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GAPPED OLIGOMERIC COMPOUNDS HAVING LINKED
BICYCLIC SUGAR MOIETIES AT THE TERMINI

FIELD OF THE INVENTION

The present invention relates to nucleoside compositions comprising novel bicyclic
sugar moieties and oligomeric compounds comprising_ at least one such nucleoside. The
oligomeric compounds of the present invention typically will have enhanced binding affinity
properties compared to unmodified oligomeric compounds. The oligomeric compounds are

useful, for example, for investigative and therapeutic purposes.

BACKGROUND OF THE INVENTION

Nearly all disease states in multicellular organisms involve the action of proteins.
Classic therapeutic approaches have focused on the interaction of proteins with other molecules
in efforts to moderate the proteins’ disease-causing or disease-potentiating activities. In newer
therapeutic approaches, modulation of the production of proteins has been sought. A general
object of some current therapeutic approaches is to interfere with or otherwise modulate gene
expression.

One method for inhibiting the expression of specific genes involves the use of
oligonucleotides, particularly oligonucleotides that are complementary to a specific target
messenger RNA (mRNA) sequence. Due to promising research results in recent years,
oligonucleotides and oligonucleotide analogs are now accepted as therapeutic agents holding
great promise for therapeutic and diagnostic methods. ‘

Oligonucleotides and their analogs can be designed to have particular propérties. A
number of chemical modifications have been introduced into oligomeric compounds to increase
their usefulness as therapeutic agents. Such modifications include those designed to increase
binding affinity to a target strand, to increase cell penetration, to stabilize against nucleases and
other enzymes that degrade or interfere with the structure or activity of the oligomiéleotide, to
provide a mode of disruption (terminating event) once the oligonucleotide is bound to a target,
and to improve the pharmacokinetic properties of the oligonucleotide.

One group of bicyclic nucleoside compounds having bicyclic sugar moieties that are
conformationally locked is locked nucleic acids or LNA (Koshkin et al., Tetrahedron, 1998, 54,
3607-3630; U.S. Patent No. 6,268,490 and 6,670,461). These compounds are also referred to in
the literature as b,icyclic nucleotide analogs (International Patent Application WO 98/39352), but

this term is also applicable to a genus of compounds that includes other analogs in addition to
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LNAs. LNAs have been used in numerous studies where ribonucleoside mimics are desired.
Such modified nucleosides mimic the 3'-endo sugar conformation of native ribonucleosides with
the advantage of having enhanced binding affinity and increased resistance to nucleases. LNAs
are discussed more thouroughly below.

One group has added an additional methlene group to the LNA 2'.4'-bridging group
(e.g. 4-CH,-CHp-O-2' (ENA), Kaneko et al., U.S. Patent Application Publication No.: U.S.
2002/0147332, also see Japanese Patent Application HEI-11-33863, February 12, 1999; U.S.
Patent Application Publication Nos. 2003/0207841 and 2002/0147332). |

Another publication reports a large genus of nucleosides having a variety of bicyclic
sugar moieties with the various bridges creating a bicyclic sugar having a variety of
configurations and chemical composition (U.S. Patent Application Publication No.: US
2002/0068708).

Despite these advances, a need exists in the art for the development of means to

improve the binding affinity and nuclease resistance properties of oligomeric compounds.

BRIEF SUMMARY OF THE INVENTION

The present invention provides oligomeric compounds comprising the structure T)-
(Nug-L1)n1-(Nup-Ly)n2-(Nus-Ls3)y3-T2 wherein each Nu; and Nus is, independently, a high affinity
modified nucleoside, wherein at least one nucleoside of Nu; and/or at least one nucleoside of
Nus is a bicyclic sugar modified nucleoside comprising a 4'-CH,-O-2' bridge or a 4'-(CH,),-0-2"
bridge. Each Nu, is a 2'-deoxy nucleoside and each L;, L, and Lj is, independently, an
internucleoside linking group. Each T; and T is, independently, H, a hydroxyl protecting group,
an optionally linked conjugate group, or a covalent attachment to a solid support medium. n1 is
from 1 to about 6, n2 is from 11 to about 18, and n3 is from 2 to about 6.

In some embodiments, each of the high affinity modified nucleosides is, independently,
a bicyclic sugar modified nucleoside, a 2'-0-(CH,),-0O-CH; modified nucleoside, a 2'-F modified
nucleoside, or a 2'-O-CH,-C(=0)-NR;R,; modified nucleoside, where each R; and R, is,
independently, H, a nitrogen protecting group, substituted or unsubstituted C;-Cjo alkyl,
substituted or unsubstituted C,-Cjo alkenyl, substituted or unsubstituted C,-C1o alkynyl, wherein
the substitution is OR3, SR3, NH;", NR3R4, guanidino or acyl, wherein the acyl is acid amide or
an ester, or R, and Ry, together, are a nitrogen protecting group, or are joined in a ring structure
that optionally includes an additional heteroatom selected from N and O.

In some embodiments, each of the hydroxyl protecting groups is, independently, 4,4'-

dimethoxytrityl, monomethoxytrityl, 9-phenylxanthen-9-yl, 9-(p-methoxyphenyl)xanthen-9-yl, t-
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butyl,  t-butoxymethyl,  methoxymethyl, tetrahydropyranyl,  1-ethoxyethyl,  1-(2-
chloroethoxy)ethyl, 2-trimethylsilylethyl, p-chlorophenyl, 2,4-dinitrophenyl, benzyl, 2,6-
dichlorobenzyl, diphenylmethyl, p,p-dinitrobenzhydryl, p-nitrobenzyl, triphenylmethyl,
trimethylsilyl,  triethylsilyl,  t-butyldimethylsilyl,  t-butyldiphenylsilyl, triphenylsilyl,
benzoylformate, acetyl, chloroacetyl, trichloroacetyl, trifluoroacetyl, pivaloyl, benzoyl, p-
phenylbenzoyl, mesyl, tosyl, 4.,4' 4"tris- (benzyloxy)trityl, 4 4' 4"-tris-(4,5-
dichlorophthalimido)trityl, 4,4',4"-tris(levulinyloxy)trityl, 3-(imidazolylmethyl)-4,4'-
dimethoxytrityl, 4-decyloxytrityl, 4-hexadecyloxytrityl, 9-(4-octadecyloxyphenyl)xanthene-9-yl,
1,1-bis-(4-methoxyphenyl)-1'-pyrenyl methyl, p-phenylazophenyloxycarbonyl, 9-fluorenyl-
methoxycarbonyl, — 2,4-dinitrophenylethoxycarb onyl, 4-(methylthiomethoxy)butyryl, 2-
(methylthiomethoxymethyl)-benzoyl, 2-(isopropylthiomethoxymethyl)benzoyl, 2-(2,4-
dinitrobenzenesulphenyloxymethyl)benzoyl, or levulinyl group.

In some embodiments, the support medium is a controlled pore glass, oxalyl-controlled
pore glass, silica-containing particles, polymers of polystyrene, copolymers of polystyrene,
copolymers of styrene and divinylbenzene, copolymers of dimethylacrylamide and N,N'-
bisacryloylethylenediamine, soluble support medium, or PEPS.

In some embodiments, each L;, L, and L; is, independently, phosphodiester,
phosphorothioate, chiral phosphorothioate, phosphorodithioate, phosphotriester,
aminoalkylphosphotriester, methyl phosphonate, alkyl phosphonate, 5'-alkylene phosphonate,
chiral ~ phosphonate,  phosphinate,  phosphoramidate,  3'-amino  phosphoramidate,
aminoalkylphosphoramidate, thionophosphoramidate, thionoalkylphosphonate,
thionoalkylphosphotriester, selenophosphate, boranophosphate, siloxane, sulfide, sulfoxide,
sulfone, formacetyl, thioformacetyl, methylene formacetyl, thioformacetyl, sulfamate,
methyleneimino, methylenehydrazino, sulfonate, sulfonamide, or amide. In some embodiments,
each of the internucleoside linking groups is, independently, -CH,-NH-O-CH,-, -CH,-N(CHs)-
O-CHa- or -CH,-0-N(CH3)-CH,-~, -CH,-N(CH3)-N(CH;)-CH;-, or -O-N(CH3)-CH,-CH,-.

In some embodiments, each nucleoside comprises a heterocyclic base moiety that is,
independently, adenine, guanine, thymine, cytosine, uracil, 5-methylcytosine, S-hydroxymethyl
cytosine, xanthine, hypoxanthine, 2-aminoadenine, alkyl derivatives of adenine and guanine, 2-
thiouracil, 2-thiothymine, 2-thiocytosine, 5-halouracil, 5-halocytosine, 5-propynyl uracil, 5-
propynyl cytosine, 6-azo uracil, 6-azo cytosine, 6-azo thymine, S-uracil (pseudouracil), 4-
thiouracil, 8-substituted adenines and guanines, 5-substituted uracils and cytosines, 7-
methylguanine, 7-methyladenine, 8-azaguanine, 8-azaadenine, 7-deazaguanine, 7-deazaadenine,

3-deazaguanine, or 3-deazaadenine.
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In some embodiments, nl is from 1 to about 5, or from 1 to about 3, or from 2 to about
3. In some embodiments, n3 is from 2 to about 5, or from 2 to about 3. In some embodiments, n2
is from 12 to about 18, or from 12 to about 16, or from 14 to about 16. In some embodiments, the
total of nl, n2 and n3 is from 14 to about 30, or from 14 to 24, or from 14 to 21, or from 16 to
21. In some embodiments, nl is from 1 to about 3, n2 is 12 or 13, and n3 is 2 or 3; or nl is 3, n2
is 12 and n3 is 3; or nl is from 1 to about 3, n2 is 14 or 15 and n3 is 2 or 3; ornl is 2, n2 is 14
and n3 is 2; or nl is from 1 to about 3, n2 is 16 or 17 and n3 is 2 or 3; or nl is 2, n2 is 16 and n3
is 2.

In some embodiments, at least one Nu; nucleoside and at least one Nus nucleside is an
LNA or ENA. In some embodiments, at least one of the 5'-most or 3'-most terminal affinity
modified nucleosides is an LNA or ENA.

The present inventin also provides oligomeric compounds comprsing the structure:

12

| —Inc
wherein each Bx is a heterocyclic base moiety; each X is, independently, O or S; T; and T, are

each, independently, H, a hydroxy protecting group, an optionally linked conjugate group, or a
covalent attachment to a solid support medium; each m is, independently, 1 or 2; na is from 1 to
about 6; nb is from 11 to about 18; and nc is from 2 to about 6.

In some embodiments, each m is 1 or 2. In some embodiments, at least one of T; and T,
is H or a hydroxyl protecting group, such as, 4,4'-dimethoxytrityl, monomethoxytrityl, 9-
phenylxanthen-9-yl, 9-(p-methoxyphenyl)xanthen-9-yl, t-butyl, t-butoxymethyl, methoxymethyl,
tetrahydropyranyl, 1-ethoxyethyl, 1-(2-chloroethoxy)ethyl, 2-trimethylsilylethyl, p-chlofophenyl,
2,4-dinitrophenyl,, benzyl, 2,6-dichlorobenzyl, diphenylmethyl, p,p-dinitrobenzhydryl, p-
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nitrobenzyl,  triphenylmethyl, trimethylsilyl, triethylsilyl,  t-butyldimethylsilyl,  t-
butyldiphenylsilyl, triphenylsilyl, benzoylformate, acetyl, chloroacetyl, trichloroacetyl,
trifluoroacetyl, pivaloyl, benzoyl, p-phenylbenzoyl, mesyl, tosyl, 4,4',4"-tris- (benzyloxy)trityl,
4,4',4"-tris-(4,5-dichlorophthalimido)trityl, 4,4',4"-tris(levulinyloxy)trityl, 3-(imidazolylmethyl)-
4,4'-dimethoxytrityi, 4-decyloxytrityl, 4-hexadecyloxytrityl, 9-(4-octadecyloxyphenyl)xanthene-
9-yl, 1,1-bis-(4-methoxyphenyl)-1'-pyrenyl methyl, p-phenylazophenyloxycarbonyl, 9-fluorenyl-
methoxycarbonyl, 2,4-dinitrophenylethoxycarb onyl, 4~(methylthiomethoxy)butyryl, 2-
(methylthiomethoxymethyl)-benzoyl, 2-(isopropylthiomethoxymethyl)benzoyl, 2-(2,4-
dinitrobenzenesulphenyloxymethyl)benzoyl, or levulinyl group.

In some embodiments, the support medium is a controlled pore glass, oxalyl-controlled
pore glass, silica-containing particles, polymers of polystyrene, copolymers of polystyrene,
copolymers of styrene and divinylbenzene, copolymers of dimethylacrylamide and N,N'-
bisacryloylethylenediamine, soluble support medium, or PEPS.

In some embodiments, each Bx is, independently, adenine, guanine, thymine, cytosine,
uracil, 5-methylcytosine, 5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine,
alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine, 2-thiocytosine, 5-
halouracil, 5-halocytosine, 5-propynyl uracil, 5-propynyl cytosine, 6-azo uracil, 6-azo cytosine,
6-azo thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-substituted adenines and guanines, 5-
substituted wuracils and cytosines, 7-methylguanine, 7-methyladenine, 8-azaguanine, 8-
azaadenine, 7-deazaguanine, 7-deazaadenine, 3-deazaguanine, or 3-deazaadenine.

In some embodiments, na is from 1 to about 5, or from 1 to about 3, or from 2 to about
3. In some embodiments, nc is from 2 to about 5, or from 2 to about 3. In some embodiments, nb
is from 12 to about 18, or from 12 to about 16, or from 14 to about 16. In some embodiments, the
total of na, nb and nc is from 14 tc‘) about 30, or from 14 to 24, or from 14 to 21, or from 16 to 21.
In some embodiments, na is from 1 to about 3, nb is 12 or 13 and nc is 2 or 3; or na is 3,nbis 12
and nc is 3; or na is from 1 to about 3, nb is 14 or 15 and nc is 2 or 3; ornais 2, nbis 14 and nc
is 2; or na is from 1 to about 3, nb is 16 or 17 and nc is 2 or 3;ornais 2, nbis 16 and nc is 2.

The present invention also provides methods of inhibiting gene expression comprising
contacting one or more cells, a tissue, or an animal with any oligomeric compound described

herein.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides bicyclic nucleoside analogs and oligomeric compounds

having at least one of these bicyclic nucleoside analogs. Each of the bicyclic nucleoside analogs
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)
has a bridge between the 2' and 4'-positions of the ribofuranose sugar moiety. Oligomeric
compounds having at least one of these bicyclic nucleoside analogs will be useful in the
modulation of gene expression. More specifically, oligomeric compounds of the invention will
modulate gene expression by hybridizing to a nucleic acid target resulting in loss of normal
function of the target nucleic acid.

The present invention provides gapped oligonucleosides having deoxy nucleosides in
the gap and nucleosides modified to have enhanced affinity relative to unmodified nucleosides in
the wings. Suitable linkages include phosphorothioate, phosphodiester and combinations of
phosphorothioates and phosphodiesters. At least one of the nucleosides having enhanced affinity
(high affinity modified nucleoside) comprises a bicyclic sugar moiety.

" Suitable nucleosides having bicyclic sugar moieties include “Locked Nucleic Acids”
(LNAs) in which the 2'-hydroxyl group of the ribosyl sugar ring is linked to the 4' carbon atom
of the sugar ring thereby forming a 2'-C,4'-C-oxymethylene linkage to form the bicyclic sugar
moiety (reviewed in Elayadi et al., Curr. Opinion Invens. Drugs, 2001, 2, 558-561; Braasch et
al., Chem. Biol,, 2001, 8 1-7; and Orum et al., Curr. Opinion Mol. Ther., 2001, 3, 239-243; see
also U.S. Patents: 6,268,490 and 6,670,461). The term locked nucleic acid has also been used in
a broader sense in the literature to include any bicyclic structure that locks the sugar
conformation such as the aformentioned 2'-C,4'-C-oxymethylene linkage which in one
orientation locks the sugar into a 3'-endo conformation.

Suitable nucleosides having bicyclic sugar moieties also include ENA™ where an extra
methylene group is added to the bridge to give ENA™ (2'-0,4'-ethylene-bridged nucleic acid, 4'-
(CH,),-O-2'; Singh et al., Chem. Commun., 1998, 4, 455-456; ENA: Morita et al., Bioorganic
Medicinal Chemistry, 2003, 11, 2211-2226). Bicyclic sugar moieties including those having a
bridge, such as 4'-(CHy),-O-2' where n is 1 or 2, display very high duplex thermal stabilities with
complementary DNA and RNA (Tm = +3 to +10 C), stability towards 3'-exonucleolytic
degradation and good solubility properties. LNAs are commercially available from ProLigo
(Paris, France and Boulder, CO, USA) and ENA™5 are commercially available from Sigma
Genosys Japan. ’

The basic structure of LNA showing the bicyclic ring system is shown below:
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wherein n can vary but from 1 to about 40 is what is routinely prepared, each Ty and T
is, independently, hydrogen, a hydroxyl protecting group, a linked nucleoside or a linked
oligomeric compound, Bx is a heterocyclic base moiety and each Z; is, independently, an
internucleoside linking group such as for example phosphodiester or phosphorothioate.

The conformations of LNAs determined by 2D NMR spectroscopy have shown that the
locked orientation of the LNA nucleotides, both in single-stranded LNA and in duplexes,
constrains the phosphate backbone in such a way as to introduce a higher population of the N-
type conformation (Petersen et al., J. Mol. Recognit., 2000, 13, 44-53). These conformations are
associated with improved stacking of the nucleobases (Wengel et al., Nucleosides Nucleotides,
1999, 18, 1365-1370).

LNA has been shown to form exceedingly stable LNA:LNA duplexes (Koshkin et al.,
J. Am. Chem. Soc., 1998, 120, 13252-13253). LNA:LNA hybridization was shown to be the
most thermally stable nucleic acid type duplex system, and the RNA-mimicking character of
LNA was established at the duplex level. Introduction of 3 LNA monomers (T or A)
significantly increased melting points (Tm = +15/+11) toward DNA complements. The
universality of LNA-mediated hybridization has been stressed by the formation of exceedingly
stable LNA:LNA duplexes. The RNA-mimicking of LNA was reflected with regard to the N-
type conformational restriction of the monomers and to the secondary structure of the LNA:RNA
duplex.

LNAs also form duplexes with complementary DNA, RNA or LNA with high thermal
affinities. Circular dichroism (CD) spectra show that duplexes involving fully modified LNA
(esp. LNA:RNA) structurally resemble an A-form RNA:RNA duplex. Nuclear magnetic
resonance (NMR) examination of an LNA:DNA duplex confirmed the 3'-endo conformation of
an LNA monomer. Recognition of double-stranded DNA has also been demonstrated suggesting
strand invasion by LNA. Studies of mismatched sequences show that LNAs obey the Watson-

Crick base pairing rules with generally improved selectivity compared to the corresponding
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unmodified reference strands. DNA'LNA chimeras have been shown to efficiently inhibit gene
expression when targeted to a variety of regions (5'-untranslated region, region of the start codon
or coding region) within the luciferase mRNA (Braasch et al., Nucleic Acids Research, 2002, 30,
5160-5167).

Novel types of LNA-oligomeric compounds, as well as the LNAs, are useful in a wide
range of diagnostic and therapeutic applications. Among these are antisense applications, PCR
applications, strand-displacement oligomers, substrates for nucleic acid polymerases and
generally as nucleotide based drugs.

Potent and nontoxic antisense oligonucleotides containing LNAs have been described
(Wahlestedt et al., Proc. Natl. Acad. Sci. U. S. A., 2000, 97, 5633-5638). The authors have
demonstrated that LNAs confer several desired properties to antisense compounds. LNA/DNA
copolymers were not degraded readily in blood serum and cell extracts. LNA/DNA copolymers
exhibited potent antisense activity in assay systems as disparate as G-protein-coupled receptor
signaling in living rat brain and detection of reporter genes in Escherichia coli. Lipofectin-
mediated efficient delivery of LNA into living human breast cancer cells has also been
accomplished. Further successful in vivo studies involving LNA’s have shown knock-down of
the rat delta opioid receptor without toxicity (Wahlestedt et al., Proc. Natl. Acad. Sci., 2000, 97,
5633-5638) and in another study showed a blockage of the translation of the large subunit of
RNA polymerase II (Fluiter et al., Nucleic Acids Res., 2003, 31, 953-962). |

The synthesis and preparation of the LNA monomers adenine, cytosine, guanine, 5-
methyl-cytosine, thymine and uracil, along with their oligomerization, and nucleic acid
recognition properties have been described (Koshkin et al., Tetrahedron, 1998, 54, 3607-3630).
LNAs and preparation thereof are also described in WO 98/39352 and WO 99/14226.

An isomer of LNA that has also been studied is V-L-LNA which has been shown to
have superior stability against a 3'-exonuclease (Frieden et al., Nucleic Acids Research, 2003, 21 ,
6365-6372). The V-L-LNAs were incorporated into antisense gapmers and chimeras that showed

potent antisense activity. The structure of V-L-LNA is shown below:

g_o v@iy&(
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Another similar bicyclic sugar moiety that has been prepared and studied has the bridge
going from the 3'-hydroxyl group via a single methylene group to the 4' carbon atom of the sugar
ring thereby forming a 3'-C,4'-C-oxymethylene linkage (see U.S. Patent 6,043,060).

The first analogs of LNA, phosphorothioate-LNA and 2'-thio-LNAs, have also been
prepared (Kumar et al., Bioorg. Med. Chem. Lett., 1998, 8, 2219-2222). Prepara‘lcion of locked
nucleoside analogs containing oligodeoxyribonucleotide duplexes as substrates for nucleic acid
polymerases has also been described (Wengel et al., PCT International Application WO 98-
DK393 19980914). Furthermore, synthesis of 2'-amino-LNA, a novel conformationally restricted
high-affinity oligonucleotide analog with a handle has been described in the art (Singh et al., J.
Org. Chem., 1998, 63, 10035-10039). In addition, 2'-Amino- and 2'-methylamino-LNAs have
been prepared and the thermal stability of their duplexes with complementary RNA and DNA
strands has been previously reported.

ENA™S5 have similar properties to LNAs (4'-(CH)-0-2"). ENA™&s have enhanced
affinity for DNA/RNA, are highly resistant to nuclease degradation and have been studied as
antisense nucleic acids (see: Morita et al., Bioorg. Med. Chem., 2002, 12, 73-76; Morita et al.,
Bioorg. Med. Chem., 2003, 11, 2211-2226; Morita et al., Nucleic Acids Res. Suppl., 2002, Suppl.
2, 99-100; Morita et al., Nucleosides, Nucleotides & Nucleic Acids., 2003, 22, 1619-1621; and
Takagi et al., Nucleic Acids Res., 2003, Supp. 3, 83-84).

As used herein, the term “target nucleic acid” or “nucleic acid target” is used for
convenience to encompass any nucleic acid capable of being targeted including without
limitation DNA, RNA (including pre-mRNA and mRNA or portions thereof) transcribed from
such DNA, and also cDNA derived from such RNA. In some embodiment of the invention, the
target nucleic acid is a messenger RNA that is degraded by a mechanism involving a nuclease
such as or RNaseH. The hybridization of an oligomeric compound of this invention with its
target nucleic acid is generally referred to as “antisense.” Consequently, one mechanism
believed to be included in the practice of some embodiments of the invention is referred to herein
as “antisense inhibition.” Such antisense inhibition is typically based upon hydrogen bonding-
based hybridization of oligonucleotide strands or segments such that at least one strand or
segment is cleaved, degraded, or otherwise rendered inoperable. In this regard, it is presently
suitable to target specific nucleic acid molecules and their functions for such antisense inhibition.

The functions of DNA to be interfered include, but are not limited to, replication and
transcription. Replication and transcription, for example, can be from an endogenous cellular
template, a vector, a plasmid construct or otherwise. The functions of RNA to be interfered with

include, but are not limited to, functions such as translocation of the RNA to a site of protein
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translation, translocation of the RNA to sites within the cell which are distant from the site of
RNA synthesis, translation of protein from the RNA, splicing of the RNA to yield one or more
RNA species, and catalytic activity or complex formation involving the RNA which may be
engaged in or facilitated by the RNA.

In the context of the present invention, “modulation” and “modulation of expression”
mean either an increase (stimulation) or a decrease (inhibition) in the amount or levels of a
nucleic acid molecule encoding the gene, e.g., DNA or RNA. Inhibition is often the desired form

of modulation of expression and mRNA is often a suitable target nucleic acid.

Compounds of the Invention

In the context of the present invention, the term “oligomeric compound” refers to a
polymeric structure capable of hybridizing a region of a nucleic acid molecule. This term
includes oligonucleotides, oligonucleosides, oligonucleotide analogs, oligonucleotide mimetics
and combinations of these. Oligomeric compounds routinely prepared linearly but can be joined
or otherwise prepared to be circular and may also include branching. Oligomeric compounds
can hybridized to form double stranded compounds which can be blunt ended or may include
overhangs. In general an oligomeric compound comprises a backbone of linked momeric
subunits where each linked momeric subunit is directly or indirectly attached to a heterocyclic
base moiety. The linkages joining the monomeric subunits, the sugar moieties or surrogates and
the heterocyclic base moieties can be independently modified giving rise to a plurality of motifs
for the resulting oligomeric compounds including hemimers, gapmers and chimeras.

As is known in the art, a nucleoside is a base-sugar combination. The base portion of
the nucleoside is normally a heterocyclic base moiety. The two most common classes of such
heterocyclic bases are purines and pyrimidines. Nucleotides are nucleosides that further include a
phosphate group covalently linked to the sugar portion of the nucleoside. For those nucleosides
that include a pentofuranosyl sugar, the phosphate group can be linked to either the 2', 3' or 5'
hydroxyl moiety of the sugar. In forming oligonucleotides, the phosphate groups covalently link
adjacent nucleosides to one another to form a linear polymeric compound. The respective ends of
this linear polymeric structure can be joined to form a circular structure by hybridization or by
formation of a covalent bond, however, open linear structures are generally suitable. Within the
oligonucleotide structure, the phosphate groups are commonly referred to as forming the
internucleoside linkages of the oligonucleotide. The normal internucleoside linkage of RNA and

DNA is a 3' to 5' phosphodiester linkage.
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In the context of this invention, the term “oligonucleotide” refers to an oligomer or
polymer of ribonucleic acid (RNA) or deoxyribonucleic acid (DNA). This term includes
oligonucleotides composed of naturally-occurring nucleobases, sugars and covalent
internucleoside linkages. The term “oligonucleotide analog™ refers to oligonucleotides that have
one or more non-naturally occurring portions which function in a similar manner to
oligonulceotides. Such non-naturally occurring oligonucleotides are often desired over the
naturally occurring forms because of desirable properties such as, for example, enhanced cellular
uptake, enhanced affinity for nucleic acid target and increased stability in the presence of
nucleases.

In the context of this invention, the term “oligonucleoside™ refers to nucleosides that
are joined by internucleoside linkages that do not have phosphorus atoms. Internucleoside
linkages of this type include short chain alkyl, cycloalkyl, mixed heteroatom alkyl, mixed
heteroatom cycloalkyl, one or more short chain heteroatomic and one or more short chain
heterocyclic. These internucleoside linkages include, but are not limited to, siloxane, sulfide,
sulfoxide, sulfone, acetyl, formacetyl, thioformacetyl, methylene formacetyl, thioformacetyl,
alkeneyl, sulfamate; methyleneimino, methylenehydrazino, sulfonate, sulfonamide, amide and
others having mixed N, O, S and CH, component parts.

Representative United States patents that teach the preparation of the above
oligonucleosides include, but are not limited to, U.S.: 5,034,506; 5,166,315; 5,185,444,
5214,134; 5,216,141; 5,235,033; 5,264,562; 5,264,564; 5,405,938; 5,434,257; 5,466,677,
5,470,967; 5,489,677; 5,541,307, 5,561,225; 5,596,086; 5,602,240; 5,610,289; 5,602,240;
5,608,046; 5,610,289; 5,618,704; 5,623,070; 5,663,312; 5,633,360; 5,677,437, 5,792,608;
5,646,269 and 5,677,439.

Further included in the present invention are oligomeric compounds such as antisense
oligomeric compounds, antisense oligonucleotides, ribozymes, external guide sequence (EGS)
oligonucleotides, alternate splicers, primers, probes, and other oligomeric compounds which
hybridize to at least a portion of the target nucleic acid. As such, these oligomeric compounds
may be introduced in the form of single-stranded, double-stranded, circular or hairpin oligomeric
compounds and may contain structural elements such as internal or terminal bulges or loops.
Once introduced to a system, the oligomeric compounds of the invention may elicit the action of
one oOr more enzymes or structural proteins to effect modification of the target nucleic acid.

One non-limiting example of such an enzyme is RNAse H, a cellular endonuclease
which cleaves the RNA strand of an RNA:DNA duplex. It is known in the art that single-

stranded antisense oligomeric compounds which are “DNA-like” elicit RNAse H. Activation of
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RNase H, therefore, results in cleavage of the RNA target, thereby greatly enhancing the
efficiency of oligonucleotide-mediated inhibition of gene expression. Similar roles have been
postulated for other ribonucleases such as those in the RNase III and ribonuclease L family of
enzymes.

While one form of antisense oligomeric compound is a single-stranded antisense
oligonucleotide, in many species the introduction of double-stranded structures, such as double-
stranded RNA (dsRNA) molecules, has been shown to induce potent and specific antisense-
mediated reduction of the function of a gene or its associated gene products. This phenomenon
occurs in both plants and animals and is believed to have an evolutionary connection to viral
defense and transposon silencing.

In addition to the modifications described above, the nucleosides of the oligomeric
compounds of the invention can have a variety of other modification so long as these other
modifications either alone or in combination with other nucleosides enhance one or more of the
desired properties described above. Thus, for nucleotides that are incorporated into
oligonucleotides of the invention, these nucleotides can have sugar portions that correspond to
naturally-occurring sugars or modified sugars. Representative modified sugars include
carbocyclic or acyclic sugars, sugars having substituent groups at one or more of their 2', 3' or 4'
positions and sugars having substituents in place of one or more hydrogen atoms of the sugar.
Additional nucleosides amenable to the present invention having altered base moieties and or
altered sugar moieties are disclosed in United States Patent 3,687,808 and PCT application
PCT/US89/02323.

Altered base moieties or altered sugar moieties also include other modifications
consistent with the spirit of this invention. Such oligonucleotides are best described as being
structurally distinguishable from, yet functionally interchangeable with, naturally occurring or
synthetic wild type oligonucleotides. All such oligonucleotides are comprehended by this
invention so long as they function effectively to mimic the structure of a desired RNA or DNA
strand. A class of representative base modifications include tricyclic cytosine analog, termed “G
clamp” (Lin et al., J. Am. Chem. Soc., 1998, 120, 8531). This analog makes four hydrogen
bonds to a complementary guanine (G) within a helix by simultaneously recognizing the
Watson-Crick and Hoogsteen faces of the targeted G. This G clamp modification when
incorporated into phosphorothioate oligonucleotides, dramatically enhances antisense potencies
in cell culture. The oligonucleotides of the invention also can include phenoxazine-substituted
bases of the type disclosed by Flanagan et al., Nat. Biotechnol., 1999, 17, 48-52.

The present invention provides oligomeric compounds comprising the structure:



10

15

20

25

30

WO 2005/023825 PCT/US2004/029650
-13-
T1-(Nug-L1)a1-(Nuz-L)n2-(Nuz-L3)p3-T2 wherein:

each Nu; and Nus is, independently, a high affinity modified nucleoside, wherein at
least one of Nu; and Nu; is a bicyclic sugar modified nucleoside comprising a 4'-CH,-O-2'
bridge or a 4'-(CH,),-O-2' bridge;

each Nu; is a 2'-deoxy nucleoside;

each L1, Ly and L; is, independently, an intemucleoside linking group;

each T and T is, independently, H, a hydroxy protecting group, an optionally linked
conjugate group, or a covalent attachment to a solid support medium;

nl is from 1 to about 6;

n2 is from 11 to about 18; and

n3 is from 2 to about 6.

In some embodiments, each of the high affinity modified nucleosides is, independently,
a bicyclic sugar modified nucleoside, a 2'-O-(CH,),-0-CH; modified nucleoside, a 2'-F modified
nucleoside, or a 2-0-CH,-C(=0)-NR;R, modified nucleoside, where each R; and R, is,
independently, H, a nitrogen protecting group, substituted or unsubstituted C;-Cjo alkyl,
substituted or unsubstituted C,-Cjo alkenyl, substituted or unsubstituted C,-Cyo alkynyl, wherein
the substitution is OR3, SR3, NH;", NR3R4, guanidino or acyl, wherein the acyl is acid amide or
an ester, or Ry and R,, together, are a nitrogen protecting group, or are joined in a ring structure
that optionally includes an additional heteroatom selected from N and O. In some embodiments,
each R; and R; each is, independently, H, a nitrogen protecting group, or C;-Cyq alkyl. In some
embodiments, T; is H or a hydroxyl protecting group. In some embodiments, T, is H or a
hydroxyl protecting group.

In some embodiments, each of the hydroxyl protecting groups is, independently, 4,4'-
dimethoxytrityl, monomethoxytrityl, 9-phenylxanthen-9-yl, 9-(p-methoxyphenyl) xanthen-9-yl,
t-butyl,  t-butoxymethyl, —methoxymethyl, tetrahydropyranyl, 1-ethoxyethyl,  1-(2-
chloroethoxy)ethyl, 2-trimethylsilylethyl, p-chlorophenyl, 2,4-dinitrophenyl, benzyl, 2,6-
dichlorobenzyl, diphenylmethyl, p,p-dinitrobenzhydryl, —p-nitrobenzyl, triphenylmethyl,
trimethylsilyl,  triethylsilyl,  t-butyldimethylsilyl,  t-butyldiphenylsilyl, triphenylsilyl,
benzoylformate, acetyl, chloroacetyl, trichloroacetyl, trifluoroacetyl, pivaloyl, benzoyl, p-
phenylbenzoyl, mesyl, tosyl, 4.4' A"tris- (benzyloxy)trityl, 4,4' 4"tris-(4,5-
dichlorophthalimido)trityl, 4,4' 4"-tris(levulinyloxy)trityl, 3-(imidazolylmethyl)-4,4'-
dimethoxytrityl, 4-decyloxytrityl, 4-hexadecyloxytrityl, 9-(4-octadecyloxyphenyl)xanthene-9-yl,
1,1-bis-(4-methoxyphenyl)-1'-pyrenyl methyl, p-phenylazophenyloxycarbonyl, 9-fluorenyl-
methoxycarbonyl, ~ 2,4-dinitrophenylethoxycarb  onyl, 4-(methylthiomethoxy)butyryl, 2-
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(methylthiomethoxymethyl)-benzoyl, 2-(isopropylthiomethoxymethyl)benzoyl, 2-(2,4-
dinitrobenzenesulphenyloxymethyl)benzoyl, or levulinyl group.

In some embodiments, one of Ty and T, is a covalent attachment to a support medium,
such as, for example, a controlled pore glass, oxalyl-controlled pore glass, silica-containing
particles, polymers of polystyrene, copolymers of polystyrene, copolymers of styrene and
divinylbenzene, copolymers of dimethylacrylamide and N,N'-bisacryloylethylenediamine,
soluble support medium, or PEPS.

In some embodiments, each L;, L, and L; is, independently, phosphodiester,
phosphorothioate, chiral phosphorothioate, phosphorodithioate, phosphotriester,
aminoalkylphosphotriester, methyl phosphonate, alkyl phosphonate, 5'-alkylene phosphonate,
chiral = phosphonate,  phosphinate,  phosphoramidate, ~ 3'-amino  phosphoramidate,
aminoalkylphosphoramidate, thionophosphoramidate, thionoalkylphosphonate,
thionoalkylphosphotriester, selenophosphate, or boranophosphate. In some embodiments, each
Ly, L, and L is, independently, a phosphodiester or a phosphorothioate internucleoside linking
group. In some embodiments, each Ly, L, and L3 is a phosphodiester internucleoside linking
group. In some embodiments, each Ly, L, and Lj is, independently, siloxane, sulfide, sulfoxide,
sulfone, formacetyl, thioformacetyl, methylene formacetyl, thioformacetyl, sulfamate,
methyleneimino, methylenehydrazino, sulfonate, sulfonamide, or amide. In some embodiments,
each of the internucleoside linking groups is, independently, ~-CH,-NH-O-CH,-, -CHy-N(CH3)-
0-CH,- or -CH;,-O-N(CH3)-CH,-, -CH,-N(CH3)-N(CH;)-CH;-, or -O-N(CH3)-CHz-CHz-.

In some embodiments, each nucleoside comprises a heterocyclic base moiety that is,
independently, adenine, guanine, thymine, cytosine, uracil, 5-methylcytosine, 5-hydroxymethyl
cytosine, xanthine, hypoxanthine, 2-aminoadenine, alkyl derivatives of adenine and guanine, 2-
thiouracil, 2-thiothymine, 2-thiocytosine, 5-halouracil, 5-halocytosine, 5-propynyl uracil, 5-
propynyl cytosine, 6-azo uracil, 6-azo cytosine, 6-azo thymine, 5-uracil (pseudouracil), 4-
thiouracil, 8-substituted adenines and guanines, 5-substituted uracils and cytosines, 7-
methylguanine, 7-methyladenine, 8-azaguanine, 8-azaadenine, 7-deazaguanine, 7-deazaadenine,
3-deazaguanine, or 3-deazaadenine.

In some embodiments, nl is from 1 to about 5, or from 1 to about 3, or from 2 to about
3. In some embodiments, n3 is from 2 to about 5, or from 2 to about 3. In some embodiments, n2
is from 12 to about 18, or from 12 to about 16, or from 14 to about 16. In some embodiments, the
total of nl, n2 and n3 is from 14 to about 30; or the total of n1, n2 and n3 is from 14 to 24; or the
total of nl, n2 and n3 is from 14 to 21; or the total of nl, n2 and n3 is from 16 to 21. In some

embodiments, nl is from 1 to about 3, n2 is 12 or 13 and n3 is 2 or 3; or nl is 3, n2 is 12 and n3
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is 3; or nl is from 1 to about 3, n2 is 14 or 15 and n3 is 2 or 3; or nl is 2, n2 is 14 and n3 is 2; or
nl is from 1 to about 3, n2 is 16 or 17 and n3 is 2 or 3; or nl is 2, n2 is 16 and n3 is 2.

In some embodiments, at least one Nu; nucleoside and at least one Nu; nucleside is an
LNA or ENA. In some embodiments, at least one of the 5'-most or 3'-most terminal affinity
modified nucleosides is an LNA or ENA. Thus, the terminal most.S' and/or 3' nucleoside can,
independently, be either LNA or ENA.

The present invention also provides oligomeric compounds comprsing the structure:

wherein:

each Bx is a heterocyclic base moiety;

each X is, independently, O or S;

Ty and T are each, independently, H, a hydroxy protecting group, an optionally linked
conjugate group, or a covalent attachment to a solid support medium;

each m is, independently, 1 or 2;

na is from 1 to about 6;

nb is from 11 to about 18; and

nc is from 2 to about 6.

In some embodiments, each m is 1 or 2. In some embodiments, at least one of T; and T,
is H or a hydroxyl protecting group. In some embodiments, each of the hydroxyl protecting
groups is, independently, 4,4'-dimethoxytrityl, monomethoxytrityl, 9-phenylxanthen-9-yl, 9-(p-
methoxyphenyl)xanthen-9-yl, t-butyl, t-butoxymethyl, methoxymethyl, tetrahydropyranyl, 1-
ethoxyethyl, 1-(2-chloroethoxy)ethyl, 2-trimethylsilylethyl, p-chlorophenyl, 2,4-dinitrophenyl,
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