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Doped materials for reverse phase chromatog-
raphy

Cross References to Belated Bpplications

This application <laims the priorxity of Swiss
patent appliication no. 0433/12, filled March 28, 2012, the
dizcleosure of which is incorporated herein by reference

in its entirely.

Technical Fileld

The present invention regards the fileld of
urification of active pharmacsutical ingredients like
peptides by means of chromatography, in particular silica

gel based materials for reverse phase chromatography.

Background Arhk

Reverse phase chromatography 1s a broadly
used purification method for peptides. Several materials
to ke used as the staticonary phase in ligquid chromatogra-
phy comprise a support or garvier and thereon attached
functional groups. Such material iz also known as bhonded
phase. A commonly used carrier is silica gel that may
suitably be surface modified by means of sultable si-
lanes. The chemistry of silanes with varicus surfaces is
well studied. A general discussion of the reaction of si-
lanes with the surface of silicaceous chromatographic
support materials is provided in HPLC Columns: Theory
Technology, and Practice, U. D, Neue, Wiley-VCH, Inc.,
Maw York (1987}, Additional details on the reaction of
gilanes with porous silicas are disclosed in Characteri-
zation and Chemical Modification of the Silica Surface,

"

%. ¥, Vansant, et al., BElsevier Science B.V. New York

P

1895} . A broad description of the reactions of silanes

PCT/CH2013/000050
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with a variety of materials is given in Silica Gel and
Bonded Phases, Their Production, Properties and Use in
LC, R. P. W. Sceott, John Wiley & Sons, New York {199%3).

The preparation of bonded phases can be made
using monefunctional, bifunctional and trifunctional si-
lanes resulting in differently strong bonded layers.

ITrrespectlive of whether mono- bi~ or trifunc~
ticnal silanes are used, it is not possible to react all
the silancl groups with the silylating reagents, due to
gguilibrium reactions and steric hindrance. Almest com-
plete coverage is only obtalined 1f the silvliating re-
agents are horizontally polymerised. It is reported that
even with the most aggressive silanizatlon reactions no
more than 50% of the silanol groups can be converted to
silviated derivatives.

Most commercially available bonded phases are
vased on monofunctional silanes because of difficulties
in the reproducibility in preparing bonded phases using
bi- and trifunctional silanes.

Since a significant portion of the coriginal
silancl groups remain, these may interact with silano-
philic analytes unless they are zhielded. A commonly used
maethod to reduce these interactions is the so-called end-
capping. Here a small monofunctional silane {e.g.
trimethylchicre silane} ls reacted with the silicagsl
surface to provide an additional coverage of the sili-
cagel surface.

U5 7,125,488 B2 teaches to solve the hitherto
axisting problems by providing a polar modified statilon-
ary phase material, sald meterial having an inorganic
support such as silica gel that is modified with a spe-
cific silane providing the polar modification. The polar
modifications comprise groups like ~0-, ~C{O}NH~, -~
QU {CYNH-, and ~ {CH2CH20 4.

Recently, 2 strong focus on the development
of stationary phases with bimodal chemical surface char-

acter has been made. Reversed-phass/ion-exchange (RP/IEX}
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mixed-mode stationary phases are known and promise great
versatility and capablility for retaining and separating a
variety of charged polar compounds, in addition to more
nenpolar, lonic and nonionic anslvtes. According to the
arvangement of functional groups, RP/IEX bimodal columns
can be classified inte four categories. One type of mate-
rials 18 a mixture of RP and IEX beads. Another type of
materials comprises apolar groups and polar groups like
amines and carboxylle acids in similar amounts attached
to the same bead, a third type of materials comprises
apcolar chains tipped with polar groups, and a fourth tvpe
of nived-mode materials comprises an anionically or
cationically charged group embedded within an apolar
chain.

GB 2 074 832 A describes materials with miged
surfaces wherein one kind of ligands is selected from
ionic o reversed phase ligands and the second kind is a
nydrophilic group like a diel, a dicl precurscr or an am-
ide,

Aizso GB 2 431 38% A discloses mixed surfaces
with 2 different silyl moleties bonded thereto. Each of
these silyl molieties comprises 2 Cl-C6 alkyl chains and
one further group. In a preferred embodiment said further
group 1s an apolar group on one of the silyl groups and a
pelar group embadded in apclar chains on the other silyl
group.

Alszsoe already known are trimodal columns based
on nanopolymer silica hybrid technology. Such columns
comprise Acclalim® Trinity™ Pl of Dionex. Thiz material
coensists of high-purity porous spherical silica gel
coated with charged {2.¢. such as to have cation—-exchange
functionality) nanopolymer particles and with inner pore
areas of the silica gel modified with an organic laver
that provides RF and IEX propertiles,

Other mixed mode materials have been devel-
oped and are described under the trademark Kromasil™ {(be-

longing to Akzo Hebel}. These one particle-multiple res-—
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ing staticnary phases are described to comprise 50 % or
25 % of a different functicnality like polar functional-
ity {CN, NH2, dicl}. Although these phases provide better
separation in several cases, they are still not satisfac-
tory for a multitude of applications.

CN 101825551 B discloses chromatographic ma-
terials bonded with apolar ligands and anionic ligands
for use in the separation of melamine from a milk sample
and of several phytchormones. The density of anionic
groups is disclosed to be 33 to 66 %.

Also already known are materials with an-
hanced ligand density due to horizontal polvmerization.
These materials have been found to have much higher
ligand density than merely grafted materials. First hori-~
zontally polymerized materials were described by Fairbank
and Wirth, Role of surface-adsorked wester in the horizon-
tal pelvmerization of ftrichlorcsilanes, Journal of Chro-
matography &, 830 (1895)285-281, and further investigated
by Li, Carr and Bvans, Studies of retention and stabiliby
of a horizontally polymerized bonded phase for reversed-
phase liguid chromatography, Journal of Chromatography A,
868 {2000} 153-167. Adaptation of this technigue to gif-
ferent kinds of ligands, i.e. apolar asnd polar ligands op
apolar and lonic ligands is described in WO 20117012010
and Wel et al., & new resversed-phasesstrong anion-—
exchange mixed-mode statlonsry phase based on polar-
copolymerized approach and its application in the enrich-
ment of aristolochic acids, Journal of Chromatography A,
1246 (20123) 12%~136.

The problem with such horizontally polymer-
ized materials is that a successful production is depend-
ent on the adsorbed water and thus they have to be pro-~
duced using a guite complicated procedure that renders
Them very sxpensive and thereby unsuitable for prepara-
tive applications. In addition, although such materials

were successfully applied in the analvtical envichment of
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specific aristolochic acids, they falled in preparative
appiication {Wei et al.:

Since the materials of the state of the art
are eilther not satlsfactory with regard to the guality of
the separation and/or with regard to the retention Lime
and/or ~ in particular if desirved for preparative appli-
cations -~ with regard to their production costs, there
still exists a nsed for improved materials.

Disclosure of the Invention

Hence, it iz a general object of the inven-~
tion to provide a stationary phase material for reverse
phase chromatography that is adapted to the purification
or separation of specific active pharmaceutical ingredi-
ents {API}, in particular to the preparative purification
or geparation of specific API.

It is another objisct of the present invention
to provide a method that enables te choose a suitable
stationary phase material and/or suitable elution condi-
tions for API purification by reverse phase chromatogra-—
ohy.

New, in order to implement these and still
further cbhiects of the invention, which will become more
readily apparent as the description proceeds, the mate~
rial for reverse phase chromatography is manifested by
the features that it comprises surface modifying groups
bound to a solid support, sald surface modifying groups
are not horizontally polymerized and comprise apolar un-
charged groups and polar groups, wherein said polar
groups are charged groups, sald charged groups are 2ither
positively charged or negativelyv charged, and said
charged groups are present in amounts of about §.25 to
about 22 % of the surfacé modifving groups, or in amounts
of about 0.01 umcl/m€ to 0.8 umol/me referred to the sur-
face of the solid support for a material with a total
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amount of surface modifying groups {i.e. apolar uncharged
groups and charged groups) of 3.6 pmal/mz.

The total amount of surface modifving groups
iz determined by standard technigues like slemental
analysis and the amounts of charged groups can be deter-
mined by lonic titration,

A material for reverse phase chromatography
according to the present invention is also termed a doped
matarial or a doped material for reverses phase chromatog-
raphy or & doped reverse phass material, because it com—
prises the charged groups in small {(deping! amounts of at
most 22%, preferably at most 20% or 15% or 10%.

The doping effect seems best if the total
surface coverage with apelar and charged groups is not
too high, i.e. not as high as obtained with horizontal
polvmerization. This high surface coverage cobtained with
horizontal polymerization is assumed to possibly be re-
sponsible for the bad results in preparative separation
experiments reported in Wel st al.

The term APY as used herein designates mole-
cules with apoelar and charged groups, in particular pep-
tides, preferably peptides with up to about 50 amino ac~
ids {aa}.

Since the solid support as such is substan-~
tially shielded, any solid support known for chroma-
tographic purpoeses can be used. Preferred, however, is
silica gel dus to the silanel groups on the surface that
alliow easy attaching of the medifving groups via reaction
with e.g. silanes. Sultable silanes are e.g. monofunc-
tional zilanes like mono~-chloro substituted silanes or
trifuncticnal silanes like trimethoxy silanes. Presently,
trimethoxy silanes are preferred since they ars able to
react with up toe thres neighboring silanol groups thereby
shielding the silanol groups and simultaneously strength-
ening the anchoring of the modifyving substituent. In ad-
dition, the surface proved to be sufficiently covered

with substituents/surface modifying groups even if tri-~
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functional silanes were used. In addition, hitherto re-
producibility problems reported in the state of the art
for trifunctional silanes were not cbserved.

Suiltable silica gels are high purity sili-
cagel with poresity of 50 to 300 A, preferably about 100
A, and particle sizes from 5 to 100 um, preferably from
10 to 20 upm.

Preferrved apolar uncharged groups are linear
C4 vo €18 alkyl groups, in particular €8 alkyl groups,
although alkenyl and alkinyl groups can also be usad. Al~
kvl groups are preferred since they have maxinmum freadom
of movemsnt.

The charged groups are praferably placed on
aliphatic chains ¢f shorter or similar length as the apo-
lar groups to ensure that the charged groups do not domi~
nate the uncharged, apolar groups. Shorter chains may
e.g. ba shorter for up to & CHZ groups, usually up to 5
CHZ groups, preferably 3 to § CHZ groups. Therefors, the
hvdrocarbon chaing caryying 3 charged group may be 1 to
C18 chains. Although it is known to embed charged groups
into the hydrocarbon chain, presently terminal position
ar poesition at the tip of the hydrocarbon chain, respsc-
tively, of the substituents is prefsrrad.

The charged substituents have the effect that
they repel identically charged amino acids and attract
oppositely charged amino aclids. While the charges ¢f the
charged substituents is not critical, presently singly-
charged substituents, like ~NRat with R = hydrogen or Ci-
C2 alkyl, or -8037are preferred over multiply charged
substituents. Already singly charged substituents have
sufficlient effect in low amounts,

Dependent on the API to be purified and the
separation conditions differently doped reversed phase
materials may be suitable. The bhest material and APY pu-
rificaticn conditions can be selected by

{a} determining the iscelectric point (pl) of
the APRPI of interast,
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{o} choosing a8 pH in a range where the solid
phase material is stable,

{c} determining the difference pl-pH and

{d} 1f the difference pl-pH iz positive {pl >
pHl, choosing an anicon exchange (AIEX) material, or

1f the difference pl-pH is negative {(pl <

pHY, choosing a cation exchange (CIEX) material.

Thus the present invention alsc encompasses

(i} the use of a material for reverss
phase chromatography comprising surface medifving groups
bound to & solid support, sald surface modlifying groups
comprising apolar uncharged groups and poelar groups,
wherein said polar groups are poesitively charged groups,
in particular a positively charged material as defined
apove for reversed phase purification of an APL, in par-
ticular a protein under conditieons wherein pl » pH, and

{11} the use ¢f a material for raverss
phase chromatoegraphy comprising surface meodifving groups
bound te a solid support, said surface modifving groups
comprising apelar uncharged groups and polar groups,
wherein sald polar groups are negatively charged groups,
in particular a negatively charged material as defined
above for reversed phase purification of an APL, in par-
ticular a protein, under conditions wherein pl < pH.

Determining the iscelectric point encompasses
the expgerimental determination, the calculation from the
aminoe acid {aa} seacguences, but also the sesarch for re-
spective information in literature or other scurces com-
prising pesrsonal knowledgs.

The pH should be chosen such that the 1ife-

time of the material is not affected. For silica g=l z pH
between 3 and 9 is preferrved, even more preferred is s pH
between 4 and 7.

If a material hasz been chosen, a desired ra—
tenticon time can be fixed and then the eluting conditions

can be adapted thersto by determining the ilonlc strength
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of the buffer and/or by determining the solvent system of
the moblle phase {siuent system) and the gradient.

Posaible eluent systens compriseg or consist
of at least one polar selvent, preferably a combination
of water, such as water of a specific pH, and at least
ong further pelar solvent having a polarity that is lower
than the pelarity of water. Such less polar solvents may
&.4, be chosen from the group comprising or consisting of
methanocl, ethanol, isopreopanecl, tetrahydrofurane {thf},
acetonitrile and combinations therecf. In a preferred em-
podiment, not simply water of a specific pH is used but a
buffersd aguesus solution.

One 2iuent system that has proved to be suit-
able for different separation applications 1is an agueous
buffer and acetonitrile. The starting compoesition and ths
end composition of the sluent system as well as the gra-
dient can be found by usual routine methods.

Brief Description of the Drawings

The invention will be heiter understoced and
ckiects obther than those set forth above will become ap-
parent when consideration is given to the following de-
tailed description thereof. Buch description makes refer-
gnce to the annexed drawings, whersin:

Figure 1 shows a correlation between aniconic
functional group (~80371in the reaction mixture and ani-
onic functional group attached to the silica gel.

Figure 2 shows a correlation between catilonic
functional group {-NR3¥} in the reaction mixture and
cationic functional group attached to the silica gel.

Figure 3 shows the effect of buffer concen-
tration {Fig. 3a for 300 mM acstate, Fig. 3b for 500 myd
acetate, Fig. 3o for 800 mM acetate) on the retenticon

time of a positively charged API on various columns.

PCT/CH2013/000050



10

30

35

WO 2013/143012

tonitrile
shows the
identical

retention

PCT/CH2013/000050

10

figure 4 shows the effect of modified ace-
gradient on retention time, wherein Fig. 4a
retention time of the specific columns using
alution conditions while Fig. 4b shows that the

times can be brought together by varyving the

initial composition and/or the gradient.

ration of
different

synthetic

synthetic

synthetic

Figure 5 shows the selectivity for the sepa-~
insulin/desamido-insulin {insulin pI=5.3} on
column materials and at two different pH.

Figure & shows preparative purification of
peptidae 1 according to Example 5.

Figure 7: shows preparative purification of
peptide 2 according to Example 6.

Figura 8: shows preparative purification of
peptide 3 according to Example 7.

Modes for Carrying Out the Invention

According to the presently preferred method

for surface modification, all surface modifying groups

are attached simultanecusly from a liguid sclution com-

prising the apolar groups and the poelar charged groups.

Dependent

on the substitusnts ussd it has been found that

the resction may more or less favor the charged or the

apolar groups. Therefore the actually obtained material

has to be

determined by e.g. ionle titration.

It is also possible to perform the reaction

in several steps, i.e. attachment of the apolar groups

first, followed by the charged groups or viceg versa: In

this procedure, however, the reaction conditions have to

be selected such that in the first step some available

silanol groups are not reacted. In any case, alse in a

two {or more) step procedure the actually attached lonic

groups have to be determined, e.¢. by lonic titration.

The preferved and/or obtainable ranges of

charged groups may vary from charged group to charged
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group. For -8037 the usual range is from 0.0l pmol/m? to
0.04 umol/m? and for ~NR3* the usuwal range is from 0.01
umol/mé to 0.8 umol/me although higher amounts can easily
be produced {(ges examples below). Higher ~-NRat-doped ma-
terials with e.g. R = CHz, however, have been found to be
less good {sse Figures 3 and 4)}. The lower limit of the
amount of ilonic groups 1s the minimal number of doping
ionic groups that has to be present for a visible effect.
The upper limit is gilven by the strength or weakness, re-
spectively, of the adscrption. Thus, higher than the in-
dicated amounts of ionic groups might be used but with
possibly worse separation and/or inadeguate retention
times.

The effect of the doping iz that in case of a
APL that iz positively charged ({(iscelectric point {pI-pH
= positive, or pIrpH, respectively) the adsorption on an
ATEX material, e.g. ~NR3+ doeped material, is weak {(repul-
sion} and on g CIEX material, e.g. -S037 doped material,
strong {attraction; and vice versa.

As indicated above, the apolar groups are
preferably at least C4 groups and usually not larger than
Ci8 greoups with C8 groups baing presently preferred. The
charged groups encompass any charged substitusnt, pref-
erably a charged substituent attached to a CI to €18 hy-
drocarbon, more prefsrred a charged substituent attached
to a hydrocarbon having slightly smaller or about the
zame le2ngth as the apoclar chain. Due to the fact that the
substituent is larger than a hydrogen, the charged sub~
stituent carryving group usually and preferably have a
slightly scrter chain, e.g. C3 compared to €8 of the apo-
iar group. Without wanting to reduce the scope of the in-
vention by any interpretation, the inventors assume that
attaching the lonic groups wia a shorter hvdrocarbon
chain results in a weak shielding of the ionic groups and
thus in a lower attraction or repulsion of the molecules
in the analvte.



18

15

20

30

35

WO 2013/143012 PCT/CH2013/000050

The inventicn is now further describad by
means of some exanmples:

Example 1

Several CIEX and AIEX materials have been
prepared by subjecting them te composzitions comprising
the Cé8-compound octylirimethoxysilane and (0%}, %%, 10%,
15% or 50 % of -803 7 -charged or -NRz*-charged C3-compound
according to standard procedurss.

The -NRz" materials (R = methyl) were pro-
duced by combining the desired amount of silicagel, oo~
tyltrimethexysilane, N-trimethoxysilylpropyl-®,N,N-
trimethylammonium chloride, and p-toluensulfonic acid

{catalyst) and belling under reflux in toluenes for &

hours.
The desired amounts were as follows:
Soctyltrimethorysilane in a concentration of
(1-%}*5.6%10 " Omol /me2*S*M ML, wherein
% is the desired weight percentage of -NRz'
groups,
S the specific surface of the silicagel
m?/g1,

M the mass of the silicagel used [g] and

MWt the meolecular weight of octvltrimethox-
yeilane [g/mcll.

N-trimethoxysilylpropyl-N, N, N~
trimethyvlammonium chlovide was used as a solution of 50%
by welght of the silane in methancl and the amount solu-
tion used was

Z¥2g/g%M = x*2¥M, wherein

¥ is the percentage of the wNR3+ groups as
described above and

M is the mass of silicagel [g].

p~Toluensulfonic acld {catalyst) was used in

a concentraticn of 8.6%1073 gfg of gotyltrimethoxysilans
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and N-trimethoxysilylpropyl-N,N,¥-trimethvlammonium chlo-
ride

After € hours the material was endcapped,
i.e. not reacted, still accessible silancl groups, were
reacted with trimethylichlorso silane by a standard tech-
nigua and washed with a series of solvents with different
polarities,

The ~503 7 -materials were produced by combin-
ing the desired amount of silicagel, cctylitrimethoxysi~
lane, mercaptopropylirimethoxysilane, and p-
toluensulfonic acid, in toluene and boiling under refluw
for ¢ hours.

The desired amounts werz as follows:

Octyltrimethoxvesilane in a concentration of

(1-23 %5, 6%10 " Omol /ml#3*M*Mit, wherein

x is the desired weight percentage of -5037

groups,

2 is the specific surface cf the silicagsel
im2/gl,

M iz the mass of silicagel used [g] and

MWL the molecular weight of the silane
fg/moll.

Mercaptopropylivimethoxysilane was used in a
concentration of
% *5.%*10”6m01fm2*S*M*MWt, whersin

¥ ls the desiresd welght percentags of -~8037

Jroups,

S the specific surface of the silicagel
(m?/g3,

M the mass of silicagel used {gl] and

MWL the molecular weight of the silane
[o/mol].

p-Toluensulfonic acid was usad in a concen-
tration of 8.6%1073 g/g of the total amount of octvl-
g %

trimethoxysilane and mercaptopropylitrimethoxysilane used.
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The material was then endcapped by the use of
standard techniques and washed with a series of solvent
with different polarity.

~-8037 groups were created by owydizing the
mercapto group as follows: The material was put in a so-
lution of 30% by wvolume acetone in HzUp (30% by weight in
water) and kept in the sclutlon for 12 hours at room tem-
perature. Finally the material was washed with water and
mathanol.

The amount of charged groups attached as a
function of the concentration in solution and determined
hy donic titration is shown in Figure 1 for the anionic
functional group -S037 and in Figure 2 for the catlonic
functional group -NR3T.

The CIEX columns thus prepared have been
termed C5 (5% anionic groups in sclution), CID {10% ani-
onic groups in solution}, CL5 {15% asnionic groups in so-
lutien), C350 (50% anionic groups in sclution), and CLOQ
{140% anionic groups in solution), the neutral column RP
(0% ionic groups in soluticn), and the AIBX columns
{5% cationic groups in sclution), A0 {10% cationic
groups in solution), AlS {15% cationlc greoups in solu-
tion}, and ASD (50% caticnic greoups in soluticond. The
amount of attached charged groups (found by titration}
can be derived from Figures 1 and 2.

Example 2

A peptide {(synthetic peptide 1} with pl be-
tween 1l and 12 was subjected to separation with differ-
gent columns and different ionic strength of the used ace-
tate buffer of pH 4.8 and identical acetonltrile {Ach)
gradient of $.51 % by volume/minute, starting at about 18
3 AcH.

A3 can be seen from =ach of the Figures 33 to
3¢, the adsorption of a positively charged peptide on
~NR3*/CS materials is low {repulszion} while it is strong

on ~8037/C8 materials {attraction}. Several columns were
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tested under identical conditions and the retenticn times
compared with each other. As can be seen, the column A15
has almoest no adsorption or strong repulsion, respecw
tively, while the material C15 has strong adsorption and
thus long retention time. The ALS material is nob usable
zince the peptide of interest doss not adsorb while ths
C18% material iz not s0 good in economic view becgause the
purification process is too slow and reguires substantial
amount of solvent.

As can be seen from a comparison of Figures
33 to 3o, column A15 with about 1 umal/mg has neot only an
undesirably short retention time of less than 3 minutes
but it does also not react to the changes in the lonic
strength {(buffer concentration}. This is another plece of
gvidence that this material is not suiltable for the in-
tended use.

Contrary thereto, the less doped materials
reacted quite sensitive to the changed reaction condi-
tions making all of them valuable reversed phase materi-~
als. By enhancing the buffer concentration from 300mM
acetate to B00mM acetate the retention time on C13 could
ne reduced from more than 30 minutes to less than 25 mi-
nutes. In addition, at high buffer concentration the re-
rention times of all columns came cleoser indicating that
the salt {acetate} shields the charges such that the
doped materials behave similar to the not doped RP mate-
rial.

As already indicated above, only for column
215 no effect was found. Without wanting to be limited by
any interpretation, the inventors assume that this unex-
pected behaviour may indicate that this material is so
repulsing that the buffer concentrations ussd are not

sufficlent to overcome this repulsion.

Example 3
In this example the effect of a changed

starting concentration and gradient on the retention

PCT/CH2013/000050
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times of the different columns was investigated. In order
o minimize the effect of the buffer salt, only 100mM
acetate buffer was used. Also in this example the API was
synthetic peptide 1 with pl of 11 to 1Z.

5 The AcN gradient was §.25 % by volume/minute.

In one experiment, the AcN initial concentra-
tion was 22 % AcN {(see Figure da}l, in a second experiment
the AcN initial concentration was changed to insure re-
tention time tp=30 & 3 min (Figure ib}.

19 As can be seen form a comparison of Figure 4a
with Figure 4k, the retention times arve highly dependent
from the initial AcN concentration.

The conditions leading to the results shown

in Fig. 4b for all columns are listed in Table 1 below:

15
Table 1:
Aol Start Ro End gradient jgradient retention
Column ([v%] [o%] time [min] {v%/min] itime [min]
C15 31.7 47.3 61.2 .25 28,5
C10 23,5 45,1 61l.2 8.25 29.8
C5 24 .2 39.8 61.2 5.25 32.8
REP 21.8 37.5 2.4 .25 28.0
A5 14.8 30.4 61.3 8.25 27 .2
810 16.8 26,4 61.2 0.25 28.6
A15 6.3 21.9 61.3 0,25 dead Time
Ewample 4

The selectivity of the different coluwmns in
the separation of insulin/desamido~insulin {insulin
pI=5.3) at pH 4.8 and pH 6.8 was investigated. The re-

[
()]

sults are shown in Figure 5.

The experimental conditions werse:

- gluent: 240mM acetate {(pH 4.8 or 6.8, re-
spectively) and AcN in an amount Lo ensurg a retaention
time tn of insulin of about 32 minutes; and

30 ~ isgeratic elution.
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The insulin/desamido-insulin selectivity at
pH 4.8 was

- <1 on a CIEX material

~ &>1 on the RP

- 8=1 on the CIEX-RP materials

- 5»>1 on the AIEX-RP materials

‘Bs can be seen from Figure 3, at pH 4.8
{r=g:} the HNR3+f65 materials show much enhanced selec—
tivity compared to the pure C8 material. At higher pH
{~B~) the szelectivity is inversed. Thus, the repulsing
materials are batter than the aititracting materiasls, i.e.
-35037/CH.

Bxample 5

This example describes the purification of &
synthetic peptide 1 that was selected for a pl between 11
and 12. The pH of the mobile phase was below the peptids
pl, i.e. the peptide was positively charged.

The mobile phase was pH=4.8, 500md sodium
acetate buffer + acstonitrile

The starting concentration and the gradient

information is listed in Table 2Z:

Table 2:
Column (Aol Stard Aol End gradient time
{v%} IRE Tmin
C50 28.0 33 8¢
C5 17 33 g0
RP 15.4 32.2 g0
A5 13.4 30 80
ALD 1.7 26.4 80

Result: As can be sesn from Figure 6, by us-
ing an AIEX-RP material {(AlQ0) the yield could be raised

for 25 % at a fixed purity of 34%.

PCT/CH2013/000050



10

15

20

23

WO 2013/143012

Example 8

This example describes the purification of a
synthetlic peptide 2 that was selected for a pl hetween 2
and 10. The pH of the mobile phase below the peptide pi,
i.e. the pepiide was positively charged.

The moblle phase was pH=4.8, 120mM sodium
acetate huffer + acetonitrils

The starting concentration and the gradient
information are listed in Table 3.

Table 3:
Columpn [AcH Start Bel End gradisnt time
Fo] Pkl fmind
Co 2B8.6 48.0 g{
BE 21.9 39.3 g0
B5 17.5 35.7 890
ALG 14.8 32.2 80

Result: As c¢an be seen from Figure 7, by us-
ing an AIEX-RP material {(R10} the yield could be raised
far 7.4 % at a fixed purity of 9%4%.

Exanmple 7

This example describes the purification of a
synthetic peptide 3 that was seslected for a pl betwsen
4.5 and 5.5. The pH of the mobils phase was above the
peptide pI, i.e. the peptide was nesgatively charged.

The mobile phase was pH=6.5, 100mM ammonium
acetate buffer + acetonitrile.

The starting concentration and the gradient

information are listed in Table 4.

PCT/CH2013/000050
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Table 4:
Column (Aol Staxd Ao End gradisnt time
[v%] P ] {mini
15C 20.2 34.7 a8
1Loc 20,8 34.7 60
5C 20.7 35.2 50
RP 2.7 38,2 a0
AL 24,86 38,1 &0
AL 28.4 42.8 a0

Result: As can be seen from Figure 8, in this
case, due Lo the negative charge of the API the -8037/C8
materials show better performance. Alsc here the repuls-
ing materials are betbter. By using a CIEX-RP material
{C10Y the vield could be raised for 2.% % at a fized pu-~
rity of 87%.

Conclusion:

All experiments show that repulsingly doted
materials have improved performance. This ig in contra-
dicticn to the gensral opinion that for improved perform-
ance additiconal adsorption positions have te be created.
The present results show that the parformance of the ma-

terials is inproved by creating repulsing positions.

While there are shown and described presently
preferred smbodiments of the invention, it is teo be dis-~
tinctly understood that the inventlon is not limited
thereto but may he otherwise varicusly embodied and prac-

ticed within the scope of the following claims.
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Claims

1. A material for reverse phase chromatogra-
phy comprising surface modifying groups bound te a solid
support, said surfsce modifying groups are not horizon-
tally polvmerized, sald surface modifying groups compris-
ing apolar uncharged groups and polar groups, wherein
said polar groups being charged groups, sald charged
groups being either positively charged or negatively
charged, and said charged groups being present in amounts
of about 0.25% to about 22 % of the surface modifying
groups, or in amcounts of about 0.01 umol/mé teo 0.8
umol/m? referred to the surface of the solid support for
a material with a total amcunt of surface moedifying
groups of 3.6 umol/m?,

2. The material of claim 1, wherein the apo-
iar uncharged groups ave linear €4 to €18 alkyl groups,
preferably C8-groups, and the charged groups are terminal
substituents of aliphatic Cl to C18 groups, such as C3
groups.

3. The material of claim 1 or 2, wherein the
aliphatic groups of the charged groups have a shorter of
similar length compared o the length of the apolar
groups, such as charged C3 groups comblined with apolar C8
Groups.

4, The material of any of the preceding
claims, wherein the chargsed groups are selected from -
NRst, preferably -NRizb with R belng hydrogen, or £1 C2
alkyl like methyl. or -8037.

5. The material of any of the preceding
claims, wherein the solid support is a silicagel, prel-
erably a high purity silicagel with porosity of 50 to 3C0
&, preferably about 100 &, and pore sizes from 5 to 100
um, preferably from 10 to 20 um.

&. A method for a reversed phase chroma-
tographic separation of active pharmaceutical ingredients

{APIs), preferably peptides, said method comprising
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evaluating the suitable reversed phase material, in par-
ticular a reversed phase material of any of claims 1 to
5, and API purification conditions by

{a) determining the iscelectric point {(pl} of
the API of interest,

{b} choosing a pH in a2 range where the solid
phase material 1s stable,

(¢} determining the difference pl-pH and

{d} if the difference pi-pH is positive (pl >
pH}, choosing an anlon exchange {AIERX) material, orv

if the difference pl - pH 1s negative (pI
< pHi, choosing an cation exchange (CIEX) material.

7. The methoed of claim € further comprising
the step of

(e} evaluating a desired ratentlon time by
adapting the eluting conditions.

8. The method of claim 7 wharein the eluting
conditions comprise determining the ionlc strength of a
nuffar.

9. The method of claim 7 or § wherein the
gluting conditions comprise determining the elusnt sys-
tem, the initial eluent composition and the gradient.

18, The methoed of any of claims © to 9,
wherein the sluent is an aguecus buffer snd acetonitrile.

11. The methed of any of claims 6 to 10,
wherein the pH is chosen between 3 and 8, preferably be-
twaen 4 and 7.

12, Use of a material for reverss phase chro-
matography comprising surface modifyving groups bound te a
solid suppert, said surface modifying groups comprising
apolar uncharged groups and polar groups, wherein sald
polar groups are positively charged groups, in particular
a positively charged material of any of claimg 1 to & for
reversed phase purification of a protein under conditions
wherein pl > pH.

13, Use of a material for reverse phase chro-

matography comprising surface modifying groups bound to a

PCT/CH2013/000050
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soliid support, said surface modifving groups comprising
apolar uncharged groups and polar groups, wherein said
polay groups are negatively charged groups, in particulsr
a negatively charged material of any of claims 1 to 5 for
revaersed phase purification of a API under conditions
wherein pl < pH.

14. A method for producing a material for re-
varse phase chromatography of any of claims 1 to 5, com-
prising attaching all surface modifying groups simultane-
ously from a liguid sclution comprising the apolar groups
and the polar charged groups and optionally determining
the amount <of apolar and lonic groups attached.

1%, A method for producing a material for re-
verse phase chromatography of any of claims 1 to 5, com-
prising a first step, wherein the apclar groups are at-
tached followad by a second step wharein the charged
groups are attached or vice versa, wherein the first step
is performed such that some avallable silancl groups are
not reacted, and wherein optionally the actually attached

ionic groups ars determined.
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