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PROCESS FOR SEPARATION OF
OLIGONUCLEOTIDE OF INTEREST FROM
A MIXTURE

FIELD OF THE INVENTION

[0001] This invention relates to a novel process, in par-
ticular to a process for the separation of oligonucleotides
from chemical impurities using support-free liquid-liquid
chromatography.

BACKGROUND OF THE INVENTION

[0002] Oligonucleotides comprise relatively  short
sequences of nucleic acid polymers, which may be DNA or
RNA, typically with fifty or fewer bases, though oligonucle-
otides with up to ca. 200 bases can now be synthesised.
Oligonucleotides are useful in therapy. A synthetic RNA
oligonucleotide, identified by the company Prosensa under
their designation PRO051 and under the present applicant’s
designation GSK2402968 has the sequence 5'-uca agg aag
aug gca uuu ca-3'. This oligonucleotide is an antisense
oligonucleotide, i.e. a single strand of DNA or RNA that is
complementary to a chosen sequence. It is believed to
induce exon skipping of exon 51, and is under consideration
in a Phase III clinical study for treatment of ambulant boys
with Duchenne Muscular Dystrophy (DMD).

[0003] A problem with such oligonucleotides is their puri-
fication from impurities. For example the above-mentioned
GSK2402968 is a 20-mer, and during the course of its
synthesis it can become contaminated with impurities,
including other oligonucleotides including shortmers and
longmers, for example containing 17, 18, 19 and 21 bases.
Other impurities may also be present.

[0004] It is desirable to provide a process for separation of
such oligonucleotides which is efficient and applicable on an
industrial production scale. “Therapeutic oligonucleotides:
The state of the art in purification technologies™ Sanghvi et.
al. Current Opinion in Drug Discovery (2004) Vol. 7 No. 8
reviews processes used for oligonucleotide purification. The
literature discloses other processes. Various processes have
been used for purification of DNA and RNA sequences.
WO-A-01/55160 discloses purification of oligonucleotides
by forming imine linkages with contaminants then removing
the imine-linked impurities with chromatography or other
techniques. “Size Fractionation of DNA Fragments Ranging
from 20 to 30000 Base Pairs by Liquid/Liquid chromatog-
raphy” Muller et al. Eur. J. Biochem (1982) 128-238 dis-
closes use of a solid column of microcrystalline cellulose on
which has been deposited a PEG/dextran phase for separa-
tion of nucleotide sequences. “Separation and identification
of oligonucleotides by hydrophilic interaction chromatog-
raphy.” Easter et. al. The Analyst (2010); 135(10) discloses
separation of oligonucleotides using a variant of HPLC
employing a solid silica support phase. “Fractionation of
oligonucleotides of yeast soluble ribonucleic acids by coun-
tercurrent distribution” Doctor et al. Biochemistry (1965)
4(1) 49-54 discloses use of a dry solid column packed with
dry DEAE-cellulose. “Oligonucleotide composition of a
yeast lysine transfer ribonucleic acid” Madison et al; Bio-
chemistry, 1974, 13(3) discloses use of solid phase chroma-
tography for separation of nucleotide sequences. The Wiki-
pedia article at http://en.wikipedia.org/wiki/Hydrophilic
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interaction chromatography discloses use of hydrophilic
interaction chromatography for separation of biomolecules
using a solid silica substrate.

[0005] Liquid-liquid chromatography is a known separa-
tion method. Liquid-liquid chromatography uses a biphasic
liquid system, comprising a stationary liquid phase main-
tained in an elongate column (analogous to the solid phase
deployed in a tubular column in conventional chromatog-
raphy), and a mobile liquid phase which is caused to flow
through the column in contact with the stationary phase.
During such flow, substances will partition between the
mobile and stationary phases in a manner analogous to
conventional solid-phase chromatography. In liquid-liquid
chromatography techniques the mobile phase clutes the
substances to be separated in fractions analogous to con-
ventional liquid-solid phase chromatography. In liquid-lig-
uid chromatography the process is normally operated sup-
port-free, i.e. no solid support matrix is required to support
the liquid phases, which are maintained in their relationship
in contact with each other during the process by means of the
centrifugal force within the rotating column. “Countercur-
rent Chromatography—The Support-Free Liquid Stationary
Phase” Billardello, B.; Berthod, A; Wilson & Wilson’s
Comprehensive Analytical Chemistry 38; Berthod, A., Ed.;
Elsevier Science B.V.: Amsterdam (2002) pp 177-200 pro-
vides a useful general description of liquid-liquid chroma-
tography.

[0006] Various liquid-liquid chromatography techniques
are known.
[0007] One technique is liquid-liquid counter current

chromatography (termed herein “CCC”). In a CCC appara-
tus a circular e.g. helical or spiral tubular column of gener-
ally constant bore is rotated both around its circular centre
and about a rotation axis displaced from its centre, i.e.
so-called planetary rotation. This combined motion creates
oscillating centrifugal force fields in the column which
results in mixing and de-mixing zones along the column. A
typical CCC apparatus is disclosed in WO-A-03/086639
(Brunel University).

[0008] Another known technique is centrifugal partition
chromatography (termed herein “CPC”). U.S. Pat. No.
6,537,452 and WO-A-2010/059715 suggest the possibility
of'use of CPC for separation of biological molecules. “High
Performance Centrifugal Partition Chromatography” 2005
(online: http://web.archive.org/web/20050208201013/
http://everseko.co.jp/p02.html) and “Applications of Liquid-
Liquid Chromatography Instrumentation for Laboratory
Preparative & Process Chemistry” Brown et al. Chromatog-
raphy Today (November-December 2009) 16-19 are general
articles on CPC. “Anion-Exchange Displacement Centrifu-
gal Partition Chromatography” Maciuk et al., Anal. Chem.
(2004) 76, 6179-6186 discloses a displacement chromatog-
raphy process in which hydroxycinnamic acid isomers are
separated by providing an exchanger (or retainer) substance
in the stationary phase to removably retain the hydroxycin-
namic acid on the stationary phase, then displacing it from
the stationary phase using a displacer substance.

[0009] Numerous types of CPC apparatus are commer-
cially available, for example from Kromaton, part of the
Rousselet Robatel Group. Typically a CPC apparatus com-
prises a column comprising numerous (sometimes up to
1000) small chambers, sometimes called “partition cells”,
which are arranged circumferentially in one or more circle
for rotation around a rotation axis, these partition cells being
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interconnected by flow channels so that a liquid may be
caused to flow sequentially through them. In one known
arrangement plural partition cells are etched or machined
around a disk, e.g. made of a metal such as stainless steel,
and plural discs are stacked along their central rotation axis
to form a rotor which can be rotated around the rotation axis.
Some forms of CPC apparatus having relatively few stacked
discs and relatively larger volume partition cells are some-
times called centrifugal partition extractor (“CPE”) appara-
tus. Typical CPC apparatuses are for example disclosed in
U.S. Pat. No. 6,537,452 (Kromaton), WO-A-2004/079363
(Partus) and in other scientific and commercial literature.
[0010] Inthe CPC process aliquid phase is introduced into
the series of partition cells and channels whilst the ring(s) of
partition cells is rotated about the rotation axis. This rotation
causes a centrifugal force which holds this phase, the
stationary phase, in place. A second liquid phase, the mobile
phase, may then be caused to flow through the partition cells,
and a substance dissolved in the mobile phase can thereby be
caused to partition between the mobile and stationary phases
in a manner analogous to the way in which a substance
partitions between a mobile eluant and a stationary solid
phase in column chromatography.

[0011] Liquid-liquid chromatography apparatus may be
operated in either a so called “descending” or “ascending”
mode. When the column is rotated, if the mobile and
stationary phases have different densities the centrifugal
force generated by the rotation causes the more dense phase
to be radially more outward from the axis of rotation of the
column than the less dense phase. If in such an apparatus the
mobile phase is the more dense radially more outward phase,
this is termed the “descending mode” of operation. If the
opposite, i.e. the mobile phase is the less dense radially more
inward phase this is termed “ascending mode”.

[0012] CPC has been used for separation of various types
of substances. For example separation of glucosinolates
(organic compounds derived from glucose and an amino
acid), is described in Toribio A, Nuzillard J-M, Renault J-H;
Journal of Chromatography A. 1170 (2007) 44-51. For
example purification of peptides using CPC is disclosed in
WO-A-2011/157803.

SUMMARY OF THE INVENTION

[0013] It is an object of the present invention to provide a
process using liquid-liquid chromatography for separation
of oligonucleotides from impurities, which is both efficient
in separation and is suitable for use on an industrial pro-
duction scale.

[0014] According to the present invention a method for the
separation of a target oligonucleotide from a mixture of the
target oligonucleotide and one or more impurity comprises:
[0015] providing a biphasic mobile phase-stationary phase
liquid-liquid chromatography system comprising a first lig-
uid mobile phase, and a liquid stationary phase containing at
least one exchanger substance that removably binds to the
target oligonucleotide;

[0016] causing the first liquid mobile phase to carry the
target oligonucleotide in a flow relative to and in contact
with the liquid stationary phase in the column of a liquid-
liquid chromatography apparatus such that the target oligo-
nucleotide becomes bound to the exchanger substance in the
liquid stationary phase;

[0017] then displacing the target oligonucleotide from the
liquid stationary phase into a second liquid mobile phase
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flowing relative to and in contact with the stationary phase
through the column by means of a displacer substance able
to displace the target oligonucleotide from the liquid sta-
tionary phase into the second mobile phase.

[0018] Thereafter the target oligonucleotide may be iso-
lated from the second mobile phase.

[0019] In an embodiment of this method, causing the first
liquid mobile phase to carry the target oligonucleotide in the
flow may be achieved by providing a first liquid mobile
phase containing the target oligonucleotide, e.g. having the
target oligonucleotide dissolved therein.

[0020] In an embodiment of this method suitable for CPC,
the method comprises the steps of:

[0021] (1) providing a first liquid phase containing the
target oligonucleotide and one or more impurity in solution,
and a second liquid phase containing a exchanger substance
that removably binds to the target oligonucleotide, the first
and second liquid phases forming two distinct phases when
in contact with each other;

[0022] (2) introducing the second liquid phase into a
centrifugal partition chromatography apparatus as a station-
ary liquid phase therein;

[0023] (3) introducing the first liquid phase containing the
target oligonucleotide and one or more impurity in solution
into the centrifugal partition chromatography apparatus as a
first mobile phase and causing this first liquid phase to flow
through the centrifugal partition chromatography apparatus
in contact with the second liquid phase such that the target
oligonucleotide becomes removably bound to the exchanger
substance in the second liquid stationary liquid phase;
[0024] (4) introducing a liquid phase which forms a dis-
tinct phase when in contact with the second liquid phase and
which contains in solution at least one displacer substance
able to displace the target oligonucleotide from the second
liquid phase into the centrifugal partition chromatography
apparatus, as a second mobile phase, and causing this second
mobile phase to flow through the centrifugal partition chro-
matography apparatus in contact with the stationary liquid
phase such that the target oligonucleotide becomes displaced
from the stationary phase and enters solution in the second
mobile phase;

[0025] (5) isolating the displaced target oligonucleotide
from the second mobile phase.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] Oligonucleotides typically contain 50 or less bases,
and as mentioned above oligonucleotides of up to 200 bases
can be easily synthesized. The method of this invention
appears to be suitable for all of such oligonucleotides, and
for both naturally occurring and synthetic oligonucleotides,
for example oligonucleotides having base modifications or
modified bases. The term “oligonucleotide” as used herein
includes both DNA and RNA, LNA (Locked Nucleic Acid,
i.e. in which the ribose moiety of an LNA nucleotide is
modified with an extra bridge connecting the 2' oxygen and
4' carbon) sequences, oligonucleotides with 2' modifications,
phosphodiesters and phosphorothioates, and includes pro-
tected and unprotected sequences.

[0027] The present invention facilitates the separation of
the target oligonucleotide from impurities which for
example result from the synthesis or extraction of the
oligonucleotide. Separation may for example result from
impurities not becoming bound to the exchanger substance
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in the stationary phase, so that the impurity flows through
and out of the CPC apparatus still dissolved in the mobile
phase. Alternately such impurities may become bound to the
exchanger substance in the stationary phase but to a different
extent than the target oligonucleotide, and/or may be dis-
placed from the stationary phase but to a different extent
than the oligonucleotide of interest, such that as the second
mobile phase flows through the CPC the oligonucleotide of
interest and the impurity(ies) separate into fractions in the
stream of second mobile phase, analogous to conventional
chromatography. Both of such separation processes may
occur.

[0028] The process of the invention appears to be suitable
for oligonucleotides of the typical lengths used in therapy,
e.g. 5-50 bases, for example 10-30 bases, for example 15-25
bases. Presently available data suggests that process of the
invention may be applied to oligonucleotides of any base
sequence. The target oligonucleotide may for example be the
20 base RNA oligonucleotide designated GSK2402968
which has the sequence 5'-uca agg aag aug gca uuu ca-3'. An
example of a 10 base DNA oligonucleotide is 5' GGC CAA
ACC T 3'. Another example of a 20 base DNA oligonucle-
otide is 5' GGC CAA TCG GCT TAC CT 3'. An example of
a 30 base DNA oligonucleotide is 5' GGC CAA TCG GCT
TCA CTC GGC CAA ACC 3'. An example of a LNA
oligonucleotide is 5' TTT ACG ACG ACG TTT 3'. An
example of an siRNA oligonucleotide is 5'-gca cga uuc uca
aga ugc cg-3".

[0029] Oligonucleotides used in the process of this inven-
tion may also comprise a peptide nucleic acid or a derivative
thereof.

[0030] The term “base modification” or “modified base”
as identified herein refers to the modification of an existing
base (i.e. pyrimidine or purine base) or to the de novo
synthesis of a base. This de novo synthesized base could be
qualified as “modified” by comparison to an existing base.
[0031] Other chemistries and modifications of oligonucle-
otides encompassed within the present invention are defined
below. These additional chemistries and modifications may
be present in combination with the chemistry already
defined for oligonucleotides, e.g. the presence of a 5-meth-
ylcytosine, a S-methyluracil and/or a 2,6-diaminopurine, and
oligonucleotides comprising a 2'-O-methyl phosphorothio-
ate RNA.

[0032] In addition to the modifications described above,
oligonucleotides as used in the process of the invention may
comprise further modifications such as different types of
nucleic acid monomers or nucleotides as described below.
For example an oligonucleotide may have at least one
backbone, and/or sugar modification and/or at least one base
modification compared to an RNA-based oligonucleotide.
[0033] The term base modification also includes modified
versions of the natural purine and pyrimidine bases (e.g.
adenine, uracil, guanine, cytosine, and thymine), such as
hypoxanthine, orotic acid, agmatidine, lysidine, 2-thiopy-
rimidine (e.g. 2-thiouracil, 2-thiothymine), G-clamp and its
derivatives, S-substituted pyrimidine (e.g. S-methylcytosine,
5-methyluracil, 5-halouracil, 5-propynyluracil, 5-propynyl-
cytosine, S-aminomethyluracil, 5-hydroxymethyluracil,
S-aminomethylcytosine, Shydroxymethylcytosine, Super T),
2,6-diaminopurine, 7-deazaguanine, 7-deazaadenine, 7-aza-
2,6-diaminopurine, 8-aza-7-deazaguanine, 8-aza-7-
deazaadenine, 8-aza-7-deaza-2,6-diaminopurine, Super G,
Super A, and N4-ethylcytosine, or derivatives thereof;
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NZ2-cyclopentylguanine (cPent-G), N2-cyclopentyl-2-amin-
opurine (cPent-AP), and N*-propyl-2-aminopurine (Pe-AP),
or derivatives thereof; and degenerate or neutral bases, like
2,6-difluorotoluene or absent bases like abasic sites (e.g.
1-deoxyribose, 1,2-dideoxyribose, 1-deoxy-2-O-methylri-
bose; or pyrrolidine derivatives in which the ring oxygen has
been replaced with nitrogen (azaribose)). Examples of
derivatives of Super A, Super G and Super T can be found
in U.S. Pat. No. 6,683,183 which is incorporated here
entirely by reference. cPent-G, cPent-AP and Pr-AP were
shown to reduce immunostimulatory effects when incorpo-
rated in siRNA (Peacock H. et al. J. Am. Chem. Soc. (2011),
133, 9200).

[0034] Oligonucleotides used in this invention may com-
prise an abasic site or an abasic monomer. An abasic site or
monomer is a monomer or building block that lacks a
nucleobase by comparison to a corresponding monomer
comprising a nucleobase. An abasic monomer is thus a
building block part of an oligonucleotide but lacking a
nucleobase. Such an abasic monomer may be present or
linked or attached or conjugated to a free terminus of an
oligonucleotide. An abasic monomer may be of any type
known and conceivable by the skilled person, non limiting

examples of which are depicted below:
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-continued
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where, R, and R, are independently H, an oligonucleotide or
other abasic site(s), provided that not both R, and R, are H
and R, and R, are not both an oligonucleotide. An abasic
monomer (s) can be attached to either or both termini of the
oligonucleotide as specified before. It should be noted that
an oligonucleotide attached to one or two an abasic site(s) or
abasic monomer(s) may comprise less than 10 nucleotides.
[0035] Oligonucleotides used in the process of this inven-
tion may include sugar modifications i.e. a modified version
of the ribosyl moiety, such as a 2'-O-modified RNA such as
2'-0-alkyl or 2'-O-(substituted)alkyl e.g. 2'-O-methyl, 2'-O-
(2-cyanoethyl), 2'-O-(2-methoxy)ethyl (2'-MOE), 2'-O-(2-
thiomethy)ethyl, 2'-O-butyryl, 2'-O-propargyl, 2'-O-allyl,
2'-0-(3-amino)propyl, 2'-0-(3-(dimethylamino)propyl),
2'-0-(2-amino)ethyl, 2'-O-(dimethylamino)ethyl; 2'-deoxy
(DNA); 2'-O-(haloalkoxy)methyl (Arai K. et al. Bioorg.
Med. Chem. 2011, 21, 6285) e.g. 2'-O-(2-chloroethoxy)
methyl (MCEM), 2'-0-(2,2-dichloroethoxy)methyl
(DCEM); 2'-O-[2-(N-methylcarbamoyl)ethyl] (MCE), 2'-O-
[20(N,N-dimethylcarbamoyl)ethyl] (DCME); 2'-halo e.g.
2'-F, FANA (2'-Farabinosyl nucleic acid); carbasugar and
azasugar modifications; 3'-O-alkyl e.g. 3'-O-methyl, 3'-O-
butyryl, 3'-O-propargyl; and their derivatives.

[0036] Other sugar modifications include “bridged” or
“bicyclic” nucleic acid (BNA), e.g. locked nucleic acid
(LNA), xylo-LNA, a.-L-LNA, §-D-LNA, cEt (2'-0,4'-C con-
strained ethyl) LNA, cMOEt (2'-0,4'-C constrained
methoxyethyl) LNA, ethylene-bridged nucleic acid (ENA),
tricyclo DNA; unlocked nucleic acid (UNA); cyclohexenyl
nucleic acid (CeNA), altriol nucleic acid (ANA), hexitol
nucleic acid (HNA), fluorinated HNA (F-HNA), pyranosyl-
RNA (p-RNA), 3'-deoxypyranosyl-DNA (p-DNA); mor-
pholino (as e.g. in PMO, PPMO. PMOPlus, PMO-X); and
their derivatives.

[0037] Oligonucleotides used in the process of this inven-
tion may include a backbone modification, e.g. a modified
version of the phosphodiester present in RNA, such as
phosporothioate (PS), chirally pure phosporothioate, phos-
porodithioate (PS2), phosponoacetate (PACE), phosponoac-
etamide (PACA), thiophosphonoacetate, thiophosphonoac-
etamide, phosphorothioate prodrug, H-phosphonate, methyl
phosphonate, methyl phosphonothioate, methy phosphate,
methylphosporothioate, ethyl phosphate, ethyl phosphoro-
thioate, boranophosphate, boranophosphorothioate, methyl
boranophosphate, methyl boranophosphoro thiate, methyl
boranophosphonate, methyl boranophosphonothioate, and
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their derivatives. Another modification includes phosphora-
midite, phosphoramidate, N3'—P5' phosphoramidate, phos-
phordiamidate, phosphorothiodiamidate, sulfamate, dimeth-
ylenesulfoxide, sulfonate, triazole, oxalyl, carbamate,
methyleneimino (MMI), and thioacetamido nucleic acid
(TANA); and their derivatives.

[0038] Oligonucleotides used in the process of this inven-
tion may include other modifications, such as peptide-base
nucleic acid (PNA), boron-cluster modified PNA, pyrroli-
dine-based oxy-peptide nucleic acid (POPNA), glycol- or
glycerol-based nucleic acid (GNA), threose-based nucleic
acid (TNA), acyclic threoninol-based nucleic acid (aTNA),
morpholino-based oligonucleotide (PMO, PPMO. PMO-X),
cationic morpholino-based oligomers (PMOplus), oligo-
nucleotides with integrated bases and backbones (ONIBs),
pyrrolidine-amide oligonucleotides (POMs); and their
derivatives. A person skilled in the art will also recognize
that there are many synthetic derivatives of oligonucle-
otides. A backbone modification includes a modified version
of the phosphodiester present in RNA, such as phosphoro-
thioate (PS), chirally pure phosphorothioate, phosphorodi-
thioate (PS2), phosphonoacetate (PACE), phosphonoacet-
amide (PACA), thiophosponoacetate,
thiophosphonoacetamide,  phosphorothioate  prodrug,
H-phosphonate, methyl phosphonate, methyl phosphonoth-
ioate, methyl phosphate, methyl phosphorothioate, ethyl
phosphate, ethyl phosphorothioate, boranophosphate, bora-
nophosphorothioate, methyl boranophosphate, methyl bora-
nophosphorothioate, methyl boranophosphonate, methyl
boranophosphorothioate, and their derivatives. Another
modification includes phosphoramidite, phosphoramidate,
N3'—P5' phosphoramidate, phosphordiamidate, phosphoro-
thiodiamidate, sulfamate, dimethylsulfoxide, sulfonate, and
thioacetamido nucleic acid (TANA); and their derivatives.
[0039] Each sugar, base, and/or backbone need not be
modified the same way. Several distinct modified sugars,
bases and/or backbones may be combined into one single
oligonucleotide in oligonucleotides used in the process of
this invention. Oligonucleotides used in the process of this
invention may include more than one distinct base modifi-
cation and/or more than one distinct sugar modification
and/or one or more distinct backbone modification in said
oligonucleotide.

[0040] The process of the invention appears to be suitable
for separating an oligonucleotide from impurities which are
not oligonucleotides.

[0041] The process also appears to be suitable for sepa-
rating a target oligonucleotide from one or more impurity
which is also an oligonucleotide. For example the process of
the invention appears to be able to separate an oligonucle-
otide impurity which differs from the target oligonucleotide
by only one or two bases. For example the process of the
invention appears to be suitable for the separation of a target
oligonucleotide having 20 bases from impurities being
shortener and longmer oligonucleotides having 17, 18, 19 or
21 bases. Such oligonucleotide impurities are believed to
become bound to the exchanger substance in the stationary
phase but to a different extent than the target oligonucleotide
of interest, and/or may be displaced from the stationary
phase but to a different extent than the target oligonucleotide
of interest, such that as the second mobile phase flows
through the CPC the target oligonucleotide of interest and
the impurity oligonucleotides separate into fractions in the
stream of second mobile phase.
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[0042] In the process of the present invention the target
oligonucleotide may be as the free oligonucleotide or may
be in the form of a derivative of a target oligonucleotide,
such as in a form protected by a protecting group. Numerous
protecting groups for oligonucleotides are known. A suitable
protecting group is dimethoxy trityl, and it is believed that
other known protecting groups are also suitable.

[0043] The first mobile phase and stationary phase may
comprise any liquids which form two distinct phases when
in contact with each other, and which comprise a mobile
phase which dissolves the target oligonucleotide, and a
stationary phase which dissolves the exchanger substance
and the target oligonucleotide when bound to the exchanger
substance. Other desirable properties of such liquids include
the formation of two phases with a difference in density that
they easily form two distinct phases and show little tendency
to emulsify.

[0044] For example these two phases may comprise com-
binations of solvents or of water and one or more solvent
which when mixed produce a biphasic system in which the
exchanger substance is only or substantially soluble in only
one of the (mobile or stationary) phases, and the displacer
substance is only or substantially soluble in only the other
(stationary or mobile) phase.

[0045] For example the stationary phase may comprise a
mixture of one or more organic liquid which is immiscible
or partially miscible with water such as a C, 4 alkyl C, ¢
alkanoate ester, a di-C, 4 alkyl ether, a C,_,,, cyclic ether, a
liquid halogenated C, ¢ alkane, or a liquid Cs_,, alkane; and
one or more organic liquid which is at least partially
miscible with water such as a C, 4 alkanol or di-(C,_, alkyl)
ketone.

[0046] By “partially miscible” is included that a two-phase
system can be formed over at least part of the alkanol-water
composition range. Each of such two phases contains both
alkanol and water, but in one phase alkanol will predominate
and in the other phase water will predominate. Lower, e.g.
C, ; alkanols are generally fully miscible with water over the
entire water-alkanol composition range, but higher e.g. C, 4
alkanols are generally immiscible or only partially miscible
with water. For example the first and second mobile phases
may comprise a mixture of one or more organic liquid which
is miscible with water such as a C, ; alkanol or di-(C, 4
alkyl) ketone; and water. Examples of such organic liquids
include ethyl acetate, methyl-tertbutyl ether, alkyl-substi-
tuted tetrahydrofurans such as 2-methyltetrahydrofuran,
chloroform, hexane, 1-butanol, ethanol, methanol and
highly polar aprotic solvents such as dimethyl sulphoxide
and dimethyl formamide.

[0047] It will of course be appreciated that in any such
equilibrated system in which such two phases are in contact
with each other there may be some mutual intermixing of
minor proportions of the liquid components such that the
stationary phase liquid may contain a minor proportion of
water dissolved in from the mobile phase liquid, and the
mobile phase liquid may contain a minor proportion of the
liquid which is substantially immiscible with water dis-
solved in from the stationary phase liquid.

[0048] Suitably the respective phases may be formed by
mixing two or more of such liquids and allowing the system
to settle into two equilibrium phases being an upper less
dense and lower more dense phase each of which may be
used as a stationary or mobile phase. The stationary and
mobile phases may therefore comprise the respective two
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equilibrium phases of a liquid system containing such lig-
uids. It will be appreciated that each of such phases may
contain all of the liquids comprising the system, but each
such phase will contain predominantly one or more of the
liquids as major component, and one or more of the liquids
as minor component.

[0049] Examples of such phases include two phase sys-
tems (a) to (e) listed below. The relative proportions in
which such liquids may be mixed to provide such phases
will depend upon the liquids but may easily be determined
experimentally. Typical proportions are suggested below.
(a) C,_¢ alkyl C,_salkanoate ester-C, 4 alkanol-water. Less
dense phase comprises major component ester+alkanol.
More dense phase comprises major component water+alka-
nol. For example ethyl acetate-1-butanol-water (3:2:5).

(b) C, ¢ alkanol-water. Less dense phase comprises major
component alkanol. More dense phase comprises major
component water. For example 1-pentanol or 1-butanol-
water.

(c) C,¢ alkanol-di-(C, 4 alkyl) ketone-water. Less dense
phase comprises major component alkanol+ketone. More
dense phase comprises major component water+alkanol. For
example 1-butanol-methylisobutyl ketone-water (1:3:4).
(d) di-(C, 4 alky]) ketone-water. Less dense phase comprises
major component ketone. More dense phase comprises
major component water. For example methylisobutyl
ketone-water.

(e) di-C, ¢ alkyl ether or a C,_,,, cyclic ether-C, ¢ alkanol-
water. Less dense phase comprises major component ether
and alkanol. More dense phase comprises major component
water. For example methyl-tertiarybutylether-1-pentanol-
water (3:1:4) or 2-methyltetrahydrofuran-1-butanol-water
(3:1:4).

[0050] It will be understood that in addition to its own
major components each of such phases in a pair will contain
minor component(s) being the major component of the other
phase in the pair. In the process of this invention the
stationary phase may be the less dense of such pairs of
phases.

[0051] A preferred first mobile phase comprises a mixture
of water and 1-butanol as major components, with a sta-
tionary phase which comprises a mixture of ethyl acetate
and 1-butanol as major components. Another preferred first
mobile phases comprises a mixture of water and 1-butanol
as major components, with a stationary phase which com-
prises a mixture of 2-methyltetrahydrofuran and 1-butanol
as major components. Such mixtures form two distinct
phases when in contact with each other.

[0052] Suitably the first mobile phase may be adjusted to
a suitable pH to facilitate dissolution and stabilization of the
target oligonucleotide, for example by the inclusion of a
base, for example an inorganic base such as an alkali metal
hydroxide such as sodium hydroxide, or ammonia. A suit-
able pH depends inter alia on the oligonucleotide and may
depend on whether it is protected. A suitable pH range for
the first mobile phase appears to be pH7-14, although it is
believed acid pH<7 may be feasible for some applications.
A suitable pH range for the above-mentioned 20-mer oligo-
nucleotide in either dimethoxy trityl-protected form or
unprotected is ca. pH 7-12. A suitable pH range for this
oligonucleotide in dimethoxy trityl-protected form is e.g. pH
10-12, suitably around pH 11. Presently available data
suggests such pH ranges may be suitable for other oligo-
nucleotides. A suitable concentration for such a base in the
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first mobile phase to achieve such a pH may be determined
experimentally. In the experiments described herein a suit-
able concentration was found to be 10+/-5 mM, for example
10 mM, sodium hydroxide.

[0053] A suitable concentration of the target oligonucle-
otide, such as the 20-mer referred to above, may be deter-
mined experimentally. A concentration in the column of 200
mg-100 g per L, for example 200 mg-80 g per L, for example
20-60 g per L appears to be suitable.

[0054] The exchanger substance (sometimes in the art
alternatively referred to as the “retainer”) removably binds
to the target oligonucleotide in the stationary phase. Suitably
the exchanger substance is an anion-exchanger substance.

[0055] A suitable exchanger substance which binds to a
target oligonucleotide is a salt of an organic amine with a
counter anion, suitably a secondary, tertiary or quaternary
ammonium salt. An example of such an ammonium salt has
the general formula:

RIRZR3RAN*X~

Wherein through the sequence secondary, tertiary and qua-
ternary respectively two, three or four of the groups R', R?,
R? and R* are independently C, ., alkyl or substituted alkyl
such as fluoro or trifluoromethyl substituted alkyl, or benzyl
and the remainder are hydrogen, and X~ is a halide anion
suitably chloride. A suitable exchanger substance is a mix-
ture of tri-(n-octyl) methyl ammonium chloride and tri-(n-
decyl) methyl ammonium chloride, suitably in which the
n-octyl compound predominates. Such a mixture is com-
mercially available under the name Aliquat 336™. Other
exchanger substances believed to be suitable include cetyl-
trimethylammonium bromide, methyltrioctylammonium
chloride, benzalkonium chloride (also known as alkyldim-
ethylbenzylammonium chloride and ADBAC, being a mix-
ture of alkylbenzyldimethylammonium chlorides of various
alkyl chain lengths), benzyltrimethylammonium chloride,
tetrabutylammonium chloride, and Amberlite LA2 (a high
molecular weight, oil soluble secondary amine supplied as a
liquid in the free-base form) in protonated form.

[0056] The concentration of the exchanger substance in
the stationary phase will depend inter alia upon the sub-
stance used, the target oligonucleotide itself, and the flow
rate of the mobile phase. A calculation can be made on the
basis of molar ratios of the target oligonucleotide and the
exchanger substance. For a 10 to 30 mer oligonucleotide a
suitable range of molar ratio of the exchanger substance is
believed to be 0.5-15, preferably ca. 5, equivalents per ionic
site, leading to a molar ratio exchanger substance:target
oligonucleotide in the range 1:5-500, preferably 1:10-300,
more preferably 1:20-150. A concentration of exchanger
substance of 5-500, for example 5-100, typically 8-50 mM
appears to be suitable, at least for Aliquat 336™, and
possibly for other exchanger substances.

[0057] It is believed to be possible to use any commer-
cially available liquid-liquid chromatography apparatus that
uses liquid-liquid stationary and mobile phase systems to
perform the method of this invention.

[0058] An example of a suitable CPC apparatus is a
FCPC200™ CPC apparatus from Kromaton. Suitable CPC
instruments are also available from Armen Instrument. The
normal specification operating conditions for such apparatus
appear to be suitable to perform the process of the present
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invention. The stationary phase is suitably introduced into
the column following the normal operating procedure for the
apparatus.

[0059] In typical operation the column may be filled with
stationary phase by pumping the stationary phase liquid, e.g.
the second liquid phase, at a high flow rate into the column,
then starting rotation of the column at a suitable operating
speed for the apparatus.

[0060] The first mobile phase may be caused to carry the
target oligonucleotide (together with impurities) in its flow
in various ways.

[0061] Inone way for example first mobile phase contain-
ing the dissolved target oligonucleotide may then be intro-
duced into the column and caused to flow through the
column relative to and in contact with the stationary phase.
[0062] In another way for example the target oligonucle-
otide may be dissolved in a liquid which is miscible with the
mobile phase, for example which is a liquid component of
the first mobile phase liquid, or contains one or more liquid
component of the mobile phase, and introduced in this form
into a flow of the first mobile phase. If the first mobile phase
liquid contains water the target oligonucleotide may for
example be introduced in this way as an aqueous solution.
Suitably with a water-containing first mobile phase the target
oligonucleotide, typically in its crude state combined with
contaminating impurities, may be mixed in the form of an
aqueous solution, e.g. in aqueous ammonia, with a water-
containing first mobile phase. Some syntheses of oligonucle-
otides produce the oligonucleotide in solution in a mixture
of water, dissolved ammonia, and solvents such as acetoni-
trile and ethanol, and in some applications the target oligo-
nucleotide may be introduced into the column in the form of
such a solution. In this way of introducing the target
oligonucleotide the liquid which is miscible with the mobile
phase may become mixed with the mobile phase during its
flow, or may remain as a substantially distinct phase and be
pushed around the column by the mobile phase.

[0063] Inan optional step, prior to the introduction of first
mobile phase containing the dissolved target oligonucleotide
into the column, first mobile phase free of the target oligo-
nucleotide may be caused to flow through the column filled
with stationary phase. Such an initial flow of mobile phase
can elute some stationary phase, which continues until
hydrodynamic equilibrium is reached and the mobile phase
leaving the exit end of the column contains no or minimal
stationary phase. Such a state can be measured by sampling
the flow from the exit end of the column.

[0064] Optionally the first mobile phase containing the
dissolved target oligonucleotide may be introduced into the
column as a mixture with stationary phase liquid. Introduc-
ing the mobile phase as such a mixture with stationary phase
liquid may help to ensure that the mobile phase remains
saturated with the stationary phase, and can prevent strip-
ping of the stationary phase from the column by the mobile
phase as it flows through the column. The quantity of
stationary phase needed if this is done can be determined
experimentally, and may need to be a few percent.

[0065] Suitable flow rates for the stationary and mobile
phases may be determined by the normal operating proce-
dure for the liquid-liquid chromatography apparatus, such as
the Armen or Kromaton, e.g. Kromaton FCPC200™. Intro-
duction of the first mobile phase can have the effect over a
brief time of displacing a quantity of stationary phase, which
can be detected. Since the volume of stationary phase and
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the column volume are known, it is possible to calculate Sf,
the stationary phase retention factor, being a measure of the
proportion of stationary phase remaining in the column.
[0066] The flow of the mobile phase containing the target
oligonucleotide through the column containing the station-
ary phase containing the exchanger substance causes the
target oligonucleotide dissolved in the first mobile phase to
become bound to the exchanger substance in the stationary
phase. The ability of the target oligonucleotide to be retained
in the stationary phase depends inter alia on the time allowed
for equilibration and the concentration of the exchanger
substance in the stationary phase. Suitable flow rates, for
example suitable flow rate of the first mobile phase contain-
ing the dissolved target oligonucleotide into the column to
achieve an equilibrium in which all or a suitable proportion
of the target oligonucleotide is retained in the stationary
phase can be determined experimentally based upon the
operating conditions of the instrument. A suitable flow rate,
at least for the Kromaton FCPC200™ and possibly gener-
ally, appears to be 2-6 ml per minute, but is expected that
such instruments may be run faster. Different flow rates may
be appropriate to other instruments, particularly for larger
scale instruments. Suitable conditions may be determined
experimentally, for example by monitoring the concentra-
tion of the target oligonucleotide, and/or other substances, in
the stream of first mobile phase exiting from the CPC
apparatus. Suitable monitoring techniques will be apparent
to those skilled in the art, for example using spectroscopy or
HPLC etc.

[0067] The second liquid mobile phase may have the same
composition of liquids, e.g. one or more solvent or a mixture
of one or more solvent and water, as the first mobile phase,
e.g. as described above. For example as described above in
combination with a stationary phase comprising a mixture of
predominantly C, ¢ alkanol such as 1-butanol and C, ¢ alkyl
C, ¢ alkanoate ester such as ethyl acetate the second mobile
phase may comprise a mixture of water and a C, g alkanol
such as 1-butanol, which if provided in the manner described
above may also contain some C, 4 alkyl C,  alkanoate ester
in a minor proportion. Alternatively for example as
described above in combination with a stationary phase
comprising a mixture of predominantly C, 4 cyclic ether
such as methyltetrahydrofuran and C, g alkanol, the second
mobile phase may comprise a mixture of predominantly
water and the C, , alkanol.

[0068] Suitably the second mobile phase may also be
adjusted to a suitable pH to facilitate dissolution and stabi-
lization of the target oligonucleotide. A suitable pH depends
inter alia on the oligonucleotide and may depend on whether
it is protected. A suitable pH range for the above-mentioned
20-mer oligonucleotide in either dimethoxy trityl-protected
form or unprotected is ca. pH 7-12. A suitable pH range for
this oligonucleotide in dimethoxy trityl-protected form is
e.g. pH 10-12; suitably around pH 11. Such pH ranges, e.g.
pH 7-14, may be suitable for other oligonucleotides, and it
is believed that for some applications acid pH<7 may be
feasible. Adjustment of pH may for example be by addition
of'a base such as sodium hydroxide. A suitable concentration
for such a base in the second mobile phase to achieve such
a pH is 10+/-5 mM, for example 10 mM sodium hydroxide.
[0069] Suitable displacer substances are substances which
have a greater binding constant, e.g. ability to form an
electrostatic bond, with the exchanger substance than the
target oligonucleotide. Suitable displacer substances incor-
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porate an anionic moiety, which may be singly or multiple
charged. Suitable displacer substances include salts, espe-
cially salts of inorganic acids such as halides, sulphates etc.
or oxalates, with metals especially alkali metals. A suitable
displacer substance is sodium or potassium iodide. Other
suitable displacer substances include saccharin in its depro-
tonated form such as alkali metal salts of saccharin such as
saccharin sodium salt, Sunset Yellow (Disodium 6-hydroxy-
5-[(4-sulfophenyl)azo]-2-naphthalenesulfonate) and Ama-
ranth (trisodium (4E)-3-ox0-4-[(4-sulfonato-1-naphthyl)
hydrazono| naphthalene-2,7-disulfonate). It will be appre-
ciated that the latter two incorporate di- and tri-basic anionic
moieties.

[0070] A calculation can be made on the basis of molar
ratios of exchanger substance: displacer substance, which is
preferably in the range 1:1 to 5:1. On this basis a maximum
concentration for the displacer substance appears to be ca.
500 mM. A suitable concentration for the displacer sub-
stance in the second mobile phase appears to be 2-500 mM,
for example 5-30 mM.

[0071] A suitable flow rate of the second mobile phase
containing the displacer substance to achieve displacement
of the target oligonucleotide from the stationary phase at a
rate such that the target oligonucleotide appears as a con-
veniently discrete fraction in the flow of second mobile
phase exiting the CPC apparatus may be determined experi-
mentally. A suitable flow rate, at least for the Kromaton
FCPC200™ was found in the experiments described herein
to be 2-6 ml per minute, which appears to be able to achieve
complete displacement of the target oligonucleotide, but it is
believed that such apparatus can be made to run faster, for
example up to 20 ml per minute in a 200 ml column. Suitable
conditions for achieving such displacement may be deter-
mined experimentally, for example by monitoring the con-
centration of the target oligonucleotide in the stream of
second mobile phase exiting from the CPC apparatus. Suit-
able monitoring techniques will be apparent to those skilled
in the art, for example using spectroscopy or HPLC etc.
[0072] The target oligonucleotide may then be isolated
from the second mobile phase by a conventional process,
optionally involving removal of any protecting group(s),
traces of exchanger and/or displacer substances etc. if nec-
essary. Typical isolation techniques include deprotection (if
the oligonucleotide is protected), desalting (ultrafiltration)
and lyophilisation. The isolated target oligonucleotide may
then be subjected to any further purification steps, e.g.
ion-exchange chromatography, that may be considered nec-

essary.

BRIEF DESCRIPTION OF DRAWINGS

[0073] The present invention will now be described by
way of example only with reference to the following draw-
ings.

[0074] FIG. 1 shows a UV chromatogram of the second
mobile phase exiting from the column from Experiment 8.
[0075] FIG. 2 shows a Chromatogram reconstruction after
fractions analysis from Experiment 8.

[0076] FIG. 3 shows a Chromatogram reconstruction after
fractions analysis from Experiment 21.

[0077] FIG. 4 shows a UV chromatogram of the second
mobile phase exiting from the column from Experiment 4.
[0078] FIG. 5 shows a Chromatogram reconstruction after
fractions analysis from Experiment 18.



US 2017/0275610 Al

[0079] A number of experiments were performed as set
out in the table below. Two experiments listed in the table as
Experiments 8 and 21 are described in detail below.

Experiment 8

[0080] The liquid phases were prepared according to the
following procedure. Ethyl acetate, 1-butanol and water
were mixed in volume ratios 3:2:5. The bi-phasic system
was left to settle until two clear phases were obtained, then
these phases were separated.

[0081] To the top phase layer (ethyl acetate/butanol with a
minor proportion of water), was added Aliquat 336™ (ex-
changer substance) to obtain a concentration of 40 mM and
the container was labeled as “stationary phase”, i.e. the
second liquid phase.

[0082] The bottom phase (water/butanol with a minor
proportion of ethyl acetate), was divided into two equal
portions. To the first portion was added sodium hydroxide to
obtain a concentration of 10 mM, and the container was
labeled as “first mobile phase”, i.e. the first liquid phase.

[0083] To the second portion of bottom phase was added
sodium hydroxide to obtain a concentration of 10 mM and
potassium iodide (displacer substance) until a concentration
of 13.3 mM was reached, and the container was labeled
“second mobile phase”, i.e. the third liquid phase.

[0084] The Centrifugal Partition Chromatography (CPC)
apparatus used was a commercially available 200 ml Armen
CPC instrument. Typically such apparatus comprise a rotor
made of ca. 20 circular partition discs. Typically such
apparatus can be adjusted from 200-2000 rpm, generating a
centrifugal force of ca. 120 g at 1000 rpm and 480 g at 2000
rpm). The Kromaton FCPC200 apparatus was set on
descending mode. The column was rotated at 1200 rpm. The
column was filled with the solution from the “stationary
phase” container (second liquid phase plus Aliquat 336™) at
a flow rate of 10 ml/min., following the specification
operating conditions for the apparatus. Typically commer-
cially available Dionex PS80HPG 4-way binary high pres-
sure gradient pumps (Sunnyvale, Calif., USA) may be used
to introduce the stationary and mobile phases into the
apparatus, typically via low-pressure injection valves (such
as Upchurch, CIL, Cluxeau, Saint-Foy-La-Grande, FR),
typically equipped with a 21 ml sample loop.

[0085] A sample of protected target oligonucleotide, being
a 20-mer RNA oligonucleotide 5'-uca agg aag aug gca uuu
ca-3', but known to be contaminated with impurities possi-
bly including 17-, 18-, 19- and/or 21-mer impurities (400
mg) was dissolved in the first mobile phase, (10 mL.). Once
dissolved, 10 mL of the stationary phase liquid (but con-
taining no exchanger substance) was added to this solution
of the oligonucleotide in the mobile phase to form a two
phase mixture.

[0086] The mixture of the solution of target oligonucle-
otide dissolved in the first mobile phase and the stationary
phase liquid was injected into the column, and this mixture
was pumped through the column at a flow rate of 5 ml./min
for 20 min. At this time equilibration had been reached, i.e.
no more stationary phase was being stripped out of the
column by the flowing mobile phase, and no target oligo-
nucleotide was coming out of the column, as detected by
analyzing the eluent exiting from the column using HPLC.
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[0087] Then the second mobile phase (third liquid phase)
was pumped at a similar flow rate for 100 min. Fractions of
exiting second mobile phase were collected every minute
and analysed off-line.

[0088] Referring to FIG. 1, this follows the introduction of
the first and second mobile phases into the column starting
at time=zero. During the first ca. 17 minutes a small quantity
of stationary phase was displaced from the column. At ca. 20
minutes equilibrium was reached and very little stationary
phase was displaced by the flowing first mobile phase. The
second mobile liquid phase containing displacer substance
was introduced after 20 minutes. Thereafter the peak rep-
resents elution of substances displaced by the second mobile
phase from the stationary phase. Analysis of fractions from
this peak indicated that the impurities present in the intro-
duced oligonucleotide were tightly stacked at the beginning
and end of this peak. FIG. 2 shows a Chromatogram
reconstruction after fractions analysis from Experiment 8.

Experiment 21

[0089] The solvent system was composed of Me-THF/n-
BuOH/Water in volume ratios (3:1:4) respectively. These
three liquids were mixed and allowed to settle into two
phases, which were separated.

[0090] To the upper organic phase was added Aliquat 336
(exchanger substance) to obtain a concentration of 40 mM,
and this organic phase was designated for use as the sta-
tionary phase.

[0091] The lower aqueous phase was divided into two
portions. To one portion was added sodium hydroxide to
produce a concentration of 10 mM, and this portion was
designated as the first mobile phase. To the second portion
of the lower phase was added sodium hydroxide to produce
a concentration of 10 mM, and Amaranth (displacer sub-
stance) to produce a concentration of 4.4 mM. This portion
was designated the second mobile phase.

[0092] The crude sample of oligonucleotide (400 mg
containing approximately 88% of target oligonucleotide in
35 mL of aqueous ammonia) was combined with 5 mL of the
portion of upper phase of the solvent system designated as
the stationary phase (containing no exchanger substance).

[0093] The column was rotated at 1200 rpm and filled with
stationary phase in descending mode. Then the sample as
prepared above was loaded onto the column while pumping
mobile phase 1 at 5 ml./min. The first mobile phase was
pumped for 10 minutes, followed by the second mobile
phase also at a rate of 5 mI./min for 120 min. Fractions were
collected every minute.

[0094] FIG. 3 shows the HPLC peaks of the cluate from
Experiment 21, indicating “N DMT-off” as the target nucleo-
tide without its DMT protecting group, “N+1” and “N-1" as
the target nucleotide+/-one base also without the DMT
protecting group, and imp 1-10 as traces corresponding
respectively to ten impurities. It is seen that elution of
impurities imp 1-10 and N-1 occurs virtually together and
is largely complete before purified target oligonucleotide is
eluted by the second mobile phase, and during the time
period from ca. 81 to 95 minutes after introduction of the
second mobile phase>95% pure target oligonucleotide is
eluted. An N+1 impurity eluted mainly toward the end of the
target peak.
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Further Experiments

[0095] Details of experiments 1-30 are presented in tabu-
lar form below. Experiment 1 was a control in which no
exchanger or retainer substance was used. In experiment 12
it is believed no stationary phase was retained because the
two component system 2-butanol-water did not form two
phases with a difference in density such that they easily
formed two distinct phases with little tendency to emulsify.

[0096] In the column “oligo type” P—O refers to phos-
phodiester forms of the oligonucleotide, and P—S refers to
phosphorothioateforms of the oligonucleotide. Al336
denotes Aliquat 336 and BACI denoted Benzalkoniun chlo-
ride. In presenting the data from these experiments a target
purity was set and the amount of target material recovered
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with that purity was calculated. Isotachic train refers to the
time in minutes during which the target oligonucleotide is
eluted by the second mobile phase at the set purity. “MIBK”
is an abbreviation for methylisobutylketone. “MtBE” is an
abbreviation for methyltertiarybutyl ether. “MeTHF” is an
abbreviation for 2-methyltetrahydrofuran.

[0097] FIG. 4 shows a UV chromatogram of the second
mobile phase exiting from the column from Experiment 3,
and FIG. 5 shows a Chromatogram reconstruction after
fractions analysis from Experiment 18. In each of these the
envelope representing the target oligonucleotide shows that
for substantial periods of flow of the second mobile phase,
considerably purified target oligonucleotide is being eluted
and can be isolated from the second mobile phase using
conventional techniques.

% Target
oligo purity
by HPLC
peak area  Number Retainer Displacer
Exp Oligo in crude of Loading Loading Instrument Cone Cone
number type material bases (mg)  vol (mL) Column Solvent system Name (mM) Name (mM)
1 Protected 88% 20 100 13.7  FCPC200 Me-THF:m-BuOH:  Al336 0  Saccharin 0
2'OMe-RNA ‘Water
P=5 3:1:4
2 Protected 89% 20 200 10 Armen EtOAc:n-BuOH: Al336 20 KI 20
2'OMe-RNA CPC ‘Water
3 Protected 89% 20 400 20 Armen EtOAc:n-BuOH: Al336 40 KI 20
2'OMe-RNA CPC ‘Water
4 Protected 89% 20 400 20 Armen EtOAc:n-BuOH: Al336 40 KI 20
2'OMe-RNA CPC ‘Water
5  Protected 89% 20 400 20 Armen EtOAc:n-BuOH: Al336 40 KI 13.3
2'OMe-RNA CPC ‘Water
6  Protected 89% 20 400 20 Armen EtOAc:n-BuOH: Al336 40 KI 10
2'OMe-RNA CPC ‘Water
7  Protected 89% 20 400 20 Armen EtOAc:n-BuOH: Al336 24 KI 6
2'OMe-RNA CPC ‘Water
8  Protected 89% 20 400 20 Armen EtOAc:n-BuOH: Al336 40 KI 13.3
2'OMe-RNA CPC ‘Water
9  Protected 89% 20 400 20 Armen EtOAc:n-BuOH: Al336 20 KI 6.7
2'OMe-RNA CPC ‘Water
10 Protected 89% 20 400 20 Armen EtOAc:n-BuOH: Al336 20 KI 6.7
2'OMe-RNA CPC ‘Water
11 Protected 88% 20 400 40 FCPC200  1-pentanol/ Al336 40 KI 133
2'OMe-RNA water
12 Protected 88% 20 400 40 FCPC200  2-butanol/ Al336 40 Nal 133
2'OMe-RNA water
13 Protected 88% 20 400 40 FCPC200 1-BuOH/MIBK/ Al336 40 Nal 133
2'OMe-RNA water
P=5 1:3:4
14 Protected 88% 20 400 40 FCPC200 Me-THF:n-BuOH:  Al336 40 Nal 133
2'OMe-RNA ‘Water
P=5 3:1:4
15 Protected 89% 20 400 40 FCPC200 MIBK/water Al336 40 Nal 133
2'0OMe-RNA
P=5
16  Protected 83% 20 400 40 FCPC200 1-pentanol/MIBK/  Al336 40 Nal 133
2'OMe-RNA water
P=5 1:3:4
17 Protected 83% 20 400 40 FCPC200  1-butanol/water Al336 40 Nal 133
2'0OMe-RNA
P=5
18  Protected 81% 20 approxi- 10 FCPC200 Me-THF:n-BuOH:  Al336 40 Nal 133
DNA mately Water
P=0 400 3:1:4
19 Protected 88% 20 400 40 FCPC200 Me-THF:n-BuOH:  Al336 40  Saccharin 133
2'OMe-RNA ‘Water
P=5 3:1:4
20  Protected 89% 20 approxi- 10 FCPC200 EtOAc:n-BuOH: Al336 40 KI 133
2'0OMe-RNA mately Water
P=5 400 3:2:5
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-continued
21 Protected 83% 20 400 40  FCPC200 Me-THF:m-BuOH:  Al336 40  Amaranth 4.4
2'OMe-RNA ‘Water
P=5 3:1:4
22 Protected 88% 20 400 40 FCPC200 Me-THF:n-BuOH: CTAB 40  Saccharin  13.3
2'OMe-RNA ‘Water
P=5 3:1:4
23 Protected 92% 10 200 32 FCPC200 FtOAc:n-BuOH: Al336 20 Nal 33
DNA ‘Water
24 Protected 83% 20 400 40  FCPC200 Me-THF:m-BuOH: BACI 40  Sunset 133
2'0OMe-RNA Water Yellow
P=5 3:1:4
25  Protected 88% 20 100 Me-THF:n-BuOH:  Al336 8  Saccharin 4
2'OMe-RNA ‘Water
P=5 3:1:4
26  Protected 88% 20 1000 100 FCPC200 Me-THF:m-BuOH:  Al336 50  Saccharin 25
2'OMe-RNA ‘Water
P=5 3:1:4
27  Protected 88% 20 550 30 FCPC200 Me-THF:n-BuOH:  Al336 29  Saccharin  14.5
2'OMe-RNA ‘Water
P=5 3:1:4
28  Protected 88% 20 550 30 FCPC200 Me-THF:n-BuOH:  Al336 29  Saccharin  14.5
2'OMe-RNA ‘Water
P=5 3:1:4
29 Protected 39% 15 100 34  FCPC200 Me-THF:n-BuOH:  Al336 104 Amaranth 1.15
LNA gapmer ‘Water
P=0 3:1:4
30  Protected 63% 30 100 25 FCPC200 Me-THF:n-BuOH:  Al336 13 Amaranth 1.44
DNA ‘Water
31  Protected 84% 20 100 25 FCPC200 Me-THF:n-BuOH:  Al336 15 Nal 5
SiRNA Water
'Recovered
target
Mobile Isotactic material
Base phase train Purity of  Yield at
Exp Conc  flow rate Rotation (min) pooled specified
number Name (mM) (mL/min-1) speed Duration  fractions purity
1 NaOH 10 5 1200 No separation
2 — 5 1200 5 >94% 0%
3 — 5 1200 9 >94% 0%
4  NaOH 10 5 1200 9 >94% 34%
5 NaOH 10 5 1200 23 >94% 59%
6 NaOH 10 5 1200 9 not determined
7  NaOH 10 5 1200 36 not determined
8 NaOH 10 5 1200 13 >94% 70%
9 NaOH 10 5 1200 30 not determined
10 NaOH 10 5 1200 30 not determined
11  NaOH 10 5 1200 20 >94% 43%
12 NaOH 10 5 1200 no stationary phase retention
13 NaOH 10 5 1200 20 >94% 52%
14 NaOH 10 5 1200 17 >94% 74%
15 NaOH 10 5 1200 17 >93% 30%
16  NaOH 10 5 1200 23 >92% 49%
17 NaOH 10 5 1200 18 >92% 43%
18 NaOH 10 5 1200 10 >94% 68%
19  NaOH 20 5 1200 18 >94% 88%
20 — — 5 1200 10 >93% 60%
21  NaOH 10 5 1200 17 >94% 83%
22 NaOH 10 5 1200 8 >93% 54%
23 NaOH 10 5 1200 20 >94% 86%
24  NaOH 10 5 1200 15 >94% 28%
25 NaOH 10 5 1500 13 >94% 76%
26  NaOH 20 5 1500 22 >94% 84%
27  NaOH 20 35 1200 30 >94% 72%
28  NaOH 20 35 1200 30 >94% 71%
29  NaOH 10 5 1200 9 >80% 90%
30 NaOH 10 5 1200 13 >90% 68%
31 NaOH 10 5 1200 19 >90% 72%
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 5

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using

molecular biology techniques.
<400> SEQUENCE: 1

ucaaggaaga uggcauuuca

<210> SEQ ID NO 2

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: Nucleic acid sequence identified using

molecular biology techniques.
<400> SEQUENCE: 2

ggccaaacct

<210> SEQ ID NO 3

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

10

<223> OTHER INFORMATION: Nucleic acid sequence identified using

molecular biology techniques.
<400> SEQUENCE: 3

ggccaatcegg cttacct

<210> SEQ ID NO 4

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

17

<223> OTHER INFORMATION: Nucleic acid sequence identified using

molecular biology techniques.
<400> SEQUENCE: 4

ggccaategg cttcactcegg ccaaace

<210> SEQ ID NO 5

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

27

<223> OTHER INFORMATION: Nucleic acid sequence identified using

molecular biology techniques.
<400> SEQUENCE: 5

tttacgacga cgttt
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1. A method for the separation of a target oligonucleotide
from a mixture of the target oligonucleotide and one or more
impurity comprising:

providing a biphasic mobile phase-stationary phase lig-

uid-liquid chromatography system comprising a first
liquid mobile phase, and a liquid stationary phase

containing at least one exchanger substance that remov-
ably binds to the target oligonucleotide;

causing the first liquid mobile phase to carry the target
oligonucleotide in a flow relative to and in contact with
the liquid stationary phase in the column of a liquid-
liquid chromatography apparatus such that the target
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oligonucleotide becomes bound to the exchanger sub-
stance in the liquid stationary phase;

then displacing the target oligonucleotide from the liquid
stationary phase into a second liquid mobile phase
flowing relative to and in contact with the stationary
phase through the column by means of a displacer
substance able to displace the target oligonucleotide
from the liquid stationary phase into the second mobile
phase,

characterized in that the exchanger substance is a salt of
an organic secondary, tertiary or quaternary amine with
a counter anion, of the general formula:

RIRZR3RAN*X~

wherein through the sequence secondary, tertiary and qua-
ternary respectively two, three or four of the groups R, R?,
R? and R* are independently C, ., alkyl or substituted alkyl
such as fluoro or trifluoromethyl substituted alkyl, or benzyl
and the remainder are hydrogen, and X~ is a halide anion.

2. A method according to claim 1 characterised by the

steps of:

(1) providing a first liquid phase containing the target
oligonucleotide and one or more impurity in solution,
and a second liquid phase containing the exchanger
substance that removably binds to the target oligo-
nucleotide, the first and second liquid phases forming
two distinct phases when in contact with each other;

(2) introducing the second liquid phase into a centrifugal
partition chromatography apparatus as a stationary liq-
uid phase therein;

(3) introducing the first liquid phase containing the target
oligonucleotide and one or more impurity in solution
into the centrifugal partition chromatography apparatus
as a first mobile phase and causing this first liquid phase
to flow through the centrifugal partition chromatogra-
phy apparatus in contact with the second liquid station-
ary phase such that the target oligonucleotide becomes
removably bound to the exchanger substance in the
second liquid stationary phase;

(4) introducing a third liquid phase which forms a distinct
phase when in contact with the second liquid phase and
which contains in solution at least one displacer sub-
stance able to displace the target oligonucleotide from
the second liquid phase into the centrifugal partition
chromatography apparatus, as a second mobile phase
and causing this second mobile phase to flow through
the centrifugal partition chromatography apparatus in
contact with the second liquid phase such that the target
oligonucleotide becomes displaced from the stationary
phase and enters solution in the second mobile phase;

(5) isolating the displaced target oligonucleotide from the
second mobile phase.

3. A method according to claim 1 characterised in that the

target oligonucleotide comprises 10-30 bases.
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4. A method according to claim 3 characterised in that the
target oligonucleotide is the 20 base oligonucleotide which
has the sequence 5'-UCAAGGAAGAUGGCAUUUCA-3".

5. A method according to claim 1 characterised in that the
stationary phase comprises a mixture of one or more organic
liquid which is substantially immiscible with water and one
or more organic liquid which is miscible with water.

6. A method according to claim 5 characterised in that the
first and second mobile phases comprise a mixture of one or
more organic liquid which is miscible with water, and water.

7. A method according to claim 5 characterised in that the
stationary and mobile phases comprise the respective two
equilibrium phases of: (i) a liquid system containing C,
alkyl C, ¢ alkanoate ester, C, 3 alkanol and water; or (ii) a
liquid system containing C, ¢ alkanol and water; or (iii) a
liquid system containing C, g alkanol, di-(C, g alkyl) ketone
and water; or (iv) a liquid system containing di-(C, 4 alkyl)
ketone and water; or (v) a liquid system containing C, ¢
alkyl C, ¢ alkyl ether ora C,_,, cyclic ether, C, ¢ alkanol and
water.

8. A method according to claim 1 characterised in that the
halide anion of the exchanger substance is chloride.

9. A method according to claim 8 characterised in that the
exchanger substance is selected from a mixture of tri-(n-
octyl) methyl ammonium chloride and tri-(n-decyl) methyl
ammonium chloride; and benzalkonium chloride.

10. A method according to claim 1 characterised in that
the exchanger substance is selected from cetyltrimethylam-
monium bromide, methyltrioctylammonium chloride, a mix-
ture of alkylbenzyldimethylammonium chlorides of various
alkyl chain lengths, benzyltrimethylammonium chloride,
tetrabutylammonium chloride, and a high molecular weight,
oil soluble secondary amine supplied as a liquid in the
free-base form in protonated form.

11. A method according to claim 1 characterised in that
the second liquid mobile phase has the same composition of
liquids as the first mobile phase.

12. A method according to claim 11 characterised in that
the stationary phase comprises a mixture of predominantly
C, g alkanol and C, ¢ alkyl C, o alkanoate ester, and the
second mobile phase comprises a mixture of water and C,
alkanol.

13. A method according to claim 11 characterised in that
the stationary phase comprises a mixture of predominantly
C,_¢ cyclic ether and C, 4 alkanol, and the second mobile
phase comprises a mixture of predominantly water and C, 4
alkanol.

14. A method according to claim 1 characterised in that
the displacer substance is selected from alkali metal halides,
sulphates and oxalates, Saccharin sodium salt, Sunset Yel-
low and Amaranth.

15. A method according to claim 1 characterised in that
the concentration of the displacer substance in the second
mobile phase is 5-30 mM.

#* #* #* #* #*



