fylaRido-

‘yl ene grouftiiasnlonp acld. 10 C at ons, such as, for exanple, 30
ﬁenylene. The al kyl ene group nay may optionally be nono- or
pol ysubsti -

15 l

20 Suitable monomers containing carboxyl group can be, for example, cinnamic

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 1 to 8
C atoms, such as, for example, methylene, ethylene, propylene or hexylene,
or a branched alkylene group having 1to 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,
phenylene. The alkylene group may may optionally be mono- or polysubsti-
tuted, preferably mono- or disubstituted, in particular monosubstituted, by
atkyl groups having having 1 to 4 C atorns, 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

30
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tuted, preferably nono- or disubstituted, in particular
nonosubstituted, by al kyl groups having having 1 to 4 C atons, al koxy
or carboxyl groups. R5 may al so consist of a chain of an al kyl ene and
an arylene group or an ary- |lene and an al kyl ene group. Mis a

hydr ogen a‘f"grﬁ)‘lﬁr‘l“@wret al cation, such as 35 sodi um or potrasgpiikoboo
an ammoni um cations. Mis selected so that the nononer is

wat er - sol ubl e. The carboxyal kyl acrylates, such as carboxyethyl WO
2008/ 145270PCT/ EP2008/ 003990 - 26 - acrylate, and the carboxyal kyl
nmet hacryl ates are nentioned by way of exam ple. Preference is given

whi h R R2 aptert e d BORneonant Ly op oo g NERROREY By vy exaft-
hydr ogen or Ezﬁ'yiljrfﬁavy\%? Ifé'ug' %@%gq‘@n%%%ﬁ&heﬁc@f@f” SyOfHK}%?‘HQBHa Tgvhigre
methyl, Rl a R EHOM Kawhigh e, R Rilepé hgeat indepénderdlyasfasrizeanother,
car boxyl or  dhebeesriEihiydrofEn 6RBIG BAiR] 89 108 RBiHROY e%P&El‘ Rydabeh
R5 can be a r ai 1 In.al kyl.ene oup ;having 1 t0 é a ¥)rr¥> gtidh
as, for exanﬁreﬁéﬁgh@%gﬁgﬁ 3%?%b¥eé"ﬂ§‘:9%ﬁr’gﬂ P‘@?‘F&WV O ORE [aBREer ogargoxyl
branched al kyAfeidb@gryoighyiall’ mgnlioaBo@eaRMIOOBUeRdds wHisH REXaAMLs
i sopropyl enest@igHt ; e tionally be
nono- or pol sutﬁgs ?’?Ew %Ek Bﬁglg&% ﬂ%\gfﬁég Loogﬁl? %@ﬁ%p@%@&fﬁ@exam&e'
| i kewi se havi—”?‘ geﬂﬁaﬁﬁmf PEYP gfgﬁ eheeyrlep Maviignehea alkgiene group
at ons, 6ﬂsquchbé@,\'lngo‘i teBa@pitemsphecty henfer eihaezfﬁi K%ﬁlpﬁﬁﬁfléﬁéﬁlé)r [FBYutyiene.
optionaly era nQ- . or
di substi t ut egh@?ﬁwlgﬁ% ﬁgﬁ"} %ﬁ]lépré&réo@ﬂ%@?? mo " %WOXMS@P"%@HE&@%&%QW RE
gavi ng 1 15 C?EP%V It R preyikewisee hgyedhayneaning mfyaromrgend axgtp
roups. R5 myv[jmgsup tonsi St ai@f'nsla suBi 45, Gbr éﬁﬂarﬁb@'p@xﬁg}/l@ﬂg. "T*Hct.a A MhENe
group or an . ne group. IS ydr ogen at om-or a
metal cati on%F%ﬁﬁﬁ%%g%@ﬁ%‘r@] lé% ﬁ"ocﬁgés ruﬁ?lyﬁlr’bszﬂ"a%‘é FETERbbAIIYs. oM
is sel e'%t ed SEUPRBitiadadn Rarishiar Menagabetitutea, biyl atkyl Ano lyrexiaaphe@ hating 1
sui t abl'® acr yd ang @@@ns\hbh:éhywhelﬁ@hﬁ@ﬁ%,i amed, Ozgaﬁ{}%*ﬁrégaups RS m
acryl oyl - gamp-an ri ¢ acid. Particular preference 15 gi vg}ﬁaﬂ%’
the use of %@%r%?%gﬁ%‘érog&nﬁ'%eﬁ%?ag apraryigee IPWRIPRAD aRyene apdany
in which R7 &ldlerRg granphidhie a hyritegemdenm loy sofnetneadont ieh, ad B&dium or
meani ngs hydpo@esiuft, ol ey bR ; r.ef.er abl .
hydr ogen or %ﬁg{e@y% qa%ogg}l{ orilﬁ}g&ggghgrr@t'gf%?%q %Séﬁ%tytggciaé'ﬁ(’@%ﬁ
or a mébal cat 1o, Wie\haexample sisyialie ap 1ai8igPa mhigly map barmentianed
cati on§” M i Beseisertrddysgarnmatarhinebotyrioreld. i Farel|er pRsbdbLE is MRleBi 6
acid, itaconihe asé ' [ e - ' clid,,or funpric
acid may be nﬁn}]i %gdwggéﬁggaofargé%ﬂ%l %S&%p??rﬁ%g& War4 imgmr%?-l\f, in
pref er ence %’% ven 8 RorféiePavet ingererdeniivldl enevaspther, thelMnsanings
whi ch R7 denlycegéry or e hanihgRBp demotestomsd o v p
t9 3 30C at O@boﬁqwlcggxg&%tm,i %E%Eﬁgr%/fitc a(F:ki"?; gr%?tg%gz@’y ?gyﬂ
&cid r’%g be mep- tioned by way o axanp! e bFThPE 3 glFiosationg spich as
HC: =C- G- oz Sccium or potassium, dr 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.
I
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| R7TR8 WD 20081145270PCT/ EP2008/,003990 - 27 - At |east one

hydr ophobi ¢ nononer whi ch has a pronounced hydrophobic content in the
nol ecule is required as further conponent for the one-step 5 graft
pol ynmeri sation. Suitable hydrophobic nononmers therefore contain at

| east one VP K4PB/145270aryl group or another group by neans mfr/Ewibeswoidhe
hydr ophobi ¢ properties of the nolecul e.gre caused. Preference is
given to nononers whose hydrophobic properties are caused by al kyl
groups having a suitable nunber of carbon atons or by aryl groups.
The hydrophobi ¢ nono- 10 mers enpl oyed are preferably nonomers which
cqontain al kyl or aryl groups. Hydrophobic nononmers which are suitable
for the use according to the invention are, for exanple, acrylates of
the formul a %é), i.n which R2 has the nmeaning hydrogen, R8 denotes
hydrogen or MEtFRI! Ak N¥digehebissmeremeghhighaen aprancunche hyardpHobic

donot &5 st 1 ai gt ~ehot por bf Anehag gl pardiap okt {5E 1 Sne-cieg
R6- aryl , andb%E ggr\/mée?ﬁggo@t sg'ff%ﬁ?-*yﬁé‘?%"&fc B?%WE‘T?&‘EI tﬁ?ﬁwrén@orﬁai\w g’
1 to 4 C at olfi@st Bue pkyher gnageotnar buethbr getupary yleahs offeshidbethe hydro-
nmentioned b ! [y lam

of the gene?lg.{mg%vi@ﬁl T ffﬁhﬁmﬁ@fﬁg%% : hg%ef%#EIS%@W@énf?f%gﬁ?-
one anot her, 't he TEaAi RElroRlRS 52 ArercaeRY | Pyhalyingroupst keving a
Cat oms, pr ef e4iiable nkpdes gé natonretoims| or Bnatyl grovhs chhe he@dbabbiE3InbRYe.,
i ndepefi@ent | jhepd eRipfoyRAHE refchdlsly W@ﬁgﬁﬂﬁ%c?ﬁgﬁﬁgﬁﬁ?ﬁ@%a%&

t oget her car%‘% at . [east 6 atg{g_ls, p )
aﬁt hyl ene gr %’SPH&?}'%@OP%@&% gy, aje siHiigble farkifleatye ,acgpyding kgl the
nere oyl i amyorpapiomac R GBS ORI T 12 e
N | icu I tuted,
By al koxy?/ cr%gﬁgp,ﬁaqyrdg% éyﬂ %ﬁg%%d%%ﬁggm%gfoérﬁ’ﬁ%yar@&q 22‘1‘5?”03%?”@9”"
and/ or R3 accBUPhEI3NHeeradndbryingehts 8 G atveps magnRPsandfor RIeCONHX,
anot hef$ netuiyére Xtibyotes ptramht-chittatloraReRdAiky| 'H%W.b 8 tjaeag&ﬁgomgcéﬁ@’

3y, I8 g g R beflored RERN prlior Branfiesgioiens bavige 1 fost.
30 butyl, 2-Gr@eyeoRittyl acrylgtspend putyl metadrylbizemiy loe Bentidrind Penkylof
90 have L mendecy reoe Rybiven & M KiYiemia e o e SEherdoRb G 3 ¥
group,, i chmgﬁﬁwe% ?pﬂ}?"ﬁnl?&?&ﬁ%‘tt‘?'ﬁ[ﬁ %ft&%@ae?faﬁb,th@yamnw%ydro-
G T
pre ) , Indpettn rother t ing. alkyl,
shenyl oxyel il group, aveh op RSP A e oy
i ndependent IOMWGRODBLIBASRY GRCHS BRROBE FEAERW0y C281yi, MyIAYE aRARIKRET |
G oupes The ne ehih aror e b R4y b hibko, 8 R bR erebly
_pf efera- bl W%ﬁ’ﬁéﬁ?‘ﬁ’@gt%dvtiﬂém fﬁotl?SLlhﬁ‘a.ﬁWhM: thyRdtkaeny ciR@ndn aoee,
i ndependent bpxyf acetoxy or anetaames heficalt Q@.Wéﬁﬂl&gﬁf’wbw QF%}M
nas {he. heaachots, 3RndBh, of M5ie0 Bhsin RRBST ehyi aremgsbubkyeniy.
where R3 caﬂF’i"@s Ry}, 8881, PNyl stesivh 2-pBefor 4- oxapentyl, 2-, 3-, 4- or 5- oxa-
hexyl, 2-, 3-, 4-, 5- or 8- oxaheptyl, 3-butoxypropyl!, isopropyl, 3-butyl, iso-

30 butyl, 2-methylbutyl, isopentyl, 2-methylpentyl, 3-methylpentyl, 2-oxa-3-
methylbutyl, 2-methyl-3-oxahexyl. Y andfor R® can preferably aiso have,
independently of one another, the meaning of a phenyl group, which is pref-
erably monosubstituted by cyano, cyanoalkyl, alkyl, alkoxy, alkoxyalkyl, pref-

iy erably in the p-position. Y andfor R® preferably stand, independently of one

another, for a phenyloxyalkyl group, such as phenoxyethyl, or a phenylalky!
group, in particular Y and/or R® particularly preferably stand, independently




erably 6 to 18 C atons, and nethyl ene groups may be replaced by O,
aryl, alkylaryi, aryIaIkyI where al kyl and/or aryl group may be
nono- or pol ysub- stltuted preferably nono- or

di substituted, in particular nonosubstituted by 10al koxy, cyano,

car boxyl , wacmbsmgzer acet am no radical. R3 accordingly nfcqq}gpzwsﬁgggyo
denotes hexyl, heptyl, octyl, nonyl, degyl, 2-, 3-, 4-,

6- oxaheptyl, 3-butoxypropyl, 2-nethyl-3- oxahexyl RS can preferably
al'so have the nean- ing of a phenyl group, which is preferably
nmonosubstituted by cyano, alkyl, al koxy, alkoxyalkyl

preferably ipf bh@aﬂoﬂ@i'ﬁok%@nz ﬂ Me@h&%ﬂ; Q Lﬂ;g
fenyl | k h heny! TR SRR
e 003 o i T e Dl e S L
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and R6 denot |nde en ent
havi ng up td'd O(f:aapﬁ %n‘HV“SP IRE'] ﬁ[?? W@?@@éubﬁf@ﬁ@ dy efanioowayl,

al kyl . b;'lhe E:LO0T qﬂfcecyekwblp{efeﬁly hethﬁ@@%d@adﬁietﬁ?yﬂ)ref@*abbﬂ staﬁ&'sﬁ Y&n a
i sopro i in

al koxyal kyl %way%y' GO0 Hacr &S %hg%ﬂj ot o g?ﬁ#ﬁﬁé‘m §i50b 0 Par-
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29 The actiaoraREh AR B e RD Bl et By Bride a st e
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amide may be mentioned here by way of example.




35erably 0.1 to 0.001. Dilute nitric acid, which is enployed with a
concentration in the range fromO0.05 to 0.005 nol/1, is very
particularly preferably used. In WD 2008/ 145270PCT/ E P2008/ 003990 -

' ' ilute acid
30 - order to carry out the reaction, the volune ratio of di
to suitabl®¥OcH¥GrPEht can be in the range from30 : 70 tac@_gpzooélaalsm
volume ratio of 40 : 60 to 90 : 10 is preferably used. Parti gu![ ﬁr y
good binding capacities are found if the dilute aC|d_used an _e25
cosolvent are in a volune ratio in a range from 545 : 5|5fto_ 75 2 )
This applies,_in particular, !f a monomer cont ai ning sulfonic afl
groups i s usethd actual greé pﬂlymgmalondeaﬁﬁbnobmta@mxt@e@@??IEM@:&FIV!)TgﬁthBY
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i n accordanc ] e ention.are o : PP )
materials ar %n\ggr%rgﬁég'o?é/%ﬁ@%&’ rW Fe H% eﬁ%‘ﬁ@)}‘ﬁé; renglfie peRioac Aimeatby!
fol | owi ng t algicetarideasirecthy!fovorenide s tétahygraifitanc dsbeueser lt:lmtah@rls patr-
Mononerithane ti_(-)blhﬂ?}ﬁré\%bp gééc%@ﬁsﬂz'é? %gﬁ?é%%%@ﬂ?%tdﬁ{t g}é’@\and the least
p:opanesul fo%gfprggt';cqs in the c{arium(l{/)—inftiated reaction. It should additionally be
| noted here that other processes for graft polymerisation can also be used.
Preference is given to methods in which only few by-products, such as non-
covalently bonded polymer, which have to be removed, are formed. Proc-
15 esses with controlled free-radical polymerisation, such as, for example, the
method of atom transfer radical polymerisation (ATRP), appear particularly
interesting. 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 example,
a halide bonded via an ester function, as in a 2-bromo-2-methylpropionic
20 acid ester. The graft polymerisation is carried out in the presence of cop-
per(l) salts in a second step.

If the hydrophobic monomer has not dissolved completely in the liquid

Iz phase, which is evident, for example, from clouding of the reaction solution
- 25 or from droplets of a second liquid phase, grafting does take piace 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 molfl, pref-
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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order to carry out the reaction, the volume ratio of dilute acid to suitable
cosolvent can be in the range from 30 : 70 to 98 : 2. A volume ratio of 40 : 80
to 90 : 10 is preferably used. Particularly good binding capacities are found if
the dilute acid used and the cosolvent are in a volume ratio in a range from
45 : 55 to 75 : 25. This applies, in particular, if a monomer containing sulfonic
acid groups is used in dilute nitric acid and dioxane as cosolvent.

If, by contrast, too much cosolvent is added, the vield of graft polymer drops.
Consequently, too little protein can be bound to the derivatised separating
material obtained. The yield of graft polymer on the support material can be
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.

Further series of experiments have shown that separating materials 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.

Table 1: Monomers for graft copolymerisation.

Monomer name Abbreviation Structure
2-Acrylamido-2-methyl- | AMPS ’J\ ,{\/53?
N WOH

propanesulfonic acid | H o
Acrylic acid AA i

IHJ\OH
N-Arylalkylacrylamides ArAAm i ~
(for example benzylacryl- R P
amide, acryloylphenyi-
alanine) g OO 2




i NHn The follow ng support-bound graft copolymers on suitable
supports, such as, for exanple, Fractogel TSK HW5 (M, which is

I dentical to the comercially avail able Toyopearl HW65 (M
I((rjnanuf act & Tosoh, Japan, and as described in EP 0 006 199), were
pr epar ed & B8, xanpl e by conbi nation of two or thre&CTBRZNEPE99
and investigated with respect to their -@foperties, in 15 particul ar
their binding capacity: Poly(AWPS, AA, ArAAm w th benzylacryl am de
Pol y(AMPS, ArAAN) with benzylacryl anm de Pol y(AA, ArAAm) with N
benzyl acryl arfide;—acryt-oyt-phenytalani-ne—20Poly (AMRS, Ar AAm AAn)
wi th benzyl agPyCamoapalRghgiyhs,  Ar AMAABAN) Wi tth benzyl acryl ani de
Pol y( CAAAM  Afifiads Wbk Qxﬁﬁ;goxyp'opyl acryl am de and benzyl acryl am de
Pol y( AMPS, Al kxl ,]AArp with butylacrylam de It has bee[ Fhat

al though | owgP Bl WGIFEEYTEMes (Al kyAAm), sugh as blityl acbyl ani de,
can be copol yiehiricetidli t h nonomers which contain sulfonic acid
groups,dsuchlas, for exanple, AMPS, the derivatised support ma'g e”p?l S
only exhibit ver; birnding—capaci-ties—fFoer++rrrdReglobulin (1 gG

Howe , g
in the regi ohNoNkKasrdpafiati ngAelAdinal s, such as%o exanpl e,

that of the geadmpBObyglkyiimiaaye from pure AMPS. | n[jthi onnecti gn,
it has been {ound that the higher alkyl groups, such as, for exanplie,
octyl groups! et tribution to the_ bi ndi ng_of pro-
teins. Surprisingly, however-, it has proven parti cuIt ar | )d/  aromati
advant ageous € the.investigations to adm X
rmnorrer?e( f or—I+ hgx%@féa&%%@%\ﬂ%ﬂ SIS CP@@X‘F’P onFYzhIe sHEPPTY suek as,

' r RleoFgctogel TEK HWE5 (M), which is identical to the commercially
preparation L
- available Toyopear! HW-65 (M) (manufacturer: Tosoh, Japan, and as des-

cribed in EP 0 006 199), were prepared by way of example by combination of
two or three monomers and investigated with respect to their properties, in

e
I

15 particular their binding capacity:
Poly(AMPS, AA, ArAAm) with benzylacrylamide
Poly(AMPS, ArAAm) with benzylacrylamide
Poly(AA, ArAAm) with benzylacrylamide, acryloylphenylalanine
20 Poly(AMPS, ArAAm, AAm) with benzylacrylamide
Poly(AA, ArAAm, AAm) with benzylacrylamide
Poly(CAAAM, ArAAm) with carboxypropylacrylamide and benzylacrylamide
Poly(AMPS, AlkylAAm) with butylacrylamide
(i
« 29 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 capagities for irnmunoglobulin (IgG) in the
region of known separating materials, such as, for exampile, that of the graft
80 polymer made from pure AMPS.
In this connection, it has been found that the higher alkyl groups, such as, for
example, octyl groups, make a positive contribution to the binding of pro-
35 teins. Surprisingly, however, it has proven particularly advantageous in the

course of the investigations to admix aromatic monomers (for example
ArAAm) with the reaction mixiure during the preparation of salt-tolerant ion




WO 2008/ 145270PCT/ EP2008/ 003990 - 32 - exchangers. These nononers
enabl e hydrophobic groups to be incorporated into the ionic surface
nodi fi cati on. Dependi ng on the anmount of aromatic nononers added, the
hydr ophobi ¢ character of the resultant materials is increased and the
bi ndi ng c#eeddPt/iastMus i nfl uenced so that the binding 5 reapaosdkyoen
be influenced per se depending on the mpje fraction of hydrophobic
groups in the graft polyner. It has also been found that the ratio of
t he nononers to one anot her nust be selected differently, depending
on the conbination of the sel ected nmononers and on the pol ynerisation
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35 according to the invention, the monomers are normally added to the support




20 contains carboxyl groups. The graft polyner can then be
hydrophobi cally nodified in a second step by a pol yner-anal ogous
reaction. This step can be carried out, for exanple, by coupling of
benzyl amine with water-sol uble carbodiinmde to a poly(acrylic acid)
graft pol yrRE05%T0ng a grafted pol y(benzyl acryl am de). RS/ERYbBRAIEHS
whi ch can be enployed for the two-step.ggocess are the nonomers

al ready mentioned for the one-step graft polynerisation. The nonomers
cont ai ni ng carboxyl group can be enployed in a graft polynerisation
al one or also as a mxture with hydrophobic, neutral nononers and/ or
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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
monomers containing suifonic 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 carboxy! 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

30
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In the coupling reaction of benzylam ne to, for exanple,

pol y(acryl oyl gamma- am nobutyric acid) graft polynmers, it is possible
to react virtually all carboxyl groups if the benzylam ne is enpl oyed
in an excess of about 4000 mid%in relation to the carboxyl groups
bonded t o WR&00(i#Ba t. Wth an excess of coupling reagentcEBRE2008/003990
(N-(3-di met hyl am nopropy1l) - Ne- et hyl car bay 35 dii m de hydrochl oride)

of 300 nmol % in relation to the carboxyl groups bonded to the support,
a conversion of about 90% of the carboxyl groups present WO

2008/ 145270PCT/ EP2008/ 003990 - 35 - into am de groups is achieved.
However, the aimof t reaction according to the inventionis to
react only sone of the|carboxyl groups in order that sufficient
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Aps and aa TeyASEERMRI, Mot ol aaBerth AUy carbouRimprimeth-
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In the coupling reaction of benzylamine to, for example, poly(acryloyi-

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*-ethylcarbo-
diimide hydrochloride) of 300 mol% in relation to the carboxyl groups bonded
to the support, a conversion of about 90% of the carboxy! groups present



at low graft polynmer densities, as al ready descri bed above, by an
excess of the coupling reagent EDC of at |east 300 nol % in relation
to the carboxyl groups bonded to the support. However, the carboxyl
groups generally cannot al ways be reacted conpletely here at high
graft pol YWertlde#3idies. Thus, 5 it has been found thatPcuBpImNg3wH
benzyl amine to a graft pol yner consisting.of about 30 nol % of AMPS
units and 70 nol % of acrylic acid units gives a graft polyner which,
besi des about 20 nol % of benzyl acryl am de units, still contains 50
nmol % of acrylic acid units. It thus consists of three nmonomer units,
al t hough, i n istoconidamreups ishadhievedr Hoiveaér, Styntine si ﬁﬁep’eéﬁaorl ch@‘ﬂzﬂnﬁ@ to
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obt ai n suitabl e graft polyners containing carboxyl groups for the 20
one norrer cont ai ni ng car boxyl

hydr ophobi c di fi cat |Ogn at le S%{E y
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pref er 0 35bly 0.001 -0.1 nmpl/1, in the reaction solution.
2008/ 145270%}'{ h@ﬁ?&@@/cg%%gﬂes f3F exarhpfe! Ef golggﬁﬁﬁic%&fﬂg%t?@t%pr& g@ry

am nes whi ch hvelbeen co$ ‘_gto su or - mer s
AVPS and AA TR HPUGR IPIFSE SETRMB Uﬂ@?f&@@ﬁ?l@@tfzd p@ndl ng othe
possi bl e to casgpbtan gprasabl ayind aammesﬂdlsmdyfw EDQQﬂrrbldﬁBh%ltgé caf-
to use mxtu cti rrespond-

ang exagpl esbgfyé‘gm% Bﬁ@%@ﬁ%ttﬁg SPEH@L[ ngés P %ﬁge gﬁ?esa?ngﬁgguwﬁ'igch
resul t | n t h@“va&@@%ﬁ §ogbles, abighae miormitien = Whedeaiesyi grawssoteeibe
uni Its i 3 tlhteremmi dfovidver, ometssﬂeamtlg@fof tl‘ﬁ@bﬁﬁ&ﬁhﬁ@fﬁ P8 &a@@ c’ﬁ‘?‘eac’flons
enpl oye p

al ternative c%%nhﬁﬁm”élt Ctage s % %%’5}3‘5’ '\?F%?aﬁﬁé” ﬁlﬁd?%%@é)gg?ﬁ Harvige
esters, pr ep%ﬁe@érﬂ@i’ln& OECONeMIa Frasgnaf thip pirgeesiuse id Bmarsforbencied trubed
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additigp, it has been found that, as in the case of graft copolyners
con- taining_ aromatic groups, mhlch can in sonme cases already be

pr epiar ed by §i§éﬁl§ﬁ@§?{/ﬁmﬁ@ E@‘@&Lﬁ!@bla“*we QT&GPJ:WJOHSGE@ g&?&icémlyméaff@hﬁa

octyl groupsmittiredoflmofsbls RNtNNR EHE60IF Wb o2 Q,Q,' % agid

car boxyl gro result in an rnp nent ¢ g™ MIXe

properties ufpr(%%('?@é ang ?}hﬂ‘ ﬁ%r?r?l%??fp'ﬁ‘@ﬁlt@am@w'ﬁ'ﬁﬁﬁ ﬁB@jbEa\tayo@f example
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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 groups in the graft polynmer. The recovery of a polyclonal 1gGis
hi gher the fewer benzyl groups are present in the graft polyner.
Experinents with nonocl onal antibodi es have shown that the recovery
is also approximately 100%in the case of about 25 nol % of benzyl
groups i n Whaogfft0 pol ymer. The elution in the case of FENEEhMARE0
proteins can be optim sed nore easily 3@gince, in contrast to

pol yclonal proteins, very simlar species have to be dis- solved off.
| m order to assess the separating materials, the static binding
capacity of polyclonal human 1gG (Ganmanorm in 75 nmM and 150 niM
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onparative §BlIYSWaHiNdts shavld heyerbegnapaeditc noieties in the graft
gql ymer. Hi gh binding capacities are achieved by the graft copol yners

at pH5.5. A 5 this pH. the graf.t copolynmer is negatively charged.
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copolynmers, irrespective of whether their synthesis is carried out
directly onIP/ b[y a,graft polynerisation step or by hydrophobic
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2008/ 145270RTH P20 SLELRRAOF 0.538 72 hours, preferably 2 to 20 hours. The con-
cenifrations in the aqueous solution which arise after addition of the
cerium(IV) salt solution are selected so that the pH is 0 — 5, preferably 1 - 3.
The cerium(lV) concentration is set so that it is 0.00001 — 0.5 mol/l, prefera-

35 bly 0.001 ~ 0.1 mol, in the reaction solution.



of the nmonomer units having a negative charge to the nonomer units
cont ai ning a hydrophobic group is preferably in a range between 99:1
to 10:90. The hydrophobic noieties in the graft polyners enable
binding to take place 5 at higher salt concentration, since the
charges i WQHES/pFE® cati on exchangers are nmasked by the matkrzo@ne3000
present, so that the ionic interaction_k$ _ too weak to bind proteins
to the separating materials. The additional hydrophobi c-hydrophobic
interaction with the proteins enables sufficiently strong bi nding.
10Thi s hydrophobic interaction probably also occurs within or between
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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-



However, it is also possible for the target nolecule to remain in the
|l iquid, but for other acconpanying substances to bind to the
separating material. The 35target nolecule is then obtained directly
by collecting the colum eluate in through-flow. It is known to the
person skNQ¥d8/142%Phe art how he has to adapt WO PCT/EP2008/003990
2008/ 145270PCT/ EP20081003990 -41 - the.ggnditions, in particular the
pH and/ or the conductivity, in order to bind a specific biopolyner to
a’separating material, or whether it is advantageous for the
purification task not to bind the target nol ecule. 5The biopol yners
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S42 - gec romatography 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 alky!
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 suifonic 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

5 branched alkyl having 4 to 18 G atoms or an aryl group and which contains

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 ratic



The present description enables the person skilled in the art to
-apply 't he 4 nventi on conprehensively. Even w thout further conmments,

it is therefore assuned that a person skilled in the art wll be able
to utilise the above description in the broadest scope. 5 If anything
is unclea i wi t hout saying that the publications %} t ent
Iiteraturém%?#gﬁgg oul d be consulted. Accordingly, thesé“%g Jﬁ@%??wﬁ
are regarded as part of the disclosure-é8ntent of the present
description. 10For better understanding and in order to illustrate

t he invention, exanples are given bel ow which are within the scope of
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Fract ogal TS mﬁﬁg&im@é%@ﬁ%aﬁﬁ&éF?lf’]?ﬂi‘?#ﬁ%@%%i it BB W was
dei oni sed waf&§org Aoy dnvesse Bige @ixclyaiopy shiemategraply i(RigRED 2
of t ﬂi f)xane aAtthaugiothat thongedd hdde ﬁﬂegsa}ﬁe%ﬂr?‘@tlmbjﬁﬁ Fﬂﬁva%'found that irlme pore
nmet hyl propan 0 agi : 0 adi um roxide sol ution
" Dy b OPfSHteodt et doBthi bt RopB e U5 e VeSS uBspaR s
with a 15 paBidigsenditans, Theadaulpeisiherpresemidef Uit sediamschivride. tThe
dei oni sed vvatrmge apdroatiob! @eftiedtHisi 1RE defd SafbadlyMIRX Yface of
sol uti og or 91%/[35}5% %ﬁpﬁ‘ocrjt ghder high-salt conditions. Nevertheless, the pore system
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 chioride concentrations less than

( 1M 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 polyclonal ar 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-



A starter solution conprising 13.79 of ammoniumceriun(lV) nitrate
and 20 1.2 g of 65%nitric acid in 25 nl of deionised water is _
initially introduced in a dropping funnel with pressure equalisation.
The entire apparatus is rendered inert by repeated (3x) evacuation
and deconﬁY‘ég‘g)ﬁ’éﬁsz\'i\ﬁth ni trogen. The suspension in the apP@HERA00&005%90
subsequently warned to 70C. 25The startap-solution is added to the

I nertised suspension with stirring at an internal tenperature of 70C
The suspension is stirred at 70C for 17 hours under a gentle stream
of nitrogen. The reaction solution is then filtered through a gl ass
filter frit (ooR iswdisholyed tin enliguaddwhict igdrowyhttitte daritactisitwashethtend h

_ _ ot igerough ifte dor
su ?3??8’2@?%@?{2 8 S0 Bllehton SOUEEE RS 5 (Pl 0N rii b, 70

hydr oxi de solSGPPRFP 10 44 hoursyyt ig gdyaniagaovmicewoREsacseEiaphe VBl thatrsin-
VD 2008/ 1452 20R6ET bERRDOBhANBABGraphd by Hé&!@%eltig&mﬁﬁwgéﬂc?r;&g%gggﬂgt
The gel | - sPhter v ERaWIEL RhEhE B beladihg Buatade MRy T e Sen-
Procedure fofioPhd hprligpig gam 68N drrorglyitas cotopomartely thraughats giavitatiorial
and benzyl actfyicansrdss phapel tﬁﬁﬁ?@aT @mg%w&(%ﬁ)ﬁg a?t\ilémﬁrﬁi‘{}%:rﬁ%‘tpga is
ri ner 1 “act o S GOPa ARSI et gl erglis e Wi th f
benzyl acry| atiiBY istiring. & shakyfy thiraedneg asdhe tagktitictetutds dBbiBPoYiners
TR o ap g 1 s SRt W8St SR R o 5 o
oL o0 £oP i 1 etk NoBol S8 G e arian s cumm sl ndusios v
375 m with éiiotodedngebertiquid to Aef w;tdnaﬂ’ed&nvozq]gaﬂfeﬁbfwe,/lta;]l%m?ﬂé@?@e
Cigal) S e ERglheso g SRR, Sy
sol uti on cor‘rﬁ?iﬂéﬁ’ﬂ&s@yéa’@’e&?r @Wi@ﬁﬁ@eamﬁpmngﬁq itsaltigh aledsity andjoof
65% ni t'9 ¢ aeirdagmet®Scame. of dei onised water is initially introduced
in a
The target molecule usually binds to the material according fo the invention.
The separating material can subsequently be washed with a wash buffer,
which preferably has the same ion strength and the same pH as the liquid in
20 which the target molecule is brought into contact with the separating mate-
rial. The wash buffer removes all substances which do not bind to the sepa-
rating material. Further washing steps with suitable buffers may follow. The
desorption of the bound target molecule is carried out by increasing the ion
("g strength in the elueni. 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, slution 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
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

35



second dropping funnel with pressure equalisation. The entire
apparatus is 25rendered inert by repeated (3x) evacuation and
deconpression with nitrogen. The suspension in the apparatus is
subsequent|y warned to 55C. The starter solution is added to the

i nertised WA3HBA42®h with stirring at an internal tenperBtTER00§/0055C.
The suspension is stirred at 55C under .gqgen- 30 tle stream of
nitrogen, and 20 m of the benzylacryl am de/di oxane solution are
added every 30 min. In total, the reaction suspension is stirred at
55C for a further 17 hours after addition of the starter. The
reaction sol uhe@ontiionben farliddaretletdt anglr thagbassuchivity, & ofddrtto GFR) 2

with suction, .t h it ed with in each case 100
M of “washi nereals,9pinep B i Eerlarind Tat8RIE: Whither 18 g R B opels
ascor bi ¢ aci dot thegdtrifiratian sy tekind teatasget meleculeci d, 0. 2M ascor bi ¢
acid WO 20081145270PCT/ EP2008/ 003990 - 45 - 3x deionised water 2x 1

M sodi hydr-xi |0 .The gel .1 s _suspended in. 200 of 1 M
sodi um%k?yd¥oxi e%EO&%W%Hﬁ fﬁgogg%agﬁlgn%%rn%oewﬁm\ge? - Pt g TobAUTd
filtration orBoumeesfer aretesgdlithérsinyssihi st for-exahere vin bbdy fluelacbudnse

m of i ' L | WS M, sdi_ im hydr oxi
sol Ut on 5&%%?3%‘”3%@’?@?%%@%? el S S B0t ool

dei oni sed wat®F 25d CqlicH iophTRENs S P dEstso Aintibadied. Mane
gel is storedrigmaz@¥eetkanplk, kbmrmammrphy b ©deiB R ayBlGRa cells.
Procedut® for the preparation o:‘ f gnig(r:a;::i gopgl:?/;r}eir Cf ;gimd and
rency! ooy oo SRS ORARGSE b oo o poormal 169
ilter-noist chranaiogedphlSKulftdhiot Med WB@@ éﬁ’e%ﬁoﬂb'%rﬁ-uﬁ Metels axi 4
and dei oni segi;yalahd, Haissr%erta'H? I:cl;td\jlgnt?o’agiaousg CLe L ining crude solu-
tions, such as, for example, cell suspensions or cell homogenates, firstly to
15 be filtered before the capture step in order to remove coarse impurities, such
as entire cells or cell debris. An advantage of the present invention, as
described above, consists in that 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 remaving the various residual impurities. Since the sequence
in which the separating materiais are used may have an influence on the
overall performance of the process, it may in certain cases be advantageous
‘C 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 column which is packed with the separating material

30 according to the invention, one or more buffers and a pack leaflet with written
instructions. The liguid 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 nan-binding con-
stituents, and the biopolymers are then desorbed using an elution buffer of

35

higher ion strength, for example using 1 M NaCl solution, and obtained in a
second fraction.



am de in 250mL of di oxane, a solution of 25.9 g of

2-acryl am do-2-nmet hyl - 25 propanesul fonic acid and 15.6 g of 32%
sodi um hydr oxi de solution in 50 mM of deionised water and 9.0 g of
acrylic acid is prepared in a glass reaction apparatus with a paddle
stirrer, Woeosmgpgansi on is made up to 475 m w th dei onipgedrymieszoamnd
adj usted to pH 4 using 32% sodi um hydr g de sol ution or 65%nitric
acid. 30 35 A starter solution conprising 13.7 g of ammoni um
cerium1lV) nitrate and 1.2 g of 65%nitric acid in 25 nl of dei onised
water is initially introduced in a dropping funnel with pressure

equal i sati onThdhregiti dexcAPIRRT @hHBleh SthESNIE6R KBS ik tHé‘_e{r?R?%b?ﬁ/ {H3x)
evacuation and ecorrgres i on. \%/t W% ni t r%ﬁer}. Trp}e suspension 1n tHe
apparatus is Eﬁ%téoéhﬁ MPIENERSINRYY £V s REoun fgriher comments, it is therefore
2008/ 145270 Pesiuar) 081100 32e0n 4Billed Thahstaat wdll beodhle itonutilise atidesbdve

the inerti segos¥isRENT P& Mbhdestlbbpang at an internal tenperature of
55C. The suspension is stirred at 55C for 17 hours under a gentle

stream of nitrogen. The reaction solution is then filtered through a
gl ass filterlffnythindPB)unilddn, 8 gobs aithoahsajiheg tgelth@pubhgitibhs antSatent

hed 5wt hi ‘ i 1 ut | | Lows: 8
0 o sul fur (HARCBIEENMOLRD HE BholBRl) RecBnbl, dReS? ity a1
sodi um hydr JeoaElesaL PG AT theclisppsyrs contgné afite prasedaiestripfors M

sodi um hydr oxi de sol uti on and shaken for 20 hours, after suction
filtragpon t ri | is,washed fupther with in_each case
100 - oF et B8t e SRndBo iy SRERRS o e mihins e pies
(spl ution 4x ¥I6i BMPR eIt whickxare. Bithisuthustapeaof ¢rotocitM af dbe hiresati d
5% dei oni sednv@itRh. Thes@ekarhsles WiREHEIo8 té Mudd Lo Lg"
and adj usted %o H 7 u?in ﬁg‘;{({hydr ochl ori,F;jl a%em_os'%ﬁiéjg%%ﬂ%@tw%@etg
in 20% et han® S o 'f“@gﬂ ventivieipaiRle fesorlsd, &r.ithe exge-
prepar ati on és @rgrruftt suileptd jorerediiciom Reastopdeant gestdetion of the present

met hyl pﬁsopar%?“béﬁgﬁ o BetdapRd acrylic acid (batch 05PP131)
Procedure: 3 suspension of 140 g of filter-noist Fractogel TSK HW5

(M (washed with dilute mneral acid and dei oni sed water) and a
sol ution of RBtergod, B@S6swilhauh dayihyoi tle ppedan sioled M thé&iritha®fboth

Skt ron vt by glaraRS LIS RLEY LI NG 051
a gl ass_readtA"GAt apRAPE RISSANLIA the saawositians aiveays 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 solvents in cerfain 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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35The suspension is made up to 400 m with deionised water and
adjusted to pH 3 using 65%nitric acid. WD
20081145270PCT/ EP2008/ 003990 - 47 - A starter solution conprising 2.8
g of ammoniumcerium(IV) nitrate and 0.7 g of 65%nnitric acid in 50
m of deiwpizeedidsEter is initially introduced in a droppcrgriisgasbes
with pressure equalisation. The entire gpparatus is rendered inert by
repeat ed (3x) evacuation and deconpression with nitrogen. The
suspension in the apparatus is subsequently warned to 42C. The
starter solution is added to the inertised suspension with stirring
at an i nter nEXamgigser at ure of 42C. The suspension is stirred at 42C
for 5 hours and subsequently at roomtenperature for a further 17
hours under a gentle 10 stream of nitrogen. The reaction solution is
t hen filteregxé,lplrbwgh a glass filter frit (P2) with suction, and the
gel on the frit is washed with in each case 200 m of washin
sol utign as PEIPEWS TaxigePnasaiprnal & g1aBcopolvmenl frami -aaollamido-2 M
ascor bic acisefhyistopamésgidnivaictt asdX bdnMisagiaRdtaxbsensaeyt i on 3X
dei oni sed water | x 50 mM phosphate buffer pH 7.0 202x dei oni sed wat er
2x 20% et hanol / 150nM sodi um chl oride 25 30 The gel is stored in 20%
et hanol / 150 cegdieum chl ori de sol ution at room tenperature. Exanple
5: Procedure for the preparation of a graft copolyner from
S omooben b oA SitsPERDEh B Y S L Mot R clogd TGS (' RiaShed iy
dilute mineral acid and deionised water), a solution of 32.3 g of benzylacryl-

!,»‘- amide in 250 ml of dioxane and a solution of 41.5g of 2-acrylamido-2-
methylpropanesulfonic acid and 25 g of 32% sodium hydroxide solution in
50 ml of deionised water is prepared in a glass reaction apparatus with a
paddle stirrer. The suspension is made up to 475 mi with deionised water

15 and adjusted to pH 4 using 32% sodium hydroxide solution or 85% nitric
acid.
A starter solution comprising 13.7 g of ammonium cerium(lV) nitrate and
20 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
suspension in the apparatus is subsequently warmed to 70°C.
( l o5 The starter solution is added to the inertised suspension with sfirring 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 5x acetone

5x water



A suspension of 210 g of filter-noist Fractogel TSK HW5 (M (washed
with dilute mneral acid and deionised water) and a solution of 56.1
g of 32% sodi um hydroxide solution in 150 nm of deionised water, 77.7
g of 2-aciyl- 35am do-2-methyl propanesul fonic acid (addition with

i ce-cool i mg)2mevaks27. 0 g of acrylic acid is prepared in g @ EaS8s/003090
reaction apparatus with a paddle stirre WO

2008/ 145270PCT/ EP2008/ 003990 -48 - The suspension is made up to 660
m- with deionised water and adjusted to pH 3 using 65%nitric acid. A
starter solution conprising 20.7 g of amoni um ceri un(l\/) nitrate and

5 7:2 9 of 65Hunidiid Suspehded h 960 i opﬁ?igglssgpg@aggrm?& Gjubed'tBh Al 1Y

i itroduced in _a

entire appar éﬂ?lﬁ@ﬁ&&gﬂg@gﬁ'c ar?é'wﬁ&gp Bodatesyn MGMQIJ%WPQH‘T&‘HH
deconpr essi ompevattite.ni t rogen. The suspension in _the apparatus is
subsequently warnmed to 55C. 10The starter solution is added to the
inerti d sugpension wWth stirring at an internal tenperature of 55C
The suspen5| %ﬁ‘af‘@Et %rred at 55C for 3 hours under a gentl e stream of

ni trogen. Th&roesdiré 6y thelpudpapatiorsott dgmif ¢dpodimest ftdih @daMc ackl #%fBben-
filter frit Qgé)dn)r{%!’hllaﬁs(%{b %SV@W he gel on the frit is washed with

in each case |ng solrdtion as follows: 15 7x dei oni sed
water 8x 0.5 Msulfuric acid, 0.2 M ascorbic acid 5x deioni sed water
2x 1 M sodi umrboeligi de sol uti on 20 The gel is suspended in 600 rri of
1 M sodigum hydroxi de sol ution and shaken for 20 hours, after suction
filtration on the frit the gel is washed further wwth in each case
}QO m of wadhsusgessibntafgid.g of filtdrewsist Fractogel TSK HW85 (M) (washed with

dilute mineral acid and deionised water), a solution of 1.34 g of benzylacryl-
amide in 14.5 ml of dioxane and a solution of 18.0 g of acrylic acid in 50 ml
of deionised water is prepared in a glass reaction apparatus with a paddle

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 ml with
20 deionised water.

A starter solution comprising 9.6 g of ammonium cerium(IV) nitrate and 1.2 g

of 65% 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 subsequently 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 mi of washing solution as follows:
35 2x 0.5 M sulfuric acid/0.2 M ascorbic acid — acatone 1:1 (V/V)
8x 0.5M sulfuric acid, 0.2M ascorbic acid



252x 1 M sodi um hydr oxi de sol ution 3x deionised water | x 50 nM
phosphate buffer pH 7.0 2x deionised water 2x 20% et hanol/ 150nM
sodiumchloride 30 The gel is stored in 20% et hanol /150 nM sodi um

chl oride solution at roomtenperature. Exanple 6: 35Procedure for the

prepar at i eyo flos/dasgfoaf t copol yner from 2-acryl am do- 2- PCT/Epz%/aoswo
met hyl propanesul fonic acid and acrylic %lél d (batch 06PP189)

2008/ 145270PCT/ EP2008/ 003990 - 49 - Procedure see procedure for the
preparation of a graft copolyner from _ _

2- acryl am do- 2- et hyl propanesul fonic acid and acrylic acid (batch

06PP066) . Only 0t i hing steps with 2x 0.5 Msulfuric acid, 0.2
M-ascor bi ¢ ag?égev#%ntr'gewa e?j. 5 Exanple 7: Procedure for the coupling

of benzyl ani 8& ¥ Rdgrahydessis sakeionconpr i si ng _ _
2- acryl am do- 2- et hyl propanesul fonic acid and acrylic acid (batch

> oryiam do- Sondenti SOhdlale Lt PR oRd: B SheLE0 AyHicEde. fGI RN “an
Fr act o£| ( babhakeroBPrRBOYUrar afteasimigndiltratiarhod thenfritdhe \gat & wesiodd furme

and fil'ter edwrtitrSHGEHcAR88 1@0%:6&%%3%\;@0%& tidl &4 foudiye; f11ter-noi st

gel is suspended in a solution of 12. enzylamne in 32 m of

dei oni sed water and adjusted to pH 4.7 using 32% hydrochloric acid
2x 1 M sodium hydroxide solution

5x deionised water
10
{ The gel is suspended in 200 m! of deionised water and adjusted to pH 7
L using 25% hydrochloric acid. The gel is stored in 20% ethanol at room tem-
perature.

15 Example 3:
Procedure for the preparation of a graft copolymer from 2-acrylamido-2-
methylpropanesulfonic acid, acrylic acid and benzylacrylamide (batch
063WO085)

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-
( L amide in 250ml of dioxane, a solution of 25.9 g of 2-acrylamido-2-methyl-
25 propanesulfonic acid and 15.6 g of 32% sodium hydroxide solution in 50 m]
of deionised water and 9.0 g of acrylic acid is prepared in a glass reaction
apparatus with & 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(l\V) nitrate and
1.2 g of 65% nitric acid in 25 mi 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.



in a glass apparatus with a paddle stirrer. After the pH has been

checked 20and adjusted if necessary, 0.8 g of
N- ( 3- di met hyl am nopr opyO- 1V-et hyl carbo- dii m de hydrochl ori de (EDC)

are added.wdbgsgsyspensi on is stirred, during which the p
pH 4.7 by addition of 6% sodi um hydr oxi g% sol ution. Aftelr;Hi:;(E oﬁgrf&”%

further 0.8 g of EDC are 25added. The pHi's furthernore held at pH
4..7 by addition of 6% sodi um hydroxi de sol uti on and nonitored for
mn. 1 hour. When the reaction solution has been stirred for 17

Qﬁgr fhel tge: SO'I;H(JJt %ﬁrrt?g SBR&BHQQ a%ldghatﬁstné'(lﬁé@%%ié}.{s%%?ég 4wltﬁ1sﬂ6rrncg;[ !ato o
washi ng sol ut’W@ﬁ“%léeWBﬁT%V\fi@ of15X Cd diheriiuspansion & siBredlat\vbs 6dfanrh? hours
chl oride sol ulriden Hxehfe f@ﬂdﬁh@&ﬂhﬁftr@géﬂf free . reBEtich QoRméx R0Hen filtered

5008/ 14 %?8%&5%8%63@*&3% &Y Willclih, pac tieopeon Hhevtigs washed

et hanol7 150 Nihsibdiash asiee did0de! sfovashimnsealutisroasdiiewper at ure.  Exanpl e
8: 5Procedure for the coupling of benzylam ne to a graft copol yner

conprising 2- 2- | pr opanesul fonic acid and acrylic acid

(batch 06PP34§C6WﬂﬂﬂFécﬁé%&?@g’EP@q% the coupling of

benzyl ani ne t3x dzeugrlaéd watgrol y- mer conpri sing

2-acryl am do thﬁ%:l aC| d and acrylic acid 10(batch

06PP262), of I\I—L?’Eqﬁamst %am nopropyl) - N - et hyl carbodi i m de

hydr ochl ori de (EDC) is added in each case. Exanple 9:

(; The gel is suspended in 200 m] 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 mi of washing solution as follows:

15 2x 1M sodium hydroxide 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% ethanol 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 05PP1 31)

Procedure:

30 A suspension of 140 g of filier-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 mi 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.

35 The suspension is made up to 400 ml with deionised water and adjusted o
pH 3 using 65% niiric acid.



Procedure for -the coupli-ng-of benzylam ne to a graft copol yner
conprising 152-acryl am do- 2- net hyl propanesul fonic acid and acrylic
acid (batch 06PP346) Procedure see procedure for the coupling of

benzyl am t raft copoly- mer conprising
2-acryl am Q-Oggfﬁg}tg’ﬁyl propanesul fonic acid and acrylic acld/HFBHEEHo0

06PP262). 1.0 g of N-(3-dinethyl am noprépyl)-f\11l-ethyl carbodiim de
20hydrochl oride (EDC) is added in each case. Exanple 10: Procedure
for the preparation of a graft copol ynmer from 2-acryl am do- 2-

25nmet hyl pr opgnesul f oni c acid and 4 acr¥l am dobutyric acid (batch
06SW055)  Pr oCetignte: Solutiqis¢ringiising 818 g of gmatomiumtasriumgi\d nitrrtacndg®y g
ng H\/\65| ( lvp of &%hatlicvadid irds0 u’(ﬁ)l/ @; gﬂbrws@d RStef lsamlaﬁ@sr%dtﬁe@d Y@&%fr&pu »
and a sol uti S de solution in

of dei oni sedBa/g Lngequtrgp gg%ﬁéfq’d@]’?ﬁ%ﬁ)ﬁ‘r ?ibe f“ﬁ@t W%?Wﬁé%@lﬂef%ln@”
aci d (additi By repagied (39 cyeriatipn and dezompressfondwii nittogeh dBhatsyspen-
acid 15 prepsioath e dnirans i SAtdpRNAPRRIALYE, wbih a paddie stirrer.

The suspension is e up to 200 ni with |on| sed water and adj usted
to pH 3 using 65% ni trl c acid. WO 2008/145270PCT/ EP2008/ 003990 - 51

- A starter ¢ startan sodutioni isiangled. @ theohediveuniugpenston withl 3frring tt ahe
and 0.4 g Oflnﬁe"-_??(@alnt'eh{de‘iat%% Bt | 14? @51' ﬁ‘g sﬂgepgﬁ'léjrmss&g{e\ﬁa%fﬁ%"? foﬁg hbds' Y

i ntroduced in unne ssure
entire appar%‘ﬂ‘&uﬁ’%épcﬁ' ﬂsé%epqm\é@mp%r@wr@ﬁ@aaé@nm@@? bowsumdieon gantde
de(t:) onpf @ss: ostragin lof nittagegemhe Témzt;smsammon% ki fxlfbréﬂ%réggﬁ"aaélé& filker
subsequent | yg 0g r |on
fertised su |Y"gﬁg}3%th ‘ﬁgﬂ Eﬁcﬁltﬁ% t'eo ﬁ '%Ma$§ﬁp%'ﬁhfmﬁécgfc%gc
he suspen&%&F%OEW?’FPI‘@ESQBJ’“SB@S @iOV\Bi hours under a gentle stream of
nitrogen. The reaction solution is then filtered 10t hrough a gl ass

filter frit t|on and the gel on the frit is washed with
in eaclg5casef{%%o¥#wﬁ ishing solution as follows: 5x 0.5 Msul furic

aci d, 2 M&stdt pilturigacid, 32 Heasneirkiedicidat er
5% 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 chloride

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

( temperature.
25

o

Example 5:

Procedure for the preparation of a graft copolymer from 2-acrylamido-2-
methylpropanesulfonic acid and acrylic acid (batch 08PP06GE)

30 Procedure:

A suspension of 210 g of filler-moist Fractogel TSK HW85 (M} (washed with
dilute mineral acid and deionised water) and a solution of 56.1 g of 32%
sodium hydroxide solution in 150 m] 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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. 154x 1 M sodi um hydr oxi de sol ution 5x deionised water |x 50 niV
phosphate buffer pH 7.0 3x deionised water 2x 20% et hanol/ 150mM
sodiumchloride 20 The gel is stored in 20% et hanol /150 nM sodi um
chloride solution at roomtenperature. Exanple 11. 25Procedure for
the prepal@ P84 %a graft pol yner from 4-acryl am dobut PETEP2WB3990
(batch 05PP116) Procedure: 3025.0 g of- 2% sodi um hydr oxi de sol ution
is added to a solution of 20.6 g of 4-am nobutyric acid in 200 m of
dei onised water at 0 - 5Cin a glass reaction apparatus with a paddl e
stirrer. 18.2 g of acryloyl chloride and 25.0 g of 32% sodi um

hydr oxi de sol ¢ istapersion demademyl tafigd us Iwithf deionisesd witapmic gdiustetelos
wi th vi gor ousHgt iigihdy BIYAhitrfk aci®C. The mixture is then stirred at room
35tenperature for a further 45 mnutes. The nonomer solution is
acidified to pH 2 using 65%nitric acid. WO

2008/ 145270PET#HERR0GBILIHIOB 98inpridhdy -2070g gofodmindriien - caviusi(\Br attes eind

TSK HW65 b i; 1 ner | -det.oni sed water) is
suspe nded( iN?F '52 géﬁgﬁgmgr@s%%ﬁ g% ml'rlkﬁe(?% Iﬁﬁ_”i%l?ﬁg%glsrr@h%ﬂ% Enetfog U&%g ”3713
with deioni s%r&PR}é‘QéJiJ”aﬁdN*élHP%ﬁw e ghprtion; Siheerdisymapaietus isgrddersdA
i t gr ter f s gIS (l)J/?t‘leiﬂb}p capeatet NGxP .eivagiaitfongﬁﬁ@ ruéd;m(}fb%és%ﬂ Wit H!trfobé{n.le TRAad

: 0 : ei oni,sed wat er initially
i nt rgduced |gndy§tah%§837?rtl% ‘lf‘@’naﬁg'i@vﬁ’ gﬁb?ﬁ(}é}?gh}f gagaaé?q égfq'on. The
entire apparatus is rendered inert by repeated (3x) evacuation and

deconpil@ssi Ohhavstartenisoladans stiedSteSPENnekiasd %ﬂsﬁ@wﬁ&?yﬂg%ﬁi{gﬁrﬁgt b

A to 42C. tarter solution s adde
E‘égf? "sed sy R el PE gl SURPATINALY AR eraLio8 Sfouac
he suspensiWiersa gantieestream 4dfOnftroged. Aber eaction solution is then filtered

through a glass filter frit (P2) with suction, and the gel on the frit is washed
1 with in each case 300 ml of washing solution as follows:
5
7x deionised water
8x 0.5 M sulfuric acid, 0.2 M ascorbic acid
5x deionised water
2x 1 M sodium hydroxide solution
20
The gel is suspended in 600 mi 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:

{
L. 25 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 chioride

30
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)
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and subsequently at roomtenperature 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 in each case 200 ml of washi ng sol uti on as
fol | ows: Ex: %@?/\(I)\Ar??@ed water 208x 0.5 Msul furic acid, 0.%XHF=RWIFHE
acid 3x deionised water 2x 1 M sodi um h$8roxi de sol uti on 2x dei oni sed
wat er 25The gel is suspended in 200 ml of deionised water and

adjusted to pH 7 usi ng 25% hydrochl ori c acid. The gel is stored in
20% et hanol % ?ﬁ‘éﬁl erature. npl e 12: 30Procedure for the
P "?os

coupl i ng of @f%qe(dué%ﬁer ﬁh%rpreaﬂﬁ@ﬁp@@fgazgra&r goRalymer from
gbgéﬁzg%;&g@mﬁammﬂ@m%emlm warksalioniti cadgi dafd 0@@% ke: acM\D g)atch
wat er each t%ggﬁép ﬁ&eﬁ%@%ﬂ%ﬁ]m@cge@ﬁv\%ﬁh? $§s@f Py L{r@r anle
Ami ne sol uti @ﬁCO@!QB(B@W%[a ged.anmi ne are dissol ved in 20mL of

dei oni Sed 5wat er (or DVF/ dei oni sed water 3:1) and adjusted to pH 4.7

usi ng 32% hy%gﬁgg .c acid (Table 2). EDC solution: Dissolve 2.4 g
of N-(3-dine pr opyl) 4T- et hyl car bodi i m de hydrochl ori de (EDC)

in 4.8 mM of Pd@&ﬂhir%éwthatceﬁpllnw Henzylamimotsa gg&‘t cmmal;ﬂusrp@ﬂdmkamgn
the am ne sobLydr@Bmiidb-8- rﬁ@tﬁb@%&ar@%ﬂﬁfﬂlc adidard a ch% g% lf:’?éf)
ure. After 3

t hen added, and the suspension’is s en at room enper

hour s, further 1.2 ml of EDC solution are added, and the mixture is
shaken Por aPfogedues: 17 hours. The reaction solution is filtered
through a glass filter frit with suction, and the gel on the frit is

fashed with e]ach case 20 nil of washing solution as follows: (if
deS| red 5x Dﬁﬁ)m of sedimented graft copolymer comprising 2-acrylamido-2- -methyl-

propanesulfonic acid and acrylic acid on Fractogel (batch 06PP189) are
washed 8x with 40 mi of water each time and filtered with suction on a glass
15 filter frit.

The fiiter-moaist 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 paddie stirrer. After the pH has been checked

20 and adjusted if necessary, 0.8 g of N-(3-dimethylaminopropy!)-N*ethylcarbo-
diimide hydrochloride (EDC) are added,

The suspension is stirred, during which the pH is held at pH 4.7 by addition

-L"-\ 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.

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



5x dei oni sed water 3x with 1M sodi um hydroxi de sol uti on/ethanol 2:8
(VN) The gel is suspended in 20 mMl of 1 M sodi um hydroxi de

sol ution/ et hanol 2:8 25and shaken for 20 hours, after suction
filtration on the frit the gel is washed further with in each case 20
n of wasMNYPIEHSEOi on as fol l ows: 2x 1M sodi um hydr oxi RET/EP2008/003990
sol ution/ethanol 2:8 3x deioni sed wat er5301 x 50mM phosphat e buffer
pH7. 0 2x dei oni sed water 2x 20% et hanol / 150nM sodi um chl ori de

s6l ution The gel is stored in 20% et hanol /150 nM sodi um

chloride solution at room 35tenperature. WO
2008/ 145270PENeErE 09 81wed 9960% sthanolkathpiM sbiunfPeblveidarseliftion atheom
coupling of ksngylz@irkne to a graft copol ynmer conprising
2-acryl am do- 2- met hyl pr opanesul foni c acid and 4-acryl am dobutyric
acid (batch 06SW58) 5 Procedure: 20 m of sedinented graft copol yner
conpri si ng 2Exempa®: do- 2- met hyl pro- panesul fonic acid and
4-acrylsan dobwaud fe ffitHe & d
5x with 20 n% of vvaetL:ﬂer eacﬁu@{@fg%ﬁhglépﬁfﬁ %graﬁﬁ&%@ef%%ﬁ'}%ﬂbe
2- nor phol i no&taFaHBRIAG-dmetnyerepagssulienim ailrg dnerylisracichiaatcivOGRR Y 5)
time and filtered with suction on a glass filter frit. 6.4 ¢
of benzyl am I J f 0 MES buffer and adjusted
15t0 pH 4.7 EE?%@%&?%?&%‘%M%F‘?f?"“%&%a‘}’ﬂ#g%ﬁwvg?mwa 98 ggqfﬁpépcﬁy-
suspended i nMAREAHIHE IR RTARYI8BId2-viethylpepesasisinge beidikand atylc goif
N- ( 3- dilRet hy (intm BFHBED) - b\alg eshwi-@adiRrdhyiarh R p RN aei®icarbodiimide
hydrochloride (EDC) is added in each case.
(

Example 9:

Procedure for the coupling of benzylamine to a graft copolymer comprising

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-methyipropanesulfonic acid and acrylic acid

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

Example 10:
Procedure for the preparation of a graft copolymer from 2-acrylamido-2-

(l. methylpropanesulfonic acid and 4-acrylamidobutyric acid (batch 08SWO055)
: 25

Procedure;

A suspension of 70 g of filter-moist Fractogel TSK HW65 (V) {washed with
dilute mineral acid and deionised water) and a solution of 16.8 g of 32%
30 sodium hydroxide solution in 75 mi 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
paddle stirrer. The suspension is made up to 200 ml with deionised water

and adjusted to pH 3 using 65% nitric acid.
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jde (EDC) are added, and the suspension is shaken at room
tenperature. 20After 3 hours, a further 0.4 g of EDC are added, and
the m xture 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 MOWNEMEA'™With in each case 20 M of washi ng soPQ/ERRIOSAE3I990
follows: 10x deionised water 3x 1 M sodisym chl oride solution 5x 50nM
phosphate buffer pH7.0 2x deioni sed water 2x 20% et hanol/ 150nM sodi um
chl oride solution The gel is stored in 20% et hanol /150 mM sodi um
chloride solution at roomtenperature. WO

2008/ 145270PQ§I’$EREOG@MJGOB@9®1;MSB}§ 6.2 Bhef aynmbnmnbcmﬂjmgvpmp@w fiyd 0f4 g

l'ycl onal h o f.

bhophat . 75‘?% i, zoiame 22l of deigitsdd Waeetls iR Tink Sy el ll'a grop,

mvl phosphatep'% NRe *t%&ﬁﬁiﬁﬁ{%ﬁ%&ﬂﬁa&@n J@%er@ireﬁﬁ@amaq@deﬂ@ered inert

oElit erlm n|1 Zg tglsrefebeamérir(gx):amﬂatawnIaﬁxdd@@cﬁfmmegblorﬁlmﬂh&ﬂﬁdt)@erﬂ& hé?%spen-
a C ne 0 a ra

pol gpne? conpr slod 'ﬁg”éggér twgdsft@ggér‘r“%}%'yqﬁrﬁ‘egz%tﬁ%osPP117/ 85PP118)

10Procedure: 20 m of sedl mented graft pol ymer conprising
4-acryl am dob'lﬂ:b}’§taﬁela§b!dt1@ﬁl Ki:éaéé@%'thé %ﬁéb@@upéﬁe%@on%@h WA datodh
of

wth 20 m of. £ eac W t

3- nor phol i nopt *%%‘ﬁé%‘ﬂ??@ﬁ‘frér%cﬁ %&?’@H%W@S "°1§Bru?qi é‘Fﬁ%@l far 3 hoaeh

time and fil teded aogentigylsireant iof tréiroderi.t The trbasticot solotioVds itaeh Nerdd 4
f befzyl f

go y amraégl@raegiﬁh§$1%r"ﬁ@ P9y 2Rk Rfiod- an Wh%P% ]E?Hll{h%rfn@%dwFsré%q

adjustedto smg ééﬂ roc oric aci er-nol s
i suspended 'T' ﬁ@cgﬁf" 2 T80 ImiqT YRS g dianas BllgMsiker . 0.4 g of
N—(B-di met hyl am nopropyl)-1t-ethyl carbodii mde hydrochl ori de (EDC)

are added, amdtdigy QH%E%EE@ ) ?”f%@g g roomtenperature. After 3

hours, a fur her and the m xture i s shaken
for a furthe xf?’ water
15 4x 1 M sodium hydroxide solution

bx 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 05PP118)

Procedure:

30 25.0 g of 32% sodium hydroxide solution is added to a solution of 20.6 g of
4-aminobutyric acid in 200 ml of deionised water at 0 — 5°C in a glass reac-
tion apparatus with a paddie stirrer. 18.2 g of acryloyl 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
temperature for a further 45 minutes. The monomer solution is acidified to
pH 2 using 65% nitric acid.
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“Variant B: 1.1 g of benzylam ne are dissolved in 20m of 0.1 M MPS
"buffer and adjusted to pH 4.7 using 32% hydrochloric acid. The i
filter-noist gel is suspended in the amne solution in a seal able

beaker. 30 0.07 g of N-(3-dinethylam nopropyl)-V-ethyl carbodiim de

hydr ochl omicimo§/E3)0 are added, and the suspension is shalcaeraiosnonm
tenperature. After 3 hours, a further 0597 g of EDC are added, and

the m xture is shaken for a further 17 hours. WO

2008/ 145270PCT/ EP2008/ 003990 - 56 - The reaction solutions variant A

or Bare filtered through a glass filter frit with suction, and the

gels on the f?Uig{ offilRrNeSSEchatidgl! TEKSARBSARBwAShed with diaRhhM@ral acid
solution as follpws: 510x, dei oni sed V\gter 3X 1 Msod l%.mC oride .
sol ution 5x §8ﬂ1\ﬂoeb%§?fﬁ%’éer (5r $UsPERAGd ¢ the monomes Sﬁjé{ ‘Q”a%eé"ﬂ‘iﬁ"r“éﬂ §n
20% et hanol / ps@lenyp Sodt&ihme hilitbr delenised watenand adjeted @ ehp2reting 65%
The static biypgk Bggcapaci ty of polyclonal human 1gG (Gammanorn) in 20
nmM phosphate, 75 mM sodiumchloride, pH 6.5, isis 7.6 ng of 19G i nt
for gel” variant A and 16.8 ng of Ig@nl for gel variant B. The nethod
for dlet er m nA gbitegsdlborbcovdpriging @pagidf wnirsosiascadrived Vmifxandet 15
Exanpl e 15: §Mm-nat il on e i i. el AR
(mcrotitre grggé)n?f“gfctn’éa@? 'rgg'g\ltnlt‘]l %‘fe ?ﬁddéepdeﬂéegﬁg%\}\te&ggqﬁpj.u&%éc’in ?od_rgp‘
gel sedi ment P8I uRBel¥itbRsdiorRAURIsalM. dhRaTETe PRPaEtusS rendered éert
Ito|h atﬁ is fil b?dewééthd%fbdémubﬂcﬁrﬁr @hdfaj_a@tomptréﬁgi?n @ﬁﬁmtitfc%,%%h f_a“lﬂsmsgén-
e honmpgeni . i i, ter b en filtere
Wh oueaet 68 if e SHRRSINY Sy %fi‘“&ﬁé"eﬁ!&rf@ﬂﬁ?%& Gre is fillod with
ndi ng buffer, 19gG stock solution (polyclonal human | gG Gammanor m
{aphar ) Theadded: saDtbt s RPRNENE Feadkping BHdF00: Ahg f 4roC
solution to the in the fi , i
75 min on o SHERAF emiksare ot A2 ofbEUopETtiel dishahaL et B SOt
vacuum st at i and subséguamily e dotmi temperathrel@® aplurtbér b7 hdiursgurideifaeperdic h
time and fil i 4 i ; j -
buffer (20 ﬁf%@%%ﬁ%@%ﬂggsaﬁbﬁﬂP%f??%?f?ﬂ%ﬁ“%%“gﬁ%@h?nb%S%é"aeft 0
the filter pftE&2) WHicRUGHONs Bakeiher 88! @ ihe, fritrigewaslissh wilh dnteach case
sucked i nto a0Wwhipl atashimg daheionaasufotiows:at i on, and 35the plate is
measured in the photoneter at 280 nm

5x deicnised water
20 8x 0.5 M sulfuric acid, 0.2 M ascorbic acid
3x deionised water

2x 1 M sodium hydroxide solution
2x deionised water

~

25 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% ethanol 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 ml of sedimented graft copolymer comprising 2-acrylamido-2-methylpro-

panesulfonic acid and acrylic acid on Fractogel (batch 06PP066 or 05PP131)



WO 2008/ 145270PCT/ EP2008/ 003990 - 57 - The 1gG binding capacities per
m of gel sedinment volune (1gG SBC) calculated fromthe eluate are
listed in Table 2. The binding buffers used were 20 nmM phosphate, 75
nmM sodi um,g Oggi de, pH 6.5, and 20 nM phosphate, 150 mM sodi um

chl ori de, YE5I8 The bi ndi ng capacities of the separ &GTHF2008/003590
materials from Exanple 12 are shown i n-3able 2. Exanple 16:

10Determ nati on of the chem cal conposition of the graft polynmers The
functional groups can be cleaved off fromthe graft polyners which
are pol yacryl am de chai ns_by acidic hydrolysis. The functional groups
are |iber- aﬁé@jwﬁh%&wﬁhgoé@rﬁb@a@haﬁy@émeqaacﬂmtﬁitemi wigh pubjorHPL @
af ter derivatlass+iitébfriti on by nmeans of ortho-phthal di al dehyde and

mer capt oet hanol . For calibration, the comrercial am nes are used or

t he mononer used in the synthesis, which nust then be hydrolysed |ike
the graft pof\iee solution1806 68l mato! B Mnhindrare Wissdhedairi Bt of aldiedkedo

10 my &f drywaedr, (drBMF/digRi8ed SyARF real %Hdiéﬁj%‘}ﬁy'%r @@%ﬁdu%bhsﬁ%d

subsequent |y, heat ed .at 125C faor. 10 hour's 1n a ressure
cont ai ner. Zgyc%p{:ﬁlpngg& i(ﬁ’é‘b{aoi)r oom tenperature, the pressure
contai ner is opened, and about 200 pl of supernatant are pipetted off
are noutral i oo e Tl 2 Blof s Oy TSl B B REHED
325 pl of 0. “Wdﬁiwéi?%c%f‘@e(ﬁ% in 458 g @T deignised avateicet oni tri | e/ wat er
8:2 (VﬂlfJ are added, and the conponents are m xed. 30 100 pl of OPA
o7 Sarhanat o BRI AT, PR S SR N e
irer capt oet hahél M P& Eiife selutian careribeni addade and ikakuspensigorisusiaken at
(b o o, BT B ) SS1E o0 e
etectio . - - e
nunber , of ch%?dsg% @%ﬁgé%ﬁ%&%FﬁéH%%erﬁy?wrﬁati on. To this end, the
gel is'Shaken with 0.5 M hydrochloric acid and washed with 0.001 M
hydr ochl or i cTieg rshotihSofitlon ShAREIRE thibughig ey sy At iABekidH hdlnd M
sodi um hydro ||de olfu ton. .Th l. 1 s Subséquent fy washed and dri ed.
The equi val ehce’ pornt' ’35‘3{?%"'%@{"856? faah gese %Prfﬁ’t‘i’o‘f‘iaﬁmﬁ felufipp ¢ fol-

derivative. lows:

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

C 1 The gel is suspended in 20 m! of 1 M sodium hydroxide solutionfethanol 2:8
' 25 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/ethancl 2:8
3x deionised water
30 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
35 temperature.



The results are listed in Table 4. Exanple 17: 10Determ nation of the
dynam ¢ 1gG binding capacity Colums were packed with 1 m of
contents. Proteo-Cart colums with a bed depth of 19 nm and 20%
conpressi on and Superformance colums with a bed depth of 13 mm and
10% conpr &432§#145THe col utm were charged with 15 an | gG@Eotribas@d3990
having a content of 1 g/l in buffer A (pgepared from polyclonal human
| gG Ganmanorm Cct apharnma) to a breakthrough of 10% The flow rate
here was selected so that the contact tinme in the colum is 4 mn.
After rinsing with buffer A the colum was eluted with buffer B.
20Buf fer A: Examplphgsphate, 150 nM sodium chloride, pH 6.5 Buffer B:
25 mM phosph Lum chl oride, pH.6.5 Or 25Buffer A : 25 nM
phosphat e, 1%8?5\91%%&%3&]&58‘1@“%{&;%@%@%&?Qfa CPENEAF BRI ETIPGL e,
1 M sodi um cRtaviasidpRraetbylorosoBet feric Atid 2 4ivbpytepsidbibditeric 246i@ M
sodi um chl or istach peishvgsdpuf fer B': 50 nM TRI'S buffer, 2 M sodi um
chloride, pH 9.0 The results are listed in Table 4. 35Exanple 18:
Bi ndi ng experinment with nonocl onal antibody WO
2008/ 145270PETPERROYS/ 003990 - 59 - A 1 nl capacity Proteo-Cart
colum (Merck KgaA) is packed with a separating material (06PP343),
prepared in @ cordfanccﬁw\f/a\,ith Exanpl e 7 (17% conpression), and
equi | i br at ed“WiMHCTEeA0BpIRGsPiRk ROPOEOSHAPRBHSIDEn ZAtHleido-2pretypro-
(?boult 12 _rrgbamsuifén'&ﬂmﬂic;e andpd-sirp@nidotigyref @&M’E{ MR q;ra:‘ft'% er é)%tch
cl onal 1anti : ncer, Resear ,
1311- 1318, 3?%!%@?&%?%’85@'5%%@?&3@ §Jf Wyl Eakh I 2 5’51]”83?2@@’ o
g 5) is appl PddM érrp@hebneathangsuifonicoseid sotutioh MRS iuffer)npHThE each
Lution is ctameizgd filetedvivith sBcot oh BQoRr &l ng 25 mM phosphate, 1
M sodium chloride at a pH 5.5. The subsequent recovery of the
anti body after elution was 98% in the 10experinments carried out.

6.4 g of benzylamine are dissolved in 20mi of 0.1 M MES buffer and adjusted

15 to pH 4.7 using 32% hydrochloric acid.

The filter-moist 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
o gel on the frit is washed with in each case 20 m! of washing soiution as fol-
L 25 °
) lows:

10x deionised water
3x 1 M sodium chloride solution
5x 60mM 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



The chromatogramis shown in Figure 3. Exanple 19: 15Size exclusion
chromat ography The distribution coefficient Kd of pullulanes having
various nol ecul ar weights, depicted in Figure 2 through their

vi scosity . radi s determ ned experinmentally by isocratic
exper i rrentws@g‘iog/t?ﬁr%xg salt concentrations (0, 0.1 20 and P-TOERPEEEIEM

chloride) for a graft polyner conprisingdacrylanido-2-

met hyl propanesul fonic acid and acrylic acid before (Fractogel

503/ C00) and after coupling of benzylam ne (Fractogel

S03/ C00/ benzylj . 25 30, WC) 2008/ 145270Per / EP20081003990 -60 - .
4-.i.5-0 -0 -62805186'9 binging -cgracitpe! grelycionaic hemes ids HGammanorm) is
-- eaOEEE EEBOE Sg @EWGHLNG0 m¥ Bhésphate, 5 @M s@iilR)ohfdRidkS pGR.5) arfeP

15 15 15 1O B {Ry of 1g&mPin™emit prooriale, “%6710M sl 2n1dH88, pH 6.5. The

method for determining the binding capacity is described in Example 15.
5

Example 14:
Procedure for the coupling of benzylamine to a graft polymer comprising
4-acrylamidobutyric acid (batch 05PP117/05PP118)

10 Procedure:

-

20 ml of sedimented graft polymer comprising 4-acrylamidobutyric acid on

Fractogel (baich 05PP116) are washed 5x with 20 mi of water each time and

5x with 20 mi of 0.1 M 3-morpholinopropanesulfonic acid solution (MPS
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% hydrochioric acid.

20 The fiiter-moist gel is suspended in the amine solution in a sealable beaker.
0.4 g of N-(3-dimethylaminopropyl)-N*-ethylcarbodiimide hydrochloride (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
further 17 hours.

Variant B: 1.1 g of benzylamine are dissolved in 20ml 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 g
further 17 hours.

35
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The reaction solutions variant A or B are filtered through a glass filter frit with
suction, and the gels on the frit are washed with in each case 20 ml of
washing solution as follows:

10x deionised water
3x 1 M sodium chloride solution
ox 50mM phosphate buffer pH7.0

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

The static binding capacity of polyclonal human IgG {Gammanorm) in 20 mM
phosphate, 75 mM sodium chloride, pH 6.5, is is 7.6 mg of lgG/ml for gel
variant A and 16.8 mg of IgG/ml for gel variant B. The method for determin-
ing the binding capacity is described in Example 15.

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

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 |1 of the homogenised gel suspension. The filter plate is then
filtered with suction on a vacuum station.

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

Add 200 pi of IgG solution to the gel in the filter plate, and shake the plate for
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 pi of elution buffer (20 mM phosphate, 1 M
sodium chloride, pH 7) are then added to the filter plate, which is shaken for
5 min. The supernatant is sucked into a UV plate on the vacuum station, and
the plate is measured in the photometer at 280 nm.
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The 1gG binding capacities per ml of gel sediment volume (lgG 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 chioride, 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 pl of 5 M hydrochloric acid are added to 10 mg of dry gel, the mixture is
treated in an ultrasound bath and subsequently heated at 125°C for 10 hours
in a 1 mi 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 pl of the clear supernatant are neutralised using 176 pl of 1 M sodium
hydroxide solution, and 325 pl of 0.5 M borate buffer pH 9.5 and 119 pl of
acetonitrile/water 8:2 (V/V) are added, and the components are mixed.
100 pl of OPA reagent, which is prepared from 100 my of ortho-phthal-
aldehyde, 9 m| of methanol, 1 m] of 0.5 M borate buffer pH 9.5 and 100 gl 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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The number of charged groups is determined by titration. To this end, the gel

is shaken with 0.5 M hydrochloric acid and washed with 0.001 M hydrochloric

acid. The gel charged in this way is titrated with 0.1 M sodium hydroxide

solution. The gel is subsequently washed and dried. The equivalence points
> 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

L 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 IgG solution having a content of 1 g/l in buffer A (prepared from polyclonai
human IgG 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: 26 mM phosphate, 150 mM sodium chioride, pH 6.5
Buffer B: 25 mM phosphate, 1 M sodium chloride, pH 6.5

or

3 25 Buffer A’: 25 mM phosphate, 150 mM sodium chioride, 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 chioride, 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 (08PP343), 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-
clonal antibody (as described in Clinical Cancer Research 1995, 1, 1311-
1318, dissolved in 25 mM phosphate, 150 mM sodium chioride, 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
experiments carried out.

The chromatogram is shown in Figure 3.

Exampie 19:
Size exclusion chromatography

The distribution coefficient Kd of pullulanes having various molecular
weights, depicted in Figure 2 through their viscosity radius, was determined
experimentally by isocratic experiments at three salt concentrations (0, 0.1
and 1.0 M sodium chloride) for a graft polymer comprising acrylamido-2-
methylpropanesuifonic acid and acrylic acid before (Fractogel SO3/COQ)
and after coupling of benzylamine (Fractogel S0O3/CO0/benzyi).
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0QE000 1, Separating materials for ion exchange chromatography based on hydroxyl-

containing base supports, to the surfaces of which copolymers are covalently
bonded, comprising:

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;

e) the copolyrﬁer comprises at least one 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 groups, or which carries a negative charge in the
form of a sulfonic acid or carboxylic acid and in addition contains alkyl and/or
alkylene groups, but no aryl groups;

) 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 amide groups; and

g) the 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 10:90.

2. Separating materials according to Claim 1, wherein
e) the copolymer comprises at least one monomer unit having a negative

charge, either of formula (1)
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materials for ion exchapge chromat ography based on hydroxyl -
cont ai ni ng base support to the surfaces of which copolyners are
coval ently bonded, conpt]| sing: a) the base support contains

al i phati c hyqqoxyt groeuvgs—N—YDb) the coval ently bonded copol yners

are bonded to fhe S

upport vi 11 a termnal nononer unit;
R'" R R* inwhich
R1, R and Y, independently of one another, denote H or CH3;
R3 denotes R4-SO3;M or R-COOM;
R4 denotes straight-chain or branched alkylene having 2 to 4 C atoms and
M denotes H, Na, K or NHy4; or

of formula (2)

R’ R’ in which
R7 and Rg, independently of one another, denote H or CH3, or R; denotes COOM if
Z=M and Rs=H;
Z denotes either M, R4-COOM or R4-SO:sM, where
R4 denotes straight-chain or branched alkylene having 2 to 4 C atoms,
and
M denotes H, Na, K or NHy4; or

both one monomer unit of formula (1) and formula (2);

f) the copolymer comprises at least one monomer unit containing a
hydrophobic group of formula (1), which imparts a hydrophobic character on the
copolymer, in which
R4 denotes H or COOM,

Rz denotes H or CH3, Y and Rj denote straight-chain or branched alkyl having up to

18 C atoms, in which



c) the copolyners conprise at |east two different nononer units;

d) the nmononer units are linked in a %4 near manner; e) the
copol yner conprises at | east one nonofier unit which carries a
negative charge in the formof a sulfonic acid or carboxylic acid and

in addition\egp %lr@g@mb%aﬁ%agg%gggj g&gﬁs'acgg al kyl and/or al kyl ene

groups and in tota maxi mu at ons, t no aryl groups, or

car boxyt 1 o SLranae T B S fed B BRI ordnditel MRyl % 16

groups, ,but no aryl groups; f) the copol yner conprises at

| east GH@MofRbmer unit which carries, as hydrophobic group, a

strai ght-chain or branched al kyl having 4 to 18 C atons or

cor r espondi ngdangtesdt sng Rsaanodehand a8 Rardirdeogr oups; and )
the ratio of the nononer units having a negative charge to the
monomner uni tSdenotiesithbnGHg dnyidRogdbndice RFO@NHS, i n a range bet ween
99:1 to 10:90. 2. Separating materials according to Claiml1, wherein

e) the copol yner xgeRétesfrafint/chaii o OR@NBREQ R HEVihg A THICatoms %@"
negative charge, either of formula (1) 63 0 ii HC=CC NY | 1:21R7
in which r B2 d Y, independently of one another, denote H or
CH3; R3 denotes R4"303M or R4-COOM R4 denotes strai ght-chain or

branched al kyl ene, havi 2,.t0,4 C ato and enotes H 0
N or of for mil 1o BBt bR AR AN G FIHEG g, 216 4'C Soms,
i ndependently of one another, denote Hor CH3, or R7 denotes COOM i f
Z=M and R8=H, z diadrnadesarsiaighitchain eooranshesalksteng haiegd to 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 NHy4; and

g) the 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 10:90.

3. Separating materials according to Claim 1 or 2, wherein

e) the copolymer comprises at least one monomer unit having a negative
charge from the series 2-acrylamido-2-methylpropanesulfonic acid,
2-acrylamidoethanesulfonic acid, carboxymethylacrylamide carboxyethylacrylamide,
carboxypropylacrylamide, carboxymethlymethacrylamide,
carboxyethlymethacrylamide, carboxypropylmethacrylamide;, maleic acid, acrylic

acid and methacrylic acid; and



R4 denotes straight-chain or branched al kyl ene having 2 to 4 C atons,
and M denotes H, Na, K or NH4; or botg one nononer unit of fornula
(1) and formula (2); f) the copo?ymer conpri ses at | east one
nmononer unit containing a hydrophobic group of formula (1), which
|rrparts a h ; NS Ui J denot es
H or 3@{@%@@%@@%@ \Q(piaerr?gﬁ%’g@ enot e rslfﬁrnr;?g %‘iﬁc aln or
branched al kyl having up to 18 C atons, in ich 64 Y and R3
together carry at least 6 C atons, or Y denotes H and R3
denotes strai ght-chain or branched al kyI ha}i ng 6 to 18 C atons, or Y
denotes H and R3 denotes aryl or ateg H or CH3 and
R3 denot es R4- CONHX, X deno es Sk rai ght - CEJ;.I n or branched
al kyl having 6 to 18 C atons, aryl RES aryl, denot es
strai ghg Shi®brdif f@p{gu%l enE haang 2 to R'C at gy denot es
a strai gyr?t?%\al n@or pla;d?gnched gl”kyl ene having 1 to 4 C atoPrisCRGi n whi ch
a met hyﬁae@ﬁ,(g ngf may be replaced by O and may be substituted by
enotes H Na, K or NH4; and g) the ratio of the
m)norrer unlt _negative charge to the nononer units
cont ai ihgeR ﬁﬁ{ ﬁfi@l c group is in a range between 99:1 to 10: 90.
3. Separ.ating materl als according to daim1l or 2, wherein e)
the copbHgRgtesddaprliRedenates apdOr GueantbAber unit having a negative
charge fromthe series 2-acryl am do-2-net hyl propanesul foni ¢ aci d,
2- acr yadedoesHidoe S and B; dehdiesdar-CONmXwhdracr yl ami de
car boxyet hyl acryl am de, carboxypropyl acryl am de,

car boxynet h|)§’{ﬂ'§hb@@’3{}/ﬁ5ﬁ Rgary,ar boxyet hl ynet hacryl am de,
car boxypropyl net hacryl am de;, maleic acid, acrylic acid and

met hacryl i ¢ I@M&wotéé‘%etﬁﬁeﬁ% 4AGIeFRPBIOPIRINGC QRBr | Ses at T east one

nononmer unit contal ni ng

Rs 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,
and

M denotes H, Na, K or NHa.

4. Separating materials according to one or more of Claims 1 to 3, wherein

e) the copolymer comprises at least one monomer unit having a negative
charge from the series 2-acrylamido-2-methylpropanesulfonic acid,
2-acrylamidoethanesulfonic acid, carboxymethylacrylamide carboxyethylacrylamide,
carboxypropylacrylamide, carboxymethlymethacrylamide,
carboxyethlymethacrylamide, carboxypropylmethacrylamide, maleic acid, acrylic acid

and methacrylic acid and



| I HC=C-C-N-Y IIFR3 hydrophobic group of formula (1) RLR2in which Rl
denotes H, R2 denotes H or CH3; Y dengtes H and R3 denotes aryl or
Re-aryl; or Y denotes H or CH3 and R3 denotes R4- CONNX where X

denot es aryI or Re-aryl, R4 denotes nethyl ene, ethylene, propyl ene,

and ﬁ’x‘émrﬁeﬁédrﬁ?ﬂéﬁs §118b& SHe RioABR AR dortaRRghAVi ng 1

to 4 C atons, in which a nmethyl ene group nmay be repl aced by 0 and may
be substitut ed by COOM and M denotes H, Na, K or \NH4. 4. Separati ng
materials according to one or nore of Clains 1 top3, wherein e)
t he copol yner conprises at | east one nononer unit|jhaving a negative
charge fromthe series 2-acryl am do- 2- pRihy-prapapesul fjoni oy aci d,

2- acryl am doet hanesul foni ¢ aci d, carboxyjnet hyl acryl am fe

car boxyet hyI acryl am de, car boxypropyl acr I am de

car box g ?ﬁﬂp%f&ﬁé%@ne?aﬁmgt hiRret Rfcr y1 ani dB’ (1) in which
car boxypr opyI rret acryl am mal ei ¢ acid, acrylic acid and

nmet hachyI eq} fl.and 66 f) the copolyner conprises at |east one
nononer cont’al ning a 0 HC= -G N Y hydrophobi c group of the

gener al (1) in which RL denotes H, R2 denotes H or CH3;
Ydenot%sé)‘?-lng B'|18<)|:}'2@|'31’0tes phenyl, benzyl, phenylethyl or

phenox&et hyl ; or Y denotes H or CI—|3 and R3 denotes R4- CONHX, where X
denot ey’ feees H BBA Ra densites, Raeryleenayl, Fmﬂlylethyl or pRengeyRihYs or

met hyl ene, et hyl ene, propyl ene, acryl oyl phenyl gl ycine or

acryl oy gemoetesdd anCii.and Rz denotes Rs-CONHX, where

X denotes phenyl, benzyl, or phenylethyl, and
R4 denotes methylene, ethylene, propylene, acryloylphenylglycine or

acryloylphenylalanine.

5. Separating material according to one or more of Claims 1-4 wherein
a) the copolymer comprises 2-acrylamido-2-methylpropanesulfonic acid
or/fand 2-acrylamidoethanesulfonic acid as monomer unit having a negative charge,
b) the ratio of the monomer units having a negative charge to the monomer
units containing a hydrophaobic phenyl, benzyl or phenylethyl group is in a range

between 70:30 to 30:70.

6. Separating material according to one or more of Claims 1-4 wherein

a) the copolymer comprises acrylic acid or/fand methacrylic acid as monomer
unit having a negative charge; and

b) the molar ratic of the monomer units having a negative charge to the
monomer units containing a hydrophobic phenyl, benzyl or phenylethyl group is in a

range between 95:5 to 70:30.



5. Separating material according to one or nore of Clains 1-4 wherein
a) the copolynmer conprises 2-acry|ani§9-2-nethylpropanesulfonic acid
or/and 2-acryl am doet hanesul foni c aci d as nononer unit having a
negati ve charge, b) the ratio of the nonomer units having a
negative charge to the nmonomer units containing a hydrophobic phenyl,
benzyl or phenylethyl group is in a range between 70:30 to 30: 70.

6. Separqatin - r.di : n r re Cl aj -4.wherein
a) the @Opoﬁéﬁﬁrﬁﬁ%ﬁé@@ %853?'5@t°§8ﬁ‘a%6ﬁ°‘a)“ﬁc?fgjé?'ﬂhsc?‘ryﬁ1%% T d as
nonomer unit qﬁvi ng Ia negati ve charge; ang Egesthe nol ar ratio
of the nmonor®BrNG PPV RISsEFAETONeMar oy theySels nonomer units
contai ni ng a hydrophobi c phenyl, benzyl or phenylethyl group is in a
range bEBGREMNGS-Zmaihyipramnesslforric seishard Ewrviatredqestharaemtujpaiwld @s
one or nore of Clains 1-4 wherein a) the copolynmer conprises a
nononmerménomet beit fevingsa Begativd emarde: 2- met hyl pr opanesul foni ¢ aci d and
2-acryl am doet hanesul foni ¢ acid as nononer unit having a negative

charge;  b)a Rormdni@IRIELhd s6med §éfryﬁ@ébi@5arﬁ%ﬁémefcrﬂ@ sei@shd
nmet hacrylic acid; and c) the nolar ratio of the nononmer units

havi ng a ne ' rﬁﬁqﬁqﬁi L ki
hydrophobicqgﬁg%3F59€%%@§#q%%hgheny e l%#ﬂ%é@%%qggg#ﬁéggﬁgﬁﬂgtB%tmeen
95:5 to _30:70. 8 Process for_the preparation of separati mat er.i al s
accor diMGYBeL HE PORBIENG A e niiobt pheny bigmay PEPRgTVIEthI Groyp s g,
one nononer unit containing a functional group having a negative
charge’?§Qaﬁﬁ$ﬂe%@9§ﬁ%¢%%@gomﬁth at | east one nmononer unit contai ning
a hydrophobi ¢ group, and optionally with a neutral nonomer having
hydrophilic properties, onto a hydroxyl-containing inorganic, organic
or hybrid support material in a one- or nultistep reaction. 9.Process

accordigig t cProcassfat.the pr@saration of separatify mdLaskls reo NP BR6N& B More
containing a functional group having a negative charge are dissol ved

in di |l yresiaehslwh hediolieggt one nononer unit containing a
hydr ophog-l‘:c group, ’andpop?]?onal ly with a neutral nononer having

hydr ophi l'i ¢ Qr, rei Lt it f cosol,vent framthe series
nvetone. di e sve m P o ehiA a8 e nGEo ) 6iln bERb et
tetrahydrofuran iin the presence of ceriun(l ions and, . .
r o - SIS el RGBSR B et s HPREMBE S8t SapisHIng a fgirophobic
10. Process for the preparation of separating materials according to
C ai nrs ®oup, @d eptigrallyiwith aneatral sasomeidavingdmstirogllic aronaries antory |
group of the general fornmula 1I HCGECGCGNY

hydroxyl-containing inorganic, organic or hybrid support material in a one- or

multistep reaction.

9. Process according to Claim 8, comprising

at least one monomer unit containing a functional group having 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, tetrahydrofuran in the presence of cerium(lV) ions and

graft-polymerised onto a hydroxyl-containing base support.



IIRI3 RIR2 (1) in which , R2 and Y, independently of one another,
denote H or CH3; R3 denotes R4- COOM d R4 denotes straight-chain or
branched al kyl ene having 2 to 4 C atons, and M denotes H, Na, K or
NH4; and/ or a nmononer containing carboxyl group of forrmula (2) 0 HCC
QZ R7Rsin which R7 and Rg, independently of one another, denote H or
CH3, or R7 denotes COOMif Z=M and R8=H; Z denotes either M or

R R

together with a water-sol uble nononer, is graft polymsrlsed onto a
hydr oxfﬂ CeBris r}g ng inorganic, organic or hybrid support naterial;
and 69 5 sone of the graft pol ynmeri sed carboxyl groups are
subsequent | @)@ £BE MenNantUatNnLPRDBYYIarapp ohiha gerpraqrdrmela

11. Process according to Claim 10 for the preparation of separating
materials accordinggto one or nore of Clains 1 to 7, conprising a) at
| east one nononer |:Fnt ai ni ng carboxyl group of fornmula (1)

HC=—/C C N Y

|

R" R R® (1) in which

R4, Rz and Y, independently of one another, denote H or CH3;
Rz denotes R4-COOM, and
R4 denotes straight-chain or branched alkylene having 2 to 4 C atoms,
and
M denotes H, Na, K or NH,4; and/or
a monomer containing carboxyl group of formula (2)
O
]
HC:T—C—-—OZ

R" R in which
R7 and Rg, independently of one another, denote H or CHs, or Ry denotes COOM if
Z=M and Rg=H;
Z denotes either M or Rs-COOM, where
R4 denotes straight-chain or branched alkylene having 2 to 4 C atoms,
and
M denotes H, Na, K or NH,4, optionally together with a water-soluble
monomer, is graft-polymerised onto a hydroxyi-containing inorganic, organic

or hybrid support material; and



1.1 HC=CG-CGNY IRI3 RIR2in which R1, R2 and Y, independently of one
anot her, denote H or CH3; R3 denotes f4-COOM R4 denotes

strai ght-chain or branched al kyl ene having 2 to 4 C atons, and M
denotes H, Na, K or NH4; and/or 0 HG1 G QZ of formula (2)R7Rein

whi ch R7 an i mgg}@ ;

denot es COOd\gl))i@)mZitl\a/lfian Rgi;ﬁl_cli;iyrgégseéhtgtéae@%&ﬂyb %?%ﬁb%ﬁ%ggg?gg%ﬂﬁ
straig chai : having 2 to 4 C atons, and 70
vvater-ts]éﬁou%ﬁ‘ed% Rgﬁé%gﬁgggﬁég%%ﬁ%g‘”ﬁ% wat er so that the proportion
of negatively charged groups is 1 to 100 nol %in relation to the
total anount of nononer; b) the resultant solution is m xed
with the support material in_such a way that 0,05 to 100 nol of total
nmononer!fare Fgr@ﬁeé%acqj'émg totelpira 1 OSet thechreparalipppdraeparating rapterials

c) cerium(lV) salt dissolved in mneral acid is added to the

r esul t acosdispémsnemy nearesifrigjampHio @, compriainge from 0-5 to ari se,
and a ceriun(lV) concentration of 0.00001-0.5 nol/1, preferably
0.001-0. 1 nugl/ak;least one mehomBE coHRBEHING BaosyLgoubofS6mbdlaRe) ymeri sed
within atine of 0.5 to 72 hours; e) an am ne or an am ne

m xture i s enpl oye(bfor the nodification of the graft-pol ynerised

car boxyl groups byjtoupling; f) that the total anmount of am ne
enployed is in a l:ar ratio of 0.01 to 100:1 to the carboxyl groups
bonded tuctihe cuppgt—ang—-syconverted into am de groups in the
presence pf a lcoupl i ng ﬂeagent, which is enployed in a nolar ratio of
0.01:1 tof20:1 to the charged groups bonded to the support; and

g) an al kil -, Rryl- or &yl al kyhantme having 6 to 18 C atons fromthe
group aniline, benzylam ne, 4-fluorobenzylam ne,

4- et h%ﬁ%%ﬂ A8 pe RGPV MBI WARRER @enBREPAHE AL NE,

phenyl et hyl'am ne, phenoxyet'hyl am ne, tryptamne or tyramne as free

am ne %ﬁ@%@@ég@%@%@e is enployed for the coupling.

12. Chr containing a separating material according

to one or . .
R4 denotes straight-chain or branched alkylene having 2 to 4 C atoms, and

M denotes H, Na, K or NH,4; and/or
ﬁ

HC:T-——-C——OZ

8

A

of formula (2) in which
R7 and Rg, independently of one another, denote H or CHs, or Ry denotes COOM if
Z=M and Rg=H;
Z denotes M or R.-COOM,
R4 denotes straight-chain or branched alkylene having 2 to 4 C atoms,

and

M denotes H, Na, K or NH4, optionally together with a further



nore of Clains 1 -7. 71 13. Use of the separating materials
according to one or nore of Clains 1 9 7 in a chromatography col um.
14. Use of the separating materials according to one or nore of
Clainms 1 to 7 for the renoval of biopolyners fromliquid nedia. 15.

Use accor di ngates-sGlublermbhonmiersadissdied i waie waehat theprepotivadfi N an
aqueous liquid which has an electrolytic conductivity of 1 to 20

ns/ d ) C It
of laims 14oe 1 GRIFE pRbsts 1. Q100 RG] AORTEREH b Rip i BBAor

separating rméﬁ%' %l_ by interaction with the ionic groups and
optionally hydr '16' dbi c groups is desorbed either by a)

e s B 3o 85 o e T bl Bl g
different polarity to that of the adsorption buffer.
0.05 to 100 mol of total monomer are employed per liter of 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 cerium(lV)
concentration of 0.00001-0.5 mol/l, preferably 0.001-0.1 mol#;

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

e) an amine or an amine mixture is employed for the modification of the graft-
polymerised carboxyl groups by coupling;

f) that the total amount of amine employed is in a molar ratio of 0.01 to 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 employed 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-fluorcbenzylamine, 4-methoxybenzylamine,
napthylmethylamine, phenacylamine, phenylethylamine, phenoxyethylamine,

tryptamine or tyramine as free amine or as hydrochloride is employed for the

coupling.

12.  Chromatography column, containing a separating material according to one or

more of Claims 1 -7.
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13.  Use of the separating materials according to one or more of Claims 1 to 7 ina

chromatography column.

14.  Use of the separating materials according to one or more of Claims 1 to 7 for

the removal of biopolymers from liquid media.

15.  Use according to Claim 13, wherein the biopolymer is dissolved in an
aqueous liquid which has an electrolytic conductivity of 1 to 20 mS/cm and a pH of

greater than 4.

16.  Use according to one or more of Claims 13 to 15, wherein

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 in the solution; and/or

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

adsorption buffer.



