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Composite material for chromatographic applications

The present application pertains to a composite material for
chromatographic applications and a method for the preparation

of the composite material.

Chromatography media for organic molecules and biomolecules
have traditionally been categorized according to one or more

of the following possible modes of interaction with a sample:

- hydrophobic interaction (reversed phase)
- hydrophilic interaction (normal phase)

- cation exchange

- anion exchange

- size exclusion

- metal i1on chelation.

Traditional stepwise application of the above chromatographic
categories to a given separation problem was mirrored in a
step-by-step, steady improvement of the product purity but
also in product losses at every stage which accumulate
seriously in the end, not to mention the operational time and
cost of goods. Introduction of affinity chromatography at an
early stage into the downstream production process could be an
answer to this demand since the reduction of a consecutive
series of sequential chromatographic steps into only one could

thus be demonstrated many times.

Affinity chromatography is sometimes regarded as a class of

its own. Also, from a chemical point of view, it is based on
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the same interaction modes as above. The principal
characteristic of affinity chromatography is its high
specificity of a pre-determined analyte which is usually based

on a known molecular recognition pair.

Most chromatographic sorbents according to the prior art
consist of a solid support material which surface is covered
with a thin film of a cross-linked polymer. Polymers such as
cross—linked polybutadiene, polystyrene, polysiloxane,

poly (meth)acrylate and polyamides have been used in the past.
They have been employed primarily with the intent of creating
a dense interface which shields the surrounding medium from
unwanted interaction with the underlying part (carrier) of the
solid support material. Such interactions may lead to
unspecific or even irreversible binding of molecules to the
sorbent while, on the other hand, constituents of the solid
support material or its chemical linkages to ligands may be
corroded by aggressive components of either the sample or the

eluent.

Polymer—-coated sorbents are basically known for applications
in all chromatographic categories as they are listed above,
but in particular for hydrophobic interaction and size

exclusion.

Also known are polymer coatings which are not internally
crosslinked but grafted to the carrier material as linear or
branched chain, such as the so-called tentacle resins.
Affinity chromatography, on the other hand, has mostly been

carried out with bulk gel-phase resins.



10

15

20

25

30

WO 2013/007793 PCT/EP2012/063718

Pre-eminent gel forming materials are medium-crosslinked
polysaccharides, polyacrylamides, and poly(ethylene)oxides.
The mechanical resistance of these media i1s, however, much
weaker than that of inorganic support materials since they are
compressible under an applied pressure and do not tolerate
shear stress caused by agitation, column packing or high
liquid flowrates. Affinity sorbents that are fully compatible

with rough HPLC process conditions are therefore rare.

Only in the recent past it has been recognized that the
mechanical resistance of the stationary phase is a bulk
property of the sorbent support where only a thin layer at the
interface between the stationary and mobile phases is
responsible for mass exchange and for the interaction with the
analyte. Therefore, the concept of combining the function of a
mechanically very rigid and dimensionally stable porous 3-
dimensional core, and a gel-like interface layer which carries
the active ligands for binding the analyte have been brought
up, and the associated synthetic problems have been
technically solved. Such hybrid materials employ loosely
crosslinked polymers of high polarity on a base of either an
inorganic oxide or a densely crosslinked polymer of low

polarity.

Methodologically, they can be prepared by applying the polymer
of high polarity onto the core material or by directly
polymerizing polar monomers, precursors thereof or a
prepolymer in the presence of the core material and a
crosslinker. The majority of materials prepared according to
the latter method is described in the literature as having
either a non-pore penetrating or pore-filling morphology.

While non-penetrating films suffer from restricted surface
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areas available for interaction with the analyte and thus low
binding capacities which only depend on the thickness of the
polymer film, pore-filling films take advantage of the full
inner pore volume of the core material in the interaction with
an analyte, which usually results in good binding capacities
but slow diffusional mass transfer rates inside the pores and

exchange kinetics with the mobile phase.

There is thus still a need for a sorbent material that
provides a high surface area for the interaction of a ligand
with the analyte, that shows a good binding capacity of the
analyte to the ligand and that has a diffusional mass transfer
rate inside the pores and exchange kinetics with the mobile
phase. In addition, the system should be stable against the
influence of the mobile phase and the analyte, which often

causes a destruction or loss of the stationary phase.

The invention therefore provides a Composite material
comprising a porous support and a crosslinked polymer on the
surface of the porous support, wherein the ratio between the
pore size [nm] of the porous support and the crosslinking
degree [%] of the crosslinked polymer [PSCL-ratio] is from
0.25 to 20 [nm/%] and wherein the crosslinking degree is of
from 5 to 20 %, based on the total number of crosslinkable

groups in the crosslinked polymer.

The ratio between the pore size [nm] of the porous support and
the crosslinking degree [%] of the crosslinked polymer is more

preferably from 0.5 to 15 and most preferred from 1 to 10.

According to another embodiement the ratio between the pore

size [nm] of the porous support and the crosslinking degree
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[$] of the crosslinked polymer [PSCL-ratio] is from 2 to 20,
more preferred from 2 to 10. In this region best results can

be obtained.

Unexpectedly, it was found that the ratio between the pore
size of the solid support material and the crosslinking degree
of the adhered polymer is advantageous as this material shows
a high stability against the influence of the mobile phase and
the analytes and shows a high diffusional mass transfer rate
inside the pores and exchange kinetics with the mobile phase.
It was found that a composite material with a PSCL-ratio above
25 shows a loss of polymeric material on the surface of the
porous support and thus leads to a decrease in purification
efficiency. On the other hand, a PSCL-ratio below 0.25 leads
to a decrease in purification efficiency as the swelling of
the polymer film is limited. In addition, it is believed that
the high crosslinking results in a rigid polymer film which

might cracks and thus desorbs from the porous support.

The pore size of the porous support is preferably at least 6
nm, more preferably from 10 to 200 nm and most preferably from

15 to 100 nm.

According to an embodiment of the composite material, the
porous support has a specific surface area of from 1 m?/g to
1000 m?/g, more preferred of from 30 m?/g to 800 m?’/g and most
preferred of from 20 to 400 m“/g.

It is preferred that the porous support has a porosity of from

Q

30 to 80 % by wvolume, more preferred from 40 to 70 % by volume

and most preferred from 50 to 60 % by volume. The porosity can

be determined by mercury intrusion according to DIN 66133. The
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pore size of the porous support can also be determined by pore
filling with the mercury intrusion method according to DIN
66133. The specific surface area can be determined by nitrogen

adsorption with the BET-method according to DIN 66132.

According to one embodiment the porous support is a polymeric
material. Preferably the polymeric material is substantially
non-swellable (preferably about 5 to 7 vol.-% at most, based
on the unswollen material). For that reason, it is mostly
preferred that the polymeric material has a high crosslinking

degree.

The polymeric material is preferably crosslinked at a degree
of at least 10 %, more preferably at least 20 % and most
preferably at least 30 %, based on the total number of
crosslinkable groups in the polymeric material. Preferably,
the crosslinking degree of the polymeric material is 100 % at

maximum, more preferably it does not exceed 80 to 90 % %.

Preferably the polymeric material for the porous support is
selected from the group consisting of generic or surface-
modified polystyrene, (e.g. poly(styrene-co-dinvinylbenzene)),
polystyrene sulfonic acid, polyacrylates, polymethacrylates,
polyacrylamides, polyvinylalcohol, polysaccharides (such as
starch, cellulose, cellulose esters, amylose, agarose,

sepharose, mannan, xanthan and dextran), and mixtures thereof.

According to a further embodiment, the porous support is an
inorganic material. Preferably the inorganic material is some
kind of inorganic mineral oxide, preferably selected from the

group consisting of silica, alumina, magnesia, titania,
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zirconia, fluorosile, magnetite, zeolites, silicates (cellite,
kieselguhr), mica, hydroxyapatite, fluoroapatite, metal-
organic frameworks, ceramics and glasses, like controlled pore
glass (e.g. trisoperl), metals such as aluminium, silicon,
iron, titanium, copper, silver, gold and also graphite or

amorphous carbon.

Independent of whether the porous support is a polymeric
material or an inorganic material, the porous support provides
a solid base of a minimum rigidity and hardness which
functions as an insoluble support and provides a basis for

the enlargement of the interface between stationary and mobile
phases which is the place of interaction with the analyte as
the molecular basis for the process of the partitioning
between said phases, and for an increased mechanical strength
and abrasiveness, especially under flow and/or pressurized

conditions.

The porous support materials according to the invention may be
of homogeneous or heterogeneous composition, and therefore
also incorporate materials which are compositions of one or
more of the materials mentioned above, in particular multi-

layered composites.

The porous support may be a particulate material, preferably
having a particle size of from 5 to 500 um. The porous support
may also be a sheet- or fibre-like material such as a
membrane. The external surface of the porous support thus may
be flat (plates, sheets, foils, disks, slides, filters,
membranes, woven or nonwoven fabrics, paper) or curved (either
concave or convex: spheres, beads, grains, (hollow) fibres,

tubes, capillaries, vials, wells in a sample tray).
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The pore structure of the internal surface of the porous
support may, inter alia, consist of regular, continuous
capillary channels or of cavities of irregular (fractal)
geometry. Microscopically, it can be smooth or rough,
depending on the way of manufacture. The pore system can
either extend continuously throughout the entire solid support
material or end in (branched) cavities. The rate of an
analyte’ s interfacial equilibration between its solvation in
the mobile phase and its retention on the surface of the
stationary phase and thus the efficiency of a continuous flow
separation system is largely determined by mass transfer via
diffusion through the pores of the solid support material and
thus by its characteristic distribution of particle and pore
sizes. Pore sizes may optionally show up as asymmetric,
multimodal and / or spatially (e.g. cross—-sectionally)

inhomogeneous distributions.

As described above, the porous support has a crosslinked
polymer on the surface of the porous support. The crosslinked
polymer may be covalently bound with the porous support or be
adhered to the porous support. Preferably, the crosslinked

polymer is adhered to the porous support.

The preferred polymer for the crosslinkable polymer comprises
at least one polymer containing amino groups. Polyvinylamine
is strongly preferred. Other suitable polyamines may comprise
polyethylene imine, polyallylamine etc. as well as functional
polymers other than those containing amino groups, such as
polyvinyl alcohol, polyvinyl acetate, polyacrylic acid,

polymethacrylic acid, their precursor polymers such as
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poly(maleic anhydride), polyamides, or polysaccharides

(cellulose, dextran, pullulan etc.).

If co-polymers are employed, the preferred co-monomers are
simple alkene monomers or polar, inert monomers like vinyl

pyrrolidone.

The polymer can be applied to the porous support by all means
of a coating known to a person skilled in the art such as
absorption, vapor phase deposition, polymerization from the
ligquid, gas or plasma phase, spin coating, surface
condensation, wetting, soaking, dipping, rushing, spraying,
damping, evaporation, application of electric fields or
pressure, as well as methods based on molecular self-assembly
such as, for example, liquid crystals, Langmuir Blodgett- or
layer-by-layer film formation. The polymer may thereby be
coated directly as a monolayer or as multilayer or as a
stepwise sequence of individual monolayers on top of each

other.

According to a preferred embodiment of the composite material,
the crosslinking degree of the crosslinked polymer is at least
5 %, based on the total number of crosslinkable groups in the
crosslinked polymer. More preferred the crosslinking degree is
of from 5 to 30 %, more preferred of from 5 to 20 %, most
preferred from 10 to 15 %, based on the total number of
crosslinkable groups in the crosslinked polymer. The
crosslinking degree can easily be adjusted by the
stoichiometric amount of the crosslinking reagent used. It is
assumed that nearly 100 mol% of the crosslinker reacts and
forms crosslinks. This can be verified by analytical methods.

The crosslinking degree can be determined by MAS-NMR
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spectroscopy and quantitative determination of the amount of
crosslinker in relation to the amount of polymer. This method
is most preferred. The crosslinking degree can also be
determined by IR spectroscopy based on e.g. C-0-C or OH
vibrations using a calibration curve. Both methods are

standard analytical methods for a person skilled in the art.

The crosslinking reagent used for crosslinking the polymer is
preferably selected from the group consisting of dicarboxylic
acids, diamines, diols and bis-epoxides. In one embodiment the
at least one crosslinking reagent is a linear,
conformationally flexible molecule of a length of between 1

and 20 atoms.

Preferred molecular weights of the polymers used range from,
but are not limited to, 5000 to 50000 g/mol, which is
particularly true for polyvinylamine. Polymers having a
molecular weight near the lower limit of the range given above
have shown to penetrate even narrow pores of the carrier so
that solid state materials with high surface areas and
consequently with good mass transfer kinetics, resolution and
binding capacity can be used in the sorbents of the present

invention.

According to a further embodiment the crosslinked polymer
carries functional groups. The term "functional group" means
any simple, distinct chemical moiety belonging to the
crosslinked polymer on the surface of the porous support or to
the crosslinkable polymer during preparation of a polymer film
on the surface of the porous support. Thereby, the functional
group may serve as a ligand to bind analytes or may serve as

chemical attachment point or anchor. Functional groups
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preferably contain at least one weak bond and/or one
heteroatom, preferably a group behaving as nucleophil or

electrophil.

The preferred functional groups are primary and secondary
amino, hydroxyl, and carboxylic acid or ester groups.
Depending on the acidity / basicity of the surrounding medium,
amino groups may be present as protonated ammonium ions,

carboxyl groups as deprotonated carboxylate ions.

According to a further preferred embodiment the functional
groups of the crosslinked polymer are at least partly
substituted/derivatized with at least one type of ligand. The
ligands are used to bind the analytes by an interaction with
the sample, wherein the interaction is selected from the group
consisting of hydrophobic interaction, hydrophilic
interaction, cation exchange, anion exchange, size exclusion

and/or metal ion chelation.

The nature of the ligand is wvariable and depends on the
analyte which is to be purified. The ligand may be a straight
chain, branched or cyclic aliphatic group, an aromatic or
heteroaromatic group which may be substituted or
unsubstituted. Preferably the ligand carries heterocatoms, e.g.
N, 0, P, S atoms and the like which are able to interact with

an analyte molecule.

Opposed to the ligands, the functional groups are primarily
not designed to interact with analytes, although it indeed
cannot be rigorously excluded that they nevertheless do

interact to aid in the separation process.
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According to a preferred embodiement present invention also
provides a composite material comprising a solid support
material, the surface of which comprises a residue of the

following general formula (I):

formula (I),

wherein the residue is attached via a covalent single bond
represented by the dotted line in formula (I) to a functional
group on the surface of either the bulk solid support material
itself or of a polymer film on the surface of the solid

support material; and

wherein the used symbols and indices have the following

meanings:

L is an (n+l)-valent linear aliphatic hydrocarbon group
having 1 to 30 carbon atoms or branched or cyclic
aliphatic hydrocarbon group having 3 to 30 carbon atoms,
wherein
one or more CH;—-moieties in said groups may be substituted
by a CO, NH, O or S,
one or more CH-moieties in said groups may be substituted
by N,
salid groups may comprise one or more double bonds between
two carbon atoms, and
one or more hydrogen atoms may be substituted by D, F, Cl

or OH;
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Ar represents independently at each occurrence a monovalent
mono—- or polycyclic aromatic ring system having 6 to 28
aromatic ring atoms, wherein one or more hydrogen atoms
may be substituted by D, F, Cl, OH, Ci¢-alkyl, Cie¢—alkoxy,
NH,, -NO,, -B(OH),, —-CN or -NC; and

n is an index representing the number of Ar-moieties bound

to L and 1s 1, 2 or 3.

An (n+l)-valent linear aliphatic hydrocarbon group having 1 to
30 carbon atoms or branched or cyclic aliphatic hydrocarbon
group having 3 to 30 carbon atoms preferably is one of the
following groups: methylene, ethylene, n-propylene, iso-
propylene, n-butylene, iso-butylene, sec-butylene (1-
methylpropylene), tert-butylene, iso-pentylene, n-pentylene,
tert-pentylene (1,1- dimethylpropylene), 1,2-
dimethylpropylene, 2,2-dimethylpropylene (neopentylene), 1-
ethylpropylene, 2-methylbutylene, n-hexylene, iso-hexylene,
1,2-dimethylbutylene, l-ethyl-l-methylpropylene, l-ethyl-2-
methylpropylene, 1,1,2-trimethylpropylene, 1,2,2-
trimethylpropylene, l-ethylbutylene, l-methylbutylene, 1,1-
dimethylbutylene, 2,2-dimethylbutylene, 1,3-dimethylbutylene,
2,3-dimethylbutylene, 3,3-dimethylbutylene, 2-ethylbutylene,
l-methylpentylene, 2-methylpentylene, 3-methylpentylene,
cyclopentylene, cyclohexylene, cycloheptylene, cyclooctylene,
2—ethylhexylene, trifluormethylene, pentafluorethylene, 2,2,2-
trifluorethylene, ethenylene, propenylene, butenylene,
pentenylene, cyclopentenylene, hexenylene, cyclohexenylene,
heptenylene, cycloheptenylene, octenylene or cyclooctenylene,

wherein
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one or more CH;—-moieties in said groups may be substituted
by a CO, NH, O or S,

one or more CH-moieties in said groups may be substituted
by N,

salid groups may comprise one or more double bonds between
two carbon atoms, and

one or more hydrogen atoms may be substituted by D, F, Cl

or OH.

It is preferred that L is an (n+l)-valent linear aliphatic

hydrocarbon group having 1 to 20 carbon atoms, even more

preferred 1 to 10 carbon atoms, or branched or cyclic

aliphatic hydrocarbon group having 3 to 20 carbon atoms, even

more

preferred 3 to 10 carbon atoms,

wherein

L is

from

one or more CH;-moieties in said groups may be substituted
by a CO, NH, O or S,

one or more CH-moieties in said groups may be substituted
by N,

salid groups may comprise one or more double bonds between
two carbon atoms, and

one or more hydrogen atoms may be substituted by D, F, Cl

or OH;

even more preferably an n-valent linking unit selected

the group consisting of

- (Ci_1p—alkylene) -,
-(Ci_¢—alkylene)-NH-,
-C(0) -,

-C(0)—-NH-,
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-C(0)-CH(OCH) —,
-C(0Q) -NH-NH-C(0O)0—,
-C(0)-(Ci12—alkylene) —,
-C(0) -NH-(Cy_¢—alkylene) -,
5 -C(0)—-(Ci_12—alkylene)-C(0O)—,
-C(0)-(Ci12—alkylene) -NH-C(O)O—,
-C(0)—-(Cig—alkylene)-C(0O)-NH-,
-C(0)-(Cig—alkylene)-C(0O)-NH-(Ci_¢—alkylene) -,
-C(0)-0-(Ci¢—alkylene)—,
10 -C(0)-(Ci6—alkylene)-Y-, wherein Y is NH, O or S,
-C(0)-(Ci3—alkylene)-0-(Ci3—alkylene)-C(O)-NH-,
—C(0) - (Ci3—alkylene) -0-(Ci3—alkylene)-C(O) -NH-(Cq_¢—
alkylene) -,
—-C(0)-(Ci¢—alkylene)-C(0O)-NH-(C; ¢—alkylene)-NH-C(O)-NH-,
15 -CH,-CH(OH)-CH,- (OCH,CH;) ,—~0O—, wherein m is 1, 2, 3, 4, 5
or 6;
- (Ci¢—alkylene)-Y-(Ci ¢—alkylene)-, wherein Y is S, O, NH
or —=S(0z)—;
-C(0) - (CH(CH;CH(CH3)») ) -NH-C(O) —,
20 —-C(0)-NH-(C; ¢—alkylene)-NH-C(O) -,
—-C(0)-(Ci¢~alkylene)-NH-C(0O) - (CH(CH,CH(CHs),))-NH-C(O) —,

--=-C(0) = (C, .~alkylene)~C (OH)

14

and

H
N )

25 It is further preferred that L is
_C(O)_r
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-C(0)CH;y—,

-C(0)CH,CH,—,

—-C(0)CH»CH,CH,—,

-C(0)-CH=CH-,

-C(O)CH(0OH) -,

-C(0O)CH(CH3) -,

-C(0)CH0—-,

-C(O)NH-,

—-C(O)NHCH;—,

—-C(O)NHCH(CH3) —,

-CH,CH,—,

- (CHz) 4—NH-,

—-C(0)CH,CH,C(O) —,
-C(0)CH,CH,C(O)-NH-,
-C(0)CH,CH,C(O)NHCH,—,
-C(0)CH,CH,C(O)NHCH,CH,—,
-C(0)CH,CH,C(O)NHCH,CH,CH,—,
-C(0)CH,CH,C(O)NHCH,CH,NHC (O) NH—,
-C(0)0CH,—,

-C(0)0OCH,CH,—,

-C(0)CHyS—,
-C(0)CH,0CH,C(O)NHCH,—,

-CH,CH,S (0) ,CH,CH,—,

-CH,CH (OH) CH,0OCH,CH,OCH,CH (OH) CH,—,
—CH,CH (OH) CH, (OCH,CH,) 50—,

-C(0) (CHz) 10—,

—C(0) (CH(CH;CH(CH3)2) ) -NH-C(O) —,
—-C(0) (CH2CH,CH,) -NH-C (0O) - (CH(CH,CH (CH3) 2) ) -NH-C (O) —,

---=C(0) - (CH,CH,) ~C (OH)

or
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It is further more preferred that L is
-C(0) -,
-CH,CH,—,
5 -C(O)NH-,
-C(O)NHCH,—,
-C(0)CH0~-,
-C(0)CH,CH,—,
-C(0)CH,CH,CH,—,
10 -C(0)CH,CH,C(O)NH~,
- (CHz) «—NH-,
-C(0)CH,CH,C (O)NH-CHy—,
-C(0)CH,CH,C (O) NH-CH,CH;,
-C(0) CH,CH,C (0O) NHCH,CH,NHC (O) NH—,
15 -C(0)0CH,—,
-C(0)CH,0CH,C (O) NHCH,—,
-CH,CH (OH) CH, (OCH,CH;) 50—,
-C(0) - (CH(CHzCH(CH3) 2) ) -NH-C(O) —,
-C(O)CH(OH) —,
20 -C(O)CH(CH3) -,
-C(O)NHCH (CH3) —,
-C(0) - (CH2CH,CH;) -NH-C (0) - (CH(CH2CH(CHs) ) ) -NH-C (O) —,

---=C(0) - (CH,CH,) ~C (OH)

or
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wherein the dotted lines in all above mentioned definitions of
L represent the bonds to the functional group of the solid
support material or of the polymer film and Ar, and wherein in
all above listed linkers L it is preferred that the first
mentioned atom having a free ending line is connected in this

position to the solid support material.

It is even more preferred that L is -C(0)-, -CH;CH;—-, -
C(O)CH;0- or -C(O)NH-, wherein the units are connected to the
functional group via its carbonyl atom; -C(0O) and —-C(O)NH-

being most preferred.

A monovalent mono- or polycyclic aromatic ring system in the
sense of the present invention is preferably an aromatic ring
system having 6 to 28 carbon atoms as aromatic ring atoms.
Under the term ,aromatic ring system” a system is to be
understood which does not necessarily contain only aromatic
groups, but also systems wherein more than one aromatic units
may be connected or interrupted by short non-aromatic units

(< 10 % of the atoms different from H, preferably < 5 % of the
atoms different from H), such as sp3—hybridized C, O, N, etc.
or -C(0)—-. These aromatic ring systems may be mono- or
polycyclic, i.e. they may comprise one (e.g. phenyl) or two
(e.g. naphthyl) or more (e.g. biphenyl) aromatic rings, which
may be condensed or not, or may be a combination of condensed
and covalently connected rings. The aromatic atoms of the ring
systems may be substituted with D, F, Cl, OH, Ci¢-alkyl, C; ¢—
alkoxy, NH,;, -NO,, -B(OH),, -CN or -NC.
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Preferred aromatic ring systems e.g. are: phenyl, biphenyl,
triphenyl, naphthyl, anthracyl, binaphthyl, phenanthryl,
dihydrophenanthryl, pyrene, dihydropyrene, chrysene, perylene,
tetracene, pentacene, benzpyrene, fluorine, indene and

ferrocenyl.

It is further preferred that Ar is a monovalent aromatic ring
system having 6 to 14 aromatic ring atoms, which may be
substituted or not. That is, it is more preferred that Ar is
phenyl, naphthyl, anthracyl or pyryl, which may be substituted
or not. It is even more preferred that either no hydrogen atom
of Ar is substituted or one or more hydrogen atoms of Ar
is/are substituted by one or more of F or CN. It is even more
preferred that Ar is a perfluorated aromatic ring system,
preferably a perfluorated phenyl. Alternatively, Ar may be
substituted with one -CN. In this case Ar may be a phenyl
which is substituted with -CN, preferably in para-position

with respect to the position of L.

The residues according to formula (I) may in a preferred way
be all combinations of preferred and most preferred meanings

for L and the most preferred meanings of Ar.

Furthermore, it is preferred that n is 1 or 2, even more

preferred 1, so that L is a bivalent linker.

According to another embodiement the present invention
provides a composite material comprising a solid support
material, the surface of which comprises a residue of the

following general formula (II):
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formula (II),

wherein the residue is attached via a covalent single bond
represented by the dotted line in formula (II) to a functional
group on the surface of either the bulk solid support material
itself or of a polymer film on the surface of the solid

support material; and

wherein the symbols and indices in formula (II) have the

following meanings:

L is an (g+l1)-valent linear aliphatic hydrocarbon group
having 1 to 20 carbon atoms or branched or cyclic
aliphatic hydrocarbon group having 3 to 20 carbon
atoms,
wherein
one or more CH;-moieties in said groups may be
substituted by a CO, NH, O or S,
one or more CH-moieties in said groups may be
substituted by N,
sald groups may comprise one or more double bonds
between two carbon atoms, and
one or more hydrogen atoms may be substituted by D,

F, Cl or OH;

Ar represents independently at each occurrence a (p+1)-
valent mono- or polycyclic aromatic ring system

having 6 to 28, preferably 6 to 20, most preferred 6
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or 20, aromatic ring atoms or a (p+l)-valent mono- or
polycyclic heteroaromatic ring system having 5 to 28,
preferably 5 to 14, most preferred 5 aromatic ring
atoms, wherein one or more hydrogen atoms of the
aromatic or hetercaromatic ring system may be

substituted by a residue Rgi;

Ps represents independently at each occurrence either a

deprotonizable group or an anionic group;

R; is selected from the group consisting of Ci_¢—alkyl,
C1,6—alkoxy, D, F, Cl, Br, —CN, —NC, —NOZ, —C1,6—alkyl

esters of carboxylic, phosphoric or boronic acids;

P is 1, 2 or 3, more preferred 1 or 3 and most

preferred 1;

g is 1 or 2, more preferred 1.

An (g+l)-valent linear aliphatic hydrocarbon group having 1 to
20 carbon atoms or branched or cyclic aliphatic hydrocarbon
group having 3 to 20 carbon atoms preferably one of the
following groups: methylene, ethylene, n-propylene, iso-
propylene, n-butylene, iso-butylene, sec-butylene (1-
methylpropylene), tert-butylene, iso-pentylene, n-pentylene,
tert-pentylene (1,1- dimethylpropylene), 1,2-
dimethylpropylene, 2,2-dimethylpropylene (neopentylene), 1-
ethylpropylene, 2-methylbutylene, n-hexylene, iso-hexylene,
1,2-dimethylbutylene, l-ethyl-l-methylpropylene, l-ethyl-2-
methylpropylene, 1,1,2-trimethylpropylene, 1,2,2-
trimethylpropylene, l-ethylbutylene, l-methylbutylene, 1,1-
dimethylbutylene, 2,2-dimethylbutylene, 1,3-dimethylbutylene,
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2,3-dimethylbutylene, 3,3-dimethylbutylene, 2-ethylbutylene,
l-methylpentylene, 2-methylpentylene, 3-methylpentylene,
cyclopentylene, cyclohexylene, cycloheptylene, cyclooctylene,
2—-ethylhexylene, trifluormethylene, pentafluorethylene, 2,2,2-
trifluorethylene, ethenylene, propenylene, butenylene,
pentenylene, cyclopentenylene, hexenylene, cyclohexenylene,
heptenylene, cycloheptenylene, octenylene or cyclooctenylene,
wherein

one or more CH;-moieties in said groups may be substituted

by a CO, NH, O or S,

one or more CH-moieties in said groups may be substituted

by N,

said groups may comprise one or more double bonds between

two carbon atoms, and

one or more hydrogen atoms may be substituted by D, F, Cl

or OH.

It is more preferred that 1L; is an (n+l)-valent linear
aliphatic hydrocarbon group having 1 to 20 carbon atoms, even
more preferred 1 to 10 carbon atoms, or branched or cyclic
aliphatic hydrocarbon group having 3 to 20 carbon atoms, even

more preferred 3 to 10 carbon atoms,

wherein

one or more CH;-moieties in said groups may be substituted
by a C0O, NH, O or S,

one or more CH-moieties in said groups may be substituted
by N,

said groups may comprise one or more double bonds between

two carbon atoms, and
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one or more hydrogen atoms may be substituted by D, F, Cl

or OH.

It is even more preferred that in the (g+l)-valent linear
aliphatic hydrocarbon group one or two CHy-moieties are
substituted by -C(0), still more preferred only one CH;-moiety.
It is further preferred that one CHy;-moiety is substituted by
NH, even more preferred in the direct neighborhocod to a

-C(0)-.

L is preferably selected from the group consisting of
- (Ci_1p—alkylene) -,
-(Ci_¢—alkylene)-NH-,
-C(0) -,
-C(0) -NH-,
-C(0)-CH(OH) —,
-C(0Q) -NH-NH-C(O) O0—,
-C(0)—-(Ci_12—alkylene) —,
—C(0) - (Cyo10—alkenylene) —
-C(0)-NH-(Ci_¢4—alkylene) -,
-C(0)-(Ci_12—alkylene)-C(0O)—,
-C(0)-(Cy1_12—alkylene) -NH-C(O)O—,
-C(0)-(Cig—alkylene)-C(0O)-NH-,
-C(0)-(C1¢g—alkylene)-C(0O)-NH-(C; ¢—alkylene) -,
-C(0) -CH(CH,CH,CH,NHC (=NH) NH;,) NHC (0) —,
-C(0)-0-(Ci ¢—alkylene)—,
-C(0)-(Ci ¢—alkylene)-Y-, wherein Y is NH, O or S,
-C(0)—-(Ci3—alkylene)-0-(C; 3—alkylene)-C(0O)-NH-,
-C(0)-(C13—alkylene)-0-(C; 3—alkylene)-C(0O) -NH-(Cq_¢—
alkylene) -,
-C(0)-(C1¢g—alkylene)-C(0O)-NH-(C; ¢—alkylene)-NH-C(O)-NH-,
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-CH,-CH(OH) -CH,- (OCH,CH;) nv—0—-, wherein m is 1, 2, 3, 4,

or 6;

-(Ci_¢g—alkylene) -

or —S(02)—;

Y-(Ci_g—alkylene)-, wherein Y is S, O,

—C(0) = (CH(CHzCH(CHz) 2) ) -NH-C(O) —,

-C(0)-NH-(Cy_¢s—alkylene)-NH-C(O) —,

5

NH

-C(0)—-(Cis—alkylene)-NH-C(O)—-(CH(CH,CH(CHz);))-NH-C(O) —,

—CH,CH (OH) CH,0OCH,;CH,0CH,CH (CH) CH,—,

-=--C(0) - (C, ,~alkylene)-C (OH)

L is more preferably
-C(0) -,
-C(0)CHy—,
-C(0)CH,CH,—,
-C(0)CH,CH,CH,—,
-C(0)-CH=CH-,
-C(O)CH(OH) —,
-C(0O)CH(CH3) —,
-C(0)CH,0—,
-C(O)NH-,
-C(O)NHCH;—,
—-C(O)NHCH (CH3) —,
-CH,CH,—,

- (CHz) 4—NH-,

14

and

H
N -

selected from the group consisting of
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—-C(0) CHzCH,C(O) =,

-C(0)CH;CH,C(O) -NH-,

-C(0)CH,CH,C (O)NHCH,—,

-C(0)CH,CH,C (O) NHCH,CH;,—,

-C(0)CH,CH,C (O) NHCH,CH,CH,—,

-C(0)CH,CH,C (O) NHCH,CH,NHC (O) NH—,

-C(0)O0CH;—,
—-C(0)OCH,CH;,—,
-C(0)CH,S—,

-C(0)CH,0CH,C (O)NHCH,—,

—-CH,CH;S (0) 2,CH,CH,—,

—CH,CH (OH) CH,0OCH,;CH,0CH,CH (CH) CH,—,

—-CH,CH (OH) CH, (OCH,CH;) s0—,

—C(0) (CHz) 10—

—C(0) - (CH(CH;CH(CH3) 2) ) -NH-C(O) —,

PCT/EP2012/063718

-C(0) - (CH,CH,CH,) -NH-C(0O) - (CH(CH,CH(CH5)») ) -NH-C(O) —,

-C(0)-CH(CH,CH,CH,NHC (=NH) NH,) NHC (O) —,

It is further more
—C(0) —,
-CH,CHy—,
-C(O)NH-,
-C(O)NHCH,—,

----C(0) - (CH,CH,) —C (0H)

or

preferred that L is
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-C(0)CH,0—-,

—-C(0)CHCH,—,

—C (0) CH,CH,CH,—,

—-C(0)CH,CH,C (O)NH—-,

—(CHz) 4—NH-,

—-C(0)CH2CH,C (O) NH-CH;,—,

—-C(0)CH»CH,C (O)NH-CH,CH;,
—-C(0)CH2CH,C (O) NHCH,CH,;NHC (O) NH—,
-C(0)0CH,—,

—-C(0)CH,0CH,C (O)NHCH;,—,
—CH,CH(OH) CH, (OCH,CH;) 50—,

-C(0) - (CH(CHzCH(CH3) 2) ) -NH-C(O) —,
-C(O)CH(OH) -,

-C(0O)CH(CH3) —,

—C(O)NHCH (CHs3) —,
-C(0)—-(CH,CH,CH;) -NH-C(O) - (CH(CH,CH(CH3) ) )-NH-C(O) —,
-C(0)-CH(CH,CH,CH,NHC (=NH) NH,) NHC (O) —,

----C(0) - (CH,CH,) —C (0H)

or

wherein in all definitions of L in formula (II) above the
dotted lines represent the bonds to the functional group of
the solid support material or the polymer film and Ar, and

wherein in all above listed linkers L it is preferred that the
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first mentioned atom having a free ending line is connected in

this position to the solid support material.

It is even more preferred that L is -C(0) -,

-C(0) -CH(CH,CH,CH,;NHC (=NH) NH,) NHC (O) -, —-CHyCH,—,-C(0O)CH,0- or

----C(0) - (CH,CH,) —C (OH)

wherein the units are connected to the functional group via

its carbonyl atom, -C(0)- being most preferred.

A (p+l)-valent mono- or polycyclic aromatic ring system having
6 to 28, preferably 6 to 20, most preferred 6 or 20, aromatic
ring atoms in the sense of the present invention is preferably
an aromatic ring system having 6 to 28, preferably 6 to 20,
most preferred 6 or 20 carbon atoms as aromatic ring atoms.
Under the term ,aromatic ring system” a system is to be
understood which does not necessarily contain only aromatic
groups, but also systems wherein more than one aromatic unit
may be connected or interrupted by short non-aromatic units

(< 10 % of the atoms different from H, preferably < 5 % of the
atoms different from H), such as sp -hybridized C (e.g. CH,),
O, N, etc. or -C(0)-. These aromatic ring systems may be mono-
or polycyclic, i.e. they may comprise one (e.g. phenyl) or two
(e.g. naphthyl) or more (e.g. biphenyl) aromatic rings, which
may be condensed or not, or may be a combination of condensed

and covalently connected rings.

Preferred aromatic ring systems e.g. are: phenyl, biphenyl,
triphenyl, naphthyl, anthracyl, binaphthyl, phenanthryl,
dihydrophenanthryl, pyrene, dihydropyrene, chrysene, perylene,
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tetracene, pentacene, benzpyrene, fluorine, indene and

ferrocenyl.

It is further preferred that Ar is phenyl, naphthyl,

anthracyl, pyryl or perylyl, phenyl and naphthyl being even
more preferred. In accordance with the definition of the index
P, Ar may be substituted with one, two or three groups Ps which
may be the same or may be different. It is preferred that,

when p is 2 or 3, the groups Ps may either be the same or may

be a combination of —-COOH and -S0sH.

A (p+l)-valent mono- or polycyclic heterocaromatic ring system
having 5 to 28, preferably 5 to 14, most preferred 5 aromatic
ring atoms in the sense of the present invention is preferably
an aromatic ring system having 5 to 28, preferably 5 to 14,
most preferred 5 atoms as aromatic ring atoms. The
heterocaromatic ring system contains at least one heteroatom
selected from N, O, S and Se (remaining atoms are carbon).
Under the term ,heterocaromatic ring system” a system is to be
understood which does not necessarily contain only aromatic
and/or heteroaromatic groups, but also systems wherein more
than one (hetero)aromatic unit may be connected or interrupted
by short non-aromatic units (< 10 % of the atoms different
from H, preferably < 5 % of the atoms different from H), such
as sp -hybridized C, 0, N, etc. or -C(0O)-. These heterocaromatic
ring systems may be mono- or polycyclic, i.e. they may
comprise one (e.g. pyridyl) or two or more aromatic rings,
which may be condensed or not, or may be a combination of

condensed and covalently connected rings.

Preferred heterocaromatic ring systems are for instance 5-

membered rings, such as pyrrole, pyrazole, imidazole, 1,2,3-
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triazole, 1,2,4-triazole, tetrazole, furane, thiophene,
selenophene, oxazole, isoxazole, 1,2-thiazole, 1,3-thiazole,
1,2,3-oxadiazole, 1,2,4-oxadiazole, 1,2,5-oxadiazole, 1,3,4-
oxadiazole, 1,2,3-thiadiazole, 1,2,4-thiadiazole, 1,2,5-
thiadiazole, 1,3,4-thiadiazole, 6-membered rings, such as
pyridine, pyridazine, pyrimidine, pyrazine, 1,3,5-triazine,
1,2,4-triazine, 1,2,3-triazin, 1,2,4,5-tetrazine, 1,2,3,4-
tetrazine, 1,2,3,5-tetrazine, or condensed groups, such as
indole, isoindole, indolizine, indazole, benzimidazole,
benzotriazole, purine, naphthimidazole, phenanthrimidazole,
pyvridimidazole, pyrazinimidazole, chinoxalinimidazole,
benzoxazole, naphthoxazole, anthroxazole, phenanthroxazole,
isoxazole, benzothiazole, benzofurane, isobenzofurane,
dibenzofurane, chinoline, isochinoline, pteridine, benzo-5,6-
chinoline, benzo-6, 7-chinoline, benzo-7,8-chinoline,
benzoisochinoline, acridine, phenothiazine, phenoxazine,
benzopyridazine, benzopyrimidine, chinoxaline, phenazine,
naphthyridine, azacarbazole, benzocarboline, phenanthridine,
phenanthroline, thieno[2,3b]thiophene, thienol[3,2b]thiophene,
dithienothiophene, isobenzothiophene, dibenzothiophene,
benzothiadiazothiophene or combinations of these groups. Even

more preferred are imidazole, benzimidazole and pyridine.

It is, however, more preferred that Ar is a (p+l)-valent mono-

or polycyclic aromatic rings system.

According to a further embodiement the present invention
provides a composite material comprising a solid support
material, the surface of which comprises a residue of the

following general formula (III):
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formula (III),

wherein the residue is attached via a covalent single bond
represented by the dotted line in formula (III) to a
functional group on the surface of either the bulk solid
support material itself or of a polymer film on the surface of
the solid support material, depending on whether the solid

support material comprises a polymeric film or not; and

wherein the used symbols and parameters in formula (III) have

the following meanings:

L represents a covalent single bond or is a bivalent unit
selected from the group consisting of -C(0O)-, -S(0),—,
—-CH,CH(OH) - and —-C(O)NH-;

X represents a monovalent linear aliphatic hydrocarbon group
having 1 to 30 carbon atoms or branched or cyclic
aliphatic hydrocarbon group having 3 to 30 carbon atoms;
wherein

one or more, preferably one, CHy;-moieties in said
group may be substituted by O, S, -S(0);—-, —-C(O)NH-
or —C(S)NH-;

one or more hydrogen atoms may be substituted by F,
Cl, Br, —-CN or -NC; and

said group may comprise one or more double bonds

between two carbon atoms.

An monovalent linear aliphatic hydrocarbon group having 1 to
30 carbon atoms or branched or cyclic aliphatic hydrocarbon
group having 3 to 30 carbon atoms preferably is one of the

following groups: methyl, ethyl, n-propyl, iso-propyl, n-
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butyl, iso-butyl, sec-butyl (l-methylpropyl), tert-butyl, iso-
pentyl, n-pentyl, tert-pentyl (1,1- dimethylpropyl), 1,2-
dimethylpropyl, 2,2-dimethylpropyl (neopentyl), l-ethylpropyl,
2-methylbutyl, n-hexyl, iso-hexyl, 1,2-dimethylbutyl, l-ethyl-
l-methylpropyl, l-ethyl-2-methylpropyl, 1,1,2-trimethylpropyl,
1,2,2-trimethylpropyl, l-ethylbutyl, l-methylbutyl, 1,1-
dimethylbutyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-
dimethylbutyl, 3,3-dimethylbutyl, 2-ethylbutyl, 1-
methylpentyl, Z2-methylpentyl, 3-methylpentyl, 4-methylpentyl,
n-heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl, n-
tridecyl, n-tetradecyl, n-pentadecyl, l-hexylnonyl, n-
hexadecyl, l-hexyl-decyl, n-heptadecyl, n-octadecyl, n-
nonadecyl, -(CHj),0CHs, —(CHj;),1CHs, —-(CH;),,CH;, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, 2-ethylhexyl,
trifluormethyl, pentafluorethyl, 2,2,2-trifluorethyl, ethenyl,
propenyl, butenyl, pentenyl, cyclopentenyl, hexenyl,
cyclohexenyl, heptenyl, cycloheptenyl, octenyl or
cyclooctenyl, wherein one or more, preferably one, CHy,-moieties
in said groups may be substituted by O, S, -S(0);-, -C(O)NH- or
-C(S)NH-, and wherein one or more hydrogen atoms may be
substituted by F, Cl, Br, -CN or -NC, wherein F and -CN is

preferred.

It is preferred that X is an monovalent linear aliphatic
hydrocarbon group having 1 to 22 carbon atoms, or a monovalent
linear branched or cyclic aliphatic hydrocarbon group having 3
to 20 carbon atoms, wherein
one or more, preferably one, CHz;-moieties in said group
may be substituted by 0, S, -S(0)z;-, -C(O)NH- or -C(S)NH-;
one or more hydrogen atoms may be substituted by F, CI1,

Br, -CN or -NC; and/or
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said group may comprise one or more double bonds between

two carbon atoms.

It is further preferred that X is a linear or branched
aliphatic hydrocarbon group having 1 to 22 carbon atoms or 3
to 22 carbon atoms, respectively, wherein it is further
preferred that X is a linear aliphatic hydrocarbon group
having 1 to 22 carbon atoms. As mentioned above one or more,
preferably one, CH;-moieties in said group may be substituted
by 0, S, -S(0);—, —-C(O)NH- or —-C(S)NH- and one or more hydrogen
atoms may be substituted by F, Cl, Br, -CN or -NC, wherein F

and -CN is more preferred.

It is, however, more preferred that the aliphatic hydrocarbon
group 1s a linear or branched alkyl. According to this

invention an alkyl is free of hetercatoms.

A linear alkyl is preferably a C;-Cy,y—alkyl which means a group
with the formula -(CH,),CHs, wherein n is 1 to 22, wherein it
is preferred that n is 6 to 15, even more preferred 8 to 13,

and most preferred 11.

A branched alkyl is preferably a C3-Cy,y—alkyl which means a
group wherein at least one tertiary or quaternary carbon atom

is present which binds either to further carbon atoms or L.

Preferred examples of the branched C3;-Cy;—-alkyl are: iso-
propyl, iso-butyl, sec-butyl (l-methylpropyl), tert-butyl,
iso-pentyl, tert-pentyl (1l,1- dimethylpropyl), 1,2-
dimethylpropyl, 2,2-dimethylpropyl (neopentyl), l-ethylpropyl,
2-methylbutyl, iso-hexyl, 1,2-dimethylbutyl, l-ethyl-1-

methylpropyl, l-ethyl-2-methylpropyl, 1,1,2-trimethylpropyl,



10

15

20

25

30

WO 2013/007793 PCT/EP2012/063718
33

1,2,2-trimethylpropyl, l-ethylbutyl, l-methylbutyl, 1,1-
dimethylbutyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-
dimethylbutyl, 3,3-dimethylbutyl, 2-ethylbutyl, 1-
methylpentyl, Z2-methylpentyl, 3-methylpentyl, 4-methylpentyl,
l-hexylnonyl and l-hexyl-decyl.

In case that one or more CH,-moieties in the aliphatic
hydrocarbon group is substituted by O, S or -S(0);-, it is
preferred that at most 30 mol-% of the CH,-moieties are
substituted by one or more, preferably one, of these groups,
based on all CH;—-moieties and the substituted groups together.
Preferred examples for these groups are: —-(C;—-C¢—alkylene)-Y-
(C1—-Cy15—alkyl) or —-(C;-Cg—alkylene)-0-(CH,CH,0)y—(C1-Cy15—alkyl),
wherein Y is O, S or -S(0),, Ci-C¢—alkylene means a unit -
(CH,;)n—, wherein m is 1 to 6, Ci i5—alkyl means a group - (CHjy) -

CHs, wherein k is 1 to 15, and h is 1 to 20.

As mentioned above L represents a covalent single bond or is a
bivalent unit selected from the group consisting of -C(0)-,
-S(0),-, —-CH,CH(OH)- and -C(O)NH-, more preferred -C(0O)-,
-S(0),- and -CH,CH(OH) -, even more preferred -C(0)- and
-S(0),-, and most preferred -C(0)-. In case L represents a
covalent single bond the group X directly binds to the
functional group of the solid support material. In case L
represents one of the units -C(0)-, -S(0),-, —-CH,CH(OH)- and
-C(O)NH-, it is preferred that the first mentioned atom having
a free ending line is connected in this position to the solid
support material and the second mentioned atom having a free

ending line is connected in this position to X.

In one embodiment of the composite material according to the

invention it 1is preferred that L is -C(0)- and X is a linear
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or branched, preferred a linear, aliphatic hydrocarbon group
having 1 to 22 carbon atoms or 3 to 22 carbon atoms,
respectively, more preferred a linear C;-Cy—alkyl or branched
C3—Cyz;—alkyl, further preferred a linear C;-Cyy—alkyl, wherein
Ce—Cis—alkyl 1is even more preferred, a Cg—Cis—alkyl is still

more preferred and C;;—alkyl is most preferred.

According to a further embodiement the present invention
provides a sorbent comprising a solid support material, the
surface of which comprises a residue of the following general

formula (IV):

formula (IV),

wherein the residue is attached via a covalent single bond
represented by the dotted line in formula (IV) to a functional
group on the surface of either the bulk solid support material
itself or of a polymer film on the surface of the solid

support material; and

wherein the used symbols and indices in formula (IV) have the

following meanings:

L represents a covalent single bond or is an (h+1l)-valent
linear aliphatic hydrocarbon group having 1 to 30 carbon
atoms or a (h+l)-valent branched or cyclic aliphatic
hydrocarbon group having 3 to 30 carbon atoms,

wherein
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one or more CH;-moieties in said groups may be substituted
by a -C(0)-, -C(O)NH-, O, S or -S(0),-, and
one or more hydrogen atoms may be substituted by D, F, Cl

or OH, preferably OH;

Py represents an organic cationic group or an organic

protonizable group;

h is an index representing the number of Pz-moieties bound
to L and is 1, 2 or 3, more preferred 1 or 2 and most

preferred 1,

with the proviso that, if L represents a covalent single bond,
h is 1 and Py binds to the functional group via a carbon atom

of the group Ps.

The group P, 1is either an organic cationic group or a
protonizable group, i.e. a group which may become a cationic
group in solution. Preferably this group 1is present 1in
cationic form, i.e. protonated form, at a ph in the range of
from 6 to 8 in an aqueous solution. Under the term organic
group not only groups comprising hydrogen and carbon atoms are
to be wunderstood, but also groups comprising nitrogen and

hydrogen, such as amines.

It is further preferred that the group Pz is a group comprising
at least one nitrogen atom in the form of an amine. The amine
may be a primary, secondary, tertiary or quaternary amine. The
residues 1in case of the secondary, tertiary and qguaternary

amines are preferably C; s—alkyl groups.

The group P, 1s more preferred one of the following groups:
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R’ R®
| , |
N R=—N_
R! N>m RN
I, l,
R or R ’ wherein R' 1is

independently at each occurrence H or Ci¢—alkyl,
preferably H or CH; and more preferably each R' has the
same meaning, and R is independently at each occurrence a
Ci¢—alkyl, preferably CH; and more preferably each R? has

the same meaning;

R’ R’
1 l l 1
RN N R
O O
R—N R—N :
I, I,
R or R , wherein R' is

independently at each occurrence H or C;g4—alkyl; and
wherein each R' of the group N(R'), may form together with
each R' of the other groups, independently of each other,

a unit -(CHz),—, wherein p is 2, 3, 4 or 5;

-N(R’), or —-[N(R’)3]", wherein R’ is H, C;¢-alkyl, a mono-
or polycyclic aromatic ring system or a mono— or

polycyclic hetercaromatic ring system;
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d) pyrrolidine, piperidine, morpholine or piperazine, being
substituted in position 4 with R?, which has the same
meaning as defined under item c), piperazine being more
preferred and piperazine wherein R’ is -CHs: being most

5 preferred;

e) -NH-(C, ¢—alkylene)-NH,;, wherein -NH-(CH;),-NH, with n = 1,

2, 3, 4, 5 or 6 is more preferred.

10 It is particularly preferred in the present invention that the

group Pr is one of the following groups:

oA
H,C—N_ | H,Cu « /T \
C--- H C/I?I“- H,C—N N---
Hsc_’?l 3 CH,
CH

3

An (h+1l)-valent linear aliphatic hydrocarbon group having 1 to

15 30 carbon atoms or branched or cyclic aliphatic hydrocarbon
group having 3 to 30 carbon atoms preferably is one of the
following groups: methylene, ethylene, n-propylene, iso-
propylene, n-butylene, iso-butylene, sec-butylene (1-
methylpropylene), tert-butylene, iso-pentylene, n-pentylene,

20 tert-pentylene (1,1- dimethylpropylene), 1,2-
dimethylpropylene, 2,2-dimethylpropylene (neopentylene), 1-
ethylpropylene, 2-methylbutylene, n-hexylene, iso-hexylene,
1,2-dimethylbutylene, l-ethyl-l-methylpropylene, l-ethyl-2-
methylpropylene, 1,1,2-trimethylpropylene, 1,2,2-

25 trimethylpropylene, l-ethylbutylene, l-methylbutylene, 1,1-
dimethylbutylene, 2,2-dimethylbutylene, 1,3-dimethylbutylene,
2,3-dimethylbutylene, 3,3-dimethylbutylene, 2-ethylbutylene,
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l-methylpentylene, 2-methylpentylene, 3-methylpentylene,

cyclopentylene, cyclohexylene, cycloheptylene, cyclooctylene,

2—-ethylhexylene, trifluormethylene, pentafluorethylene, 2,2,2-

trifluorethylene, ethenylene, propenylene, butenylene,
pentenylene, cyclopentenylene, hexenylene, cyclohexenylene,
heptenylene, cycloheptenylene, octenylene or cyclooctenylene,
wherein one or more CH;-moieties in said groups may be
substituted by a -C(0), -C(O)NH-, O, S or -S(0),;-, and one or
more hydrogen atoms may be substituted by D, F, Cl or OH,

preferably OH.

It is further preferred that -if substituted- only one or two
CH,-moieties of L is/are substituted with -C(0), -C(O)NH-, O,
or -S(0),—, even more preferred two CHy,-moieties are each
substituted by -C(0)-, which are preferably not in direct

neighbourhood.

It is further preferred that -if substituted- only one
hydrogen atom of L is substituted by D, F, Cl or OH,

preferably OH.

It is preferred that L is an (h+l)-valent linear aliphatic
hydrocarbon group having 1 to 20 carbon atoms, even more
preferred 1 to 10 carbon atoms, or a (h+l)-valent branched or
cyclic aliphatic hydrocarbon group having 3 to 20 carbon
atoms, even more preferred 3 to 10 carbon atoms, wherein one
or more CH,-moieties in said groups may be substituted by a -
C(0), -C(O)NH-, O, S or -S(0),—, and wherein one or more
hydrogen atoms may be substituted by D, F, Cl or OH,
preferably OH.

S



10

15

20

25

30

WO 2013/007793 PCT/EP2012/063718
39

According to still a further embodiement the present invention
provides a sorbent comprising a solid support material, the
surface of which comprises a residue of the following general

formula (V) :

formula (V),

wherein the residue is attached via a covalent single bond
represented by the dotted line in formula (V) to a functional
group on the surface of either the bulk solid support material
itself or of a polymer film on the surface of the solid
support material, depending on whether the solid support

material comprises a polymeric film or not; and

wherein the used symbols and parameters in formula (V) have

the following meanings:

L is a (h+1l)-valent aliphatic hydrocarbon group having 1 to
30 carbon atoms or branched or cyclic aliphatic
hydrocarbon group having 3 to 30 carbon atoms,
wherein

one or more CH,-moieties in said groups may be
substituted by a CO, NH, O or S;

one or more CH-moieties in said groups may be
substituted by N;

said groups may comprise one or more double bonds
between two carbon atoms; and

one or more hydrogen atoms may be substituted by D,

F, Cl or OH;
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Ps represents independently at each occurrence either a

deprotonizable group or an anionic group;

h is 1, 2 or 3, more preferred 1 or 2 and most preferred 1.

An (h+1l)-valent linear aliphatic hydrocarbon group having 1 to
30 carbon atoms or branched or cyclic aliphatic hydrocarbon
group having 3 to 30 carbon atoms preferably is one of the
following groups: methylene, ethylene, n-propylene, iso-
propylene, n-butylene, iso-butylene, sec-butylene (1-
methylpropylene), tert-butylene, iso-pentylene, n-pentylene,
tert-pentylene (1,1- dimethylpropylene), 1,2-
dimethylpropylene, 2,2-dimethylpropylene (neopentylene), 1-
ethylpropylene, 2-methylbutylene, n-hexylene, iso-hexylene,
1,2-dimethylbutylene, l-ethyl-l-methylpropylene, l-ethyl-2-
methylpropylene, 1,1,2-trimethylpropylene, 1,2,2-
trimethylpropylene, l-ethylbutylene, l-methylbutylene, 1,1-
dimethylbutylene, 2,2-dimethylbutylene, 1,3-dimethylbutylene,
2,3-dimethylbutylene, 3,3-dimethylbutylene, 2-ethylbutylene,
l-methylpentylene, 2-methylpentylene, 3-methylpentylene,
cyclopentylene, cyclohexylene, cycloheptylene, cyclooctylene,
2—-ethylhexylene, trifluormethylene, pentafluorethylene, 2,2,2-
trifluorethylene, ethenylene, propenylene, butenylene,
pentenylene, cyclopentenylene, hexenylene, cyclohexenylene,

heptenylene, cycloheptenylene, octenylene or cyclooctenylene.

It is preferred that L is an (h+l)-valent linear aliphatic
hydrocarbon group having 1 to 20 carbon atoms, even more
preferred 1 to 10 carbon atoms, or branched or cyclic
aliphatic hydrocarbon group having 3 to 20 carbon atoms, even

more preferred 3 to 10 carbon atoms,
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wherein

one or more CH;-moieties in said groups may be substituted
by a CO, NH, O or S;

one or more CH-moieties in said groups may be substituted
by N;

said groups may comprise one or more double bonds between
two carbon atoms; and

one or more hydrogen atoms may be substituted by D, F, Cl

or OH.

The linking unit L is preferably selected from the group

consisting of

- (Ci_1p—alkylene) -,

-(Ci_¢—alkylene)-NH-,

-C(0) -,

-C(0)—-NH-,

-C(0)-CH(OH) —,

-C(0) -NH-NH-C(0) O0—,

-C(0)—-(Ci_12—alkylene) —,

-C(0)-NH-(Ci_¢4—alkylene) -,

-C(0)-(Ci_12—alkylene)-C(0O)—,

-C(0)-(Cy1_12—alkylene) -NH-C(O)O—,
-C(0)-(Cig—alkylene)-C(0O)-NH-,
-C(0)-(C1¢g—alkylene)-C(0O)-NH-(C; ¢—alkylene) -,
-C(0)-0-(Ci ¢—alkylene)—,

-C(0)-(Ci ¢—alkylene)-Y-, wherein Y is NH, O or S,
-C(0)—-(Ci3—alkylene)-0-(C; 3—alkylene)-C(0O)-NH-,
-C(0)-(C13—alkylene)-0-(C; 3—alkylene)-C(0O) -NH-(Cq_¢—
alkylene) -,

-C(0)-(C1¢g—alkylene)-C(0O)-NH-(C; ¢—alkylene)-NH-C(O)-NH-,
-CH,-CH(OH) -CH,—- (OCH,CH3) ,—O0—, wherein m is 1, 2, 3, 4, 5

or 6;
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—(Ci_g—alkylene)-Y-(Ci¢—alkylene)—-, wherein Y is S, O, NH
or —=S(0z2)—;
—-C(0) - (CH(CH,CH(CH3) 2) ) -NH-C(O) —,
-C(0)-NH-(C;_¢—-alkylene)-NH-C(O) -,

5 -C(0)-(Cis—alkylene)-NH-C(0O) - (CH(CH,CH(CHz),))-NH-C(O) -,

-==-C(0) = (C, ,~alkylene)-C (OH)

14

and

H
. N -

10 L is more preferably selected from the group consisting of
- (Ci_¢—alkylene) -,
—C(0)—-(Ci¢4—alkylene)-C(O)NH-(Ci_¢—alkylene)—,
-C(0)-(Ci_¢4—alkylene) -,

—C(0)-CH(NH(C(O)OC(CH3)3))—-(Ci3—alkylene) -,
15 —-C(0O)CH(NH;) (C;_3—alkylene)—,
—C(0O)-CH(NH(C(=NH) (NHz)))-(Ci_¢—alkylene) -,

-C(0)-(Ci3—alkylene)-C(=CHy) -,
-C(0)C(=CHz) - (Ci-3—alkylene) -,
-C(0)CH=CH~—,

20 -C(0)—-(Ci-3—alkylene)-CH(OH)-(Ci 3—alkylene) —,
-C(0)-(C13—alkylene)CH=CH-,
-C(0)-(C13—alkylene)CH(CH,0H) —,
-C(0)-(C13—alkylene)-C(=CH;) -,
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and

L is even more preferably selected from the group consisting

5 of
-CH,CH,CH;—,

-C(0)CHy—,
-C(0)CH,CH,—,
-C(0)CH,CH,CH,—,

10 -C(0)CH,CH,C (O)NHCH,CH;,—,
-C(0)-CH(NH;)CHy—,
-C(0)-CH(NH(C(O)OC(CH3)3))CHy—,
-C(0)CH,0CH;—,

-C(0) CHzC (=CHz) —,

15 -C(0)C(=CHy)CHy—,

-C(0)CH=CH~—,
-C(0)CH,CH(OH) CHy—,
-C(0)CH,CH=CH~-,
-C(0)CH,CH(CH,0H) —,

20 -C(0)CH,C (=CHy) —,
ﬁ\/!’/ M[/ b
OH

and
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wherein the dotted lines in all above listed linkers L
represent the bonds to the functional group of the solid
support material or the polymer film and Pg, and wherein in all
above listed linkers L it is preferred that the first
mentioned atom having a free ending line is connected in this

position to the solid support material.

L is even more preferred -C(0)-(Ci s—alkylene)-, and most

preferred -C(0O)CH,CH,-.

The group Py 1s either an anionic group or a deprotonizable
group, i.e. a group which may become an anionic group in
solution. It is preferred that these groups are totally or
partly present as anionic groups in a ph range of between 6
and 8. But nevertheless the groups P, may also be polar groups
having a hydrogen atom which can be split off by means of
stronger bases, wherein these hydrogen atoms are preferably

bound to a heteroatom.

The invention is further directed to the use of the composite
material as described above as a stationary phase in

chromatography, in particular in affinity chromatography.

The composite material of the present invention may be used
for the purification of organic molecules (organic compounds)

or the purification of solutions from certain organic
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molecules. That is, the present invention further refers to
the use of a composite material according to the invention for
the purification of organic molecules or the purification of

solutions from organic molecules.

The term “purification” is referred to as comprising
separating, or increasing the concentration and/or purity of a
organic molecule from a mixture containing said organic

molecule.

In other words the present invention is also directed to a
method of purification of organic molecules which also
includes the separation of unwanted organic molecules from a
solution by using the composite material of the present

invention.

The use of the composite material according to the invention
for the purification of organic molecules or separating
organic molecules (organic compounds) or the method for the
purification of organic molecules or separating organic
molecules from a solution by using the sorbent according to

the invention comprises the following steps:

(1) applying a crude mixture comprising the organic
molecules being dissolved or suspended in a liquid
on a chromatographic column containing the
composite material according to the invention or a
composite material prepared according to a method
of the invention;

(ii) elution of the organic molecule from the column

by using an eluent.
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The eluent used in step (ii) may be the same solvent as used
for the liquid in step (i), but may also be different,
depending on the conditions necessary for the purification of
the organic molecules. As liquid in step (i) or eluent in step
(ii) every kind of solvent or buffering system applicable in
the field of chromatography may be used. In the present
invention the solvent may be pure water, mixtures of water
with a water-soluble organic solvent, such as acetonitrile or
alcohols having a low molecular weight, such as methanol or
ethanol, or aqueous buffering systems often in combination
with alcohols having a low molecular weight, such as methanol,
ethanol. Organic acid salts and organic acids may be used as
buffer, such as sodium formate or a combination of sodium

formate with ascorbic acid.

The organic molecules purified by means of the sorbent of the
present invention are preferably a pharmaceutically active

compounds.

The organic nmolecules have preferably a molecular weight in
the range of from 500 to 200000 g/mol, more preferably in the
range of from 500 to 150000 g/mol, and most preferred of from
500 to 2500 g/mol.

Particularly preferred as organic molecules used in the
use/process of the present invention are partricine,

tacrolimus, irinotecane , voglibose and the derivatives
thereof; the most preferably organic molecules have the

following structures:
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OMe OMe

tacrolimus,

irinotecane, and
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OH

OH

voglibose.

Furthermore, the sorbent according to the invention may also
be used for separating endotoxines from solutions. The term
rendotoxines” as used in the present invention refers to a
class of biochemical substances. Endotoxines are decomposition
products of bacteria, which may initiate variable physiclogic
reactions in humans. Endotoxines are components of the outer
cell membrane (OM) of gram—negative bacteria or blue-green
algae. From the chemical view endotoxines are
lipopolysaccharides (LPS) which are composed of a hydrophilic
polysaccharide component and a lipophilic lipide component. In
contrast to the bacteria endotoxines stem from, endotoxines
are very thermally stable and endure sterilisation. The
currently most sensitive method of measuring endotoxines is
made by means of the activation of the coagulation cascade in
the lysate of amoebocytes which have been isolated from
limulus polyphemus. This test is commonly known as the so-

called LAL-test.

Further preferred as organic molecules used in the use/process
of the present invention are partricine, thiocolchicoside or
the derivatives thereof, most preferably organic molecules

having the following structures:
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partricine derivative, and

thiocolchicoside.

Also preferred as organic molecules used in the use/process of
the present invention is everolimus or derivatives of

everolimus, more preferably everolimus of the following

structure:
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Further preferred as organic molecules used in the use/process
of the present invention are paclitaxel, 10-D-acetyl-baccatin
IIT, montelukast, docetaxel, sugammadex, pentamycine and
fluocortolone, or derivatives of these molecules, most

preferably molecules of the following structures:

Na+ O_ _O

montelukast,
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docetaxel,

HO

HO

Ollllll-

0
o
0O

10-D-acetyl-baccatin III
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paclitaxel,
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sugammadex,

OH OH OH OH OH OH

5 pentamycine, and

z

fluocortolone.

10 Additionally preferred as organic molecules used in the
use/process of the present invention are epirubicine,
voglibose and their derivatives, wherein epirubicine and

voglibose have the following structures:

15
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epirubicine, and

HO OH

OH

OH

voglibose.

The present invention is also directed to a method for the
preparation of the above-described composite material

comprising the steps of:

a) providing a crosslinkable polymer having functional
groups,

b) adsorbing said polymer onto the surface of a porous
support,

c) crosslinking a defined portion of the adsorbed

crosslinkable polymer with at least one crosslinking

reagent.

The crosslinking degree of the polymer is adapted to the pore
size of the porous support such, that the ratio between the

pore size [nm] of the porous support and the crosslinking



10

15

20

25

30

WO 2013/007793 PCT/EP2012/063718
55

degree [%] of the crosslinked polymer [PSCL-ratio] is from
0.25 to 20, preferably from 0.5 to 15 and most preferred from
1 to 10.

Adsorbing of the polymer can be technically achieved by all
means of coating known to a skilled person which may either
occur under natural driving forces or be manually enforced
such as spontaneous adsorption, wvapour phase deposition,
polymerisation from the liguid, gas or plasma phase, spin
coating, surface condensation, wetting, soaking, dipping,
brushing, spraying, stamping, evaporation, application of
electric fields or pressure, as well as all methods based on
molecular self-assembly such as, for example, liquid crystals,
Langmuir-Blodgett—- or layer-by-layer film formation. The
polymer may thereby be coated as a polymer film directly as a
multilayer or as a stepwise sequence of individual monolayers
on top of each other. Single- or multi-point-"adsorption",
whether spontaneous or artificially accelerated, is in any
case considered as being the first (incomplete) step of any
coating process starting from a polymer solution which is in
physical contact with the surface of a support. It requires
the presence of some at least weakly attractive physical (van
der Waals-) or - in case of complementary functionalisation
present on the support and / or the polymer - rather specific,
non-covalent chemical forces between the solid surface and
each single polymer strand and, 1f multilayers are adsorbed,
also between the polymers within the same and different
vertically stacked layers in order to form at least a meta-
stable aggregate. Electrostatic forces between charges of
opposite sign are often utilised for this purpose, the surface
charge of the carrier thereby being given by its zeta

potential. Initial adsorption may occur in a loose and
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irregular fashion which may later transform into a larger
degree of two- or three-dimensional order and / or density.
This is may be ascribed to some residual mobility of the
polymer strands on the surface as a consequence of a steady-
state equilibrium between adsorption and desorption processes
at individual surface sites and may for example be fostered by
annealing. It is usually necessary to further increase the
stability of the adsorbed aggregate by the following
introduction of covalent bonds between proximate functional
groups, 1n addition to a basic steric (entropic) stabilisation
by physical entanglement of the chains. For achieving still
increased stabilities, the chains of the polymer film may
further be covalently grafted to the carrier material

underneath.

After adsorbing the crosslinkable polymer on the surface of
the porous support, a crosslinking step follows. The at least
one crosslinking reagent is preferably selected from the group
consisting of dicarboxylic acids, diamines, diols and bis-
epoxides. In one embodiment the at least one crosslinking
reagent is a linear, conformationally flexible molecule of a

length of between 1 and 20 atoms.

The crosslinkable polymer is adsorbed in form of a polymer
film. The term "film of a polymer" or "polymer film" means a
two—- or preferably three-dimensional synthetic or biosynthetic
polymer network of at least one layer, usually between a few
and a few ten molecular layers of the crosslinkable polymer.
Such a (derivatised or underivatised) polymer network may
itself be prepared according to procedures known to a person
skilled in the art. The film of a polymer may be of a

chemically homogeneous composition, or it may be comprised of
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at least two different kinds of interpenetrating polymer
chains (e.g., polyacrylic acid and a polyamine), either
irregularly entangled or in an ordered fashion (layer-by-

layer).

The term "chain" generally refers to the longest continuous
main strand and also possible branches of a polymer, along
which functional groups are attached. The term is used both to
indicate the full backbone length of a dissolved, adsorbed or
grafted polymer as employed during sorbent preparation, as
well as to indicate the chain segments located between the
knots of a crosslinked polymeric mesh, since in the latter
case the full length of individual strands is hard to

identify.

If a porous polymer is used as the porous support material, it
is pointed out that the film of the polymer coated thereon, as
described here, will have a different chemical composition.
These differences may result from the presence, kind, or
density of the functional groups, from lower molecular
weights, or from a lower degree of crosslinking. All these
parameters add to increased hydrophilicity, solvent
swellability / diffusion, and biocompatibility, as well as to

diminished unspecific adsorption on the coated surface.

The preferred polymer film comprises at least one polymer
containing amino groups. Polyvinylamine is strongly preferred.
Other suitable polyamines may comprise polyethylene imine,
polyallylamine etc. as well as functional polymers other than
those containing amino groups, such as polyvinyl alcohol,
polyvinyl acetate, polyacrylic acid, polymethacrylic acid,

their precursor polymers such as poly(maleic anhydride),
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polyamides, or polysaccharides (cellulose, dextran, pullulan

etc.).

If co-polymers are employed, the preferred co-monomers are
simple alkene monomers or polar, inert monomers like wvinyl

pyrrolidone.

Preferred molecular weights of the polymers used range from,
but are not limited to, 5000 to 50000 g/mol, which is
particularly true for polyvinylamine. Polymers having a
molecular weight near the lower limit of the range given above
have shown to penetrate even narrow pores of the carrier so
that solid state materials with high surface areas and
consequently with good mass transfer kinetics, resolution and
binding capacity can be used in the composite materials of the

present invention.

The crosslinkable polymer will be adsorbed and then
crosslinked and optionally grafted as a thin adlayer onto the
surface of the porous support, either before or after
derivatisation with a ligand. The polymer film content of the

Q.

resulting composite material may range from about 5 % to 30 %,
preferably from about 15 % to 20 % by weight, based on the
total weight of the composite material. The exact value of the
polymer content of the fully functional composite material
will also be dependent on the degree of derivatisation, the
molecular weight of the ligands, and the specific weight of

the chosen porous support. These values correspond to a film

thickness in the lower nanometer range.



10

15

20

25

30

WO 2013/007793 PCT/EP2012/063718
59

The coated polymer film can still retain its ability to swell
or shrink, the actual film thickness thereby being strongly

dependent on the type of solvent being used.

The degree of crosslinking of the polymer film may range from
5 % to 30 % based on the number of functional groups available
for crosslinking. Particularly preferred are crosslinkages by
functional group condensation, but all other methods known in
polymer chemistry, including radical and photochemistry, can
be applied. However, crosslinking bonds can also be formed
directly between the functional groups of the polymer(s)
involved without addition of crosslinking reagents. This is in
particular possible if co-polymers or blended polymers are
employed which provide at least two different functional
groups that exhibit a latent reactivity toward each other,
e.g. amine groups and carboxylic acid groups which can form
amide bonds between each other after activation. Preferred
crosslinks involve formation of covalent C-N bonds, e.g.
amide, urethane, urea or secondary / tertiary amine bonds, and
may be formed via reaction of either activated carboxylic

acids or epoxides with amines.

Intra- and intermolecular crosslinking of the layer will form
a stable two- or preferably three-dimensional polymer network
and prevent its desorption from the "enwrapped" porous

support.

Although crosslinking can be achieved according to all
procedures known as state of the art, alsoc incorporating
unselective methods based on the generation of radical species
anywhere on the polymer chains such as electrochemical, light-

or (ionising) radiation-induced methods, the crosslinking step
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will preferably be carried out only between the functional
groups of the polymer using crosslinking reagents which for
example are designed to undergo condensation reactions with
said functional groups. Linear, conformational flexible
molecules, such as [alpha], [omega]-bifunctional condensation
reagents, of a length of between 1 and 20 atoms are preferred
for crosslinking. Also, two or more crosslinking reagents of
different length and / or different reactivity and / or
different chain rigidity can be employed, preferably in

consecutive steps.

Crosslinking will not be carried out in an exhaustive manner
which would lead to a rigid material, but always to a
predetermined extent only, i1i.e. with a defined portion of
polymer functional groups, which is easily controllable via
the stoichiometric fraction of added crosslinking reagent(s)

in relation to available polymer functional groups.

Suitable crosslinking reagents in this respect comprise
dicarboxylic acids, diamines, diols, and bis-epoxides, for
example 1,10-decanedicarboxylic acid or ethyleneglycol
diglycidylether (EGDGE). 4,4'-Biphenyldicarboxylic acid is

useful as a rigid crosslinker.

Crosslinking reagents are preferentially chosen to react
specifically with the functional groups of the polymer but
neither with the template nor with the underlying porous
support such as to accomplish stable crosslinks within the
polymer film only but not between the polymer film and the

support surface.
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Anyway, establishing additional crosslinks of the latter type
in a moderate number would certainly not alter the properties

of the sorbent significantly.

Crosslinks can alternatively be of non-covalent nature, making
use of ion pairing between oppositely charged functional

groups or with the help of multiply-charged counterions etc.

As used herein, the term "crosslinking degree" is given as the
maximum number of crosslinks to be formed in the crosslinking
reaction based on the total number of functional groups
available for crosslinking. If, as preferred, bifunctional
reagents are used for crosslinking, the degree of crosslinking
therefore reflects the molar ratio between the amount of
crosslinking reagent, which is submitted into the crosslinking
reaction, and the number of polymer functional groups
available for crosslinking (in such case two functional groups
are required per formation of one crosslink) whereby it is
assumed that the reaction proceeds nearly quantitatively at
the ratios attempted here. In principle, it is possible that
both inter-strand and intra- strand crosslinks as well as non-
crosslinking end-terminated side chains (from partially

reacting crosslinkers) are being formed.

Conversely, the term "grafting™ means a covalent anchorage of
single polymer chains to the surface of the porous support,
preferable formed with functional groups thereon. It would be
sufficient if each polymer strand is anchored at at least one
arbitrary position along its chain. Better stabilities of the
film can be achieved via multi-point grafting so that
protruding polymer loops are formed on the surface. The latter

method, however, reduces the three-dimensional flexibility of
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the polymer chains. Single-point attachments are preferably
realised through a chain terminus so that the full elongated
length of the chain along which preferentially a plurality of
functional groups / ligands or only a single one at the
opposite terminus may be attached, can point outwards away
from the surface. Although the actual conformation of the
grafted polymer may be a random coil, the use of high grafting
densities on the surface and appropriate solvents can lead to
swelling and oriented self-assembling phenomena between
neighbouring chains via dispersive interactions such as in the
formation of polymer brushes which may be further stabilised

by crosslinking.

Preferably, grafting is achieved wvia mild condensation
reactions similar to the crosslinking reactions, but methods
involving propagating free radicals, ions, or radical ions
such as oxidative or radiation-induced methods could also be
applied. The chosen method will depend on the ease, type, and
degree of functionalisation of the carrier. Grafting can be
achieved in principle via two different techniques: the first
technique uses surface-bound monomers or initiators to build
up parallel polymer chains by in situ-polymerisation from the
surface, whereas in the second technique a polymer chain is
first synthesised in its full length in a homogeneous medium,
i.e. in the absence of the surface, to which it is only
subsequently grafted in an extra step. The latter technique is
preferred if a sorbent of the invention is prepared via
grafting procedures and constitutes a methodical embodiment of

the invention.

In a preferred embodiment of the present invention, the

polymer film, also 1if internally crosslinked by covalent
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bonds, 1is not grafted, i.e. covalently linked, to the carrier
material underneath, i.e. it is bound thereon by physical and

/ or chemical adsorption only.

Accordingly, the term "binding" encompasses physical and / or
chemical adsorption. The chemical and mechanical stability of
the composite material then results from total physical
entanglement of the carrier by the crosslinked polymer film.
The thickness and density of the polymer film are still
sufficient in order to shield very polar or reactive groups on
the surface of the porous support, such as phenyl or
sulphonate groups in the case of solid polystyrene sulphonate,
from accessibility which are otherwise suspected to be cleaved
by reagents or to undergo undefined, irreproducible or
irreversible interactions with an analyte or its concomitant

impurities of the mixture to be separated.

As described above the crosslinkable polymer contains
functional groups which may be substituted/derivatized with at
least one type of ligand before or after adsorbing the

polymer, or before or after crosslinking the polymer.

Polymers containing at least one functional group within their
backbone or side chains are preferable since they allow an
easy derivatisation with ligands at such functional groups in
homogeneous or heterogeneous media. Furthermore, many
properties of a polymer in the solid or dissolved state and
also its tendency to adsorb spontaneously onto and adhere
permanently to the porous support are being determined by its
functional groups. Polyelectrolytes are specifically mentioned

here.
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Co-polymers, whether of alternating, statistical, or block
sequence, containing both functional and non-functional units,

are also realisable in this respect.

The preferred functional groups are primary and secondary
amino, hydroxyl, and carboxylic acid or ester groups.
Depending on the acidity / basicity of the surrounding medium,
amino groups may be present as protonated ammonium ions,
carboxyl groups as deprotonated carboxylate ions.

The term "functional group" means any simple, distinct
chemical moiety belonging to the polymer film on the porous
support, or to a polymer during preparation of said surface
via film adsorption, which may serve as chemical attachment
point or anchor and which therefore is, at least in the
swollen state of the solid support material or a polymer film
covering it, amenable to liquid or solid phase derivatisation
by chemical addition or substitution reactions and also to
crosslinking. Functional groups will therefore preferably
contain at least one weak bond and / or one heteroatom,
preferentially a group behaving as nucleophile or
electrophile. Less reactive functional groups may need to be
activated prior to derivatisation. They can thus both form the
structural link between the polymer strands and the residues
of the sorbent as well as forming the knots of a crosslinked

network.

Opposed to ligands, functional groups are primarily not
designed to interact with analytes (although it indeed cannot
be rigorously excluded that they nevertheless do interact or
aid in the separation process via repulsion of side
components) but rather to provide a surface coverage with

molecularly-sized spots of defined chemical reactivity that
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can be converted into the actually interacting residues
(derivatisation) or used in the formation of covalent
connections (polymer crosslinkage and grafting).

The terms "connections" or "linkages" as used herein shall
cover both directly formed covalent bonds as well as an
extended series of covalent bonds in a row via a sequence
involving multiple atoms. Other chemical moieties down to
simple diatomic molecular fragments which may be present on
the sorbent or an analyte and which do not fulfill either of
these known and specified functions, are simply named

"groups".

A set of functional groups can be treated as a plurality of
separate, but identical units, and their chemical behaviour
will mainly be determined by predictable and reproducible
group properties only and to a far less extent by the
materials to which they are attached, or their exact position
on these materials. Among such functional groups are, Jjust to
mention a few, amino groups, hydroxyl groups, thiol groups,
carboxylic acid groups, or carboxylic ester groups.
Functional groups represent an integral part of the composite
material and are thus distributed uniformly over large areas
of its surface. Suitable functional groups often exhibit weak
acid or base properties and thus give a film-forming polymer
the character of an ampholyte. Functional groups in a polymer
can either be introduced during polymerisation from the
corresponding monomers or by subsequent functional group
conversion (polymer—-analogous reaction) before or after
adsorption onto the carrier. A polymer film can also contain
two or more different functional groups either if different
monomers are co-polymerised, if functional group conversion is

stopped before completion, or if different polymers are
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layered on top of each other or as interpenetrating networks.
The preferred functional groups are primary and secondary
amino groups. Particular preference is given to primary amino

groups.

The term "derivatisation" means any chemical reaction capable
of introducing specific ligands onto the surface of the
composite material in order to produce an intermediate or
fully functional sorbent, particularly by addition to, or
substitution of, its functional groups with a suitable
derivatisation reagent containing the ligand or a precursor
thereof. The conversion of a functional group into a different
but still reactive functional group shall also be covered by

the term.

A "precursor" of the ligand may incorporate a masked or
protected chemical moiety which can be deprotected or
otherwise converted into the final ligand after or
simultaneocusly with the formation of a linkage with the
surface or polymer in the derivatisation step. For example, if
the polymer contains primary or secondary amino functional
groups and derivatisation is made through amide bond formation
with these, additional primary or secondary amine moieties to
be contained in the residue should initially be protected as
e.g. Boc— or Fmoc-derivatives in the derivatisation reagent.
Further, if the bond to be formed during the derivatisation
reaction between a surface or polymer functional group and a
reactive center on the derivatisation reagent leads to the
formation of a new chemical moiety which plays a role in the
recognition of the analyte, the respective ligands will
apparently only be fully developed after derivatisation, and

only a part or a functional modification of it is contained as
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a precursor in the derivatisation reagent. In such case, part
of the precursor moiety (a leaving group) may also be split
off during the derivatisation reaction (such as a water

molecule during a condensation reaction).

Derivatisation (as well as crosslinking) is in each of at
least one or optionally multiple steps always being carried
out on a "defined portion" of the functional groups. This
means that - taking the reactivities of different functional
groups and reagents into account - a targeted, predetermined
percentage of each given kind of functional groups present in
the underivatised polymer is always being converted into
functional groups derivatised with the respective ligands
chosen. In order to yield homogeneously and reproducibly
derivatised sorbents, calculated appropriate amounts of
derivatisation reagents are then let to react with the
polymer. Full derivatisation (degree of derivatisation = 100
%) can also be attempted, whereby the derivatisation reagent
is often used in excess, but this is not a must-have.

The term "ligand" means any distinct chemical moiety or a
distinctly identifiable, usually repeatedly occurring,
arrangement of chemical moieties of the same or different kind
capable of assembling on the nanoscopic scale (by itself or
part of itself or within a cluster of ligands of the same or
different kind) into a complex or a place of high and / or
selective affinity toward at least one complementary structure
or surface region of at least one analyte, as long as the
affinity is stronger than a mere van der Waals-contact with CH
or CHZ2 repeating units of the lattice or polymer chain on the
sorbent surface. Such a place at the solid / liquid interface
is, in analogy to the description of specific interactions

involving biomacromolecules, called a "binding site™".
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A ligand can thereby be an entirely synthetic or a natural
product or a fragment or combination thereof, but should be
amenable to chemical synthesis and / or derivatisation. It may
comprise more than one distinct chemical moiety (including
chemically unreactive moieties such as, for example, alkyl or
alkylene units which are nevertheless capable to engage in

hydrophobic or dispersive interactions).

It is also possible to temporarily derivatise functional
groups of the polymer film or substituents of the ligands with
protecting groups. Said functional groups or substituents can
thus be protected during the introduction of one or more
further sets of ligands from sometimes undesired reactions
with the respective derivatisation reagents which may
otherwise lead to uncontrollable accumulation of residues or
higher-order substitution patterns such as branching. Once the
additional set of residues has been put in place, the

protecting groups are usually removed again.

The invention will now be illustrated by several examples
which are, however, not limiting to the scope of the

invention.

EXAMPLES

General

HPLC systems from Dionex (formerly Gynkotek) consist of a four

channel low-pressure gradient pump (LPG 580, LPG 680 or LPG

3400), auto sampler (Gina 50, ASI-100 or WPS-300), six-channel

column switching valves (Besta), column oven and a diode-array
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UV detector (UVD 170U, UVD 3408 or VWD 3400).

All composite materials employed in examples 1 and 2 were
based on the same porous support of sulphonated polystyrene-
divinylbenzene copolymer (35 pm mean particle diameter, 100 nm
mean pore diameter) covered with a film of crosslinked
polyvinylamine. For all chromatographic experiments the
sorbents were used in standard stainless steel HPLC columns of
33.5 x 4 mm actual bed size, 1f not stated otherwise. Columns
were packed by flow sedimentation of water-methanol (1:1)

suspensions under a pressure of 20 bar.

Example 1 (comparative example)

The crosslinked polyvinylamine has a crosslinking degree of 2
%. Thus, the PSCL ratio is 50. After 5 h usage under a flow of
a water-methanol ratio of 1:1, about 60 % polymeric material
of the crosslinked polymer was found in the eluate. Hence, a

PSCl-ratio above 25 leads to an unstable composite material.

Example 2 (example according to the invention)

The crosslinked polyvinylamine has a crosslinking degree of 10
%. Thus, the PSCL ratio is 10. After 5 h usage under a flow
with a water-methanol ratio of 1:1, no polymeric material of
the crosslinked polymer was found in the eluate. Hence, a

PSCl-ratio of 10 also leads to a stable composite material.

Additional examples with the same porous support as above have
been carried out which show that at a PSCL-ratio of 25 the

loss of the stationary phase starts.
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Pore size [nm] Crosslinking [%] PSCL-ratio Loss of polymer
[wt %]
100 20 5 Not observed
100 15 6.6 Not observed
100 10 10 Not observed
100 5 20 0.3
100 4 25 5
100 2 50 60

Example 3 (example according to the invention)

In this example silica gel as anorganic support
pore size was 30 nm and the particle size 10 um.
was coated with polyvinyl amine and crosslinked

of 10%. Thus the PSCL ratio is 3.

The resulting

was used. The

The support

with a degree

phase was

investigated with respect to the retention of Moxol in

isocratic HPLC runs with mobile phase of 30

70 % hexane.

Moxol eluates with a k-~

value of 0.74.

ethylacetate and

The

impurities Batmox and Bismox eluate at k'=0.43 to 0.47 and

MoxOH at k’'=

1.23.

separation of Moxol.

Example 4 (comparative example)

This experiment resulted in a very good

In this example silica gel as anorganic support was used. The

pore size was 10 nm and the particle size 10 um.

The support

was coated with polyvinyl amine and crosslinked with a degree

of 50%. Thus the PSCL ratio is 0.20.

The same experiment done

as in example 3 showed a k “value of just 0.51 with bad

separation of the accompanying impurities.

In adition, due to the restricted swelling behavior of the

highly crosslinked polymer film

(which leads to a very rigid
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polymer), the polymer film shows beginning cracks and starts
to desorb from the surface of the porous support.

The above examples show that within the PSCL-ratio from 0.25
to 20 stable composite materials were obtained which show a
very good purification efficiency with no loss of the

stationary phase.
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Claims

Composite material comprising a porous support and a
crosslinked polymer on the surface of the porous support,
wherein the ratio between the pore size [nm] of the
porous support and the crosslinking degree [%] of the
crosslinked polymer 1is from 0.25 to 20 [nm/%] and
wherein the crosslinking degree is of from 5 to 20 %,
based on the total number of crosslinkable groups in the

crosslinked polymer.

Composite material according to claim 1, wherein the
porous support has a specific surface area of from 1 m?/g

to 1000 m?/g.

Composite material according to claim 1 or 2, wherein the
porous support has a porosity of from 30 to 80 % by

volume.

Composite material according to any one of claims 1 to 3,
wherein the pore size of the porous support is at least 6

nm.

Composite material according to one of claims 1 to 4,

wherein the porous support is a polymeric material.

Composite material according to one of claims 1 to 5,

wherein the porous support is an inorganic material.

Composite material according to any one of claims 1 to 6,
wherein the crosslinked polymer is covalently bound or

adhered to the porous support.
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Composite material according to any one of claims 1 to 7,
wherein the crosslinked polymer carries functional groups

which serve as chemical attachment point or anchor.

Composite material according to any one of claim 8§,
wherein the functional groups of the crosslinked polymer
are at least partly substituted with at least one type of
ligand which is capable of binding an analyte by an
interaction, selected from the group consisting of
hydrophobic interaction, hydrophilic interaction, cation
exchange, anion exchange, size exclusion and/or metal ion

chelation.

Use of the composite material according to any one of

claims 1 to 9 as stationary phase in chromatographie.

Method for the preparation of a composite material
according to claims 1 to 9 comprising the steps of:

a) providing a crosslinkable polymer having
functional groups which serve as chemical
attachment point or anchor,

b) adsorbing said polymer onto the surface of a
porous support,

c) crosslinking 5 to 20 % of the total number of
crosslinkable groups of the adsorbed crosslinkable
polymer with at least one
crosslinking reagent such, that the ratio between
the pore size [nm] of the porous support and the
crosslinking degree [%] of the crosslinked polymer

is from 0,25 to 20 [nm/%].
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Method according to claim 11 , further comprising
substituting the functional groups with at least one type
of ligand which is capable of binding an analyte by an
interaction, selected from the group consisting of
hydrophobic interaction, hydrophilic interaction, cation
exchange, anion exchange, size exclusion and/or metal ion
chelation before or after adsorbing the polymer, or

before or after crosslinking the polymer.



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/063718
A. CLASSIFICATION OF SUBJECT MATTER
INV. B01J20/283 B01J20/285 B01J20/286 B01J20/10 B01J20/28
B01J20/32 B01J20/26
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

BO1lJ BOI1D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

6 January 1994 (1994-01-06)

page 52 - page 53; example 13
page 60, line 10 - line 15
page 55 - page 56; example 15
page 1, line 5 - Tine 23

column 7; example 5
column 8; example 8

X WO 94/00214 Al (SEPRACOR INC [US])

A page 53 - page 55; example 14; table I

X US 4 920 152 A (REGNIER FREDERICK E [US]
ET AL) 24 April 1990 (1990-04-24)
column 4 - column 5; example 1

1-10
11,12

1-4,6-12

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

30 August 2012

Date of mailing of the international search report

06/09/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Klemps, Christian

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/063718

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A ALPERT A J ET AL: "Preparation of a
porous microparticulatee anion-exchange
chromatography support for proteins",
JOURNAL OF CHROMATOGRAPHY, ELSEVIER
SCIENCE PUBLISHERS B.V, NL,

vol. 185, 20 December 1979 (1979-12-20),
pages 375-392, XP026731456,

ISSN: 0021-9673, DOI:
10.1016/50021-9673(00)85615-0

[retrieved on 1979-12-20]

the whole document

X G CRINI ET AL: "High Performance Liquid
Chromatography of Structural Isomers Using
a Cyclodextrin-Poly(allylamine) Coated
Silica Column",

CHROMATOGRAPHIA,

vol. 41, no. 7/8,

1 October 1995 (1995-10-01), pages
424-430, XP55011197,

ISSN: 0009-5893, DOI: 10.1007/BF02688063
the whole document

1-12

1-12

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2012/063718
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9400214 Al 06-01-1994 AT 197556 T 15-12-2000
AU 681590 B2 04-09-1997
CA 2138520 Al 06-01-1994
DE 69329676 D1 21-12-2000
DE 69329676 T2 15-03-2001
DK 0646038 T3 12-02-2001
EP 0646038 Al 05-04-1995
JP 3112682 B2 27-11-2000
JP HO7509173 A 12-10-1995
WO 9400214 Al 06-01-1994
US 4920152 A 24-04-1990 DE 3713892 Al 19-11-1987
FR 2598634 Al 20-11-1987
GB 2190369 A 18-11-1987
IT 1206787 B 03-05-1989
JP 63045558 A 26-02-1988
us 4920152 A 24-04-1990

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - claims
	Page 74 - claims
	Page 75 - claims
	Page 76 - wo-search-report
	Page 77 - wo-search-report
	Page 78 - wo-search-report

