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OLIGONUCLEOTIDES CONTAINING HIGH CONCENTRATIONS OF GUANINE
MONOMERS

10001]

FIELD OF THE INVENTION _
[0002] This invention pertains to methods for oligonucleotide synthesis, specifically the
synthesis of oligonucleotides that contain a high content of guanine monomers. In more detail,
the invention relates to a method for coupling a nucleoside phosphoramidite during the
synthesis of an oligonucleotide to a universal support, to a first nucleoside, or to an extending
oligonucleotide. The invention further relates td oligonucleotides obtainable by the methods of

the imnvention.

BACKGROUND OF THE INVENTION
[0003] Chemically synthesized DNAs and RNAs (“oligonucleotides”) and analogs thereof

are used in most molecular biological applications. Methods of oligonucleotide synthesis have
been available for over thirty years (see Agarwal et al.,, Nature, 227:27-34 (1970)), and

currently the most common method of oligonucleotide synthesis is through phosphorammdite
chemistry (see McBride et al., Tetrahedron Lett., 24:245-248 (1983)).

[0004] Phosphoramidite synthesis typically begins with the 3°-most nucleotide and
proceeds through a series of cycles composed of four steps that are repeated until the 5’°-most
nucleotide 1s attached. However, 1t i1s within the ordinary skﬂl of the artisan to establish
phosphoramidite synthesis in 5°-3’ direction by choosing the first nucleoside and thé,
nucleoside phosphoramidite in the appropriate conformation. The methods disclosed herein are
applicable in both directions of synthesis, wherein synthesis in 3’-5’ direction 1S generally
preferred.

[(0005]  The four steps are deprotection, coupling, capping and stabilization (generaily
oxidation or sulfurization). In one variation, during the deprotection step the trityl group

attached to the 5’-carbon of the pentose sugar of the recipient nucleotide 1s removed by
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trichloroacetic acid (TCA) or dichloroacetic acid (DCA) 1in a suitable solvent such as
dichloromethane or toluene, leaving a reactive hydroxyl group. The next phosphoramidite
monomer 1s added in the coupling step. An activator such as tetrazole, a weak acid, 1s used to
react with the coupling nucleoside phosphoramidite, forming a tetrazolyl phosphoramidite
intermediate. This intermediate then reacts with the hydroxyl group of the recipient and the 5°
to 3’ linkage 1s formed. The tetrazole i1s reconstituted and the process continues. A coupling
failure results 1n an oligonucleotide still having a reactive hydroxyl group on the 5’-end. To
prevent these oligonucleotides from remaining reactive for the next cycle (which would
produce an oligonucleotide with a missing nucleotide), they are removed from further
synthesis by being wrreversibly capped by an acetylating reagent such as a mixture of acetic
anhydride and N-methylimidazole. This reagent reacts only with the free hydroxyl groups to
cap the oligonucleotides. In the oxidation step, the phosphite linkage between the growing
oligonucleotide and the most recently added nucleotide 1s stabilized, typically in the presence
of 10dine as a mild oxidant 1n tetrahydrofuran (THF) and water. The water acts as the oxygen
donor and the 10dine forms an adduct with the phosphorous linkage. The adduct 1s decomposed
by the water leaving a stable phosphotriester linkage.

[0006] There have been many significant modifications to phosphoramidite synthesis in
order to reduce synthesis time and create a higher yield of product. Modified phosphoramidite
monomers have been developed that also require additional modifications to synthesis.
Howcvcer, somc problems still remain 1in the synthesis of certain oligonuclcotides. Once 1ssuc
has been the synthesis of guanine (G) -rich oligomers. Oligonucleotides with G-rich regions
have been very promising for a variety of applications. G-rich oligonucleotides generally fold
into complex structures that have useful applications in molecular biology and medicine. A
variety of aptamers have been selected that fold into tightly-packed 4-stranded structures (e.g.
thrombin aptamer). The G-rich repeats 1n nucleic acids form these tetraplexes n the presence
of certain monovalent or divalent metal 10ns with a variety of biological roles (see Deng ¢t al.,
PNAS (2001), 98, 13665-13670; Jin et al., PNAS (1992), 89, 8832-8836;, and Lee, Nucleic
Acids Research (1990), 18, 6057-6060).

[0007] Purification of such G-rich sequences 1n the case of DNA 1s best achieved by anion-
cxchange purification at pH 12, whereby the thymine and guanine amide functionalities are
ionizcd and unablc to participatc m structurc formation. Howcvcer, high quality synthcsis 1s
ditficult depending on the number of contiguous guanine residues, likely due to the poor

accessibility of the 5’-hydroxyl group by the activated phosphoramidite 1n the coupling step.



10

15

20

25

CA 02671873 2016-11-18

55691-5

-3 -
[0008] The support-bound protected G-rich oligomer undergoes some aggregation or

has solubility problems in acetonitrile after a certain length or base composition 1s reached,
which is the likely cause of poor accessibility of the 5'-hydroxyl group. Moreover, this will
also be related to the nature of the solid-phase support used for the synthesis. Theretore there
is a need for a solvent or a solvent mixture that prevents aggregation or resolves solubility

1SSues.

[0009] The proposed method provides alternative solvents, particularly polar aprotic
solvents during the coupling step to alleviate aggregation or solubility 1ssues with oligomers

rich in guanine monomers.

BRIEF SUMMARY OF THE INVENTION

[0010] The proposed method provides alternative solvents, particularly polar aprotic
solvents during the coupling step to alleviate aggregation or solubility 1ssues with oligomers
rich in guanine monomers. The solvents can be added to acetonitrile to provide better

solubility for oligomers, particularly oligomers with a high content of guanine residues.

[0010a] [n an embodiment, the present disclosure relates to a method for coupling a
ﬁucleoside phosphoramidite during the synthesis of an oligonucleotide to a universal support,
to a first nucleoside, or to an extending oligonucleotide, wherein said oligonucleotide
comprises a first regionof 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19, or 20
consecutive guanine monomers, and wherein said oligonucleotide comprises a second region
of 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 consecutive guanine
monomers, and wherein said first region 1s located at the 3’-terminus of said oligonucleotide
and wherein said second region 1s located at the 5°-terminus of said oligonucleotide, and
wherein said oligonucleotide comprises at least 30 % guanine monomers, said method
comprising the steps of: (1) generating a coupling solution, wherein said coupling solution
comprises: (a) at least one first solvent, wherein said at least one first solvent 1s a polar aprotic
solvent, and wherein said at least one first solvent is selected from the group consisting of:
sulfolane, 1-methylpyrrolidin-2-one, N,N-dimethylacetamide and tetramethylurea; (b) an
éctivating reagent; and (¢) said nucleoside phosphoramidite; wherein the concentration of said

nucleoside phosphoramidite in said coupling solution is at least 0.03 M; and (11) contacting
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said coupling solution with said universal support, with said first nucleoside, or with said

extending oligonucleotide.

[0010Db] In another embodiment, the present disclosure relates to use of the method as

described above in the preparation of an oligonucleotide.

[0010c¢] In another embodiment, the present disclosure relates to a method for
producing an oligonucleotide, said method comprising (1) coupling a nucleoside
phosphoramidite to a first nucleoside; wherein said coupling comprises the method as
described herein; (11) generating an extending oligonucleotide by oxidizing the product of
step (1); (111) coupling a nucleoside phosphoramidite to the product of step (11) after
deprotection; wherein said coupling comprises the method as described herein; (1v) generating
an extending oligonucleotide by oxidizing the product of step (ii1); and (v) repeating steps (i11)

and (1v) until said extending oligonucleotide comprises the sequence of said oligonucleotide.

DETAILED DESCRIPTION OF THE INVENTION

[0011] The proposed method provides alternative solvents, particularly polar aprotic
solvents during the coupling step to alleviate aggregation or solubility issues with oligomers
rich in guanine monomers. The polar aprotic solvents disclosed herein can be used alone, 1n
combination with each other and, preterably, in combination with acetonitrile. The polar
aprotic solvents can be added to acetonitrile to provide better solubility for oligomers,

particularly oligomers with a high content of guanine residues. Furthermore, the solvents and
solvent mixtures disclosed herein provide for a high solubility of the nucleoside
phosphoramidite 1n the coupling solution, wherein preferably said solubility 1s at least 0.03 M.
In one embodiment, the solvents are added to the mixture of acetonitrile, monomer and
activator during the coupling step. The ratio of solvent to acetonitrile can vary. The

phosphoramidite monomers can be conventional monomers or modified monomers. In one
embodiment, the guanine monomer can be a modified guanine monomer with an acid labile
blocking group, or a lipophilic 5'-0O-b locking group for the final dG coupling. In one
embodiment, the dG monomer used 1s an N2-isobutyryl-2'-deoxyguanosine 3'-O-

phosphoramidite with a triisopropylsilyl blocking group.

CA 2671873 2017-12-07
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[0012] The proposed methods can be pertormed with oligonucleotides containing known
nucleoside monomers as well as modified nucleoside monomers. The methods could be used 1n
DNA synthesis or RNA synthesis. The proposed methods also enable higher scale production
than what would normally be available with conventional anion-exchange HPLC-based
purification.

[0013] The term “G-rich” or “guanine-rich” refers to oligonucleotides with a high
concentration of guanine monomers. In one embodiment, the concentration of guanine residues
1S great enough to hinder or decrease the solubility of the oligonucleotide, thereby making
synthesis difficult and reducing yield or purity of the desired product.

[0014] The term “oligonucleotides” refers to synthesized RNA or DNA polymers and their
analogs, and 1s used interchangeably with “oligomers™ and “nucleic acids”.

[0015] Methods for determining the yield of an oligonucleotide synthesis and for
determining the purity of an oligonucleotide are generally known 1n the art. When reference 1s
made to the yield of a method of the invention, said yield 1s typically and preferably
determined essentially as disclosed in Example 7. Similarly, when reference 1s made to the
purity of an oligonucleotide, said purity 18 typically and preferably determined essentially as
disclosed in Example 7.

[0016] In one aspect, the invention provides a method for coupling a nucleoside
phosphoramidite during synthesis of an oligonucleotide, said method comprising combining an
activating rcagent with onc or morc polar aprotic solvents for a coupling mixturc. In a
preferred embodiment the polar aprotic solvent 1s sulfolane. In a further preferred embodiment
the polar aprotic solvent is I-methylpyrrolidin-2-one. In a further preferred embodiment 1s
N,N-dimethylacetamide. In a further preferred embodiment the polar aprotic solvent is
tetramethylurea. In a further preferred embodiment the activating reagent and the polar aprotic
solvent are combined with acetonitrile. In a further preferred embodiment the oligonucleotide
1S comprised of greater than 30 % guanine monomers. In a further preferred embodiment the
oligonucleotide 1s comprised of greater than 50 % guanine monomers. In a further preferred
cmbodiment the oligonucleotide 1s comprised of greater than 60% guanine monomers. In a
further preferred embodiment the oligonucleotide contains a region of 3 or more consecutive
guanine monomers. In a further preferred embodiment the oligonucleotide contains a region of
4 or morc consccutive guaninc monomcrs. In a further preferred cmbodiment the
oligonucleotide contains a region of 5 or more consecutive guanine monomers. In a further

preferred embodiment the oligonucleotide 1s SEQ 1D NO:10.
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[0017] The coupling reaction described herein 1s usetul for nitial coupling of a nucleoside
phosphoramidite during the synthesis of an oligonucleotide to a universal support. Such
universal supports are generally used 1n the art and typically and preferably comprises a
succinate-linker. Furthermore, the coupling reaction described herein 1s useful for coupling a
nucleoside phosphoramidite during the synthesis of an oligonucleotide to a first nucleoside,
wherein said first nucleoside may be free, or, preferably, wherein said first nucleoside 1s
immobilized on a support. Furthermore, the coupling reaction described herein 1s useful for
coupling a nucleoside phosphoramidite during the synthesis of an oligonucleotide to an
extending oligonucleotide.

[0018] Thus, 1n a further aspect, the invention relates to a method for coupling a nucleoside
phosphoramidite during the synthesis of an oligonucleotide to a universal support, to a first
nucleoside, or to an extending oligonucleotide, said method comprising the step of: (1)
generating a coupling solution, wherein said coupling solution comprises: (a) at least one first
solvent, wherein said at least one first solvent 1s a polar aprotic solvent, and wherein said at
lcast one first solvent 1s not acetonitrile; (b) an activating reagent; and (¢) said nucleoside
phosphoramidite; wherein the concentration of said nucleoside phosphoramidite in said
coupling solution 1s at least 0.03 M; and wherein preferably the concentration of said activating
reagent 1n said coupling solution 1s at Ieast 0.05 M; and (11) contacting said coupling solution
with said universal support, with said first nucleoside, or with said extending oligonucleotide.
In a furthcr aspcect, the invention relates to a method for coupling a nuclcoside phosphoramidite
during the synthesis of an oligonucleotide to a first nucleoside or to an extending
oligonucleotide, said method comprising the step of: (1) generating a coupling solution,
wherein said coupling solution comprises: (a) at least one first solvent, wherein said at least
one first solvent 1s a polar aprotic solvent, and wherein said at least one first solvent 1s not
acctonitrile; (b) an activating reagent; and (c¢) said nucleoside phosphoramidite; wherein the
concentration of said nucleoside phosphoramidite 1n said coupling solution 1s at least 0.03 M;
and wherein preferably the concentration of said activating reagent in said coupling solution 1s
at lcast 0.05 M; and (1) contacting said coupling solution with said first nucleoside, or with
said extending oligonucleotide.

[0019] In a preferred embodiment said first solvent 1s not selected from the goup consisting
of: (a) succinonitrile, (b) glutaronitrilc, (¢) adiponitrile, (d) pimclonitrile, (¢) valcronitrile, (f)
benzonitrile, (g) capronitrile. In a further preferred embodiment said first solvent 1S not

selected from the goup consisting of: (a) dimitriles, (b) mononitriles, (¢) glymes, (d) diglymes,



CA 02671873 2015-07-28

33691-5
—6 —

(¢) tniglymes, (f) trimethylphosphates, (g) dichloromethane, (h) tetrahydrofuran, (1)
dimethoxyethane, and (j) nitromethane. In a further preferred embodiment said polar aprotic
solvent 1s a dipolar aprotic solvent.

[0020] In a further aspect, the invention relates to a method for coupling a nucleoside .
phosphoramidite during the synthesis of an oligonucleofide to a universal support, to a first
nucleoside, or to an extending oligonucleotide, said method comprising the step of: (i)
generating a coupling solution, wherein said coupling solution comprises: (a) at least one first
solvent, wheremn said at least one first solvent 1s a polar aprotic solvent; (b) an activating
reagent; (¢) said nucleoside phosphoramidite; and (d) a second solvent, wheremn said second
solvent 1s chemically different from any dne of said at least one first solvent, and wheremn

preferably said second solvent is acetonitrile; wherein the concentration of said nucleoside

phosphoramidite m said coupling solution 1s at least 0.03 M; and (11) contacting said coupling
solution with said universal support, with said first nucleoside, or with said extending
oligonucleotide.

[0021] In a further preferred embodiment said at least one first solvent 1s selected from the
group consisting of: (a) sulfolane; (b) 1-methylpyrrolidin-2-one; (¢) N,N-dimethylacetamide;
(d) tetramethylurea; and (e) dimethylsulfoxide (DMSO); wherein preferably said at least one
first solvent 15 selected from the group consisting of: (a) sulfolane; (b) 1-methylpyrrolidin-2-
one; (¢) N,N-dimethylacetamide; and (d) tetramethylurea. In a very preferred embodiment said
at least one first solvent is sulfolane.

[0022] In a further embodiment df the method described herein, the concentration of said
nucleoside phosphoramidite in said coupling solution 1s 0.03 to 0.3 M, preferably 0.03 to 0.20

M, and most preferably 0.05 to 0.15 M.
[0023]  In a further preferred embodiment the concentration of said activating reagent in
said coupling solution 1s 0.05 to 0.90 M, preferably 0.25 to 0.50 M, most preferably 0.30 to 0.5

M. In a further preferred embodiment said coupling solution comprises exactly one of said at

least one first solvent.

[0024] In a turther preferred embodiment said coupling solution consists of: (a) exactly one
of said at least one first solvent; (b) said activating reagent; and (¢) said nucleoside
phosphoramidite. _

[0025] In a further preferred embodiment said coupling solution further comprises a
second solvent, wheremn preferably said second solvent is a weakly basic solvent. In a very

preterred embodiment said second solvent 1s acetonitrle.
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[0026] It 1s apparent to the artisan, that said first and/or said second solvent are preferably
provided in a water free form in order to facilitate the chemical reaction underlying the
invention, 1n particular said coupling of said nucleoside phosphoramidite to said universal
support, to said first nucleoside, or to said extending oligonucleotide.

[0027] In a further preferred embodiment said coupling solution comprises or preferably
consists of: (a) exactly one of said at least one first solvent; (b) said activating reagent; (¢) said
nucleoside phosphoramidite; and (d) a second solvent, wherein preferably said second solvent
1S acetonitrile.

10028] In a further preferred embodiment the ratio (v/v) of said at lcast one first solvent to
said second solvent 1s between 5:1 and 1:2, preferably between 4:1 and 1:2, more preferably
between 3:1 and 2:5, still more preferably between 2:1 and 2:5, still more preferably between
2:1and 1:1.

[0029] In a further preferred embodiment the ratio (v/v) of said at least one first solvent to
sald second solvent 1s 3:1, 4:1, 3:1, 2:1, 1:1, or 1:2; wherein preferably said ratio 1s about 1:1,
and wherein most preferably said ratio1s 1:1.

[0030] In a further preferred embodiment said first nucleoside and/or said extending
oligonucleotide 18 immobilized on a support, wherein preferably said support 1s selected from
(a) polystyrene support; and (b) silica support, preferably a controlled pore glass (CPG)
support.

[0031] In a furthcr preferred ecmbodiment said support 1s a polystyrenc support, whercin
preterably said polystyrene support 1s cross linked by divinylbenzene, wherein further
preferably said polystyrene support 1s characterized by functional hydroxyl groups; and
wherein still further preferably said polystyrene support comprises an average particle size of
about 90 num.

[0032] In a further preferred embodiment said oligonucleotide comprises at least 30 %,
preferably at least 40 %, more preferably at least S0 %, still more preferably at least 60 %, still
more preferably at least 70 %, and most preferably at least 75 % guanine monomers.

[0033] In a further preferred embodiment said activating reagent 1s selected from the group
consisting of: (a) 4,5-dicyanoimidazole (DCI); (b) 5-ethylthio-1H-tetrazole (ETT); (¢) 5-
benzylthio-1H-tetrazole (BTT); and (d) 5-(3,5-bis-trifluoromethyl)phenyl-1H-tetrazole
(Activator 42). In a very preferred ecmbodiment said activating rcagent 1s 4,5-dicyanoimidazole

(DCI).
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[0034] In a further preferred embodiment said oligonucleotide comprises a region of 3 or
more, preferably 4 or more, and most preferably 5 or more consecutive guanine monomers.
[0035] In a further preferred embodiment said oligonucleotide comprises a first region of
3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 consecutive guanin¢e monomers.
[0036] In a further preferred embodiment said oligonucleotide comprises a second region
of 3, 4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 consecutive guanine
MoONOmMeErs.

[0037] In a further preferred embodiment said first region 1s located at the 3’-terminus of
said oligonucleotide and/or wherein said second region 1s located at the 57-termunus of said
oligonucleotide.

[0038] In a further preferred embodiment said oligonucleotide comprises 10 to 50,
preferably 20 to 40, and most preferably 30 nucleotide monomers.

[0039] In a further preferred embodiment said oligonucleotide comprises a palindromic
sequence, wherein preferably said palindromic sequence 1s GACGATCGTC (SEQ ID NO:2).
[0040] In a further preferred embodiment said palindromic sequence is flanked at its 5°-
terminus by at least 4 and at most 20, preferably at most 10, guanosine entities; and/or wherein
said palindromic sequence 1s flanked at 1ts 3’-terminus by at least 6 and at most 20, preferably
at most 10, guanosine entities.

[0041] In a further preferred embodiment said oligonucleotide comprises or preferably
consists of a nuclcotidc scquence sclected from the group consisting of: (a) GGGGACGATC
GTCGGGGGG (SEQ ID NO:3); (b) GGGGGACGAT CGTCGGGGGG (SEQ ID NO:4); (¢)
GGGGGGACGATCGTCGGGGGG (SEQ ID NO:5); (d) GGGGGGGACG ATCGTCGGGG
GG (SEQ ID NO:6); (¢) GGGGGGGGAC GATCGTCGGG GGGG (SEQ ID NO:7); (1)
GGGGGGGGGA CGATCGTCGG GGGGGG (SEQ ID NO:=B);, (g GGGGGGGGGEGE
ACGATCGTCG GGGGGGGG (SEQ ID NO:9);, (h) GGGGGGGGGG GACGATCGTC
GGGGGGGGGG (SEQ ID NO:10); and (1) GGGGGGCG ACGACGAT CGTCGTCG
GGGGGG (SEQ ID NO:11). In a very preferred embodiment said oligonucleotide comprises
or preferably consists of SEQ ID NO:10.

[0042] In a further preferred embodiment said oligonucleotide said oligonucleotide 1s a
deoxynucleotide, and wherein preferably said deoxynucleotide consists exclusively of
phosphodicster bound monomcrs.

10043 In a further aspect, the invention relates to a method for producing an

oligonucleotide, said method comprising any one of the methods described herein for coupling
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a nucleoside phosphoramidite during the synthesis of an oligonucleotide to an universal
support, to a first nucleoside, or to an extending oligonucleotide.

[0044] In a further aspect, the mvention relates to a method for producing an
oligonucleotide, said method comprising (1) coupling a nucleoside phosphoramidite to a first
nuclecoside; wherein said coupling comprises any one of the methods described herein for
coupling a nucleoside phosphoramidite during the synthesis of an oligonucleotide to a first
nucleoside; (i1) generating an extending oligonucleotide by oxidizing the product of step (1);
(111) coupling a nucleoside phosphoramidite to the product of step (i1), typically and preferably
after deprotection; wherein said coupling comprises any one of the methods described herein
for coupling a nucleoside phosphoranuidite during the synthesis of an oligonucleotide to an
extending oligonucleotide; (1v) generating an extending oligonucleotide by oxidizing the
product of step (i11); and (v) repeating steps (111) and (1v) until said extending oligonucleotide
comprises the sequence of said oligonucleotide.

[0045] In a preferred embodiment said method further comprises the step of purifying said
oligonucleotide under denaturing conditions, wherein preferably said denaturing conditions are
characterized by a pH of 10 to 14, preferably by a pH of 10 to 13, more preferably by a pH of
about 12, most preferably by a pH of 12.

[0046] In a further preferred embodiment said method further comprises the step of
purifying said oligonucleotide at a pH of 10 to 14, preferably at a pH of 10 to 13, more
prcfcrably at a pH of about 12, most prcfcrably at a pH of 12.

[0047] In a further preferred embodiment, said purification 1s performed by anion-
exchange chromatography, wherem preferably said anion-exchange chromatography 1s
performed using an anion-exchange matrix functionalized with quaternary amine groups,
wherein further preferably said anion-exchange matrix 1s composed of a material selected from
polystyrene and polymethacrylate, wherein still further preferably said matenal 1s
polymethacrylate.

[0048] In a further preferred embodiment said oligonucleotide 1s produced 1n a molar yield
with respect to said first nucleoside of at least 20 %, preferably at least 25 %, more preferably
at least 30 %, still more preferably at least 35 %, and most preferably at least 40 %.

[0049] In a further preferred embodiment the purity of said oligonucleotide 18 at least
75 %, prcicrably at Icast 80 %, morc prcicrably at Icast 85 %, still morc prcferably at Icast
90 %, and most preferably at least 95 %.
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[0050] In a further aspect, the invention relates to the use of a coupling solution in a
method for coupling a nucleoside phosphoramidite to a nucleoside or to an extending
oligonucleotide, wherein said coupling solution comprises: (a) at least one first solvent,
wherein said at least one first solvent 1s a polar aprotic solvent, and wherein said at least one
first solvent 1s not acetonitrile; (b) an activating reagent, and (c¢) said nucleoside
phosphoramidite, wherein the concentration of said nucleoside phosphoramidite in said
coupling solution 1s at least 0.03 M; and wherein preferably the concentration of said activating
reagent 1n said coupling solution 1s at least 0.05 M. In a preferred embodiment said method 1s
further characterized by the features of any one of the methods described herein for coupling a
nucleoside phosphoramidite during the synthesis of an oligonucleotide to a first nucleoside or
to an extending oligonucleotide.

[0051] In a further aspect, the invention relates to a coupling solution for coupling a
nucleoside phosphoramidite during the synthesis of an oligonucleotide to an universal support,
to a first nucleoside, or to an extending oligonucleotide, wherein said coupling solution
comprises: (a) at least one first solvent, wherein said at least one first solvent 1s a polar aprotic
solvent, and wherein said at least one first solvent 1s not acetonitrile, and wherein preferably
said polar aprotic solvent 1s not adiponitrile; (b) an activating reagent; and (¢) said nucleoside
phosphoramidite, wherein the concentration of said nucleoside phosphoramidite in said
coupling solution 1s at least 0.03 M; and wherein preferably the concentration of said activating
rcagent 1n said coupling solution 1s at Icast 0.05 M. In a preferred ecmbodiment said method 18
further characterized by the features of any one of the methods disclosed herein. In a preferred
embodiment said coupling solution 1s characterized by any one of the features disclosed herein
and 1n any possible combination.

[0052] A very preferred embodiment 1s a coupling solution comprising or preferably
consisting of (a) exactly one first solvent, wherein said exactly one first solvent 1s a polar
aprotic solvent, and wherein said exactly one first solvent 18 selected from the group consisting
of (1) sulfolane; (1) 1-methylpyrrolidin-2-one; (111) N,N-dimethylacetamide; (1v)
tetramethylurea; and (v) dimethylsulfoxide (DMSO); and wherein preferably said exactly one
first solvent 1s sulfolane; (b) an activating reagent; (¢) said nucleoside phosphoramidite; and
(d) a second solvent, wherein said second solvent 1s acetonitrile; wherein the concentration of
said nuclcosidc phosphoramiditc 1n said coupling solution 1s at Icast 0.03 M; whcerein the ratio
(v/v) of said at exactly one first solvent to said second solvent 18 between 5:1 and 1:2, and

wherein preterably said ratio1s 1:1.
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[0053] In a further aspect, the invention relates to an oligonucleotide obtainable by any one
of the methods disclosed herein, 1n particular by any one of the methods for producing an
oligonucleotide disclosed herein.

[0054] In a preferred embodiment said oligonucleotide comprises or preferably consists of
a nucleotide sequence sclected from the group consisting of: (a) GGGGACGATC
GTCGGGGGG (SEQ ID NO:3); (b) GGGGGACGAT CGTCGGGGGG (SEQ ID NO:4); (¢)
GGGGGGACGA TCGTCGGGGG G (SEQ ID NO:S): (d) GGGGGGGACG ATCGTCGGGG
GG (SEQ ID NQO:6);, (¢) GGGGGGGGAC GATCGTCGGG GGGG (SEQ ID NO:7); (1)
GGGGGGGGGA CGATCGTCGG GGGGGG (SEQ ID NO:B):, (g) GGGGEGGGEGGGE
ACGATCGTCG GGGGGGGGE (SEQ ID NO:9); (h) GGGGGGGGGG GACGATCGTC
GGGGGGGGGG  (SEQ ID NO:10); and (1) GGGGGGCGAC GACGATCGTC
GTCGGGGGGG (SEQ ID NO:11). In a very preferred embodiment said oligonucleotide
consists of SEQ ID NO:10.

[0055] In a further aspect, the invention relates to an oligonucleotide comprising or
preferably consisting of a nucleotide sequence selected from the group consisting of: (a)
GGGGACGATC GTCGGGGGG (SEQ ID NO:3); (b) GGGGGACGAT CGTCGGGGGG
(SEQ ID NO:A4);, (¢) GGGGGGACGA TCGTCGGGGG G (SEQ ID NO:5);, (d)
GGGGGGGACG ATCGTCGGGG GG (SEQ ID NO:6);, (¢) GGGGGGGGAC
GATCGTCGGG GGGG (SEQ ID NO:7); () GGGGGGGGGA CGATCGTCGG GGGGGGE
(SEQ ID NO:8); (g) GGGGGGGGGEG ACGATCGTCG GGGGGGGG (SEQ ID NO:9); (h)
GGGGGEGGGEGEG GACGATCGTC  GGGGGEGEGEGGG (SEQ ID NO:10); and (1)
GGGGGGCGAC GACGATCGTC GTCGGGGGGG (SEQ ID NO:11); wherein the purity of
sald oligonucleotide 1s at least 75 %, preferably at least 80 %, more preferably at least 85 %,
still more preferably at least 90 %, and most preferably at least 95 %. In a very preferred
embodiment said oligonucleotide consists of SEQ ID NO:10.

[0056] The method disclosed herein 1s well suited for the large scale synthesis of
oligonucleotides, in particular of G-rich oligonucleotides, such as, for example, poly-G flanked
unmethylated CpG containing oligonucleotides. Such compounds are used 1in pharmaceutical
applications. For example, they are well known stimulators of the immune system. Thus, 1n a
further aspect, the invention relates to the use of the oligonucleotide of the invention in the
manufacturc of a pharmaccutical and / or of a vaccinc.

|0057] In a further aspect, the invention relates to a method for coupling a nucleoside

phosphoramidite during the synthesis of an oligonucleotide to an universal support, to a first
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nucleoside, or to an extending oligonucleotide, said method compnsing the step of: (i)
generating a coupling solution, wherein said coupling solution comprises: (a) at least one first
solvent, wherein said at least one first solvent is a polar aprotic solvent, and wherein said at
least one first solvent is not acetonitrile; (b) an activating reagent; and (c¢) said nucleoside
phosphoramidite; wherein the concentration of said nucleoside phosphoramidite m said
coupling solution 1s at least 0.03 M; and wherein preferably the concentration of said activating
reagent in said coupling solution is at least 0.05 M; and (ii) contacting said coupling solution
with said universal support, with said first nucleoside, or with said extending oligonucleotide.

In a preferred embodiment, said first solvent 1s not adiponitnle.
[0058]

[0059] The use ‘of the terms “a” and “‘an’ and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed
to cover both the singular and the plural, unless otherwise indicated herein or clearly
contradicted by context. The terms “comprising,” “having,” “including,” and “containing” are
to be construed as open-ended terms (i.e., meaning “including, but not limited to,””) unless

otherwise noted. Recitation of ranges of values herein are merely intended to serve as a

shorthand method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the specification
as 1f 1t were mdividually recited herein. All methods described herein can be performed in any
suitable order unliess otherwise mdicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does not pose a limitation on the scope
of the imvention unless otherwisc claimed. No language in the specification should be
construed as indicating any non-claimed element as essential to the practice of the invention.

[0060]  Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Varations of those preferred
embodiumnents may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as

specitically described herein.
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[0061] The following examples further illustrate the invention but, of course, should not be

construed as 1n any way limiting its scope.

EXAMPLE 1
[0062] This example describes the solvents tested for compatibility with oligomer

synthesis. The following solvents were tested.

[0063] 1-Methylpyrrolidin-2-one (NMP) - MW 99.13; density 1.032 g/ml; viscosity 1.67
cP;, dipole moment 4.09 D. Peptide synthesis grade was obtained from Fluka (catalog no.
69116; lot & filling code 1059178, 21504055). Purity by GC is > 99.5% and water content is < -
0.02%.

[0064] N N-Dimmethylacetamide (DMA) - MW 87.12; density 0.942 g/ml; viscosity 1.02 cP
at 20 °C; dipole moment 3.79 D. puriss. grade was obtained from Fluka (catalog no. 38840; lot
& filling code 454936/1, 40504059). Purity by GC is > 99.5%.

[0065] Tetramethylurea (TMU) - MW 116.16; density 0.968 g/ml. BioChemika grade was
obtained from Fluka (catalog no. 87849; lot & filling code 1063403, 30205010). Purity by GC

18 2 99.5%. This material was dried for 48h over 4 Angstrom molecular sieves prior to use.
[0066] Dimethylsulfoxide (DMSO) - MW 78.13; density 1.100 g/ml; viscosity 1.996 cP at
20 °C; dipole moment 3.96 D. Puriss. absolute over molecular sieves was obtained from Fluka
(catalog no. 41647, lot & filling code 1073729, 22404456). Purity by GC is > 99.5% and water
content 1s < 0.005%

{0067] Sultolane - MW 120.17; density 1.293 g/ml; viscosity 10.30 cP at 30 °C; dipole
moment 4.8 D. Puriss. grade was obtained from Fluka (catalog no. 86148, lot & filling code

1181025, 42306336). Purity by GC is > 99.5%. This material was first liquefied in an oven at
35°C then dned for 48h over 4 Angstrom molecular sieves prior to use.

[0068] 1,1,1,3,3,3-Hexafluoro-2-propanol (HFIP) - MW 168.04; density 1.596 g/ml. UV
spectroscopic grade was obtained from Apollo Scientific (catalog no. PC 0877, lot no. BNO
HEIP-05-14). HEFIP 18 a polar hydroxylic solvent frequently used to solubilize peptides, and

was therefore included as a control.



CA 02671873 2009-06-09

WO 2008/073960 PCT/US2007/087183
14 —
EXAMPLE 2
[0069] The following example demonstrates the solubility of monomers and 35-

benzylthiotetrazole (BTT) in a 1:1 by volume mix of acetonitrile and a solvent from Example

1.

[0070] The BTT (MW 192.2., water content < 75 ppm) was supplied by emp Biotech
GmbH (catalog no. NC-0101-1K, charge/lot no. 050904). The dT (MW 744.83), dG™ (MW
839.92), dA”* (MW 857.93), dC** (MW 833.93) monomers were supplied by Proligo. The
acctonitrile (MeCN) has a viscosity of 0.345 cP at 25 °C and a dipole moment ot 3.92 D.
[0071] 74.5 mg (100 umol) of dT monomer was weighed out into each of 7 screw-topped
10 ml vials. 84 mg (100 umol) of dG™ monomer was weighed out into each of 7 screw-topped
10 ml vials. 86 mg (100 umol) of dA™ monomer was weighed out into each of 7 screw-topped
10 ml vials. 83 mg (100 umol) of dC* monomer was weighed out into each of 7 screw-topped
10 ml vials. 228 mg (1.2 mmol) of BTT was weighed out into each of 7 screw-topped 10 ml
vials.

[0072] Six different solvent mixes were prepared by mixing 10 ml of dry acetonitrile with
10 ml of onc of the 6 diffcrent solvents listed above 1in scparate dry bottlcs undcer argon.

[0073] To each separate vial of T monomer was added 1 ml of one of the 6 different
solvent mixes or pure acetonitrile. The vials were quickly closed and agitated gently. This was
repeated with the vials of dG, dA and dC monomers. All monomers dissolved fairly rapidly
(within 10 min, 1n the case of MeCN/sulfolane dissolution was somewhat slower) in all the 7
solvent mixes at a concentration of 0.1 M as 18 required for use on standard synthesizers. Clear
colorless solutions were obtained.

[0074] To cach separate vial of BTT was added 4 ml of one of the 6 solvent mixes. In all
cases except for HFIP/MeCN dissolution was practically instantancous at 0.3M, a typical
standard concentration for DNA and RNA synthesis. BTT was added to pure acetonitrile, and
the dissolution was not as fast as the dissolution in the 6 solvents from Example 1. Gentle
warming was rcquircd to achicve rapid dissolution m purc acctonitrilc.

[0075] All 4 standard protected DNA monomers are readily soluble at 0.1 M 1n 1:1 mixes
between acetonitrile and NMP, DMA, TMU, DMSO and sulfolane. BTT 1s soluble 1n all 5
mixes at 0.3 M.
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EXAMPLE 3
[0076] The followmg example demonstrates the monomer stability in the solvent solutions

after 48 hours. In order to check the stability of the monomers 1n the various solvent mixes,
silica gel tlc analyses were performed on a 1 ul aliquot of each of the 28 monomer solutions
after standing for 48h at room temperature. Clearly any appreciable instability shown means
that that particular solvent combination 1s not useful for DNA synthesis on a synthesizer. For
this purpose the eluent chosen was ethyl acetate/1,2-dichlorocthane (1:2 v/v) containing 3 %
tricthylamine. All monomer solutions except those in MeCN/HFIP (these were all pale yellow,
probably due to detritylation and degradation) were still colorless. Silica gel, with fluorescent
indicator 254 nm, on aluminium cards for tlc was from Fluka (catalog no. 60778, lot no. 503
066).

[0077] The following spots were observed for the various monomers in the 6 relevant

solvent mixes. Solvent mix MeCN/HFIP led to a total degradation of all 4 monomers as was

largely expected, with multiple spots on tlc with Rgs from 0 to 0.21. The results are listed n
Table 1.

Table 1.  Silica gel tlc analysis results.
solvent Re-dA Re-dG Re-dC Rp-dT
NMP 0.48, 0.43 0.41 041 047,042
DMA 0.47,0.43 0.40 0.43 0.47,0.43
T™MU 0.49, 0.46 0.46 0.46 0.52,0.49
DMSO 0.39, 0.34 0.35, 0.30 0.39, 0.34 0.47,0.41
Sulfolanc 0.46 0.40, 0.23 0.42 0.49
[0078] In the case of TMU the tlc spots had slightly increased Rgs relative to the values 1n

NMP, and DMA. In DMSO Rss were somewhat reduced. In most cases both diastereoisomers
were observed. In the cases of NMP, DMA, TMU and DMSO very very faint impurity spots
could also be observed. In the case of sulfolane a faint impurity spot of R¢ 0.27 was observed
with the dC monomer.

[0079] All 4 standard protected DNA monomers show very little/no degradation after 48h
in solution at room temperature. All 5 mixes seem suitable for attempting syntheses of oligo-

dG containing scqucnces on small scalc.



CA 02671873 2015-07-28

35691-5

- 16 —-

EXAMPLE 4
[0080]  The following example demonstrates the utility of the solvents in Example 1 when
used in the coupling step during synthesis of a G-rich oligonucleotide on an ABI 394
DNA/RNA synthesizer* (Applied Biosystems). The following guanine-rich oligonucleotide was

chosen for synthesis.

SEQ ID NO:1 d{GGGGGGGGGG]

[6081)  The calculated delivery factors to allow for the change in viscosity relative to pure

acctonitrile are given in Table 2,

Table 2. Flow rate factors for aliernative solvents.

e ———————

Solvent Factor
NMP/MeCN 1.74
"DMA/MeCN | 133
TMU/MeCN 1.42
Sulfolane/MeCN 241

[0082)  The cycle parameters on the ABI 394 synthesizer* were adjusted. For 1 umole scale
DNA syntheses cycle no. 20, whose relevant monomer and monomer + tet delivery times in
seconds arc illustrated in the table below, was used. The corrected delivery times for the 5

different 1:1 solvent mixes are also shown in Tabie 3.

Table 3. Adjustment of cycle parameters for ABI 394 synthesizer-
Step Function NMP { DMA | TMU | DMSO |[Sulfolane

9 tet to waste 3.0 23 2.4 4.4 4.1
B 1()# Bittet to col 4.4 3.6 6.5 6.0
1.0 1.7 1

11 tet to col . . 3 1.4 2.6 2.4
12 |B+tettocoll 2.5 4.4 3.3 3.6 6.5 6.0

[0083] The following synthesis parameters on the ABI 394-08 were used. Trityl-off

syntheses of (d_G)m were performed on a 1 pumol scale on both controlled pore glass (CPG) and

* Trademark
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polystyrene (PS) supports using pure acetonitrile as solvent for the condensation step as well as
each of the 1:1 mixes of NMP, DMA, TMU, DMSQ and sulfolane with acetonitrile. DNA
synthesis cycle 20 was used, comprising the following five steps: (1) detritylation with 5%
DCA 1n 1,2-dichloroethane (DCE) for 75 sec; (2) coupling foi' 5 min with 0.5M DCI plus 0.1
M dG monomer in the appropriate solvent mixture; (3) capping with tac anhydride/MeCN for 1
min; (4) oxidation for 1 min with 50 mM I, in pynidine/water (9:1 v/v); and (5) capping for 5
sec. The delivery times for “tet to waste”, “B + tet to column” and “tet to column” were
adjusted according to the table above for the various solvent mixtures.

[0084] CPG dG(tac) 500A support was supplied by SAFC Proligo (product no. G302001,
bulk no. 5452, lot no. 223460) and had a loading of 35 umol/g. Thus, 28.6 mg is equivalent to
1 pmol. dG™ 80S polystyrene support loaded at 79 nmol/g was obtained from GE Healthcare,
order no. 17-5252-82, lot no. 1503095, bottle 12. 12.7 mg is equivalent to 1 pmol. 4,5-
Dicyanoimidazole (DCI) was obtained from SAFC Proligo (product no. M700100, lot. no.
231206). MW is 118.1. A 0.5 M solution 1s 2.95 g dry DCI in 50 ml of acetonitrile or other
solvent. dG™ monomer was from SAFC Proligo (product no. G111010-01, lot no. 230394,
bottle 17). MW 1s 839.92. 420 mg are needed for 5 ml of 0.1 M solution. Extra dry 1,2-
dichloroethane, 99.8% by GC, was from Acros Organics (product code 32684 0010, lot no.
A0208016). 50 mM iodine solution for oxidation was from Biosolve (cat. no. 15072402, batch
no. 455001). Dichloroacetic acid (DCA) was from Fluka, catalogue no. 35810, lot no. S36318
12306B12. Cap B ACN was from SAFC Proligo, cat. no. LB50250, batch no. 16673. Cap 2
ACN was from SAFC Proligo, cat. no. LR50250, batch no. 16950,

[0085] 420 mg of dG™ monomer was placed into each of the six separate ABI 10 ml
amidite bottles and dried mn ‘vacuo overnight over P,Os and KOH pellets. The vacuum was
released with argon and each monomer was dissolved in one of the solvent mixes. 2.95 g
aliquots of DCI were weighed out into six 250 ml ABI bottles and dried in vacuo. Each portion
of DCI was dissolved in one of the 6 different solvents (5 mixes plus 1 pure acetonitrile).
(0086] Six ABI snap columns* were filled with 28.6 mg dG(tac)-CPG and 6 columns were
filled with 12.7 mg dG"™ 808 polystyrene support. Prior to use in solid-phase synthesis the PS
support was swollen for 10 min in acetonitrile.

[0087]  Prior to each synthesis start an ABI begin protocol was used, to ensure that all
delivery lines were filled with fresh reagent. The Trityl colors were consistent with successful

coupling.

* Trademark
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[0088] All 12 supports were deprotected in 3 ml of 40 wt. % methylamine in water

(Aldrich, cat. no. 42,646-6, lot no. S23322-405) for 2.5h at 65°C in well sealed screw-top glass

vials. After cooling, the supernatants were filtered into Falcon tubes and the supports were

each washed with 3 ml of 20% aqueous ethanol. The washings were filtered and combined

with the corresponding filtrates. The samples were then concentrated in vacuo in a Speedvac* to
about 2 ml. Each sample was diluted with pure water to a total volume of 5 ml.

[0089]  In order to determine the total ODs at 260 nm in each sample, a 50 ul aliquot of
each was diluted to 1 ml with 1 M Tris HCI buffer pH 7.6 (Fluka BioChemika Ultra grade for

molecular biology, cat no. 93314, lot & filling code 1188960 54605275). Measured Azsonm 1n a

1 cm pathlength disposable cuvette (Plastibrand, 1.5 ml semi-micro, cat. no. 7591 50) for each

of the solutions. The corrected crude ODs/pmol for each synthesis are shown in Table 4.

Table 4. ODs/umol for solvent syntheses.

Coupling Solvent ODs/umol on CPG ODs/umol on PS
MeCN | 93.3

DMSO/MeCN 56.1

DMA/MeCN 77.1

Sulfqlane/McCN 90.3

NMP/MeCN 64.2

TMU/MeCN 62.1

[0090]  Anion-exchange HPLC analyses were then performed on all 12 crude syntheses. 0.5
ml of each crude synthesis in 5 ml water was mixed with 0.5 ml of HPLC butter A (50 mM
NaCl, 10 mM NaOH and 0.2 mM EDTA in water). The 14 x 1 ml samples were placed 1n 1.5
ml short thread autosampler vials (VWR International, cat./art. no. 548-0177, batch no.
19310/20060763) which were loaded into the tray of an A-900 autosampler* (GE Healthcare)
connected to an Akta Explorer 10 HPLC system* (GE Healthcare). 50 ul samples were injected

from the vials and separated on a DNAPac-100 column* (Dionex) at 50°C (Thermasphere

column heater*, Phenomenex) using a gradient from 0 to 40 % B during 25 min with a flow rate
of 1 mli/min and uv detection at 260, 280 and 295 nm. B buffer was 2.5 M NaCl, 10 mM NaOH

and 0.2 mM EDTA in water. The % full length product for each solvent mix and each support

~are given 1n Table 5.

* Trademark
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Table 5. % Full-length product for solvent syntheses.

Coupling Solvent % Full-length on CPG % Full-length on PS
MeCN 82.24 30.24
DMSO/MeCN 51.93 34.42
DMA/MeCN 80.84 85.03
Sulfolane/MeCN 85.61 76.13
NMP/MeCN 80.75 78.49
TMU/MeCN 73.00 80.02

[0091] For MeCN on CPG, the HPLC traces showed 12% tmmpurities 1n front of the product
pecak and 3.5% n+ material. The peak height was 863 mAU. Result file Autosampler
DNAPac028. For PS, the traces showed 12% impurities in front of the product peak and 3.3%
n+ material. The peak height was 8§17 mAU. Result file Autosampler DNAPac00S.

[0092] For DMSO/MeCN on CPG, the HPLC traces showed largely incomplete couplings
with a product peak of 347 mAU. The PS product pecak height was 215 mAU. Result file
Autosampler DNAPac009.

[0093] For DMA/Me¢CN on CPG, the HPLC traces showed that there were only small
amounts of incomplete coupling. There was §.1% impurities in front of main peak all with
reasonably uniform intensities, and 5.1% n+ material. The product peak height was 725 mAU.
Rcsult filc Autosamplcr DNAPac003. For PS, there was only 10.4% mmpuritics in front of

product peak, and only 0.4% n+ material. The product peak height was 805 mAU. Result file
Autosampler DNAPac010.

[0094] For sultolane/MeCN on CPG, the HPLC traces showed only very small failure
peaks (incomplete coupling) and 7.2% impurities in front of the product peak with 4.6% n+
material. The product peak height was 867 mAU. Result file Autosampler DNAPac004. For
PS, there was only 0.8% n+ material. Product peak height 683 mAU. Result file Autosampler
DNAPacO11.

[0095] For NMP/M¢CN on CPG, the HPLC traces showed all failures of approx. equal
size with 6.3% failures in front of main peak and about 4.8% n+ material. The product peak
height was 639 mAU. Result file Autosampler DNAPac005. For PS, there was a few more
pronounccd failurcs, but only 0.7% n+ matcrial. The product pcak hcight was 748 mAU.
Result file Autosampler DNAPac012.
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[0096] For TMU/MeCN on CG, the HPLC traces showed 7% failures in front of the
product peak and about 7.5% total n+ material. The product peak height was 551 mAU. Result
file Autosampler DNAPac007. For PS, there was about 11.8% failures in front of product peak,

which was very similar to the results obtained using pure MeCN. Total n+ material was only

2.7%. The product peak height was 735 mAU. Result file Autosampler DNAPac014.

EXAMPLE 5

[0097] The following example demonstrates a 1 umol scale synthesis of SEQ ID NO:10
d|GGGGGGGGGGGACGATCGTCGGGGGGGGGG] on CPG, GE  polystyrene  and
NittoPhase supports using pure acetonitrile as solvent for the condensation step as well as each
of the 1:1 mixes of DMA, sultolane, NMP and TMU with acetonitrile.

[0098] The Example 4 cycle and parameters were used with the tollowing exceptions. The
synthesis included dA® monomer from SAFC Proligo (product no. A111010-01, lot no.
228992; MW is 854.93; 215 mg are needed for 2.5 ml of 0.1 M solution); dC* monomer from
SAFC Proligo (product no. C111020-01, lot no. 229934; MW 18 920.04; 299 mg arc needed for
3.25 ml of 0.1 M solution); and dT monomer from SAFC Proligo (product no. T111010-01, lot
no. 231062; MW is 744.81; 186 mg are needed for 2.5 ml of 0.1 M solution). 840 mg of dG™
monomer were placed into each of the 5 separate ABI 10 ml amidite bottles and dried in vacuo
overnight over P,Os and KOH pellets. Released vacuum with argon and dissolved cach
monomcr 1n thc appropriatc volumc of onc of the solvent mixcs. 5.9 g aliquots of DCI were
welghed out mto each of 5 180 ml ABI bottles and dried 1n vacuo. Each portion of DCI was
dissolved 1n one of the 5 different solvents (4 mixes plus 1 pure acetonitrile).

[0099] The 5 ABI snap columns were filled with approx. 28.6 mg dG(tac)-CPG, 5 columns
were filled with approx. 12.7 mg dG™" 80S polystyrene support and 5 columns were filled with
approx. 11.9 mg of NittoPhase dG™ support. The exact amounts are listed in Table 6. Prior to

use 1n solid-phase synthesis, the PS supports were swollen for 10 min 1n acetonitrile.

Table 6. Cartridge specifications for ABI 394-08 syntheses
dG(tac)-CPG (Proligo, bulk 5452, lot 223460, 35 nmol/g) cartridges

G1 28.8 (mg) 1.007 (umol) McCN
G?2 28.7 1.003 DMA/MeCN
G3 29.4 1.028 Sulfolane/MeCN

G4 29.4 1.028 NMP/MeCN
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G5 30.2 1.056 TMU/MeCN

dG™ 80S (GE Healthcare, lot no. 1503095, 79 umol/g) cartridges

P1 13.3 1.047 MeCN

P2 13.6 1.071 DMA/MeCN

P3 13.4 1.055 Sulfolane/MeCN

P4 13.5 1.063 NMP/MeCN

P5 13.2 1.039 TMU/MeCN

NittophaseTOS dGibu (Nitto Denko, 84 nmol/g) cartridges

N1 13.2 1.109 MeCN

N2 13.4 1.126 DMA/MeCN

N3 13.4 1.126 Sulfolane/MeCN

N4 12.4 1.042 NMP/MeCN

N5 13.3 1.118 TMU/McCN

[00100] Prior to cach synthesis start an ABI begin protocol was used, to ensure that all
delivery lines were filled with fresh reagent. At the end of the syntheses the cartridges were
blown dry with an argon stream.

[00101] The cartridges were opened carefully and the supports were transferred into 4 ml
screw-top glass vials and deprotected with 3 ml of 40 wt. % methylamine in water (Aldrich,
cat. no. 42,646-6, lot no. S23322-405) for 2 h at 65°C. After cooling, the supernatants were
filtered into Falcon tubes and the supports were each washed with 2 x 3 ml of 20% aqueous
cthanol. The washings were filtered and combined with the corresponding filtrates. The sample
volumcs were adjusted to 10 ml and a 35 ul aliquot of cach was rcmoved for analysis by anion-
cxchange HPLC (525 ul aliquots were removed for samples G4, P4, N4, G5, P5 and N5 and
cach mixed with 475 ul water and the solutions were placed 1n autosampler vials which were
then run on the autosampler coupled to an Akta Explorer 10 HPLC system). HPLC analyses
were performed on an analytical DNAPac PA-100 column, 4 x 250 mm (Dionex, product no.
043010, lot no. 005-21-017 and serial no. 005402). A linear gradient was run from 0-50% B
during 40 min with a flow rate of 1 ml/min and the column effluent was monitored by UV at
260, 280 and 295 nm. Bufter A was 50 mM NaCl and 10 mM NaOH 1n water and bufter B was
2.5 M NaCl and 10 mM NaOH 1n water. The % full length product obtained by integrating all

the peaks 1n each run 1s shown 1n Table 7.
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[00102] The solutions were then concentrated to dryness in vacuo in a Speedvac. Each
sample was diluted with pure water to a total volume of 10 ml. In order to determine the total
ODs at 260 nm in each sample, a 30 ul aliquot of each was diluted to 1 ml with 1 M Tris HCl
buffer pH 7.6 (Fluka BioChemika Ultra grade for molecular i)iology, cat no. 93314, lot &
filling code 1188960 54605275). Measured Aeonm in @ 1 cm pathlength disposable cuvette

(Plastibrand, 1.5 ml semi-micro, cat. no. 7591 50) for each of the solutions. The corrected

crude ODs/umol for each synthesis is shown in Table 7.

Table 7. Results of 1 pmol syntheses for Example 5.

C(;upling Solvent ODs/pmol % FLP by anion
| | exchange HPLC
| MeCN TWW 78.93
Pl | 163.3 72.68 |
DMA/MeCN 135.6 63.78
| P2 151.0 6596 |
N2 194.8 77.09 |
" Sulfolane/MeCN G3 162.7 76.14
Py 125.8 55.66 |
| N3 191.2 87.53
| NMP/MeCN G4 1321 62.55
P4 142.9 51.51
N4 178.2 7536
TMUMeCN | G5 L 746 48.10
| PS 148.2 64.32
1 N5 - 128.3 68.19
EXAMPLE 6
[00103] The following example demonstrates a large-scale synthesis of guanine-rich

oligonucleotide G10 (SEQ ID NO:10). G10 was synthesized on an OligoPilot {00* using an
OPII column* packed with NittoPhase* support loaded at 120 pmol/g with dG i'bu" and using DCI

* Trademarks
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as a condensing agent in a 1:1 v/v mixture of acetontitrile/sulfolane as solvent for the

condensation step.

[00104] Synthesis. A trityl-oft synthesis was performed on a 2.4 mmol scale on the Akta
OligoPilot 100 synthesizer using 20 g of NittoPhase™ dG™ support (lot no. 195136) loaded at
120 pmol/g and packed in an OPII column (6 cm internal diameter, GE Healthcare code no.
18-1107-60) adjusted to a column volume of 133 mlL (see below). The monomer
concentrations (4-fold excess) used were 0.27 M in acetonitrile/sulfolane (1:1 v/v), and 0.5 M
DCI in acetonitrile/sulfolane (1:1 v/v) was used as coupling agent with a 10 minute coupling
time. The monomer concentrations were calculated as follows: The volume of the recycle loop
is 5 mL, the column volume used was 120 mL (this is the volume of the support when swollen
in toluene, based on 6.0 mL/g), and the open volume available in the packed column is 0.7 x
120 = 84 mL, thus giving a total open volume of 89 mL. This represents the maximum volume
of activator plus amidite solution that can be added for a coupling. Since the ratio of activator
solution to monomer solution was set to 60:40 v/v for the coupling mixture, then the volume of
monomer solution to be added is 35.6 mL and this contains 9.6 mmol (4-fold excess) of
monomer; hence the monomer concentration is 0.27 M. The volume of activator solution
added for the coupling is 534 mL, which corresponds to 26.7 mmol, giving a ratio of
DCI:monomer of 2.78:1. The support was swollen and packed in toluene and then washed with
acetonitrile prior to starting the synthesis.

[00105] Deprotection. At the end of the synthesis the support-bound oligonucleotide was
treated with 20 % diethylamine (DEA) in dry acetonitrile to remove the cyanoethyl protecting
groups

[00106] Crude yield and Crude purity: Crude yield was found to be 187.8 Ajso units/pmol
and the crude purity was determined as 70.25 % by HPLC.

[00107] Purification. The next step was the preparative anion-exchange HPLC purification
of crude G10 in 4 runs on a Waters AP-5, 50 x 200 mm column (part no. WAT023322),
packed to a bed height of 18.9 cm with TSK-GEL SuperQ-5SPW* 20um, and eluted at 50

mL/min with a linear gradient from 10-55% B during 82.5 min using the prep. HPLC butfer

compositions identified above.
[00108] The pH of the crude G10 solution was adjusted to 12 just prior to loading and the

sample was filtered once more. 40 mL fractions were collected and analyzed by analytical

anion-exchange HPLC as above. Only fractions with an analytical purity, as measured by

* Trademark
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anlon-exchange HPLC, in excess of 85 % were pooled. All peak fractions were immediately
neutralized with acetic acid to pH 6-8 prior to analysis.

[00109] Desalting. The combined fractions of pure G10 from above (total volume 2700 mL)
were concentrated to 300 mL on a Pall Centramate 500S* benchtop tangential flow filtration
(TFF) system (part no. CM500SE, commission no. C500S-2017)) fitted with a single 1 kDa
Centramate Omega, medium screen cassette (Pall, part no. OS001C12, serial no. 36324055R)
with a surface area of 0.093 m”. Thirteen continuous diafiltration cycles against pure water
were then performed to remove the salt and buffers. The retentate was further concentrated to a

volume of 200 mL.
EXAMPLE 7

[00110] The overall process yield of the synthesis described in Example 6 was determined
by calculating the molar amount of starting material such that the weight of support used was
multiplied with the loading (e.g 20 g x 120umol/g = 2.4 mmol). 100 % yield would be the
same molar amount of product, considering the molar mass of the product (i.e. 9612 mg/mmol
for SEQ ID NO:10). The yield is the relative amount actually produced as quantified by UV
spectroscopy using a product specific extinction coefficient (for SEQ ID NO:10 1 AU260-340
= 27.8 ug, at a path length of 1 cm). The overall process yield of the synthesis described in
Example 6 was found to be 31.4 %. '

[60111] The purity of the resulting oligonucleotide 1s determined by HPLC analysis, carried
out such that 40 ul of a 5 to 100 uM solution of product is injected onto a DNAPac PA-100
column at an oven temperature of 25°C. The column was equilibrated with 75 % Butier A
(20 mM NaOH) and 25 % Buffer B (20 mM NaOH, 1.5 M NaCl, 40 % Methanol). A flow rate
of 0.75 ml/min was applied. The detection wavelength was 260 nm. One minute after injection,
a gradient was started which increased the percentage of buffer B to 40 % within 4 minutes,
then, the percentage of buffer B was increased to 55% within the next 35 minutes. Then, the
percentage of buffer B was increased to 100% within one minute and kept such for 3 minutes,
then the percentage of buffer B was lowered to 25 % within 3.9 minutes. The purity is the
relative peak area under the main peak of the total peak area over the entire chromatogram.
Integration limits were set such that valley to valley integration was performed. The purity of

the product of the synthesis described in Example 6 was found to be 87.75 %.

* Trademark
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EXAMPLE 8

[00112] Synthesis of the oligonucleotide G10 (SEQ ID NO:10) 1s performed essentially as

described in Example 5. The following mixtures of polar aprotic solvents with MeCN are

tested and compared to MeCN alone: 1.) DMA/MeCN, 2.) Sulfolane/MeCN, 3.) NMP/M¢CN,

and 4.) TMU/MeCN. The experiment 1s repeated 6 times in duplicate, wherein in cach

repetition the ration (v/v) of said solvent to MeCN 1s varied from 5:1, 4:1, 3:1, 2:1, 1:1, to 1:2.

Yicld and purity of the product arc determined as described and compared.

SEQUENCE LISTING IN ELECTRONIC FORM

In accordance with Section 111(1) of the Patent Rules, this description
contains a sequence listing 1n electronic form in ASCII text format

(file:

52039-18 Seqg 11-JUN-09 vl.txt).

A copy of the sequence listing in electronic form i1s avallable from the
Canadian Intellectual Property Office.

The sequences 1n the sequence listing in electronic form are reproduced
in the following table.

<110>

<120>

<130>

<150>
<1l51>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<40Q0>

L%

SEQUENCE TABL:

Integrated DNA Technologies, Inc.

OOLIGONUCLEOTIDES CONTAINING HIGH CONCENTRATIONS OF GUANINE
MONOMERS

PAZ2007-17

US 60/869,588
2006-12-12

11

PatentIn version 3.5
1

10

DNA
Artificial sequence

Synthetic G oligonucleotide

1

g999999999 10
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<210> 2

<211> 10

<212> DNA

<213> Artificial sequence
<220>

<223> palindromic sequence
<400> 2

gacgatcgtc

<210> 3

<211> 19

<212> DNA

<213> Artificial sequence
<220>

<223> G-rich oligonucleotide
<400> 3

ggggacgatc gtcgggggg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

4
20

DNA
Artificial sequence

G-rich oligonucleotide

4

gggggacgat cgtcgggggg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

21

DNA

Artificial sequence

G-rich ocligonucleotide

5

ggggggacga tcgtcggggg g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

22

DNA

Artificial sequence

G-rich oligonucleotide

6

gggggggacg atcgtcgggg g9

2ba

10

19

20

21

22



<210>
<211>
<212>
<213>

<220>
<223>

<40Q0>
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DNA

Artificial sequence

G-rich oligonuclecotide

7

ggggggggac gatcgtcggg gggg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

8

26

DNA

Artificial sequence

G-rich oligonucleotide

8

ggggggggga cgatcgtcgg gggggg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

9

28

DNA

Artificial sequence

G-rich oligonucleotide

9

ggg9g99gggg acgatcgtcg gggggggd

<210>
<211>
<212>
<213>

<220>
<223>

<400>

10
30

DNA
Artificial sequence

G-rich oligonucleotide

10

gggggggggg gacgatcgtc gggggggggayg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

11
30
DNA

Artificial sequence

G-rich oligonucleotide

11

ggggggcgac gacgatcgtc gtcgggggdd

25D

24

26

28

30

30
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CLAIMS:

1. A method for coupling a nucleoside phosphoramidite during the synthesis of an
oligonucleotide to a universal support, to a first nucleoside, or to an extending
oligonucleotide, wherein said oligonucleotide comprises a first region of 3,4, 5,6, 7, 8, 9, 10,
11,12, 13, 14, 15,16, 17, 18, 19, or 20 consecutive guanine monomers, and wherein said
oligonucleotide comprises a second regionof 3,4, 5,6, 7, 8,9, 10,11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 consecutive guanine monomers, and wherein said first region 1s located at the 3°-
terminus of said oligonucleotide and wherein said second region is located at the 5’-terminus
of said oligonucleotide, and wherein said oligonucleotide comprises at least 30 % guanine

monomers, said method comprising the steps ot:

(1) generating a coupling solution, wherein said coupling solution comprises:

(a) at least one first solvent, wherein said at least one first solvent is a polar aprotic
solvent, and wherein said at least one first solvent is selected from the group consisting of:

sulfolane, 1-methylpyrrolidin-2-one, N,N-dimethylacetamide and tetramethylurea;

(b) an activating reagent; and

(¢) said nucleoside phosphoramidite;

wherein the concentration of said nucleoside phosphoramidite in said coupling

solution 1s at least 0.03 M: and

(11) contacting said coupling solution with said universal support, with said first

nucleoside, or with said extending oligonucleotide.

2. The method of claim 1, wherein said at least one first solvent 1s sulfolane.

3. The method of claim 1 or 2, wherein the concentration of said nucleoside

phosphoramidite 1n said coupling solution 1s 0.03 to 0.30 M.

CA 2671873 2018-08-01
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4, The method of any one of claims 1 to 3, wherein the concentration of said

activating reagent in said coupling solution 1s 0.05 to 0.90 M.

5. The method of any one of claims 1 to 4, wherein said coupling solution further

comprises a second solvent, wherein said second solvent 1s acetonitrile.

6. The method of claim 5, wherein said coupling solution consists of:

(a) exactly one of said at least one first solvent;

(b) said activating reagent;

(¢) said nucleoside phosphoramidite; and

(d) a second solvent, wherein said second solvent 1s acetonitrile.

7. The method of claim 5 or 6, wherein the ratio (v/v) of said at least one first solvent

to said second solvent 1s between 5:1 and 1:2.

8. The method of any one of claims 5 to 7, wherein the ratio (v/v) of said at least one

first solvent to said second solvent 1s 1:1.

9. The method of any one of claims 1 to 8, wherein said first nucleoside and/or said

extending oligonucleotide 1s immobilized on a support.

10. The method of claim 9, wherein said support 1s a polystyrene support, wherein said

polystyrene support 1s cross linked by divinylbenzene.

11. The method of any one of claims 1 to 10, wherein said activating reagent is selected

from the group consisting of:

(a) 4,5-dicyanoimidazole (DCI);

(b) 5-ethylthio-1H-tetrazole (ETT);

CA 2671873 2018-08-01
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(¢) S-benzylthio-1H-tetrazole (BTT); and
(d) 5-(3,5-bis-trifluoromethyl)phenyl-1H-tetrazole (Activator 42).

12. The method of any one of claims 1 to 11, wherein said activating reagent is 4,5-

dicyanoimidazole (DCI).

13. T'he method of any one of claims 1 to 12, wherein said oligonucleotide comprises

10 to 50 nucleotide monomers.

14 . The method of any one of claims 1 to 13, wherein said oligonucleotide comprises a
palindromic sequence, wherein said palindromic sequence is GACGATCGTC (SEQ ID
NO:2).

15. The method of claim 14, wherein said palindromic sequence is flanked at its 5°-
terminus by at least 4 and at most 20 guanosine entities; and/or wherein said palindromic

sequence 1s flanked at 1ts 3°-terminus by at least 6 and at most 20 guanosine entities.

16. The method of any one of claims 1 to 15, wherein said oligonucleotide comprises a

nucleotide sequence selected from the group consisting of:
(a) GGGGACGATCGTCGGGGGG (SEQ ID NO:3);
(b) GGGGGACGATCGTCGGGGGG (SEQ ID NO:4);
(¢) GGGGGGACGATCGTCGGGGGG (SEQ ID NO:5);
(d) GGGGGGGACGATCGTCGGGGGG (SEQ ID NO:6);
() GGGGGGGGACGATCGTCGGGGGGG (SEQ ID NO:7);
(1) GGGGGGGGGACGATCGTCGGGGGGGEG (SEQ ID NO:8):;

(g) GGGGGGGGGGACGATCGTCGGGGGGGGEE (SEQ ID NO:9);

CA 2671873 2018-08-01
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(h) GGGGGGGGGGGACGATCGTCGGGGGGGGGE (SEQ ID NO:10); and

(i) GGGGGGCGACGACGATCGTCGTCGGGGGGG (SEQ ID NO:11).

17. The method of any one of claims 1 to 16, wherein said oligonucleotide consists of

SEQ ID NO:10.

18. Use of the method of any one of claims 1 to 17 in the preparation of an

oligonucleotide.
19. A method for producing an oligonucleotide, said method comprising

(1) coupling a nucleoside phosphoramidite to a first nucleoside; wherein said

coupling comprises the method of any one of claims 1 to 17;
(11) generating an extending oligonucleotide by oxidizing the product of step (i);

(111) coupling a nucleoside phosphoramidite to the product of step (i1) after

deprotection; wherein said coupling comprises the method of any one of claims 1 to 17;

(1v) generating an extending oligonucleotide by oxidizing the product of step (i11);

and

(v) repeating steps (111) and (iv) until said extending oligonucleotide comprises the

sequence of said oligonucleotide.

20. The method of claim 19, wherein said method further comprises the step of
puritying said oligonucleotide under denaturing conditions, wherein said denaturing

conditions are characterized by a pH of 10 to 14.

21. The method of claim 20, wherein said purification 1s performed by anion-exchange

chromatography.

CA 2671873 2018-08-01



81621601
- 30 -

22. The method of any one of claims 19 to 21, wherein said oligonucleotide 1s produced

in a molar yield with respect to said first nucleoside of at least 20 %.

23. The method of any one of claims 19 to 22, wherein the purity of said

oligonucleotide 1s at least 75 %.

CA 2671873 2018-08-01
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