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Description

FIELD OF THE INVENTION

<

[6001] The present invention relates o modified nucleosides, nucleotides, and oligonuciectides having advantages
i synthesis, potercy, efficiency of delivery, targst specificity, stability, andior toxicity when adprinistersd to a patient.

BACKGROUND

Bes [0062] Oligonucleotide chemislry patterns or motils for antisense uligonuclectide inhibitors have the poltentialio roprove
the defivery, stability, potency, spenificlty, andfor toxinity profile of the inhibitors, and such are needed for affectively
targeting BNA function in a therapsulic context,

SUMMARY OF THE INVENTION

[0803] The present invention relates o modified nucleosides, nuctectides, and oligonudleatides comprising at least

one 2-C-Bridged Bicyolic Nudlentide {CBEN}, and pharmaceutical compositions comprising the modifiert oligonucie-

olides. The invention huther provides methods of use and synthesis for these oligonudientides, as well as synthetic

irtfermediates. In various embodiments, the oligonuciectides are antisense inhibitors that provide advantages int polency,
28 efficiency of delivery, targst specificity, stability, andfor foxicity.

[0004] In one asped!, the present invention provides 2'-C-Bridged Bicydlic Nucleosides or Nucleotides {CBBNY having

the structure of formula &t
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wharein X is N | W, and W, are independendly H, an alcohol protesting group, phosphate ester, phosphorathinate ester,
di- or tri-phasphate, or phosphoramidite; W, independently s null, H, O, an amine protecting group, phosphaoramidite,
48 phosphoramidate ester, phosphordiamidate ester, methyl, alkyl, cycloatkyl, carboxamide, a sugar, a falty acid, or other
corjugsted molecules desoribed herein, ~C, {OIR, or -COOR, wherein R is aryl, linear or eyclic alkyl or alkenyl, sugar,
fatty acid, or other molecular conjugate such a8 a drug conjugate; B is a nuclzobase. in some embodiments, the nucle-
obase is g pyrimidine base. In other embodiments, the nucleobase is a puring base.
[0085] Inanother aspect, the presend invention provides oligonucleotides comprising at least one 2°-C-Bridged Bieyelic
44 MNucleotide. The number of 2%C-Bridged Bicyelic Nuclegtides within the oligomuclectide may vary. For example, the
number of 2°-C-Bridged Bioyclic Nucleotides may be at least aboul 10% of the nuclentides, at feast about 25% of the
rucleotidas, at least about 50% of the nuclectides, or at least abowt 75% of the nucisotides. The length of the oligonu-
cleclides may also vary. For example, the oligonudiectides of the present invention may be from about & to about 50
nuclectides In length or from about 10 to about 25 nudeclides In length. In other embodimants, the oligonuclectides
88 may be less than about 10 nuclectides in length {e.g., from abwut § i ahout 10 nuclectides) or lnss than about 8
nucientides in length (e.g.. from shout 5 1o about 8 nucipotides).
[00088] The oligonuciectides raay further include at least one nuclectide with a 2" modification salected from 2'deoxy,
2-C-methyl, 2-ioro, and a 2 o 4 bridge structura. In cerlain ambodiments, the oligonuciectides further comprise
backbone modifications such as phosphorothioate linkages andior phosphorodiamidate linkages. In yet other embodi-
ments, fhe oligonusieotides include at least one puring andior pyrimidineg base modifications. For exampls, the base
modification may be at the $-5 puosition of a pyrimidine base andfar the C-8 position of a puring base. In some embod-
iments, the oligonuclentides include one or more morpholing nucleotides.
[0067]  In varous embodiments, the oligonucleciide comprises a nucdleolide seguence that is al least subsianiially
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identical or complamentary to a nuclectide sequence of a human microRNA. For example, the dligonucieotide may
comprise a nuclentide sequence that s substardially complementary to & human miR-188, miR-15h, MIR-22, miR-42,
miR-143, riR-1485, miR-185, miR-206, miR-208s, miR-208h, mik-378, iR 451 andfor miR-488 sequance. in yet further
embodiments, the oligonucientide comprises 8 nucleotide sequence that is completely identical or complementary to a
riuclectide sequence of 2 human microRNA, In various smbodiments, the seguence of the dligonuciectide may be
designed so as {o mimic a miIRNA or target 2 miRNA by andisense inhibifion.
[BOBE] {nanctheraspedt, the present invention provides a pharmaceulical coraposition comprising an effective smaount
of the oligonucieotide described hereln, or a phammaceutically-accepiable saltthereof, and a pharmaceutically-accaptable
carrier or diluent. The pharmaceutically-accepiable carder may include g colicidal dispersion system, macromolecudar
Rt complex, ranocapsuls, microsphers, bead, oil-in-water smulsion, micelle, mixed micelle, arlippsome. Inanembodimant,
the pharmaceutical composition is an agueonus forrmidation.
[o809]  in vet another aspect, the present invention provides a method of reducing or inhibiting an RNA by antisense
action, including reducing of inhibiting an mRNA target or microRNA target in a cell. The methad comprises cartacting
a cell with the oligonuciectide disclosed harein. in various embadiments, the cell may be & memmalian cell In one
18 ambodiment, the cell may be, for example, a haart cell. In another embodiment, the cell may he contactad with the
oligonucieatide it vive or ex vivia,
[801D8] In a further aspect, the present inverttion provides a method of preventing or reating a candiion in a subject
associsted with or mediated by a microRNA, comprising administering o the subject & pharmaceuticsl composition
comptising an oligonucleotide targeting @ miRNA as described herein. In various embodiments, the pharmaceutical
28 composition is administared by parerteral administration or by direct injection inlo targat tissue. In other ambodiments,
the pharmaceutical composition i3 administered by oral, ransdermal, sustained release, controlled release, delayad
release, suppository, catheter, or sublingual administration.
[0011] Ip still ancther aspedt, the present invention provides a method of synthesizing a 2'-C-Bridged Bioyclic Nucle-
oside, a 2-C-Bridged Biowlic Nucledlide or g curresponding phosphoramidile, or & 2'-C-Bedged Bicyolic Muclentide-
¥ contalning oligonuclactide. The method comprises using, for example, ribose as a starting malerial, converting to a
mathyl 4, 4-bisraesyloxymethyl-2-hydroxymethvifuranose derivative, followed by glvoosylation of the derivative. The 2-
hydroxymethyl group of the glycosylated materiad is then converled to a protecied amine that is then cyclized on the
alpha face of the nucleoside with the corresponding 4-rmesyioxymethyl group 1o give a fully profected aza-bicyclic nuch
eoside that is readily converted o a nucleoside phosphoramidite via standard protecting group chemistry. Alternative
mathods for synthesis are described in a U, 3. provisional patent application by Kurt Vagle, enditled "Synthesis of Bicyclio
Mucleosides,” fled March 16, 2014, Other aspects and embodirmants of the invention will be apparent from the following
detailed description and examples.
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Figure 1 #Hlusbrates the synthesis of an amine 2°-C-Bridged Biovclic Nuclosida.
48 Figure 2 #Hustrates 2-C-Bridged Bicyslic Nucleosides linked by a phosphorodiamidate linkage.

Figure 3A illustrales an exemgplary dimethoxylrityl {DMTr-protected aming 2°-C-Bridged Bicydlic Nucleoside phos-
phoramidite. Figure 38 iHlustrates an internal phosphoramidite derivative of a DMTrprotecied amine 2°-C-Bridged
Bicyclic Nucleoside. Figure 30 #lusirates an exemplary DMTr- and trifluoroacelate-protected amine 2-C-Bridged

44 Bicyclic Nucleoside phosphoramidite. Figure 30 llusirates an exeraplary DM Tr-prolected fally acid sonjugsted
amine 2'-C-Bridged Bicyclic Nucleoside phosphoramidite. Figure 3E illusirates an exemplary DMTr-protected sugar
sonjugated amine 2-C-Bridged Bicyclic Nudieoside phosphoramidite.

Figure 44 iHustrates the synthesis of an exemplary dimethoxytrityt {DMTr)-protected amine 2-C-Bridgad Bioyclie

8¢ Mucleoside phosphoramidite. Figure 4B illusirates the synthesis of aninfernal phosphoramidite derivative of a DMTr-
profected amine 2-C-Bridged Bicyohie Nucleoside. Figure 4C Hlustrates the synihesis of an exenplary DM Tr-pro-
tected fally acid conjugated amine 2'-C-Bndged Bicydlic Nudlenside phosphoraridite. Figure 4D illusirates the
synthesis of an axemplary DMTr-protected sugar conjugated amine 2-C-Bridgad Bicyclic Nuclsoside phosphora-
midite.
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Figure 5A provides a comparison chart of the affinily increases (AT, o/modification) for locked nuclecside (LNA},
its aminol.NA countarpart, as well as 2°-0,4°-C-Ethylene-Bridgad Nucleoside {oxoENA) and its aminoENA counter-
pant. Figure 58 provides a comparison chart of the affinity increases (AT, o/modification) for amine 2-C-Bridged
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Bicyclic Nucleaside aminoCBEBN) with its oxoCBEBN nounterpart. As shown, amine 2'-C-Bridged Bioyelic Nuclenside

imparts rouch more affinity per modification than its oxoCUBBN counterpart. Additionadly, single and mutiple ami-
nnBBN modifications within an oligonucieotide impart afiinilies sgual o or greater than those of LNA nunlensides.

<

Figure 8 depicts the efficacy of varous miR-208a inhibitors on miR-208a expression as measured in a duablucferage
reporter assay. The activities of compounds M-10591, M-10101, M-11814, and M-11820 are measured. Compound
M-10681 is a non-dargeting control. Compound M-10101, a mixed § LNAST DNA phosphorathicale ofigonuclectide,
is an opfimized MIRZ08a inhibitor. The M10101 compound is described in U.S. Patent No. 8,642,751,

i Compounds M-1G218 and M-11820 are mixad LNADNA/amincCBBN phospharathioate oligonudleciidas where LNA
thymidines of the parent compound {(M-10101} are replaced with sither 1 or 2 aminoCBBN residuss, respeclively. As
shown, compound M-11820, in which muitiple LNA residues are replaced with aminoCBBN residues, retains all activity
of the optimized M-10101 compound.

18 DETAILED DESCRIPTION OF THE INVENTION

[0813] The present invention redates to 2'-0-Bridged Bicyclic Nucleosides and Nucleotides, and ofigonusientides com-
prising & least one 2-C-Bridged Bioyelic Nucleotide. The invention further provides pharmaceutical compositions come
prising the maodified oligonuclectides, as well as methods of use and synthesis for these oligonucieotides.

28 [B014] The oligonudciectides of the present invention in various embodimends can provide advantages in synthesis,
potency, efficiency of delivery, target specificily, stakbility, andfor tmucity. In an exemplary embodiment, the oligonucie-
olides of the invention provide novel conjugation sirategies allowing for advantages in targeting cells or fissues by
attaching & Hgand andior a drug compound, fo the bridging maolety such as an amine. In another embodiment, the
gligonucieatides of the invention provide therapeutic atdvaniages in polency, stakilily, andfor foxicity.

¥ [oUis]  inone aspedt, the present invention provides 2'-C-Bridged Bicydlic Nucleosides or Nucleotides, or oligonucte-
pides having the structure of Fomula 1:
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wharain X is M. In perlain aspects desaribed hersin nd not claimed, Xis 8.
[0018] In various smbodimenis, W, and W, are independently H, an alcohol protecting group, phosphate ester, phos-
phorothioate ester, di- or tri-phosphate, or phosphoramidiie. W, independently is null, M, O, an amine protecting groug,
44 phosphoramidite, phosphoramidate ester, phosphordiamidate ester, methyl, alkyl, cycloalkyl, carboxardide, a sugaer, a
fatty acid, or other conjugated molecules described herain, ~Cy ({OR, or -COOR, wherein R is aryl, inear or cyclic alkyl
or alkenyl, sugar, fally acid, or other molecular conjugate such as a drug sonjugate.
[0017]  invarious smbodiments, the alcohiol protecting group is selected from 4.4 -dimethoxytrityl, acelyl, silyl, or acid
lablle ether. In an embodiment, W, and W, each Is an alcohol prolecting group independently selected from 4.4
¢ dimethoxyirityl, acebyl, silvl, or acid labile ether. In varicus embodiments, the amine protecting group i3 carbiobenzyloxy
{Chz}, p-methoxybenzyl carbonyl {Moz or MeQZ}, tert-butloxycarbornyl (BOC), Sflusrenyimeathyloxyearbonyl (FMOC),
acelyl {Ac}, berzoyl (Ba), benzyl (Bn). tiflucrozcetyl {ifa}. in an embodiment, W is an amine protecting group selested
from carboxvbenzyl, teri-butoxycarbonyl, or tiflucroacetamidyl.
[0918]  invarious aspects, 2-C-Bridged Bicyolic Nucleoside is a Z-deoxy-2-C, 4'-C-Bridged Bicyclic Nucleoside {2~
CBBN).
[0019]  in various aspects, oxo-2-C-Bridged Bicyolic Nucleoside is a 2-deoxy-2'-C, 4-C-Bridged Bioyolic Nucleoside,
wherain 2'C and 4'C are connested through a oxygen resulling in ¢ three alom linkage (-G-0-C-) {oxoCRBN)}.
[0028]  In various aspects, amino-2'-C-Bridged Binyalic Nucleoside or aza-2'-Bridged Bioyelio Nucleoside is a 2%-deoxy-
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2-C, 4°-C-Bridged Bicyslic Nudleoside, wherein I'C and 4'C are connscled through a nitrogen rasulting in a thres atom

finkage {(~0-N-C-} {amincTBBN}.

[6821] in various aspects, (hin-2'-C-Bridged Bioyclic Nucleosida is a 2'-deany-2-C, 4'-C-Bedged Bioyclic Nucleaside,

wherein 2°C and £'C are connected through a sulfur resulling in a three atom linkage {(~C-8-C-) {thicCBBN).

[6022] I various aspects, aming-2-C-Bridged Bioyclic Nuclestide and thio-2C-Bridged Bicyclic Nucleotide are phos-

phaesters of the amino-2"-C-Bridged Bicydic Nucleosides and thio-2-0C-Bridged Bicyclic Nucleosides, respeciively.

[BO23] In various aspents, locked nuclenside is a 2%-oxe-4'-C-Brdged Bicyelic Nucleoside (LNAJ that has a 2 atom

linkage betwaen the 2’ and 4" position of the nuglenside’s ribose ring. The core sugar forms g 2.5-dioxahicyclofZ 2.1}

heptans structure,

Bes [0024] In various aspects, ENA and oxoENA is 8 2-oxo-4'-C-Bridged Bicydic Nucleoside that has a2 3 atom linkage
betwean the 2 and 4" position of the nucleoside’s ribose ring. The core sugar forms a 2.8-dinxabiloyciol3.2. joctane
structure.

[0025] iIn various aspects, aminoENA and azaENA is a 2-aza-4"-C-Bridged Bicyclic Nucleaside that has a 3 atom
linkags between the 2 and 4 position of the nuclecside’s ribose ring. The core sugar forms §-axa-2-azabicyclof3.2.1]

18 octane structure.

[0B26] In various embodiments, B is a nucleahase, The nucleobase or base can be 3 puring or a pyrimidine base,
which may be madified. In one ambodirmant, the nucleobase iz 8 puring base. in another embodiment, the hudeabase
is a pyricnidine basa. In various embodiments, the nucleobase can be saledled from naturs! nuclsosidic bases such as
adenine, guanine, uraci], thymine, and oytosine, or derivatives and orsubstitutes thereof. In addition, the presentinvention

28 also conternplates the use of nor-naturadly occurring huclenbases. i carlain ernbodirmants, the norenaturally ceourding
nuclecsbase can be a base in which any of the ring aloms of the nuclecbases is replacad by anothar alom. For example,
CH may be replaced by N and vice versa. Such modifications can occur at more than one position. Another example of
a non-naturally ocourring base is a base int which the 2- and 4-substituents of a naturally occurring base are reversed.
Additional purine andfor pyrimidine base mudifications are described in WO 2012/061810.

¥ [o027]  in some embodiments, the base modification is an amino carbonyl, such as a carboxaming, carbamo, or

parbantide group. The modification in various embodimends is al the £-5 position of one or more pyrinddine bases, anddor

at the C-8 position of one or more purine bases, Exemplary nuclechases include, but are not lindled to, 8-N-adenine,

S-N-guanine, thymiding, oytidine, uriding, S-methyloylosine, inosine, S-substituted wridine, S-substituled ovlosing, 2-

aminpadenosine or S-methylcylosine,

[0028] In some embodimends, the 2-C-Bridged Biovelic Nucleotides may be positioned as locked nuclectides as de-

soribed in WO 2012/083065 and U8, Patent Pubdication No. 2013/0345288, For example, the numbser and position of

the 2'-C-Bridged Bicyclic Nuclectides may be such that the oligonuciectide reduces or inhibits miR~15a, miR-15h, mik-
208a, miR-208b, andjor miR-489 activity at high potency. In cerlain smbodiments, the oligonucieotide does not contain

a streich of nuclectides with more than four, or more than thres, or more than fwo contiguous 2'-C-Rridged Bicyclic

Nucientides. In cerlain embodiments, the aligonuclectide does not contaln a stretch of nuclextistes with more than two

contiguous non-2-C~Bridged Bicyclic Nucleotides. For example, the dligonuciectide may have just one occumrernce of

contiguous non-2-C-Bridgad Biovelic Nucleolides. in examplary embodiments, the oligonucieotide has exactly 8 2-C-

Bridged Bicyelic Nucleotides and 7 non-2'-C-Bridged Bioyolic Nudleotides. For example, the paltern of 2-C-Bridged

Bicyclic Nucleolides may be such that st least posiions 1, 6, 10, 13, and 15 are 2°-C-Bridged Bicyclic Nucieotides. In

40 cerfain embodiments, st least positions 1, 5, 10, and 16 are 2°-C-Bridged Bicyolic Nucleotides. In certain embodiments,
positions 1, 5, 6. 8, 10, 11, 13, 15, and 18 are 2-C-Bridged Bicyclic Nucleotides, and the remaining positions arg non-
2°-C-Bridged Bioyclic Nucleatides. in other embodiments, posilions 1, 3.4, 5, 8, B, 18, 13, 15, and 18 are Z'-C-Bridgad
Biovelin Nunlentides, with the remaining positions being non-2'-C-Bridged Bioyelic Nucleotides. In stilt other embodiments,
posiions 1, 4, 5, 7, %, 18, 12, 14, and 18 are 2*-C-Bridgsd Bicyclic Nucleolides, with remaining positions being non-2'-

& C-Bedged Bioycliz Nucleotides. The non-2'-C-Bridged Bleyohc Nucleotides may be non-locked nucieotides.

[o28] in some embaodiments, the ofigonudiectide is from about 5 to 50 nuclectides in length, fFom about 8 o 30
riucleotidas in length, or from about 10 to 25 nucleotides in length, or from 12 to 18 nucleotides in length. In certain
embuodiments, the ofigonuciectide is from about 5 to about 10 nucleotides in length. or about & te about 8§ nuclectides
in length. in cerlain embodimeants, the oligonucieotide is about 8 mucleotides in langth, about © nuclectides in length,

50 about 10 nucleotides in length, about 11 nucleotides in length, about 12 nucleolides in length, about 13 nuclectides in

length, about 14 nucleolides in length, about 15 nuclectides in length, or about 18 nucleatides in length. In certain

embodiments, the oligonuclectide is about 16 nuclectides or less in length, about 12 nuclectides or less in length, abaut

160 nucleotides or less in length, or aboid 8 nucleotides or less inlength. In some embodimants, the ofigonucieolides of

the present invention comprise at least 1, atisast 3, at least B, or af least 7 2°-C-Bridged Bicyolic Nudleotides. I some

embadiments, the oligonudisotides of the presant inventior indlude only 1, 2, or 3 2-C-Bridgerd Bicyclic Nudeatides. iIn

coriain ambadiments, al least abowd 5%, at least about 10%, at least aboud 20%, at loast about 25%, al lnas!t about 30%,

at lnast about 40%, at least about 50%, at least ahout 80%, at least abowt 70%, at laast about 75%, at least about 830%,

at least about 80%, or 100% of the nucleotides are 2°-C-Bridged Bicydlic Nucleotides. In certain embodiments, the
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oligonucieotide is not fully comprised of £-C-Bridged Bioyolic Nuclectides. For example, embodimenis describead in this

paragraph may be amino 2-C-Bridged Bicyclic Nutlegtides.

[0030] The oligpnucieotides of the presant invention may be DNA- or RNA-basad, andior may employ ane or more

nucleic acid modifications, for example, such as a modified cligonuclectide backbone or orie or morg modified nucleoside

units. The oligonuciectide or derivative may have one or more single stranded andfor one or more double strandsd
regions. The olignoucieotide may be an andisense oligonucleotide, short interfering RNA {siRNA}, double stranded RNA

{dsRNA), single stranded RNA {ssRNA}, microRNA {miRNA), short hairpin RNA {(shRNA), or ribozyme.

[0631] In certain embodiments, the oligonuclectides of the present invention comprise at least one nucieotide having

puring andior pyrimidine base modifications as desoribed in WO 2012/081818. In some embaodiments, the base modi-

W fication is generally an anino carbonyl, such as a carboxaming, carbamaoyl, of carbamide group. The modification in
various embodiments is at the C-8 position of ane or more pyrimidine bases, andfor at the C-8 position of one or more
puring bases,

[B032] Insome embodiments, the oligonuciactide further comprises at least one puclactide with & 2" modification. As
used harsin, the term "2 modification” inchedes any 2 group other than OHL In some smbodiments the 2" madification

18 may be independently selected from Q-alkyl {which may be substituted), halo, deoxy (M), and a ¥ to 4" mathoxy bridged
nucleotide. For example, the 2' modifications may each be independently selected from O-methyland Buoro. inexemplary
embodiments, purine nucleotides each have a 2 OMe and pyririding nucleolides each have a 2' F. In cetlain smbod-
iments, from ons to about five 27 positions, or from about one o about three 2 positions are left unmodified {(eg., as 2
hydroxyis},

28 [0033] The 2" modificalions in accordance with the invertdion may be sedeclad from small bydrocarbon subslituents.
The hydrocarbon substituents innlude alkyl, alkenyl, alloynyl, and alkoxyatkyl, where the alkyl (inchuding the atkyl portion
of atkoxy), atkenyl and atkynyl may he substifuted or unsubstituted. The alkyl, atkenyl, and athynyl may be C1 1o C10
alkyl, atkenyl or alkynyl, such as 1, C2, or C3. The hydrocarbon substifuents may include one or two or three non-
carhon atoms, which may be independerdly seleciad from N, O, andfor 8. The 2" modifications raay further inchude the

3 alkyl, alkenyl, and alkynyl as G-alkyl, C-alkenyl, and O~alkynyl,

[0034] Exemplary 2’ modifications in acoordance with the invention include 2°-0C-alkyl {C1-3 alkyl, such as 2'0Me or

JOEY, 2-O-methoxyethyl (2-O-MOLE), 2-C-aminopropyl {(2-0-AP), 2'-O-dimethylaminoethyl {(2-0-DMACE]), 2-0-

dimethviaminopropyl {2-0-DMAPR}, 2'-O-dimethyiaminoethvioxyethyl (2-0-DMAROQE], or 2-0-N-methyiacetamido {2'-

O-NMASY substitutions.

[0035] In cerain embodiments, the oligonuciectide contains al least one 2-halo modification {e.q., Inplace of a 2

hydroxyll, such as 2'fluorg, 2'-chioro, 2'-brom, and 2-indo. In sume embodiments, the 2° halo moddification is fuorn.

The ofigonuclectide may contain from one to about five 2-halo modifications {e.g.. fluor). or from one to about Hhree

F-halo modificstions {e.9., fluore). In some embodiments, the oligonucisotide cortains all 2-fluore nudeactides at non-

2-C-Bridgad Bioyclic Nuclealides positions. b eentain ambodiments, the 2'-fluors groups are independantly di-, tri-, ar

un-methylated.

[0836] Ths oligonucieotide may have one or mare 2-deoxy modifications {e.g., H for 2’ hydroxy), and in some em-

bodiments, contains fram ahaut one 1o about ten Z'-deoxy modifications.

f0037] The oligonuciectides of the invention may huther include at least one locked nucleotids (LNA), as described,

for example, in U8, Palent No. 6,268,490, U5 Palent No. 6,316,198, U.S. Patent No. 6,403,566, U.8. Patent No.

40 8,770,748, U.S. PalentNo. 6,988,484, LS. Patent No. 8,670,481, and U.S. PatentNo. 7,034,133, all of which are hereby
mncorporated by reference i their eatiredies. In one embodiment, the cligonucteotide contains one or imore LNAS baving
the structure shown by structure A below. Alfernativaly or in addition, the oligonucieclide cantains one or more LNAs
having the structure shown by struciure B helow,
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[0038] Other suitable locked nucleotides that can he incorporated in the oligonustactides of the invention include those
described in U.8. Patent No. 6,403,568 and U.8. Patent No 8,833,381,

18 [0039] In cenain embadiments, the oligonuciectide further comprises at least one terminal maodification or "cag”. The
cap may be a § andfora 3'-cap structure. The terms "cap” or "end-cap” include chamical modifications at either terminus
of the oligonucleoiide {with respact to terminal fhonudectidas), and including modifications ai the linkage batween the
last two nucleotides on the 5 end and the last two nucleotides on the 3" end. The cap structure as dasoribed herein may
increase rasisiance of the oligonuclestide to exonucleases without compromising molecular inleractions with the RNA

20 target or cellular machinery. Such modifications may be selected on the basis of their increased potency i vifro or s
wivo, The cap can be present at the B'-terminus (5-cap or al the Fderminus {3'-cap} or can be pragant oa both ends.
in certain embaodiments, the 5~ andfor 3'-cap is independently selected from phosphorothioate monophosphate, abasic
residug {molely}, phosphorothicate linkage, 4'-thic nuclestide, carbooyclic nucleotide, phosphoredithicate linkage, in-
verted nuclectide or inveried abasic moiely {2'-3' or 3-8, phospharadithioate monophosphate, and methyiphosphonale

2% moiety. The ghosphorothicate or phosphorodithinate linkage{s), when part of g cap siructure, are generally pasitioned
between the two terminal nucleotides on the 5 end and the two terminal nucleotides on the 3" end.

[0040] In cerfain embodiments, the cligonucleotides have af least one terming! phosphorothinate monophosphate,
The phosphorothicate monophosphate may be at the 5 andior 3° end of the oligonuclectide. A phosphorothioate mona-
phaosphate is defined by the following structures, where B s base, and R is a 2’ modification as described above:
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[0041] Phosphorothivate inkages may be presert in some embodiments, such as between the last two nucleoiides
on the § and the 3" end {e.g., as part of a cap siructure), of as alternating with phosphodiester bonds. In these or other
embadirnents, the oligonucieolide may contain al least one terminal abasic residue at either or both the 5 and 3 ends.
An abasic moiety does not contain a commanly recognized purnine or pyrimidine nuclectide base, such as adenosing,
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guaning, cylosine, uracil or thymine. Thus, such abasic moieties lack @ nuclentide base or have othar non-nucleotide
biase chemical groups at the 1’ position. For example, the abasic suclestide may be & reverse abasic nuclectide, e.4.,
where a reversa abasic phosphoramidite is couplad vig 8 &' amidite {instead of 3" amidite} resulling in a 5-8 phosphate
bond. The structure of a reverse abasic nudeoside for the § and the 3 end of a polynucleotide is shown below.

<

&

Fopngd of wdigo

18 S
20
ut
3 end of olign
o4
3 [0042] The dligonuclestide may contain ong or mare phosphaorothioate linkages, Phosphorothiosate linkages have bheen
used to render oligobuciestides more resistant {o nuclease cleavage. For example, the polyhucieotide reay be partially
phosphorothicate-linked, for exameple, phosphorothinate linkages may allernate with phosphodiasier iinkages. Incartain
embodiments, however, the olignnuciectide is fully phosphorothioate-inked. In other embodiments, the oligonuciactide
has from one to five or one to three phosphats linkages. In further embodiments, a 2-C-Bridged Bicyolic Nunleotides
35 are phosphorothicate linked.
[0843] In yel other embaodiments, the dligonucleotides may include one or more maodified phosphate inkages. Exem-
plary modifled phosphats linkages are depicted below as Formulas H and Hi;
40
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Formia 1

[0044]  As shown, Ry and R2 are indepeadently selecied from H, alkyl, alkenyi, axo, aryl, benzyl, halogen, -0OH, -NHZ,
alkoxy, an alcohol protecting group, or an amine protecting group, and with respect to forruda 1L = bioyclio linkage such
as LNA, or 2-C-Bridged Bicyclic Nudleoside. X and ¥ are independently selected from H, O, 8, -QO,H, allkyl, alkenyl,
aryl, benayl carboxylate, -N{atkyl),, -N{atkenylh,, -N{aryl},. -N{benzyl},, -NH,, - BH,, of borate sster. 8 may be an
independently selected nuclcobase such as a8 purine or pyrimidine base, which may be modified. As shown, the poly-
ruclectide may be parlially phosphorodiamidatedinked (as shown in Figure 2}, In cerfaln embodiments, however, the
oligonudientide is fully phosphorodiamidale linked. In other embudiments, the oligonucleatide has from one o five or
ong o three phosphate linkages. In further embodiments, 2°-C-Bridged Bicyclic Nucleolides are all inked by modifiag
phosphate linkages {as shown in Formudas [ and B}
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[0045] Inyetafurtherembodiment, the oligonucleotide may inchide one or more morpholing nuclectidas. The morphiing
nucleotides may be linked (o 2-C-Bridged Bicyelic Nucleosides as exemplified below in Formula Ve

Yy
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25 Formula IV

[0046]  As shown in formula IV, Ry is independendly selected from H, alkyl, atkenyl, oxo, ary, benzyl, halogen, OH,
~NH2, atkoxy, an alechol profecting group, or an aming protecting group, X and ¥V are independenily selecied from H,
Q, 8, -COZH, alkyl, alkenyl, aryl, benayl carboxylate, -N{alkyl};, -N{alkenyl},, -N{arylyy, -N{benzyl),;, NH,, - BH,, or
Borate ester. B may be anindependenily selected nuclsobase such as a puring or pyrinidine base, which may be modified,
[0047] The oligonuclsolides disclosed herein may have a nucleotide sequeance designed {o inhiblt an RNA moleculs,
including an mENA or miRNA. In sorme embodiments, the oligonudiectide has a base sequence o mimic or larget a
mabure miRNA, such as a malure miRNA listed in Table 1 helow. The oligonuciectides may in these or other embodiments,
be designed to target the pre- or pri-miRNA forms. In some embodimentis, the oligonuclestides are substantially com-
plernantary t© a nuclentide sequence of 8 human miRNA sequence. In further embodiments, the oligonuciectides are
subsiantially identical 1o 8 nuclectide sequence of 8 human miRNA seguence. Exemplary oligonuclectides are at least
partially complementary {{e., at lsast about 60%, at least about 65%, ot least about 70%, al least about 78%. at lsast
about 80%, & lpast about B5%, al least about §5%., or 100% complementany) 10 a tergel miRNA sequence, such as a
mature mdRMNA sequence listed in Table 1 balow. Such antisense and sense sequences may be incorporated into shRNMNAs
40 or other RNA struclures containing stem and loop portions, for example. Such sequences are useful for, among other
things, rmimicking or fargeting miRNA funcBon for treatment or amelicrating cardiac hypertrophy, myocardial infarction,
heart fatlure {e.q., congestive haarl fathure), vascular damage, and/or pathologic cardiac fibrosis, among athers, Exem-
plary miRNA therapautic utilities are disclosed in the US and PCT patent references listed in Table 2 below,
[0048] The mature and pre-processed forms of miRNAs are disclosed in the patent referances Hiated balow.
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Tabie 1
miRNA miRNA Sequeance Reference
1 UGGAAUGUAAAGAAGUAUGUAU (BEQ IDNo. 1) Wi 20091012468
59 100 AACCCGUAGAUCCGAACUUGUG (SEQ D No. ) WO 2009/012468
10b UACCCUGUAGAACCGAAUUUGUG (SEQ D No. 3} | WO 2009/012488
1250 UCCCUGAGACCCUAACUUGUGA {(SEQ 1D No. 4) WO 2009/012468
55 128 UCACAGUGARACCGGUCUCUUY (SEQ 1D No. 5} WO 2007070483
133a UUUGBGUCCCCUUCAACCAGCUG {SEQ 1D No. 8} WO 2009/012468
133 | UUUGGUCCCCUUCAACCAGGUA (SEQ ID No.7) | WO 2006/012468

10
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{continued)
miRNA miRNA Sequenca Reference
138 UCUACAGUGCACGUGUCULCAR (SEQ ID No. 8) W 20091012468
143 UGAGAUGAAGCACUBUAGCUC (SEQ 1D No. 8} WO 20071070483
148 GUCCAGUUUUCCCAGGAAUCCCU(SEQID No. 10} | WO 20071070483
180 UCUCCCAACCCUUGUACCABUG {(SEQ ID No. 11} | WO 2008/012468
15a UAGCAGCACAUAAUGGUUIUGUG (SEQHID No. 12} | WO 2009/082188
15b UAGCAGCACAUCAUGGUUUACA (SEQ 1D No. 13} | WO 2009/062169
16 UAGCAGTACGUAAMUAUUGGECG (SEQ D No. 14) | WD 2009/062182
181b | AACAUUCAUUGCUGUCGGUGGGU(SEQIDNG 15) | WO 2009012468
188 UAGTAGCACAGAAAUAUUGGC (SEQ ID No. 18} WO 2009/012468
197 UBUCACCACCUUCUCCACCCAGC (SEQ D No. 17) WO 2008/012468
1992 | CCCAGUGUUCAGACUACCUGUUC {SEQUD No. 18) | WO 2009/012468
1990 miR-148h-5p WO 2010/135670
CCCAGUGUUUABACUAUCUGUUC (SEQ 1D No. 18)
miR-1886-3p
ACAGUAGUCUGCACAUUGGUUA (SEQ 1D No. 20}
2086 UGGAAUGUAABGAAGUGUGUGG (SEQHID No. 21) | WO 2007070483
208a AUAAGACGAGCAAAAAGCUUGU {(BEQ 1D No, 22) WO 2008/018924
208h AUAAGACCAACAAAAGGUUUGU (SEQ D No. 23) | WO 2009/018482
20 UAAAGUGCUUAUABUGBCAGGUAG (SEQ ¥ No. 24) | US BO/gs0,568
21 UAGQUUAUCAGACUGAUGUUGA (SEQ 1D No. 28} | WO 2009/058818
214 ACAGCAGGCACAGACAGECAGU (SEQ 1D No. 2B} | US 81/047.005
22 AAGCUBCCAGUUBAAGAACUGU (SEQID No. 27} | WO 2009/012468
221 AGCUACAUUGUCUGCUGGGUUUC(SEQID NG, 28) | WO 2009/012488
223 AGCUACAUCUGGCUACUGGEGEU (SEQ 1D No, 25) WO 2008/012488
224 CAAGUCACUAGUGGUUCCGUU (SEQ D No. 3) WO 2009/012488
23=a AUCACAUUGCCAGGBAUUUCC {(SEQ ID No. 31) W 20091012468
288 | UUCAAGUAAUCCAGGAUAGGCU (SEQ 1D No. 32) | WO 2007/070483
28b UUCAAGUAAUUCAGGAUAGGU (SEQ ID No. 33} WO 2009/012468
28 AAGGAGCUCATAGUCUALUGAL (SEQ D No. 34} WO 2009/012468
29a VAGBCAQCALUCUGAAAUCGGUUA (BEQ 1D No. 35) | WO 2000/018493
28b UAGCACCAUUUGAAAUCAGUGUU (SEQID No. 36) | WO 2009/018403
28¢ UAGCACCAUUUGAAAUCGGUUA (SEQID No. 37) | WO 2000/018483
30 HEGUAAACAUCCUCGACUGGAAL {(SEQ D No. 38) W3 20104120065
30h UGUAAMACAUCCUACACUCAGCU (SEQ ID No. 39) | WD 2011120069
30¢ UGUAAACAUCCUACACUCUCAGC (SEQ D No. 49) | WO 2009/012468
300 | UGUAAACAUCCCCGACUGGAAG (SEQ ID No.41) | WO 2010/120068
302 UGUAAACAUCCUUGACUGGAAG (SEQ D No. 42} | WO 2010/120088
342-3p | UCUCACACAGAAAUCGCACCCGU (SEQ D No. 43) | WO 2009/012488

1
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{continued)
miRNA miRNA Sequenca Reference
382 GAAGUUGUUCBUGGUGCAUUCG {(SEQHID No. 44} | WD 2009/012468
42%a ACUGGACUUAGGGUCAGAAGGEC (SEQ D No. 48) | US 2008/G226375
378 ACUGGACUUGGAGUCAGAAGEG (SEQ D Na. 46) WO 2008/012468
424 CAGBCAGCAALUUCAUBUUUUGAA (SEQ 1D No. 47) WO 2008/062188
483-3p UCACUCCUCUCCUCCCGUCUU {SEQ 1D No. 48} WO 2009/012488
484 UCAGGCUCAGUCCCCUCCCGAL (SEQ 1D No. 48} | WO 2009/012468
486-5p | UCCUGUACUGABCUGCCCCGAG (SEQID No. 50y | WO 2009/012468
AR CAGCAGGACACUGUGGUUUGU (SEQID No. 51) | WO 2009/062169
499 UUAAGACUUGCAGUGAUGUUY (SEGQ 1D No. 52) WO 2009/018482
542-5p UCGOGHBAUCAUCAUBUCACBAGA (BEQID No. 83) | WO 2008/012468
‘928 | UAUUGCACUUBUCCCGGCCUGU(SEQ ID No. 54) | WO 2009/012468
92b UALUGCACUCGUCCCGGCCUCT (SEQ 1D No. 85} | WO 2009/012488
et-7a UGAGGUAGUAGGUUGUAUAGUU (SEQ 1D No. 56) | WO 2008/012468
etk UGAGGUAGUAGGUUGUGUGGUU (SEQ ID No. 57} | WO 20091012488
fab-To HCGABGUAGUAGGUUGRUAUGGUU (BEQ 1D No. B8} | WD 2009/012468
let-7d AGAGGUAGUAGGHUGCAUAGUU {SEQ 1D N, 58) | WO 2008012468
let-Te UGAGGUAGBAGGUUGUALAGLUIU (SEQ D No, 60} | WO 2008/012458
fet-7{ UGAGGUAGUAGAUUGUAUAGUU (SEQID No. 61} | WO 2009/012488
let-7g UGAGGUAGUAGUUUGUACAGUU (SEQ 1D No. 82} | WO 2009/012488
451 AAACCGUUACCAUUACUGAGUU {SEQ 1D No. 83) | WO 2010/129850
Table 2
oHRNA Directionof | indications Reference
Modulation
mitR-208aimiR~ Antagonist Fathologic cardiac hypertrophy, myocardial WO 2008/016924
208bfmiR-484 infarction, heart failure {208a}
WO 2008/018492
{208h/434}
miR-208a/miR~ Ardagonist Metabolic Disorders {obesity, hyperlipidemia, PCTRIS2012/050348
208k dizbeles, metabolic syndrome,
hypercholesterclemia; hepalic steatosis)
miR-15miR- Antagonist Pathalogic cardiac hypertrophy. myocardial WO 2008082169
1HAMIR-185 infarciion, heart failure
miR-238 Agorist Tissue fibrosis {cardiac, pulmonary, hepalic, Kidney) | WO 2008/5184983
miR-28 Antagonist profibrotic agents to convert soft plagues to fbrofic WO 2008/018483
tissue
miR-126 Agonist promotes angiogenasls, vascular integrnity, and WO 2010/019574
vasoular repair
miR-126 Antagaonist pathologin vasowlarization WO 2010/019574
WmiR206 | Agonist | Musdleimury | WO2007/070483

12
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{continued)
miRNA Diractionof | indications Reference
Modulation
8 miR-208/miR-1 Agonist Denervating neurapathic states (ALS, spinal cord WO 2008117418
irjury, myasthenia gravis)
miR-143 Agonist Restenosis/inenintima formation WQ 2009/105759
miR-1/miR-133 Agonds/ Muscle injury {anlagonist/agonist of each miRNA WO 2007070483
T Anta gonist | applied in combination at different times)
miR-451 Antagonist Polyoytheuria WO 2012148373
miR-451 Agorist Ansinia WO 2012/148373
15 miR-378/mil- Antagonist Matabolic disorders {chesity, hyperlipidamia, WO 20117183542
37 dizbatas, metabolic syndrome,
hypercholesterolemia; hapalic steatosis),
Pathologic cardiac hypertrophy, myocardial
infarction, heart failure
20
miR-82 Antagordst Proraotes anglogenesis and vessal repair US 2010/0324 118 At
miR-82 Agonist inhibits tumor angiogenesis US 20105/0324118 A
miRk-34a Antagonist Myocardial infarction US 2012/0238819 Al
25 miR-145 Antagonist Fulmonary arterial bypertension WO 20120183135
milR-33 Antagonist Siatin-induced hepatotoxiolty, cholestasis, increasing | US 20110281833 At
HOL cholesteral
40 [0049] in some embodiments, the oligonunleolides compiise a sequence that is substantially complementary 1o &
nusleatide saguenae of miR~-18z or b, MIR-28, MiR-82, MIR-143, MmiR-145, miR-185, MmiR-208, miR-208a, miR-208L,
mif-378, miR-481 andior miR-489, In exemplary embodiments, the oligonucleotides may comprise a sequenca that is
substaniially complementary to a human miR-208a, miR-208h, miR-378, miR-451 and/or miR-48% senueance. in cartain
embodiments, the cligonuclectides may comprise a sequence that is substantially identical fo a buman miR-208a, miR-
25 208h, miR-378, miR-4561 andfor miR-499 sequence. As uaed herein, "substantially complementary” or "subsianiially

identical” refers to a sequence that is at least about 70%, about 758%, about 80%, aboul 85%, about 0%, about 891 %,
about 92%, abouf 93%, about 84%, sboul 858%, about 6%, about 7%, sbout 98%, or about 38% complementary or
identical 1o a target polynuciactide sequence.
[0050] The present invention further provides a method of synthesizing a8 2-C-Bridged Bioydlic Nucleoside, 8 2'-C-
<0 Bridged Bicyclic Nuslentide or a corresponding phosphoramidite, or a 2’-C-Brdged Bicynlic Necieatide-vontaining ofi-
gonucieotide. The method comprises using, for example, rihose as a starting material, converting lo 3 mathyl 4.4~
bismesyloxymethyl-2-hydroxymethylfurannse derivative, followed by glycosylation of the derivative, The 2-hydroxyme-
hyl group of the giycosylated material is then converled fo g protecied amine that is then cyclized on the aipha face of
the nucieoside with the carresponding 4-mesylaxymethyl group to give a fully protecled aza-bigyslic nucleaside that is
4  readily converled o a nucleoside phosphoranidite via standard protecting group chemistry,. Exemplary synthetic
sohames for the 2-C-Bridged Bicychic Nucleoside are showrtherein. Altermnative methods for synthesis are described in
a U.8. provisional padent application by Kurl Vagle, satilled "Syathesis of Bicyclic MNucleosides,” filed March 18, 2014,
[0851] The synthesis of oligonuclectides, induding modified polynuclectides, by solid phase synthesis is well known
and is reviewed by Caruthers et al., "New Chemical Methods for Synthesizing Polynucleotides.” Nudleic Acids Symp.
s Ser, {TRa16-23 (1980)
{00521 The synthesis of oligonuclestides will vary depending on the selected nucleotide monomer(s} wtilized. In ex-
amplary embodiments, the nucleotide monomers used for synthesls include, but are not limited 1o, dimethoxytrity! {DM-
Tri-protected amine 2-C-Bridged Bicyclic Nucleoside phosphoramidite, an intemal phosphorarsidite derivative of a
DM Tr-proteciad amine 2'-C-Bridgad Bicydlic Nuclsoside, DM and tiflucroacetate-profeciod amine 2'-C-Badgedd Bi-
cyolic Nucleoside phosphoramidite, DMTr-protected fatty acid conjugated amine 2'-C-Bridged Bicyclic Nuclenside phos-
phoramidite, and DMTr-protecied sugsr conjugated aming 2'-C-Bridged Bicyclic Nucleoside phosphoramidite {see Fig-
ures 34 - 3E, respectively). Incerlain embodiments, extended coupling ime may be required for pligonuslentide synthasis
wdilizing dimethoxyiribvt {OMTe)-protected aming 2'-C-Bridged Bicyclic Nucleoside phosphoramidite, DM Tr- and trifluor-
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vacelate-protected amine 2-C-Bridged Bicyclic Nucleoside phosphoramidite, DMTr-protectad fally acid conjugatad
amire 2'-C-Bridged Bicyclic Nucleoside phospharamidite, and BMTr-prolected sugar conjugated amine 2-C-Bridged
Bicyclic Nucleoside phosphoramidite. In certain embodimerds, for oligonucleotide synthesis involving an internal phas-
phoramidite derivative of 3 DMTr-protecied amine 2°-C-Bridged Bioydic Nudleoside, the standard oligonuclectide syn-
thesis cyde may be modified by replacing the normal capping reagent utilizing Ac,Qfbase with a non-standard capping
reagent. Allematively, synthesis may be modified by eating the newly coupled oligonucleotide with an aming resctive
canjugate or protecting group that is siable to the synthesis cycle {but if desived, can be remaved lated) immaediately
aftar the phosphoramidite coupling cycle, but hefore the standard capping step.

[6853] The dligonuclectide may be incorporated within 3 variety of macramolecular assemblies or compositions. Such

i complexes for delivery may include a variety of liposomes, nanoparticles, and micelles, fornulated for delivery to a
patient. The complexes may inglude one or rare fusogenio or lipophiic molecudes o initiste selhdar membrane pene-
tration, Such molecules are described, for example, in U8, Patent No, 7,404,869 and U.S. Patent No., 7.202,227.
[0054] Alternafively. the oligonucisotide may further comprise a pendant lipephilic group to aid cellular delivery, such
as those describad in WO 2010/128872,

18 [0055]  In another aspect, the present invention relates to a pharmaceutical compaoaition which comprises an effective
amount of the oligonuciectide of the present invention or a its pharmaceutically-acceptable salt thereof, and a pharma-
cauticaliy-nccepiable vartier or difuent.

[6856] The composiion of formulation may employ a plurality of therapsutic oligonucledtides, innluding 2 least one
described herein. For example, the composition or formulation may employ at least ahout 2, abowut 3, about 4, or about

28 5 ndRNA inhibitors describad herein.

[0057]1 The oliponuciectides of the tnvention may be formulated as a variety of pharmaceutical compuasitions. Phar-
maceutical compositions will be prepared in a form appropriate for the intended application. Generally, this entails
preparing cornposifions that are essentiafly free of pyrogens, as well as other impurities that could be harmiul to humans
or animals. Exernplary deliveryfformulation sysiems include colloidad dispersion syslems, macramoienuls complexes,
¥ nanccapsules, microspheres, beads, and lipid-based systems including oil-in-water emulsions, micelles, mixed miceltes,
and #posomes. Commerially availlable {at emulsions that are suitable Tor delivering the rnucleic adids of the inveniion
to cardiac and skelelal muscle fissues include Infralipid®, Liposyn®, Liposyn@ i, Liposyn® i}, Nutrilipid, and other similar
lipid smulisions, A preferred colloidal system for use as a delivery vehicle in viva s a liposome {ie., an artificial membyrane
vesicie). The praparation and use of such systems is well known in the arl, Exemplary formulations are also disclosad

in U.8. Patent No. §,981.605; U.S. Patent No, §,217,800; U.S. Patent No. 8,383,512, 4.5 Patent No. 5,783,585, U.S.

Patend No. 7,202 227, U5, Palent No. 8,378,865, U.5. Patend No. 8,127.170; U.S. Polent No. 5837 833, US. Paltend

No. 8.747.014; and WO 2003/003448,

[0058] The pharmacsutical compositions and formulations may smploy appropriate salls and buffers to render delivery

vehicles stable and aliow for gptake by larget cells. Agusous compaositions of the present invention comprise an effective

amount of the delivery vehicle comprising the presently clatmed oligonucleotide {e.g. liposomes or other complexes),
dissolved or dispersed in a pharmacsutically acceptable carrier or agueous madiunt. The phrases “pharmaceutically
acceptable” or "pharmacologically acceptable” refers 1o molecular entitiss and compositions that do not produce adverse,
allergic, or other untoward reactions when administered to an animal or a human. As used hersin, "phammacauticaily
acceplable carrier” may include one or more solvents, buffers, solutions, dispersion media, coatings, antibacterial and

40 antifungal agents, isolonic and absorplion delaying agents and the like acoeptable foruse in formulating pharmaceutioals,
such as phamsaceuticals suitable for administration o humans. The use of such media and agents for pharmacentically
active substances iz well known in the art. Supplementary aclive ingredients also can b incorporated into the compa-
gitions,

[0088] Administration or delivery of the pharmacsastical compositions according to the prasent invention may be vin

4 any route so long as tha target lissue is available vig that roule. For example, administration may be by intradermal,
subcutaneous, intramuscular, intraperifoneai or intravenous injection, or by divect injection info target tissue (e.g.. cardiac
tissue}. The stability andfor potency ofthe ofigonuclentides disclosed hersin allows for convenient routes of admindstration,
including subsutaneous, intradermal, and intramuscular. Pharmaceutical compositions coraprising miRNA inbibitors may
also be administerad by catheter systems or systems that isolate coronary circulation for defivering therapeutic agents

5 tothe heart. Various cathater systems for delivering therapeutic agents to the heart and coronary vasculature are known

in the art. Some non-limiling examples of catheter-based delivery methads or coronary isolation methods suitable for

use in the prasent invention are disclosed in U.8. Paltent No. § 416510, 11.8. Palent No. § 716,186, 1.S. Patend No.

6,953,466, WO 2008/082440, WO 2006/089340, U.S. Patent Publication No. 200770203445, U.S. Patent Publication

No. 2006/0148742, and U.8, Patent Publication No. 2007/0080907.

[BOBG] The compositions or formulations may also be administerad parenteraily or infraperitoneally. By way of iilus-

tration, solulions of the conjugates as free base or pharmacologically acceplable salls can be prepared in waler suitably

mixad with a surfastant, such as hydroxypropyloeliulose. Dispersions can also he prepared in glycerol, liquid polyethylene
glycods, and mikiures thereof and o pils, Under ordinary conditions of storage and use, these preparations generally
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contain & preservative to prevent the growth of microorganisma.

[0861] The pharmaceutical forms suitable for indectable use or catheter delivery include, for example. stedle aquecus

solulions or ispersions and sierle powders for the extemporanenus preparation of slerile injeciable solutions or dis-

persions. Generally, these preparations are sierile and fluld {o the exient that sasy injectability exists. Preparalions
should be stable under the conditions of manufaciure and siorage and should be preserved against the contaminaling
achan of microorganisnis, such as bacteria and fungt. Appropniate solvents or dispersion media may contain, for example,
water, ethanal, polval {for example, glycerol, propylene giyeol, and Bquid polyethviene glyeol, and the fike}, suiiable
mixtures thereof, and vegetable oils. The proper fluidity can be mairdalned, for example, by the use of a coating, such
as lecithin, by the mairdenance of the required particle size in the case of disparsion and by the use of surfactants. The

Bes prevention of the action of microorganisms can be brought abiout by various antibaclerial an antfungal agends, for
example, parabens, chlorobutanal, phenol, sorbic ackd, thimerosal, and the like. In many cases, it will be preferable o
includs isotonic agents, for example, sugars or sodium chiorids. Prolonged absorption of the injeclable composiions
can he brought sbout by the use in the compositions of agents delaying absorption, for axample, aluminum monostearate
and gelatin.

18 [0082] Sterile injectable solutions may be prepared by incorporating the conjugates in an appropriate amount info a
solvent along with any other ingredients (Tor example as enumerated above) as desired. Generally, dispersions are
preparad by incorporating the vawious sterilized aclive ingredients into a sterile vehicle which containg the basic dispersion
mediurm and the desired other ingredients, e.g., a6 snumerated above. In the case of sterile powders for the preparation
of sterile injectable solutions, the preferred mathods of preparation include vacuum-drying and freeze-drying techniques

28 which yield a powder of the active ingredient{s) plug any addiional desired ingredient from a praviously sterie-filtered
salution therent,

[0063] Upon formulation, aolutions are preferably administered in a manner compatible with the dosage formulation
and in such amount as is therapeutically effective. The formulations may easily be administered in a variety of dosage
forms such as injeciable solutions, drug release capsudes and the Bike. For parenieral adminislration in an aguedcus

& solufion, for example, the solution generally is sulfably buffered and the Hiquid diluent first rendered isotonic for example

with sufficient saline or glucose. Such aguepus solulions may be used, for sxample. for intravenaus, intramuscular,

subcutanecus and intrapetitones! administration. Preferably, sterle aguesous media are employed as is knowrnt o those
of skill in the an, particularly in ight of the present disclosure. By way of Hlusiration, & single dose may be dissalvad in

1 mil of isntonic NaCl solution and either added to 1000 mi of hypodermochysis fluid or injected at the proposed site of

infusion, {ses for example, "Remington's Phamaceulical Sciences” 15th Edifion, pages 1035-1038 and 1570-1580).

Soroe variation in dosage will necessarily occur depending on the condition of the subject being treated. The prrson

rasponsibie for administration will, in any event, determine the appropriate dose for the individual subject. Morsover, for

human administration, preparations should meet sterility, pyrogenicity, general safely and purity standards as required
by tha FDA Office of Biologics standards.

[0084] In another aspedt, the presend invention provides a method of reducing or inhibiling RNA sxpression or achivily

in a cell. In such embodiments, the method comprises confacting the cell with an oligonucleotide disclosed hersin {or

pharmaceutical composition thereof), where the oligonucieolide hybridizes (8.4, is at least substantially complementarny)

1o an RNA transcript expressead by the cell. In some embodiments, the BRNA is an mRNA or 3 miRNA.

[0065] In another aspect, the present invention provides 3 method of preventing or treating a condition in a subject

40 associated with or mediated by RMNA or expression thereof. In some embodiments, the RNA iz a mRNA or 8 miRNA,
The method of prevention or realment according to the present invention involves administaring to the subject a phar-
macautical compnsition which comprises an affective amount of the oligonudectide or s pharmacsutically-gaceptable
compoesition thersof.

[0066] The invention provides a method for delivering the oligonuciectides of the present invention 1o a3 mammadian

& cell{ag. as part of a composilion or fornudation described herein), and methods for tresting, amelioraling, of praventing
the progression of g condition in a mammalian patient. The oligonucieotide or pharmaceutical composition may be
cortacted iy vitro of In vive with a target cell {e.g.. a mammalian cell). The cell may be a heart call,

[0067] The method generally comprises adminisiering the oligonuclectide or composition comprising the sameto a
mammatian patient or population of target celis. The oligonuciectide, as already described, may he & miRNA inhibitor

80 (e.g., having 8 nucleotide sequence designed to inhibit expression or activity of a miRNA). For example, where the
miRNA inhibiter is an inhibitor of & miR-208 family miRNA, the patient may have a condition associated with, mediated
by, or resulting from, miR-208 farily expression. Such conditions include, for example, cardiac hyperirophy, revocardial
infarction, heart failure {8.9., congestive heart fallure), vascular damage, restenosis, or pathologic cardiactibrosgis, canner,
or other MIRNA associated disorder, including those disorders desoribed in the patent publication listed in Table 2. Thus,
the invention provides a uss of the modified oligonucleotides and compaositions of the invention for treating such oonditions,
and for the preparation of medicaments for such realments.

[0088] incerain ambodiments, the patiant (e.g., human patiant} has one or more risk factors including, for example,

long standing uncontrolied hypertension, uncorrected vabvular disease, shronic angina, resent myccardial infarction,

<
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congastive heart failure. congenital predisposition to heart disease and pathological hypertrophy, Alternatively or in
addition, the patierd may have been diagnosed as baving a genetlic predisposition i, for example, cardiac hypertraphy,
or iy have a familial history of, for exaraple, cardiac hyperirophy.
[0069] In this aspect, the present invaention may provide for an improved exercise tolerance, reduced hospitalization,
= better quality of life, decreasad morbidity, andior decreased mortality in a patient with heart faitlure or cardiac hyperirophy.
[8070]  Inicerlain embodinents, the activity of microRNA incardiac tissus, or as determined in patient serurm, is reduced
pr inhibited.
[0071] In various embodimenis, the phammaceutical composition is administered by paranteral administration or by
direct injaction inlo heart tissus. The parenteral adminisiration may be intravencus, suboutanesus, or inframuscular, in
i some embodiments, the composition is administerad by oral, ransdermal, suslained release, controlled release, delaved
releass, supposiiory, catheter, or sublingual administration. in certain embodiments, the oligonucieotide is administered
al g dose of about 50 mg/kg or less, & dose of about 25 mgfkg or less, a doss of about 10 mgtkg or less, or a dose of
abaout b mgkg of less. In these embodiments, the oligonucieotide or composition may be administered by intramuscudar
of suboulaneous injection, or infravenously.
18 [0872] in some embodiments, the methods further comprise scavenging or clearing the miBNA inhibitors following
treatment. For example, an oligonuciectide having a nucleciide sequeance that is complemeaniary to the inhibitor may be
administerad afler therapy o altenuate or stop the function of the inhibitor.

EXAMPLES
20
Example 1. Production of 2-C-Bridged Bicyclic Nucleolides
[0073] This example describes an exemplary synthesis of key intermediates for the production of amine 2°-C-Bridged
Bicydlic Nucieolides {see Figurs 1%

Meihyi-D-Ribose { 2]

[0874] In three 500 mb Schotl Boltles were D-rthose {13 {90 g, 598 mmol}, Ambarlyst 18 (H+} {20 g, 595 mumiol), and
Motecular Trap Pack (80 g, 589 mmol) divided sgually {i.e. 30g each in each Schoft hottle). Each boltle was filled with
an equal amount of methanol (Volume: 1350 imd, .e. 450 mi/hottle) o give a coloriess solution. All bottles were placed
on an orbifal shaker @ 280 rpmf25°C for 17 hows. Reaction progress was monitored by TLC of the reaction mixiuee
comparad to co-spot with unprotected ribose in 158% MeOHDCM as developing solvent. The sugars were visualized
vig Hannessian's Stain with charring.

[0075] The solulions were filtered through a glass sintered furnel. The catalyst and Molecular Trap Packs were washed
with excess MelH (-B00 mb/ Botlle that contained 30g each of Amberlyst and Trap Packs). The methanot solution was
made basic by addition of 15 mb of TEA {5 mbfreaction bottle}. The mixtures were concantrated to dryness. The residue
was co-avaporated with dichloromethane {3 x 200 ml) o azeolrope off residual MeOH. The residue was drled under
high vacuum overnight to give 87 5Bg (80%) of metind-D-ribnss (2) which was used without further purification.
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48 Methyl §5-O-(TBOPS)- o, f-Dribofuranoside(3}

[0076] ina 1L round-bottomed flask was methyl-D-ribose {2, 80L12 g, 368 mmdl) and DIEA {128 mil, 732 mmnf)
dissolved in DMF {(Volume: 400 mi} to give a nolotless solution. The flask was flushed with argon and oooled (o 0°C in
an ice bath. TRDPS-CH{BY mi, 385 nmunol} was added dropwise over 10 minutes and the midure wag alfowed to come
4 o reom lempesaliure ovemight.
[O077]  The reaction mixture was poured into a solution of saturated NaHTO4 (1 L), The agueous phase was exiracted
with EtO8s {3 x 300}, The organic phases were combined and washed with water {1 x 400 mij and brine (1 x 400
ral.}. The organic phase was dried over Na,8Q . filtered and concentrated to give a dark brown oil that was purified by
dividing into 4 equal portions and purifying via sifica chromatography running a standard 0-100% EiQAnfHax gradient
5¢ over 75 mimdes at 100 mU/min followed by a 7 minute hold @ 100% EiQAc. Pure fractions were combined 1o give
121.58 g (82%) of mathyl 5-0-(TBDOPS}-w j-D-ribofuranaside {3} as a colodess oill

Metind 5-O-(TBDRS-2 3-Obis(4-Chiorobenzyli-a, f-D-ribofuranaside {4)

b2
o

[B078] Ina 2 L round-bottomed flask was weighed Methyl 5-O{TBDPRS-u, 3-D-ribofuranoside {3, 85.0 g, 137 ramoil.
The material was co-evaporated with toluene {2 x 100 ml) at 40°C and high vacuum. The flask was fitted with a reflux
condenser and the starting maternial was dissolvad under argon in Toluene (Volume: 500 mi). Sodium hwdride (2188 g,
547 mmol) was added in ~& g portlons to give g gray suspension. The mixture was heated 1o 60°C for 30 mimndes and
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than coclad to room tempearature with an ice bath. 1-chioro-4-{chioromethylibenzene (66.0 g, 410 mmol} was added in
~15 g portions with vigorous stining. The mixture was healed and stived overnight at reflux.
[0079] The reaction mixture was nooled {o 0°C and diluled with 800 ral. of EiOAR. The minture was quenched by slow
addition of £tOH {80 mL} to minimize bubbling. The mbxure was further diluted to 1.5 L with EtOAc and Washed with
8 10% NayCO4 (2 x 500 mb} and sat NaCl {1 x 500 mL}, The organic was dried over Na,S0,, filtered and concentrated.
The orude product was purified via silica gel chromatagraphy. Product was eluted with 8 §-30% EtDAc/Hexsnes gradiend.
Pure collectad fraclions were cambined lo give methy! 8-0-(TBDPRS-2 3-O-his(d-chiorobenzyl}-o, 3-D-ribofuraroside (4,
62.15 . 70%) a8 an amber oil,

Rt Methy! 5-Q-{TBDRS)-3-0-(4-Chforobensyll-a-D-ribofuranoside {8}

[0980]  ina 1L round-bottomed flask was mathyl 5-O-{TBDPE)-2.3-O-bis{4-chlvrobenzyli-n, B-D-ribofuranoside {4, 85
g, 100 nmymol) dissolved in 800 ml DCM o give a yellow solution. The mixture was cooled to §°C under argan. Tin (i)
Cridoride (150 mi, 150 mmnl) was added stowly over 10 minutes while solution tems 1o & clear, dark brown sofution. The
18 reaction mixiure was storad overnight at 4°C, under argon with stirring.
[0081] The reaction mixture was diluted with DOM {250 mL) and added o 500 ml of Dl water in a 4L sep funnel. The
mixture was shaken vigorously and allowed to separate. All prganic and ernudsion/precipitate was ralained ard washed
with & second aliquot of 500 mb water. All organic and emulsion/precipiiate was retained and washed with 500 mb of
10% Na,CQy in water. The emulsion was reduced vig addition of MeGH and mechanical agitation. All organic and
28 pmulsion/precipitate was retained and finally washed with 500 ol brine. Again, the smulsion was reduned via addition
of MaOH and mechanical agitation. The organic phase was removed and dried via MgS0, suspansion. The remaining
amulsion and agqusous phase was extracted with additional DUM {2 x 100 ml) which was combined with the MgS0,
suspension. The organic phase was filtered and concentraled fo a brown oil. The orude product was purified via silica
get cotamn chrormatography with a8 0-30% EiDAciHexanes gradient. Pure collected fractions were combined to give
& methyl 5-O-(TBDPS)-3-C-{4-chlorobenzyli-u-D-riboluranoside (5, 41.20g, 78%) as an amber ofl.

Mathyl §-0-(TBDFS)-3-0-{4- Chiorobenzyil-2-0xo-o-D~iboluranaside (6}

[0082] Ina 1L round-bottomed flask was dissolved methyl §-O{TBDPS)-3-0O-(4-chiorohenzyl}-u-B-ribofuranoside (§,
41.00 g, 78 mmol) and TEMPO {(1.215 ¢, 7.78 mimel) in DCM {(Volume: 250 mi) to give an orangs solution. lodobenzene
dizcatate {37.6 g, 117 mmol) was added and the rmbxture was allowed to slir overmight at room lemperature.

[0083] Reaction mixiure was diluted to 500 mi with DCM and washed with saturated sodium thiosuffate solution {2 x
360 mb), and bring {1 x 300 mL). The organic phase was dried over MgS0,, fillered and concentrated. The orangs
residue was dried undar high vacuim at 50 °C for 3 hours. The corude methyl 5-0-{TBDRS}-3-O-{4-chiorobanzyi}- 2-oxo-
w-O-ribofuranoside {6, 48.50, "B8%"} as an amber ol was used as is for subseguent reaction.
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Methyl 8-Q-{ TBDPS - 3--{4-Chlorobanzyl)-2-meathylens-w-D-ribofuranpside (7)

[0084] In a 2000 mi round-botiomed flask was methyliriphenyviphosphonium bromide (8, 28.8 g, 75 mimol} was sus-
48 pendad in ether {Ratior 20.00, Volume: 1500 mi) to give 3 white suspension. The flask was Bushed with argon and cooled
ta °C in an ice bath. Sodium tpentoxide {7.39 g, B7 nimol} was dissolved in Benzene {Ratio: 1.000, Volume: 75md)
and added at once to the suspension, The Bask was again flushed with argon and allowed to came to room temperature
over 2 hours. The suspension was allowed o stir for an additional 4 hours. The suspension was then cooled to -72°C
in an Acedone/dry ioe bath. methyl 5-0-{TBRDPS}-3-0-(4-chiorobenzyl)-2-oxo-e-D-ribofuranosids {18.56 g, 37.25 mmol}
4 was dissolved in additional Ether (Ratio: 1.067 Volume: 40 mi). The carbohvdrate solution was adided via syrings and
the reaction mixture was allowed to stir at 4°C for 17 hours.
[0085] TLC revesied that the reaction was compiste {15% EtQAciHeax). The reaction mixture was washed with sat
NH,CH {2 x 800 mil) and bring {1 x 280 mb}. The aguecus phase was back-exiracted with Ether {180 mL}L The organic
phases were combinad and dried with 3 brine wash {1 x 250 mL) and addition of Na,SQ4. The organic phase was filterad
3¢ endconcentrated. Purification was done via sifica gel colurmn chromatography using a 0-20% EtOAc in Hexanes gradient.
Pure fractions were combined and concentrated o dryness to give methyl & O-(TBRPS)-3-O-{4-chlorabenayi}-2-deoxy-
2-methyiene-w-D-ribofuranoside {7, 14.78 g, 28.3 mmal, 76 % vield} 35 a cokuless oil.

Metind 5-O-{TBDP3)-3-0O-(4-Chlorchenzyll-2-deoxy- 2-ceHydroxymethyl-e-D-Riboluranoside {8}

b2
o

[0886] Linderargon, 9-BBN {8 87 g. 73.5 mmol) was added to a sclution of methyl 5-0-(TBDPS}-3-0-{4-chlprobenzyl)-
2-deoxy-2-methylene-w-D-ribofurancside (7, 28.50 g, 54.5 mmol} in THF {300 mi) atroom temperature. After the reaction
mixiure was stirred at room temperature for 1.5 hours, TLC revealed that all starling material was consumed.
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[00871 Sodium perborate telrabydrate (33.9 g, 221 mool) and water (80 mb) were added and the mixture was stirred
at ropm temperature for an additional 2 bours. The organic layer was separated, and the agqueous was diluted o 400
mi then exbracied with ethyl acetate {3 x 280 mL}. The organic layers were combined and dried over MgS0 . The sclvent
was removed, and the product was purified by silica gel chromatography sluting with ethyl acetate/hexanes gradient of
= 0-80%. The purified fractions were combined and concentrated o dryness o give methyl 5-0-(TBDPSR3-0-{4-chio-
robenzyil-2-devxy-2-a-bydroxymethyl-a-D-ribofursnoside (8, 26.38 g, 48.8 mmol, 80 % yield} as a colorless il

Methyl 3-O-{4-Chlorobenzyvl)-2-daoxy-2-a-{4 4 -Dimethoxytrityiosymethyll~e-D-Bibofuranoside {10)

i [0D88] In a 1L round-holtomed fask was methyl 5-C{TBDPE}-3-0-(4-chiorobenayl}-2-deaxy-2-a-hydroxyrasthyl-
B-ribofuranoside {8, 26.30 g, 48.8 mmnl} in pyridine (200 mi) dissolved under Argon fo give a coloriess solution. DMTr-
CH{Z0.58 g, 80.8 mmol) was added, af onee, 1o the stirring solution. The reaction mikture was allowsd to stir overnight.
The trytilation reaction was quenched by the addition of 50 rob. of MaOH with stirring for ZD minutes followed by dilufing
the mixiire o 750 mb with BtOAc. The Organic phase was washed with saturaled NaHCO, solution (3 x 350 mbL) and

18 Brine {1 x 150 mL}. The organic phase was dried over Na, S0, fiterad and concenirated to drvnesa,

[0089] The crude product {9) was dissolved In THF {(Volume: 70 mi), 1.0 M TBAF in THF solution {72.9 mi, 72.9 mmol)
was added to the mbdure and it was affowed to stir at room temperature for 1.5 hours. Addition of the TBAF resulted in
a dark, smoky colored solution. The mixture was soncantrated to dryness and applied to @ 330g ISCO siica column
pretreated with 3% TEA in hexanes. The product was elited with a 0-60% EtOAC in Hexanes gradient over 50 minutes

20 @ 104 mbfmin. The pure fractions were combined and concentrated o give mathyl 3-0-(4-chlorobenzyl}-2-deaxy-2-

u~-{4.4 dimethomyintyloxymethyl-a-D-rbofuranoside (10, 2717 g, 44.9 mmol, 92 % yield) as a colorless oil.

Methyl 5-Quo-3-O-{4-Chlorobenzyil-2-deoxy-2-c-{4 4 -Dimethoxytritvioxymethyli- - D-Ribofuranoside {11}

¥ (o030}l ina 1L round-boliomed flask was methyl 3-0-(4-chioroberayl}-2-deoxy-2-a~(4 4 -dimethoxytrityloxymethyl)-
n-D-ribofuranoside (10, 27.15 g, 44.9 mmol) and DCL (27.8 g, 135 ol dissolved in DMBO (166 nd, 2333 mamol} o
give & colodess solulion. Pyridine {5.44 mi, 7.3 mmol} and TFA {1.728 md, 22.43 mool} were combined in 40 mb of
DMSO and the resulting soluion was added lo the reaction mbdura. The flask was covered and allowsd o stir overnight
at room temperature.

[0081] Water (26 ml) was added and the reaction was allowed to siir at room temperatisre for 3 hours, The reaction
was dilled with 800 mi EI0AC and fillered. The pracipitate was washed with an addiional 200 mL of EtAc. The
combined organic was washad with Brine (8 x 400 ml), dried with Na 80, filtered and concanirated. The product was
pusified vig silica gol column chromatography with a 8-100% EtOAciHex gradient, Pure fractions were combined and
concentrated to give methyl 5-oxo-3-0-{4-chlorobenzyi}-2-deoxy-2-n-{4 4 dimathoxyiritylosymethyh-a-D-ribofurana-
side {11, 25.22 g, 41.8 nunod, 83 % yield) as a white foam.
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Methyl 4-C-Hydroxymethyl-3-Q-{4-Chiorobenzyll-2-deoxy-2-a-{4, 4 -Dimethoxytritvoxymetivll-e-D-Risofuranoside
(2

48 [8082] Ina 2L round-holtomed flask was methy 5-oxo-3-0O-{4-chiorobenzyl}-2-decxy-2-u-{4 4'-dimethoxyirityloxyme-
hyli-w-D-ribofuranoside {11, 2520 g, 41.8 ramod} dissolved in Diokane {1000 mi} to give a colorless solulion. Foomal
dehyde {248 mi, 3343 mmol} was added with stireing. The reaction mixiure was cooled o 0°C in an ice bath. The flask
was fifted with a 750 mi. pressure equalizing dropping funnel and 2.0 M sodium hydroxide (808 mi, 1212 mmol} was
added over 30 minutes fo give a cloudy whits solution. The mixture was allowed to stir while coming to roont temperature

44 over 42 hours. The solution had turned clear. The sclulion was neulralized by addition of sodium phosphate, monobasic,
manohydrate (86 g, 827 mmal). The solution was congentrated to about a third of its volume, diluided with 500 ml of
water and extracted with DCM {3 x 300 mb). The organic layers were combined and washed with brine {1 % 300 ml)
then dried over Na;8Qy. The solvent was removed, and the product was purified by silica gel chromatography eluting
with a MaOH/DCM gradient of 0-10%. The purified fractions were combined and contentrated fo dryneas o give methy

8¢ 4-C-hydroxymethyl-3-O-(4-chiorobenzyl}-2~-deoxy-Z-u-{4 4 -dimethoxytrityloxymethyl}-o-D-ribofuranoside {12, 32.50 g,
35.4 muniol, BS % yield) as s coloriess il

Methyl 5-Q-Mesyl-4-O-(Mesyioxymethyll-3-0-(4-Chilorobenzyll-2-deoxy-2-c-{Hydroxvmethyl -o-D-Ribofuranoside (14)

b2
o

[8083] Ina 1L round-botlomed flask was methyl 4-hydraxymethyl-3-C-{4-chiprobenzyl}-2-daoxy-2-¢.-(4 4 -dimethox-
virtyloxymethyl}-o-D-rhofuranoside {12, £2.50 g, 35.4 mmal} dissoived in Pyriding {200 mi) under Ar to give a coloriass
solution. The mixture was cooled to 0°C in an ice bath. Mesyl-Cl {828 mi, 108 mmol) was added, dropwise over 10
minuies, {o the stirring solution. The reaclion mixiure was stired for 45 minutes at room temperature. The mesylation
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reaction was guenched by cooling the reaction to 0 °C and adding 15 mbL of Water with stirring for 20 minutes, The
mixture was diluled o 750 mbl with EICAC and washed with beane {3 x 400 mL). The organic phase was driad over
Na.S0,, itered aind concentrated b drynass.
[0034] The crude product {13} was dissolvad in 800 mbL of AcOH. Water {200 mb) was added {u the stirring solution.
§ The solution was allowed {o stir at room temperature for 2.5 bours then diluted with 500 mb of water. The mixture was
concentrated to about 400 bl and diluted with an additiorsa!l 250 mbL of water. The sohdion was then concenirated fo
deynass under high vacuum. The residus was spplied {o a 2205 1I8CO silica column and the product was sluted with s
0-100% EtQAcHexanes gradiant. The pure fractions ware combined and concentrated to give methyl 5-Q-mesyl-4-
C{mesyloxymethyi}-3-0-{4-chlorobenzyil-2-deoxy-2-a-{ Hydroxymethyly-o-Deribofurancside {14, 10.014 g, 2047 ramol,
Bes 7.8 % vield) as a colodess ol

{25, 3R 45 }-2-avefosy-4-{{(4-chiforobenzylioxyi-5, 5-bis{{imethyisulfonylloxyimethyiliielrahydrofuran-3-ylimethyl age-
tate {16}

18 [0D88] {35 4R 58)-3-{{4-chinrobenzyljoxy)-d-{hydroxymethy}S-methaxytetrahydrofuran-2 2-diyiihis{methylene)
dimethanssulfonate (3.41 g, 8.57 mmol) was weighad info a 100mi round-boltomed flask with a stir bar and septum
sealad. The flask was cooled to 0“0 and charged with pyriding {(Volume: 25 mi) and acetic anhydride (1.318 ml, 13.85
mrnad), The mixture was alfowed to come to room temperature over § howrs. The mixture was cooled to 0°C and MeOH
{1 mbL} was added and allowed to stir for 15 minutes. The mixture was concentrated 1o dryness and re-dissolved in

28 E1OAc {180 mbL). The organic phase was washed with agueous 1% HCHE0 mb), ssturated sadiun bicarhonate {58 ml)
and brane {50 ml). The organic phase was dried over Na 50, filtered and concantratad.

[0086] The resultant ol was re-dissolvaed with acetic acid {9.98 ml, 174 mmol} and acetic anhydride {2.83 mi, 27.8
mimol} in a 100 mb round-bottomed flask. H, 80, £0.037 mi, 0.897 mmol) was added, the flask septum sealed and the
mixbure was allowead to stir overnight. The mixiure was diluled with waler (100 mb) and extracted with BtOAC {3 1 78
¥ mi} The organic phases were combined and washed carefully with saturated sodium blcarbonate (2 x 100 mlL} and
bririe {1 x 100 mb}. The wganic phase was dried over Nay80,, fillered and contentrated to give 3.158g of crude
{{23 3R A5)-2-acekmy-d-{{(4-chiorohenzyijoxy}-5, B-bisi{{methylsulibryloxyimethyiitetrahydrofuran-3vhimeathyl  ace-
fate {3,158 g, 5.64 mmol, 81 % vield} as a pale yellow oil that was used without further purification,
ESI-MS: 817 (M + Acalatey
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{{3R 45 }-4-{ (4-chiorobenzylloxyl-2-hvmidinli-8 S-bis{{{methvisulfonyiioxyimethybiletrabvdroluran-3-yilmethyl ace-
tate (17}

[0087] N.O-Bis{rimethyisiiyhacetamide {4.07 mi, 16.64 mmol) was atded io a mixiure of {{3R 48} 2-acetoey-9-{{4-
chinrobenzyoxy}-58,5-bis{{{methvisulfonylioxyimethylitetrahydrofuran-3-ylimethyl acetate (310 g, 5.55 mmol} and
thymine (0874 g, 6.93 mmuol} In anhydrous acetonitrile {20 md}. The reaction mikure was refluxed for 1 hourto gel a
clear solution. The solution was cooled 10 40°C and TMS-0TI{1.303 mi, 7.21 mimol) was added. The mixture was heated
at 80°C for 4 hours, The sohuding was cooled fo room temperature, diluted with CH,Cl, {100 L), and washed with
saturated NaHCQ; {2 x 100 mL) and bring {1 x 100mL}. The organic layer was dried (Ma;S0,), concantrated under
48 reduced pressure, and the residue was purified by silica gel column chromatography on a standard Biotage Isolera

gragient {(-10% viv MeOH/CH,CLY 10 give {(3R45)-4-{{4-chloroberzylioxy}-2-{thymidin-yl)-& S-bis{{{methylsulio-

nyhioxy inethyatrahydrofuran-3-yimethyl acetate {2.84 g, 4.54 mmol, 82 % vield) as a while sclid material.

ESLMS: 624 (MY

Gy
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48 ({33, 4R }-3-{ (4-chiorobenzyiloxyl-dihydroxymethyll-5-(themidin-vhiteirabvdrofuran-2, 2-diviibis{methvlens ) dimeth-
anesuffonale (19)

[0088] in a 100 mb round-bollomed flask fitled with a slir bar, {({IR,48~4-({4-chiorobenzyhoxy)-Z-{hymidin-yi}-5,5

bis{{{methyisulfonyDoxyimethylitstrahydrofuran-3-ylimethyl acetate {2.84 g, 4.54 mimol) was dissolved in Methano! {val-
50 ume: 20 mi). Sodium methoxide {0.123 g, 2.272 mmol} was added and the flask was coverad and alfowsd 1o stir overnight
atroom temperature. TLC (100% EHOAC) revealed that the reastion was complete, The reaction mixture was evaporated
fo dryness i vacuo, ang applied directly to a 3 g Bintage Samplaet, which was filted fo 2 25g Biotage SNAP column. The
product was siuted with a 48-100% EiQAcHex gradiant 1o give ({38,4R}-3-{{4-chiorobenzylionyi-4-{hydroxymethyl)-
S-{thymidin-¥tetrahydrofuran-2,2-divl}bisimethyleng) dimethanesulfonate {2.32 g. 3.88 mmol, 88 % yield) as a white
faam.
ESI-MS: 582 (MY
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{(33 4R)-5-{thymidin-yl}-3-{{4-chlorobenzylloxyl-4-{hydroxymethylitetrahydrofuran-2, 2-diviibis(methylene) dimeth-
angsuffonate (20)

[0089] To a mixiure of {38 4R)-3-{{4-chiorahenzylioxyi-4-(hydroxymethyi}-S-{thymidinyiiietrahydrofuran-2.2-di-

5 viibis{methylene) dimethanesulfonate (1.0 g, 1.7158 mmol) and pyridine (10 mi) was added TMS-C1 {0.218 mi, 1.715
rmiol} &f room tempeeature. After stiring for 1 hour, the reaction mixture was cooled (o §°C, and benzoyl chioride {0.189
ni, 1.715 mmol) was added dropwiss by syringe. The ice-bath was then removed and the reaction mixture stired at
room tamperature for 48 hours. The reaction was quenched by the addition of water (2mL}; after stirring for 15 minutes
at room femperature, the mixture wag diluted with EtOAc {50 mb) and washed with sgueous 8% HCH {2 x 25 ml),

W saturated NaHCCy (128 mb) and brne {1 x25mb). The vrganic phase was dried over Ni,8Q,, fillered and concentrated
o dryness i vacuo. The residue was applied fo 8 3g Biolage Samplat with minimal DCW, which was then filled o a
25y Biotage SNAP column, The desired product was eluted with 40-100% EXGAcHex gradient 1o give ({38 AR)-5~(3-
benzoyl-S-methyl-Z 4-dioxo-3 4-dibydropyrimidin- {{2H}-y)-3-{{4-chiorobenzyhoxy)-4-thydroxymethyiitetrshydrofuran-
2.2-diyhibis{mathylens) dimathanesulfonate (0.87 g, 1.268 mmol, 73.8 % yigld) as a white foam.

18 [0100] N-Benzoyi protection of thymidine resulls in a diastereomaric mixture which gives rise 1o two C-5 methy singlets
and fwo C-6 proton singlets in & 32 rafio. For the a~-anomen

T+ NMR {400 MHz, Chioroform-o) § 7.88 {5, 1H, diastereomer 1), 7.87 {d, J = 1.3 Hz, 1M, diastercomer 2), 7.67 -
7.80 ém, 1H), 7.80 - 7.38 {m, 3H}, 7.39~ 717 {m, 5H), 8.02 {d. J = 8.6 Mz, 1H), 487 ~4.46 (m, 3H), 4.42 - 428 {m,

28 5H), 3.87 - .73 {m, 2H), 3.02 {5, 3H), 2.98 {s, 2H}, 2.82{p, J= 6.5 Hz, tH}, 2.03 {s, 3H, diasiereomer 1}, 1.84 {s,
3H, diasteromer 2}

{{3S 4R, 5R)-4-{{flert-butoxy~(2, 2 2-fiffunroethoxyldicarbonyllaminoimetbyl)-3-{(4-chiorobenzylioxy)-5-{3-banzoyl-
thymidin-yiilelrahydrofuran-2 2-diviibisfmelbylene} dimethanesuifonaie (21}

[101]  ina 20 mb scindilfation vial ftted with a stir bar was weighed {38 4R}-5-(3-berzoyl-thymidin-yi)-3-{{4-chloroben-
zyhaxy4-thydroxymethylitelrahydrofuran-2 2-diylibis{methylene) dimethanesuffonate (0.25 g, 0.364 mmol}, (2,2, 2+
fuornethyi-ed-Bubyi-iminodicarbonate (0.088 ¢, 0.364 mmol}, and friphenyiphosphine {0,095 g, 0.364 mmal}. The vial
was charged with THF {Volume: 4 mi) and DIAD, 1.0M Sohdion in THF {0.364 mi, 0.384 mmol} was added dropwise.
After slirning overnight, the reaction mixture was concentrated to dryness in vaouo and applied 1o & 25 g Riotage SNAP
colurmn. Product was eluted with 40-100% EIOAGHexanes gradiant to give ({35 4R ER)}A-{{{tert-butoxy-{2.2 2-trfluce
cethoxyldicarbonybamineimethyl)-3-{{4-chlorobenzylioxyi-a-{3-henzoyl-thymidinvielrahydrofuran-2,2-di-
yvibis{methylene) dimethanesulfonate (0.228 g, 0.28 mmol, 68.7 % yield) as a white foam.

1H NMR (400 MKz, Chioroform-o) § 784 {d, J=TB Mz, 2M)L. 7.63 {t. J= 74 Mz, 1H). 747 (1, J= 7.8 Hz 2H), 7.34 (d,
J=84Hz ZH), 728 (d, J= 8.4 He, 2H), 715 (s, 1H), 5,99 (d, J= 8.2 Hz, TH), 4.70{d, 4= 110 Hz, 1H). 480 (g, J=
10.9 Hz, 1H), 4.48 {gd, J = 83,34 Hz, 2H), 441~ 4.24 {m, 6H), 3.94 {d, J = 5.6 Hz, 2H), 320~ 3.05 {m, 1H), 2.98 {s,
2H), 2.97 {8, 4H), 1.92 (s, 3H), 146 {5, 8H). ESEME: 871 {M + Acstate)
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({38 4R SR -4-{{{tert-butoxycarbanyllaminalmethyl}-3-({4-chlorobanzyiloxy )-8~ temidin-vhtetrahydrofuran-2, 2-di-
49 viibistimethyvlenal dimethanesuffonate {22}

[0402] in a 20 mi sorew cap scintillatinn vial was ({38 4R .5R)-4-{{{tert-buloxy-{2 2 2-4nflucresthoxydicarbonytjami-
noymethyl)-3-({(4-chlorobenzylioxy’-5-(3-henzoyithymidinyletrabydrofuran-2 2-diyibis{methylens}  dimethanesul-
fonate (125 mg, 0.137 mmol} weighad with 3 magnetic stir bar. The vial was charged with THF (Volume: 1.5 mi} and
46 2.0M LIOH in water {1507 mi, 3.01 mmol), covered and allowed to stir overnight at room temperature The reaction
mixture was diied with Et0Ac {7 mb) and washed with saturated sodium bicarbonate {1 x S mb) and brine {1 x 8 mL}L
The organic phase was dried over Na,80,, Filtered and concentrated in vacue to give ({(38.4R.ER)-4-{{{terl-butoxycar
bonyljaminoimethyl)-3-{{4d-chiorobenzylioxy-8-{thymidin-yiRetrahydrofuran-2 2-diylibis{methyiene} dimethanesul-
fonate (80 myg, 0.117 mmol, 88 % yield) as an off white foam that was sufficiently pure to he used crude for schsaquent
52 reactions.
11 NMR {400 Mz, Chioroform-g) § 881 (s, 1H), 7.38 (d, J = 8.4 Mz, 2H), 7.27 {d, J= 8.4 Hz, 2H). 7.13 {s, tH}, B.04
{d. J=83 Hz, 1H), 4.74 - 4.684 {m, 1H}, 459 {d, J = 11.3 Hz, TH), 4.58 {d, J = 11.3 Hz, 1H). 4.40 - 4.23 {m, 8H), 4.00-
3.89 (m, TH), 344 {ded, J = 13,6, 6.7 Hz, 1H), 317 {ddd, J=14.3, 8.4, 5.8 Hz, 1H), 3.09 {s, 3H), 3.00 {5, 3H}, 1.89 {5,
3H}, 1.32 (s, 9H). ESMS: 681 (MY
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{18, SR, 7R 85 Hert-butyl 8-{{4-chlarabenzylloxyl-7-(thymidinyii-8-{{{methvisufonylioxy)methnl)-6-oxa-J-azabicyc-
fafd. 2. Tioctane-3-carboxyiate {23}

[0163] in a 10 mb conlcal reaction vial was {{(38 AR.BR}-4-{{{{ert-butoxycarbonyhaminaimethyl)-3-{{4-chloroben-

= zyhoxyi-a-{thymidin-yiltetrabydrofuran-2 . 2-divlibis{methylene} dimethanesulfonate (80 mg, 0.076 mmol) dissolved in
Tetrahyarofuran {7 mi}. Sodium hydride, 0% Suspension in oif {12.21 sig, §.305 simol} was added to the vial at onte,
the vial was fitled with a slir bar and g teflon-lined septum screw-cap and the mixture was stirred at 55°C overnight. The
reaciion was cooled to ronm temperature and quenched with a few drops of MeQH added with stiring. The mixture was
dikuted with EIOAc {310 mb) and washed with sagueous salurated sodium bicarbonate (2 x 10 mb) and brine (1 x 10 ml).

W The organic phase was dried over Nay 80y, fillered and concentraled o give a tan fuam that was dissolved in & minimal
amourt of DCM and applisd to 8 1 ¢ Biotage Samplet fitted to 2 10 ¢ Biotage SNAP column. Product was eluled with a
0-100% EiGAc/Hexanes gradient to give {1R.6R, TR 83)-tert-butyl 8-{{4-chiorobarzyhory)7-{hymidin-yi}-5-({{methyl-
sulfonyloyimethyl}-8-oxa-3-azabicyaln{3. 2. joctans-3-carhoxylate (35 myg, 0.080 mmaol, 78 % yield) as s white foam.
[0104] The cyclization gives & mixture of N-diastersomers in 8 3:2 mxdure that was unresobvable by TLG/cohumn

18 chromatography. This presence of the minor diasteraomear gave rise 1o several distinel signals that are denoted by a ).
TH NMR {400 MMz, Chioroform-d) § 8.63 {s, 1H), 8.69* (), 7.62 (s, 1H), 7.58% {8}, 740 - 7.27 {m, 2H), 7.23 (d, /= &.1
Hz, 3H}, 5.8G" {8}, 5.79 {5, 1H), 4.66 - 4.44 (m, 2H), 4.44 - 427 {m, 2H), 4.09 - 3.92 {m, M), 379 {d, J= 12.8 Hz, 1H},
381 {d, J=12.6 Hz), 3.38 - 3,10 {my, 2H), 3.08 (s, 3H), 2.81% {8}, 2.70 (s, 1H), 1.84 (s, 3, 146 {5, 8H), 1.44" {s). ESk
MS: 885 (MY

I-{{ 1R 68, 7R #8)-8-{{d-chiarohenzylioxy}-5-{hydraxymethyvil-6-oxa-3-azabicyclof3. 2. {loctan-7-yii-thymiding {24}

[0185] In a 10 mb glass reaction vial was (1R.8R, 7R 8S}-tert-butyl 8-{{4-chlorobenzyloxy)-7-(thymidin-yl}-5-{{{meth-
yisulfonylioy imethyl-6-ana- 3-azabicvclol3 2. cctane-3-carbaxyiate {35 myg, 0 060 mmod) and sodiunt banzoale {1721
¥ mg, 0.119 mmol) dissolved in DMF {2 mi}. The vial was fitted with a siir bar and sealed with a {eflon Bned screw-cap
septum. The mixiure was heated 10 105°C in an oil bath avernight. All components had effected solution. The vial was
resnoved from the oif bath and 10 ul removed to asses reaction completeness via TLO. While crystals started fonning
immediately upon cooling. TLT revealed reaction was only 50% complete, so an additional porion of sodium henzoate
{(17.21 mg, 0. 119 mmol} was added along with 1 mbL DMF {o allow for stiring. The mixture was healed to 105°C for an
additional 48 bours with periodic aliquots removed for TLC analvsis. The thick precipitate never fully effected solutlon,
even after heating 10 105°C for twa days, however the reaction went to completion with no detectable decompasition.
[o106]  The reaction mixture was cocled o room temperature, diluted with BtOAc {10 mb} and washed with water {2
x 10 L}, saturated bloarbonate solstion (1 x 10mL) and brine {1 x 10 ml). The organic phase was dried over Na;S0,,
filterad and concenirated in vacuo. The rasidus was re-digsolved in MeOH (2 mi} and sadium methoxide (8.45 mg, 0.119
mumiol) was added at once. The mixture was allowed lo stir overnight. TLC ravealed thal the reaction was complete and
the mixture was concentrated to dryness. The resultant residue was re-dissolved in 1 mil of 1:1 DCW/TFA and stirred
for 30 minutes at room temperaturs. The mixture was concentrated o dryness and applied o a 4 g RediSep Rf silina
column using a minimal amount of DCM. The product was sluted with a 0-100% EtOAacHex gradiant containing 3%
TEA. The product fractions were combined and concentrated to drynaess. The resultant white powder was re-dissolved
48 it DOM (3ml) and washed with saturaled bicarbonate solution {1 x 5 mL). The agueous fraction was hack exiracted
with 70/30 chioroformisopropanot (2 x § ml). The organic phases were combined, dried over MgSQ,, filtered and
cancentrated to give 1-{{1R,BR 7R 85}-8-{{4-chiorobanzyloxy)-5-thydroxymethyil-B-oxa-3-azabicycio §3.2.1jnctan-7-
yi}-thymidine {17 myg. 0.042 mmol, 69.8 % yisld) as a white powder.
TH NMR (400 MHz, Acetonitrile-d3) 8 8.05 {g, J = 1.2 Hz, 1H), 7.38 (5, 4H), 5.94 (s, 1H). 452 {dd, /= 388, 119 Hz,
46 My, 414 0d, J= 81 Hz, 1H), 388 (dd, = 33.9, 123 Hz, 2H), 3.09 (d, J= 12.7 Hz, 1M}, 2.80(d, 4= 13.0 Hz, 1H), 2.75
{dd, J = 13.0, 3.2 Hz, 1HY, 257 - 2.50 {m, 1H), 2.34 (¢, J = 13.0 Mz, 1H), 1.98 - 1.90 {m, 2H}, 1.8 {d, J = 1.1 Hz, 3H}).
123G NMR (101 MHz, CDLON) 3 166.01, 151.22, 13807, 138,98, 1353.72, 130.05, 128.23, 108,19, 87.42, 85.04, 73.06,
71.38, 61.04, 4585, 43.60, 41.58, 1271
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8¢ IR 8R 7R 88}-tert-butyl-8-({d-chiorobenzylioxy)- I-{thymidin-yik-8-thydroxymethyll-6-asa-3~azabicyciofd. 2. 1joctane-
3-carboxylate (25}

[0107] (1R BR, 7R 8S)tert-butv 8-{{4~-chiorobenzyliony-7-(thymidin-vi-5-{{{methyisulforlioxy ymethyl-6-oxa-3-
azabicyclo[3.2 1joctane-3-carboxylate {1.0 g, 1.47 mmol) and sodium benzoate (0.63 g, 4.40 mmol} were weighed into
a 100 mid. round bottornad flask with a stir-bar. The flask was charged with DMF (10 mi), seplum sealed antd healad fo
100°C for 40 hours. TLO {(68% EiQAc/Hex) indicaied that the reaction was complete. The mixture was diluted with
saturated sodium bicarbonate {100 mb) and extracied with athyl acetate {3 x 50 mL}. The organic phases were combined
and washed with brine, dried over Na,8Q,, filtlered and concentirated /n vacuo 1o give a tan solid that was dissolved in
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a mixture of dioxane {20 mbL} and 28 NaOH {3 ml). The mixture was warmed {o 50°C overnight. The reaction mixture
was concentrated i vacuo to a8 solid and applier 1o a 50 g Biotage SNAP silica oolurnn and eluted using a gradisnt of
§8-100% EtOAr in hexanes aver 7 colums volumes and holding at 100% ElOAe for 7 column volumes. The pradact
cortaining fractions wers combined and concerdrated in vacucio vield {1TR5R 7R 88 -ert-butyl 8-{hydroxy}-7-{thymidin-

5 vil-G-{hydroxymethyl}-G-oxa-3~azabicyolo]3.2. Hoctane-3-carboxylate {0.83 g, 1.24 mmol, 84.5%} as a white foam.
ESIME: 548 (MY

{1R . 8R TR 85)-B-Hydraxy-T~{thymidin-yl-S-{hvedroxymathyl-thydromethyll-3-(2, 2, 2-trifluorcacelyl)-6-ox a-3-azabicye-
jof3.2 flocfane (26}

[0108] {1RAR 7R 88Merbbulyl  B-fhydrony - 7-(thymidireyli-5-(hvdroxymethyl}-6-oxa-3-azabicyniol3.2. inctane-3-
carboxyiate (0.6 g, 1.18 mmol) was dissolved in ethanol {25 mb) and transferred to a 500 mi Parr hydrogenation vessel.
Peariman's Cafalyst {0.35 g) and a single drop of glacial acetic acid was added at once and the mixturs was shaken on
a Pamr hydrogenator under a hydrogen atmosphere (40 psi) for 4 howrs. TLC indicated that the reaction was complets

18 and apotdo-spot (5% mathano! in DCM). The mirture was carefully fitered through a bed of celite that was previously
washed with several volumes of methanol. The oslite bed was washed with ethyl acetats (100 mb) and ethanol (100
mbL}. The fiitrale was concentrated in vacuo i approximately 5 b and transferred to a 20 mi glass scintiflation vial.
The material was taken 1o dryness i vacuo o give an off white powder that was used without frther purification,
[O108] The glass scintillation vial was fitted with a micro stir bar and charged with dichloromethane {2 ml) and trifluor-

2 pacetic acid {2 mL). The vial was sealed and set o stir for 30 minutes. The micm stir bar was ramoved and the volatiles
removed in vacuo. The resullant ol was co-evaporated with toloene (2 x 4 mb), methanal {1 x4 mb} and DCM (2 x4
mlb} o give an off white powderiresidua in the viall The residus was re-dissolved in methanol (& ml) with a micro slir
bar in the scintillation vial. Ethyl triflucroacetate {2.00 mi, 16.9 mmol} and TEA (0.410 mb, 3.54 mmol) were added. the
vial was sealed and the mixture sel lo stir overmight. ARter 20 hours, TLC of the mixture showed thal the starting roatedal

¥ was compietely consumed and a new product had been formed. The volatiles were removed i vacuo. The residus was
po-evaparated with E2AC {2 x 5 od)) and bluene {2 x 5 b} fo give (IR SR, 7R.8D)-8-Hydraxy-T-{thymidin-y1}-5-(hy-
droxymethyl}- 32,2, 2-trifluoroacelyl}-6-oxa-3-azabicyclo[3.2. Hoctane (0.30 g, 79.8%) for use directly in the naxt fritvla-
fion step. TH NMR analysis of the crude material indicated that a mixture of diastersomers in an approximately 55:45
ratic were formed (by integration of anomeric signals}.
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{1R 88, 7R, 88 }-8-Hydroxy-7-tthymmidin-yi}-5-{{4, 4 -dimathoxyirivioxyhmelhyl}-3-( 2, 2 2-trifluorcacelyll-G-oxa-3-azabicy-
clof3. 2 1octane {37}

8- 0-DMTr-aCBRN{Ha)
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[0118]  Ina 50 mib round bottomed flask, {IR,5R TR 83)-8-Hydraxy-7-{thymidin-yi}S-{hydrogymethyi}-3-(2,2 2-tifluoe-
oaceivi-6-oxa-3-azabicyclo]3.2. Hjoctane (0.28 g, D.74 mmol} was co-evaporated with pyndine {2 x 10 mb). The flask
was charged with anhydrous pyridine {7 b} and DMTr-Cl was addad, at nnge, the solution. The flask was sealed and
the mixiure stirred overnight at room temperature. TLC revealed that all starting material was consumed {(858% EtOAc/Hex

40 or 5% MeOHDCM), The reaction was quenched by addition of methanol (0.5 mL) and stirning continued for 30 minutes,
followed by addition of aguecus saturated NaHCQ, (30 mL}. The aqueous phase was extracted with EIQAc {3 x 20mlL}.
The arganic phases were combined and washed with brine {1 x 20 ml}, dried over Na,8Q,, filtered and concentralad
in vacuo to give atan foam, The solids were dissolved in a minimum amount of DOM and applisd to a 50 g Biotage silica
SNAR column praviously treated with 80 mb of a 25% solution of TEA in hexanes and squilbrated with 200 mb of 30%

44 E#3AcHex. The product was sluted off the column with a gradient of 30-100% Ei0Ac in Hexanes over 10 column
volumes followed by 4 column volumes of 100% E{QAR. Fractions containing pure product wers combined and concan-
trated to give DMTr{N-ffa)-aminoCBEN as a white foam. Both TH and 18F NMR indicates two distinet diasterecmers.
Astarisks in the TH NMR tabulation denotes peaks where diastersomeric protons are resolved inan approximately 55:45
ratio.

50 THNMR{4COMHz, Chioroform-ch 8 7.72° (d, J = 1.0 He, 1H), 768 (¢, J = 1.1 Hz, 1H), 7.48 - 7.38 {m, 4H}, 7.35 - 720
{m, 14H). 6.93 - 8.78 {m, 8H), 573 (8, 1H), 5.88" (s, 1H), 4.55 - 4,36 {m, 3H). 4.05" (5. 2H), 401" (s.2H), 3.94 - 3.84
{m, H), 379 (o, J = 0.7 Hz, 13H), 3.64 (4, J = 120 Hz, 1H), 357 - 338 {m, 4H), 3.38 - 318 {m, 4H), 270" {d, &= 3.8
Hz, 1H), 2.85” {t, S = 4.0 Hz, 1H), 147 {s, 3H), 1.41% (s, 3H), 1.28 (bs, 2H}. 18F NMR (376 MHz, adoly) 8 -68.61, -68.90.
ESI MS: 680 (M)
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{1R 8R 7R 85}-T-{thymidin-yl}-8-({4 4 -dimethoxyiiloxyimethyl}-3-(2, 2 2-trifluoroacely)~6,8-oxa-3-azabicyclof3. 2, T foc-
tane-8-O-{2-cvanoethyl-NN-disopropyiphoramidite (28}

E.0-DMTr-aCBBN(a) Amidite

<

[8111]  5-O-DMTr-aCBBN({tfa} (€.32 g, 0.47 mumol) was weighed in a 100 mb round-bottomed flagk filted with a stir
har. The Hask was charged with dichloromethane (7 mb) and sel to stie, 2-Cyanoethyl NN N N 1etraisogropyiphosphor-
digmnidite (0.283 g, 0.94 mmol) was weighed in a syringe and added at once to the solution foliowed by 4 .5-dicyanoim-
idazole {(55.44 mg, D47 ramol), The flask was immedialely seplum saaled and allowead to slir overnight. in process TLE
i at 20 hours revealed that there was only a race of starfing material, with two new 5pois arising that ware trityt posilive
and appeared to char similady o starting nucleoside when treated with Hanessian's stain following development with
5% methanclfDTM wf UV visualization. Reaction was quanched by the addition of aqueous saturated NaHCO, solution
{50 mb). The aqueous phase was exitracted with ethyl acetate {4 x 20 mb). The organic phases were combined and
exiracted with agueous saliraled NaHCO, solution (2 x 50 mL) and trine {1 x 20 mL). The organio phase was dried
1B aver Na,S0,, filtered and concenirated to give a colorless ofl. The crude product was dissolved in a minimum amount
of DM and applied fo a 50 g Bictage silica SNAP column praviously treated with 80 mil of 2 28% solution of TEA in
haxanes and equilibrated with 130 mi of 3D% ethyl acetate/haxanes. The product was siuted off the column with a
gradient of 30-100% EtOAC in Hexanes over 10 cohumn volumes followed by 4 columnvolumes of 100% EtQAn, Fractions
containing pure product were combinad and concentrated to give DMTr-{N-fa)-amino(BBN amidite as a white foam,
28 AP and H NMR indicate the presence of four distingt products, as sxpected, each cormsponding fo a separate stere-
nisomer arising from the tfa protection of the cyclic amine and the phosphitylation reaction.
3P NMR {162 MHz, CDICN} & 150.03, 149.97, 14746, Relative intanaity of 1:1:2. 19F NMR (376 MHz, CD3CN) &
-88.30, -58.31, -88.47, -68.47.
ESEMS: 204.8 (M + Nay®

Example 2; Production of 2'-C-Bridged Bicyclic Nucleoside Phosphoramidites and Conjugates

Synihesis of dimsthoxytrityl (DMT ) -protected amine 2°-C-Bridsed Bioyclic Nucleoside phosphoramidite (30) as Hlustrated
in Figure 44

tmmmmnana A
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[oi42] Compound 30 was synthesized from compound 24 by subjecting corpound 24 o reductive amination in the
preaence of formaldehyde and sodium syanoborchydride (1 Org. Chem., 1872, 37, pp 1673-1674, Borch conditions)
or similar reducing agents, such as ZnCl2/NaBHA4, Following reductive methylation, the 3-0H was unmasked by dis-
solving the product in ethanal and subjecting the mikiure B catalvtic hydrogenation using Peanman's Catalyst in 3
hydrogen atmosphere (40 psi} and a trace of acelic acid. The crude reduction mixtura can be divectly frilylaled in a cocled
pyridine solution by dropwise addition of a pyridine sohution of 4 4 -dimethoxytrityl chiosride. The mixture was allowsd to
stir overnight 1o give the 5-dimethaxytrityl-nuseoside which was purified by using silica gel column chromatography.
The purified nucieoside was then subjacted to phophitviation using 2-Cyanosthyl-N N N N {etraisopropyiphosphoreia-
midite (1.5-2equiv) and 4, 5-dicyancimidazole {1.1-2 equiv.} as a coupling catalyst in dichloromethane. The reaction was
40 allowed o stir atleast 24 hours and as long as 48 hours until quenched with saturated sodium bicarbonate solution and
subjected to column shromatography 1o give phosphoramidite 30, Compound 38 is suitable for use in automated solig
phases oligonuclentide synthesis for incorporation into a synthelic oligonuciestide.

Gy
&

Synihesis of an Internal Phosphoramidite Derivalive of a DM Tr-protecied Aming 2'-C-Bridged Bicyolic Nuclenside {32}
48 as Husirated in Figure 48

[0143] Compound 32 was synthesized from compound 27 in two steps by first subjecting compound 27 to alkaline

hydrolysis of the triflucroacetamide profecling group using an agueocus LIOHTHF solution. The aqueous solution was

difuted with saturatad sodium hivarbonate and can be extracted with athyl acetate. The orude nunleonside can then he
8¢ subjected {o phosphitylation with 2-cyanoethy! phosphorodichioridite pretreated with 4-10 equivalents of anhydrous TEA
or BIEA. The resultant phosphoramidite was purified via silica gel column chrormalography where the sifica gel was pre-
treated with several column volumes of 3% TEA in Hexanes prior to sluling with the approgriate mobile phase. The
phosphoramidite must also be slored with a frace of TEA o prevent decomposition. Compound 32 s suitable foruse in
automated solid phase oligonucieotide synthesis for incorporation inlo a synthetic oligonucliestide. Care must be taken
fo use a suitable capping reagend after the coupling and oxidation sleps in automaled solid phase oligonudiectide
synthesis, Acatic anhydnde will produce a final deprolected cligonucisotide bearing an acetamide on the bicydlic nitrogen.
Other activated esters or anhydrides can be used o directly make a conjugate at that bioyclic nitrogen center before
proceeding with the remainder of the aulomated solid phase cligonuclectide synthesis,
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Synthesis of DMTr-protected Falty acid Conjugated Amine 2'-C-Bridged Bicyclic Nucleoside (33} as llustrated in Figure
4C

[0114] Compound 33 was directly synthesized from compound 31 by ulifizing a transient protection of the 3-0OH with
TMS-C1 in pyridine solution. After 4 hours of reaction, the mixture was cooled in an ice bath and stearoy] chioride was
added dropwise with slirang. The reaction mixture was allowed to come to room empeaiure ovemight. The reaction
ntixture was gquenched by addition of saturated sodium bicarbonate solution, extracted with ethyt acelate sndthe organics
were dried. The crude malerial was concentrated re~dissoived in THF followed by reatrment with a solution of TBAF in
THF {1.25 equiv}. The reaction mixture was concentrated and directly subjected to silica gel nolumn chromatography o
i give compound 33. Compound 33 is amenable to phosphoramidite synthesis as described for the convarsion of compound
2T o 28,

<

Synthesis of DMTr-Protected Sugar Conjugated Amine 2-C-Bridged Bioylic Nucleoside as llustrated in Figure 4D

18 [0115] Compound 34 was direclly synthesized from compound 31 by ulilizing the HETU as the coupling reagent,
5-[{25.35.4R,5R 8R)-4 5-Diacetoxy-G-{acefoxymethyl)-3-acetylaminctetrahydro-2H-pyran-2-yijvaleric acid {GalNAc-
C5 acid, preparad via procadure described in WO 2D09073808) and at least 1 equivaient of N-raathylmorphaline in OMF
solution. Upan completion of the reaction (417 hours}, the mixlure was diluted with saturated bicarhonate solution and
exiracted with efhyl acetate. The organics were dried, the crude matenial concentrated and the residue was directly

28 subjectad o silica gel coluran chromaiography fo give compound 33, Compound 33 is amenable to phosphoranidite
synthesis as described for the conversion of compound 27 to 28,

Example 3: Synthesis of Qligonuclectides Bearing 2’-C-Brideed Bicyclic Nucleotides

& General Synthesis Methodology

[8116] Shot shhands of oligonuclestides beanng sugar and base modifications can be preparsd once the modified
nuclecside is synthesized and the free § and 3-hydroxyl groups are masked with apprapriate reactive groups fo become
a nucleotide monomer. For exampie, automated salid phase synthesis using phosphoramidite chamistry may be usad
{ses MoBride et al., Tetrabadron Letters 24:245-248 {1983} and Sinha st al, Tetrabedran Leftery 24:5843-5848 {19831,
Phosphoramidite chemistry, together with related methuds such as hydrogen phosphanate chemistry, has been exten-
sively reviewead with reapect to their uses in cligonucleotide chemistry {see, for example, Beaucage et al., Tetrahadron
48:2223-231 11992}, During solid phase oligonucieotide synihesis, a series of nuclestide monomers are segquentially
aftached, via their phosphoramidite derivatives, in a predefermined ordar to either, depending on the direction of chain
extension, the & 4unctional group or the F-functional group of the growing oligonucientide strand.
[0117] Ths oligonucieotide strand is anchored fo an insoluble moisty such as controlied pore glass or polystyrene
resin beads, The method of aftachment of each monomer Is generally comprised of the following steps 1 through 5.
Step 1 involves the protection of the reactive kmclionality. The common reactive funclionality is the 5-hydrouod group
of the termninal nudleoside. This functionalily is usually protected with a 4 4 -dimethoxyirityl (OMT} moiety that can be
48 remmoved via acld treatment. One of the features of the DMT moiety is that & forms a bright orangs DMT cation during
acid depratection. This cation effectively serves as reporter group that can be mondforsd at a wavelength belwesn 480
and 500 nm for the purpose of judging the complaiensss of the previous coupling step. Most cormmercially available
automated synthesizers have the napability to monitor the released DMT cation. This data gives the operator an instant
indication of whether or not the synthesis falled st any given step. Step 2 involves the coupling by addition of a phos-
44 phoramidile derivative and an activator. The phosphoramidite dedvative (s usually 8 nucleoside phospharamidite. Haow-
ever, i{ may also be a phosphoramidite derivalized with a different organic moiety. Step 3 involves the capping of
unreacted terminal functional groups. This step introduces an inert protective group that prevents further coupling to
fallure sequences. Step 4 involves oxidation of the newly formed phosphorous nucleotide backbone linkage from the
trivatent phosphite to the stable pentavalent state. This oxidation step can be performed with aither an oxygen-based
50 oxidant that resulis in a phospbate nucleotide or a sulfurizing oxidant that resulls in a phosphorothioate nucleotide. Step
& invalves a repetition of the process after 8 washing slep.
[ri48] Truncated, 15 nudentide sequence complemendary o a nucleotide sequence of human miR-208a was syn-
thesized in 1 pmol scale on 3 MerMade-12 automatad oligonuclentide synthesis system (Bioautomation, Plano, TX,
USA). The synthesizer was operated using standard detritylation, activator and capping solufions, known to those skified
in the art. Oligonucieotide chain slongation was sffectad using single couplings of 420 ssconds for each deoxynucieoiide
amidite, double couplings lasling a total of 800 seconds for LNA amidites and lriple couplings lasting a iolal of 1800
seconds for novel nucleoside amidites, such as the DMTr-aCBBN{tfa) amidite. Oxidation with either 0.025 M lodine
solution or 0.2 M PADS oxidation sohstion sfter each coupling cycle was performed o generale either phoaphodiester
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of phosphorothicate infernucieotide linkages, respectively. The unmodified anti-208a DNA sequencs incorporates nine
2-deoxythymidine residuss which were seleclively replaced with thymidine LNA (1T), thymidine oxeCBEBN (b7}, sytidine
oxoCUBBN (b} nr thymidine aminaCBEN {(abT) nuslentides. Thymidine LNA amidile was purchased from sommercial
sources and malches reported spectroscopic data {see Singh, S. K; Niglsen, P.; Koshkin, AL A.; Wengel, J. Chem.Com-

= raun, 1998, 455-8), The Thymidyl-2'-C 4'-C-Bridged Bioyclonucleoside {thymidine oxoCBBN, hT) and oytidyl-2-C 4-C-
Bridged Bicyclonucleoside {oytiding oxnCBBN, bC) was synthesized according to a litershure procedure and all spec-
froscapic date matched reporded values {see U8, Palent No. 8 403,588, Wang, G, Girardet,J., GunicE. Tetrahedran
65, 1999, T707-7724). The balance of the nunleotides was comprised of 2'-deoxynucieotides or LNA nucleatides with
bases corresponding o the natural anti-208s RNA seguence. Phosphorothioste intermuciestide linkages are denoted

MW with an "s" following the base {e.g., abTs or dGs), while no letier following @ hase indicales a phosphodiester intamu-
cleotide finkage {s.9., abT or dG)

Preparation of Compound M-1 1915: d0.4T.dT.dT.47 .47.dG 40 . abT.dC 46 .dT.dC.dT.dT.dA

% [0119] Phogphoramidite Reagent {28) was used in the synthesis of a singly modified aminoCEBN oligonucieciide.
The oligonucisotide was syrithesizad using & Bioaulomation MerMade-12 automated sligonuciastide syntheasis system,
The synthesis was performed according o the manufacturars recommendations in DMT-ON mode employing commar
cial synthesis reggents and 0.025 M fodine sohulion, The phosphoramidite reagenis were added az 8 0.1 M solution in
acetanitrile during the appropriate coupling cycle as desoribed previcusly. The cleavage of the oligonuclactide from the

28 support was aconmplishad vis healing of the GRS bound oligonuclectide with a solution of conpentraled anueous
ammonium hydroxide at 55°C for 17 hours. The resultant aqueous solution of oligonuciectide was further punfied by
loading the crude DMT-ON oligonuclectide solution on a Walers Sep-Pak® Vac C18 cartridge and eluting using a
standard DMT-ON cligonucleotide desalting procedure known fo those knowledgeable in the art. The characlgrization
of praduct was performed by HPLC-MS mass spectrometry wdilizing an XBridge OST C18 2.5 um column fitted o a

¥} Waters AlllanceMD HPLC with a Waters Acuity SQ Delector ulilizing standard methods known (o thoss knowledgeable
in the art: caled 48452, found 4844 .0 (M)

Preparation of Compound M1 1916 d0. dT.dT.dT.dT.8bT.d6.dC.abT .40 dG.aT.4C.d7, dTgA

Tz
%

[0120] Phosphoramidite Reagent {2B) was used in the synthesis of 8 double modified aminoCBBN aligonucisatide.
The oligonucleotide was synthesized using a Bioautomation MetdMade-12 aulomated oligonuciectide synthesls system.
The synthesis was performed according to the manufacturer's recommendations in DMT-ON mode employing commer-
clial syrihesis resgenis and 0.025 M iodine solution. The phosphoramidite reagents were added as 8 0.1 M solulion in
acetonitrile during the appropriate coupling cyole as describad previously. The cleavage of the ofigonuclectide fron the
support was asccomplished via healing of the CFPG bound dligonuciectide with a solution of contentraled aguenus
ammaonium hvdroxide at 55°C for 17 hours. The resullant aqueous solution of oligonucisotide was further purtfied by
loading the crude DMT-ON oligonuclectide solution on & Waters Sep-Pak® Vac £18 cartidge and eluling using a
standard DMT-ON ofigonuclestide desaliing procedure known o those knowledgeable in the art. The characlarization
of product was performed by RPLC-MS mass speciromelry utilizing an XBridge 08T €18 2.5 um column filted o a
40 Walers AlllanceMD HPLC with a Waters Acuily 3Q Detector wlilizing standard methods known o those knowledgeable
it the arl: oaled 4888 .2, found 4885.2 (M)
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Preparation of Compound M-1 1917 dC.dT 47.0T.abT.abT dG.09C.abT .d0.d6 dT 40 4T, dT.dA

44 [0i21] Phosphoramidite Reagent {28) was used in the synthesis of a triple modified amincCEBRN dligoruclectide. The
oligonuciactide was synthesized using a Bioaxdomation MarMade-12 automated oligonucieotide synthesis system. The
synthesis was performed aocording o the manufacturer's recommendations in DMT-ON mode employing commercial
synthesis reagents and 0.025 M iodine solulion. The phosphoramidite reagents were added as a 0.1 M solution in
acetonifrile during the appropriate coupling oyela as previously desoribed. The dleavage of the oligonucieotide from the

3¢ support was accomplished via heating of the CPG bound oligonucleotide with a solution of concentrated agueous

ammonium hydroxide at §5°C for 17 hours. The resuitant aquecus solution of aligonuciectide was Rurther purified by

loading the crude DMT-ON oligonuclentide solution on a Walers Sep-Pak® Vac C18 carlidge and eluting using a

standard DMT-ON ofigonuclentide desalting procedurs known 1o those knowledgeable in the art. The characiprization

of product was performed by HPLC-MS mass speciromelry ulilizing an XBridge OST €18 2.5 um oolumn filted o a

Waters Alliance®D HPLC with a Walers Acuity S5Q Deleclor utilizing standard methads known fo those knowledgeable

in the art; caded 49273, found 4826.1 (M)
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Preparation of Gompound M-1 1918 d40.d7.d7.dT.ab7.abT.dGd0.dT . dC.dG.dT.d0. dT. dT.dA

[ri22] Phosphorsmidite Reagent {28} was used in the synthesis of 8 dovble modified amineCBBN oligonucisctida.
The oligonucleotide was synthesized using a Blosulometion MerMade-12 automated oligonucieotide synthesis system.

= The synthesis was performed according to the manufacturer's recommendations in DMT-ON mode employing commer
cial syrithesis reagents and 0.025 M iodine solution. The phospboramidite reagents were added as a 0.1 M solulion in
acstoniirile during the asppropriste coupling cycle as previously desoribed. The deavage of the oligonuclectide from the
support was accomplished vig heating of the CPG bound oligonucieotide with a solution of concentrated agueous
aramonium hydroxide at 85 “C for 17 howrs. The resultant agueous solution of oligonucieotide was further purified by

1 loading the crude DMT-ON oligonuclentide soludion oo 2 Walers Sep-Pak® Vac C18 cartidge and eluting using a
standard DMT-ON ofigonuslestide desalting procedurs known to those knowledgeable in the art. The characterization
of product was performed by HPLC-MS mass speciromelry ulilizing an XBridge OST C18 2.5 um oolumn filted to a
Waters AllianceMD HPLC with & Waters Acuily SQ Detector utilizing standard methods known to those knowlsdgeable
in the arl: calod 4886.2, found 4885.0 (M}

Preparation of Compound M-1 1919 iICsdTs.0Ts.dTs.abT5.abTs.dGs.10s.dTs 108 1Gs.d s, 10.dTs. 1T lA

[6123] Phosphoramidite Reagent {28) was used inthe synthesis of the chirmeric DNAANAaminoGCBEN cligonuclectide.
The oligonuciectide was synthesized using a Bioautomation MarMade-12 automated oligonuclentide aynthesis system.

28 The synthesis was perfomed according i the manufacturer's recornrnandations in DMT-ON mode employing commer-
cial synthesis reagents, exchanging 0.2 M PADS In 1:1 Pyridine/ACN for the oxidizing solulion. The phosphoramidite
reagents were added as a 0.1 M solution in acetoniirile during the approgriate coupling cycle as previously desaribed.
The cleavags of the oligonuciectide from the support was sccomplished via heating of the CPG bound oligonucisotide
with a sclution of concentraled aguenus ammanium hpdraxide at 55 °C for 17 hours. The resuliant agueous solution of

& oligonucieotide was further purified by loading the crude DMT-ON ofigonucleotide solution on a Waters Sep-Fak® Vac
G118 cartridge and eluting using a standard DMT-ON oligonuciestide desalling procedurs known o those knowledgeable
it the art. The characterization of product was perdormed by HPLC-MS mass spechomelry utilizing an X8ndge OST
C18 2.5 um column fitted to 3 Waters AllanceMD HPLC with a Waters Acuity 3O Deteotor uilizing standard methods
krnown to those knowledgeable in the arll caled 53793, found 5378.3 (M)
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Praparation of Compound #M-1 1820 iCs oTs dTe dTe.i7s.1Ts.dGs ICs.dTs iCs 1G5.dT5.10s. dTs.abTs. A

[o124] Phosphoramidite Reagent (28)was used in the synthesis of the chimeric DNA/ANA/aminoCBBN cligonuclectide.
The oligoruciectide was synthasized using a Bioautomation MerMade-12 automated oligonuclectide synthesis systern.
The synthesis was perforraed according 1o the manufaciurer’s recornmandations in DMY-ON mode employing commer-
cial synthesis reagents, exchanging 0.2M PADS in 1.1 Pwiding/ACN for the oxidizing solution. The phosphoramidite
reagents were added as a 0.1 M solution in acetonitrile during the appropriate coupling cycle described above in"General
Synthetic Methodology of Truncated Nucleotides™ Tha cleavage of the oligonucientide from the support was accom-
plished via heating of the CPG bound oligonucleotide with a solution of concentrated agueocus ammonium hydroxide at
40 B5*C for 17 howrs. The resultant agueous solution of oligonucleotide was further purified by loading the crudse DMT-ON
pliganudiestide solution on a Walers Sep-Pak@ Vac C18 carridge and sluting using & standard DMT-ON oligonucleatide
desalting procedurs known to those knowledgeable in the arl. The characterization of product was performed by HPLC-
MS mass spaciromelry ulilizing an XBridge QST €18 2.5 um columit fitted to & Waters AllianceMD HPLE with a Waters
Acuity 5Q Detector utilizing standard methods known to those knowledgeable inthe art: caled 53688 3, found 5365.3 (M)~
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Preparation of Compound M-10930 dC 47 d7.d7.d7.d7.dG.dC.bT 4G aB3.dT.dC dT.dT, dA

[0128] Thymidy-2-C 4-C-Bridged Bicyclonucleoside Phosphoramidite {see, for example, U8, Patent No. 6 403,566,

Wang,G., GirardetJ., Gunic, B, Telrahadron 58, 1999, T707-7724) was used in the synthesis of a singly modified
8¢ oxoUCBBN oligonudieotide. The oligonucleotide was synthesized using a Bivautomation MerMade-12 autormated oligo-
nucleotide synthesis system, The synthesis was pedormed according to the manufacturer's recormmendations in DMT-
ON mode employing commercial synthesis reagents, and 0.025 M indine sclution. All phosphoramidite reagents weea
added as a 0.1 M solution In acetonittile during the sppropriate coupling oycle as previously desaribad. The pleavage
of the oligonuclootide from the support was accomplished via heating of the CPG bound oligonuclieotide with a solution
of concenirated agueous ammonium hydroxide al §5°C for 17 howrs. The resulant aquesus solution of oligonuciectide
was further purified by loading the cnude DMT-ON oligonuciaotide sohilion on a Waters Sep-Pak® Vac 18 carlridge
and eluling using a standard DMT-ON oligonuclectide desalling procedure known o thoase knowledgeabie in the at.
The characterization of product was performed by HPLC-MS mass spectromelry utifizing an XBridge OST C18 2.5 um
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colurnn fitted to 8 Waters Allianca®dD HPLC with a Waters Acuity 3G Detector utilizing standard methods known to those
knowledgeable in the art: calod 4848.1, found 4845.8 (MY

Preparation of Compound M-10824 bC BT BT BT BT T 4G bC bT.bC dG.bT.LC LT LT, dA

<

[B126] Thymidy-2-C4-C-Bridged Bicvclonucleoside Phosphoramidite and N-Bz-Oytidyb-2'-C 4'-C-Bridged Bicycho-
nuclecside Phosphoramidite (see, Tor exaraple, U8, Fateni No. 6,403,568, Wang, ., Girardet J., Gunic,E. Tetrahedron
55, 1999, 7707-7724) was used in the synthesis of a singly modified oxoCRBBN aligonuclectide. The oligonuclectide was
gynthesized using a Bioaulomation MerMade-12 aulomated oligonuclectide synthssis system. The synthesis was per
o formed actording (o the manufacturer's recommendations in DMT-ON mode smploying commercial synthesis reagents,
and 0.025 M lodine solution. All phosphoramidite reagents were added a8 a 0.1 M solution in asetonitrile during the
appropriate coupling oycle as proviously described. The ceavage of the oligorusclevtide from the support was accom-
plished via heating of the CPG bound oligonuclectide with a solution of concentrated aguescus ammonium hydroxide at
58°C for 17 hours. The resultant agueous sohition of ohgonucieotide was further purified by lpading the crode DMT-ON
18 oligonuciectide solulion on a Waters Sep-Pak® Vac C18 cartridge and eluting using a standard DMT-ON oligonudlectide
desalting procedure known fo those knowledgeable in the art. The characterization of product was perdformed by HPLG-
IS mass speciromadry ulilizing an XBridge Q8T C18 2.5 um column filted (o a Walers AlllanceMD HPLC with a Waters
Acuity SQ Detector atilizing standard methods known to those knowlsdgeable in the arl: ealod 5350.6, found 5350.2 (MY

20 Example 4: Functional Characterizations of Oligonucieetides Bearing 2'-C-Bridged Bicyclic Nucleotides

Datermination of Melting Temparature {(Tm)

[0127] Meliing ternperature {Tm) is a critical perameler when designing synihetic digonucieclide sequencas as drugs
¥ directed towards antisense and microRNA {argats. There is generally no specific Tm threshold above or below which
determines activity. Howeaver, s recogrized that Tom must be significantly elevated for anfisense and microRNA inhibitor
pliganudestide drugs. Furthermore, chemical modifications of the nucleode backbones of synthetic sligonuclectide
deugs {o.g.. phosphorothicades) are ofters imes used to impart stabillly against biodegradation in vivo. Nevertheless,
most nucleotide phosphate backbone modifications often times cause decreases in the Tm of an cligonuclectide drug
duplexed with its targed. Accordingly, sufficient increases in the Tm of a synthetic oligonuciectide drug against its targst
sequence, aver that inherent in natural DNA& or RNA, 2-0Me RNA, and other similar nutleotide units, are required for
the synthetic sligonudedctide drug to have sufficient spacificity, target engagement and ultimately downstream reguiation
of cellular processes controlled by the targst.
[3128] The melting ternperaturs {To) of modified 16 nuclactide phogphodiaster strands were determiined and compared
fo the Tro of identical 16 nuclectide sequences having natural phosphodiester DNA nucleotides. Specifically, the relative
aminaCBBN melling temperature {Tm} compared to the 2-deoxynuciecside or oxoCBBN nucleosids with the same
nuclechase was determined on & per incorporation basis by determining the diference between the melling temperature
of the amino-modified 16 nucleotide length phosphodiester strand and that of the identical 16 nucleolide sequence
ulilizing either the Z'-deoxynucisoside or oxoCBEN phosphodiester DNA nucieotide. Tm differences of substitutions
40 were compared only when they were placed in the same position of the sequence. Comparable values for amino-LNA

and its oxo-LNA counterpart were obiained through Berature references {see Singh, S.K., Kumar, R, Wenget d. J. Org.

Chem,, Vol. B3, No. 2B, 1828}

[0129] Forexample, the modified anti-208a oligonuicieotides were annealed {o the complementary sequence, twanty-

two nuclaolides in length, comprised of RNA nucleosides and 8 phosphate backbone. The complemeantary sequence
4 wasidentical fo the endogencus mature miRNA. Thermal denaturation lemperatures {Tim) were measured as a maximum

of the first derivative plot of melting curvex (AZ60 vs. Temp}). The duplexes were constituled at 1 uM in g 0.9% Nall
buffer, Temperature was ramped from 25 °C to 95 °C at 1 *Cimin and O0's &t 260 nm were read once per 30 seoonds.

Tm values are averages of atleast two measurements.

[0130] Duplex melting temperatures for various modifications of & 18 nuclectide sequance, complementary {6 8 nu-
3¢ cleotide sequence of mature human miR-208a were measurad using a Varian Cary 1E UV-Vis Spectrophotometer. Anti-
miRNA 2082 oligonucleotide sequencas tested included a fully DNA phosphodiester {compound M-10831} four DNA
phosphodiaster oligonuclectides wilh 1, Z or § amincCBBN thymidine residues in place of d7 residues {sompounds M-
11815, MTEMG, M-T1917, and M-1 1918}, mined 8 LNAT DNA phosphorothicate oligonucieotide {compound M-10101),
and 2 mixed LNA/DNAfaminoCBEN phosphorothioate ofigonucisotides where LNA thymidines of the parent compound,
compound M-10101, were replaced with sither 1 or 2 aminoCBEBN residuss {compounds M-11319 and M-1 1820L
Duplexes ware constituted at 1 pM in 0.8% MNaCl. Temparature was ramped from 25 "Cto 85 °C at 1 "C/min and OD's
at 260 nm were read ance par 30 seconds.

[0131] Phosphodiaster oligonuciectides with aminoCBBN modifications uniformly had higher melling temperature,
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therafore highar affinily, fowards the complimentary sequance than their fully DNA counterpart {see Table 3). Affinity
erhancements were on the order of 5-8 “Cimodification gver DNA. These increases in affinity are as good as or belter
than literature valuas for LNA and aminclNA.

Tabile 3
aminoCBEBN, Phosphate Backbone Tm Studies, RNA Complement
Olige # Oligo Name Sequence Ty | ATpona | MTpimod
10931 208a_DNA_ PO dCaTdT T dT,d7,dG i d T d0; 53.1 0 NA
dGaT dCdT dTidA
10824 | 2082 CBBN_C_T_DNA_ RO BT BT LT T hT.dG hC.bT:HG; 89.8 3B.7 2.8
16 3 PO dGETEC.HT:HT:dA
10834 208a_1CBBN_DNA_ PO dCdTdTdT,dT,d7.dGd0hTdC; 58.3 53 5.3
dGHT,dCdTd T dA
11815 | 2083 _1aminoCBBN_ DNA_ | dCdTdTdTdTdT.dG dCabTde, 62.0 8.8 8.9
PO G, dC T 0T .dA
11816 208a_Z2aminoCBBN_DNA dC: T dT.dT.dT,abT.dGdC abT,; 64.8 1.5 5.8
RO dC3GdT oG dT.adT8A
11817 | 208z _3aminoCBBN_DNA dCdT.dTdT,abT,abT dGdCabT,; 67.5 14.4 4.8
PO GG dT G dTHT A
11818 208a Z2eminoCBBN _DNA dCaTdTdTabT,abT.dG;8CdT; 63.6 0.5 5.2
PO isomer dC;a3GdT o0 dT T A

Table 4 Description of Notations

denxy & dA | oxoCBBNA A
deoxy & diG | oxoCBBN G bG
daoxy C dC | oxoCBBNC b
deoxy T dt OxeUBBN T b1
Ina A & aminoCBEN A | abA
InaG IG | amincCBBNG | abG
ina C {C | aminoCBBNC | abC
ing ¥ T amingCBBNT | ab¥
deoxy APSS | dAs | |

deoxy G P=8 | dGs

deoxy CP=8 | dCs

deoxy T P=5 | dTs

iha A P=S {As

inaG P=8 H3s

Ina C P=§ iCs

ina 7 P=8 ITs

[0132] Comparison of the aminolNA-T to s oxo-analogue, LNA-T, reveals thal aminolNA-T is lees stahilizing foward
fts complemerd than LNA-T. Similarly, aminoENA-T appears {o have very litle duplex stabilizing effent aver that of its
oxc-analogua. Surprisingly, compariaon of the amineCGBBN-T to il oxoCBBN-T analogue shows that the aminoCBBN
modification is significantly more stabilizing than oxoCBEN-T by 2-4 "Cf modification {ses Tables 5 and Figure 8). Without
wighing 1o be bound by theory, if is postulated that the 20 of LNA, a proton acceplor, has a more stabilizing effect
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towards duplex hydration and stability than when it is replaced by a profon donor at the Z-position as in the case of
aminolNA. Conversely, aminoCBBN appears 1o have & much more posttive effect on duplex hydration and stability than
its oxoCBBN analogue and offers Tm enhancemenis not sean in any other 2'4-Carbon-Bedged Bicyolic Nuclentides.

{see Figure §).
s
Table 5
aminoCBBN, PS Backbone 10181-like T Studias, RNA Complemant
Qligo # Oligo Name Sequence T AT parent | A T/mod
Bd s dTs g s Ve Vs Te oG
e dTa s iGs dTs)iCs dTs;
10101 2083 1Mot ITsiA 887 NA NA
s d s d s d T Ts [ Te dBs;
15 208a 10101 _TaminoQBBN P | ICsdTslCs G dT s 0s:d Ty,
11648 | 8 abTslA 80.04 -6.68 -8.66
ks dTsdTedTsabTsabTs;
20Ba_ 10101 _ZmincCBBN_ dGsICes i TslCsiGs dTs;i0s;
11620 | PS dTsliTIA 85.1258 -1.578 37875
20
amino-Nucleoside, Phosphate Backborne Tm Studies, RNA Complement
DNA_9mer PO 3LNA-T HGIT G AT AT, 4G dC 50 NA NA
DNA_9mer_ PO 3aminolNA~ | dG;alTdG AT dAaiT dG;
) T dC 47 -1 ~4
dCdTdTdTdT . dT.dG 40 hT,
10838 | 208a 1CBEN_DNA PO dCdG;dT;dC,dT 4T dA 58.3 NA NA
208a_taminoUBEBN_DNA_ gl T dTdT;d T a7 :dG,dCahT;
11818 | PO dCdG;dTdC;dTdT:dA 62.0 +3.7 +3.7
a0
Cell Culture Activity of anti-208a Qligonuclentides
[0133] A Hela cell line stably expressing miR-208a was generaled. Specifically, a miRNA sxpression vector {Cell
35 Binl.abs, Inc.) exprassing miR-208a was transfected into Hela cells. Cells ware then selected using a puromysin selection

soreen and clones which had deteclable miR-208a expression as measured by gPCOR were isolated {Cf value = ~30)
[0134] The cells were plated in & black-walled 86 wadl plate with 10,000 cells per well. After twenty-Tour hours folfowing
plating. the cells were transfected with a dual-luciferase plasmid containing the miR-208a binding sife in the 3 UTR of
the renilla gene and various miR-208a inhibitors {compounds M-11819, M-11820, and M-10101}. Compaound M-10591

46 was 2 non-targetling control. The cells were inoubaled for 24 houwrs af 37°C and then both firelly {as a transfection
normalization) and renilla levels were measured by luminescence using the Dual-luciferase Reporter Assay System
{Fromega). Data was normalized (o cells treated with only the miR-208a dual luciferase plasmid {psi check 208z} The
pst check 2 cells were trested with a dual luciferase plasmid that does not include 3 miR-208a hinding site.
[0135] Results demonstate that compoung M-11820 has comparable aclivity as compound M-10101, which is an

48 optintized MmiR208a inhibitor that inchides only LNA/DNA bases {ses Figure 8). Accordingly, multiple raplacements of
LNA residues with aminoCBBN residues result in full retention of miRZ208a inhibition activity. Compound M-11218 has
siightly less activity compared to the other two inhibitors {(see Figure §). The aclivity of compound M-11818 comrelates
with the Tm date which shows thal compound M-11819 has less affinity for the miR-208a RNA than the M-311820
compound.
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Patentkrav

1. Oligonukleotid omfattende mindst et 2'-C-forbundet bicyklisk nukleotid,
hvor det 2'-C-forbundne bicykliske nukleotid har strukturen med formel I:
B

Formel I
hvor

XerN;

W1 og Wy hver uafhaengigt er udvalgt blandt H, en alkoholbeskyttelsesgrup-
pe, phosphatester, phosphorothioatester, di- eller tri-phosphat, phosphorami-
dit eller en eller flere nukleotid(er) pa 5'- eller 3'-siden;

W3 uafhaengigt er udvalgt blandt nul, H, O, en amin-beskyttelsesgruppe,
phosphoramidit, phosphoramidatester, phosphordiamidatester, methyl, alkyl,
cycloalkyl, carboxamid, et sukker, en fedtsyre, et andet molekylaert konjugat,
-C14(O)R eller -COOR, hvor R er aryl, lineeer eller cyklisk alkyl eller alkenyl,
sukker, fedtsyre eller et andet molekylaert konjugat, sdsom et lsegemiddel-
konjugat; og

B er en nukleobase.

2. 2'-C-forbundet bicyklisk nukleosid eller nukleotid med strukturen med for-

mel I:
B

W,——0

Formel I
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W og W, hver uafhaengigt er udvalgt blandt H, en alkoholbeskyttelsesgrup-
pe, phosphatester, phosphorothioatester, di- eller tri-phosphat eller phospho-
ramidit;

W3 uafhaengigt er udvalgt blandt H, en amin-beskyttelsesgruppe, phospho-
ramidit, phosphoramidatester, phosphordiamidatester, methyl, alkyl, cycloal-
kyl, carboxamid, et sukker, en fedtsyre, et andet molekyleert konjugat, -C+.
4(O)R eller -COOR, hvor R er aryl, linezer eller cyklisk alkyl eller alkenyl, suk-
ker, fedtsyre eller et andet molekylaert konjugat, sdsom et laegemiddelkonju-
gat; og

B er en nukleobase.

3. Oligonukleotid ifalge krav 1, hvor alkoholbeskyttelsesgruppen er udvalgt
blandt 4,4'-dimethoxytrityl, acetyl, silyl eller syrelabil ether.

4. Oligonukleotid ifalge krav 1 eller 3, hvor amin-beskyttelsesgruppen er ud-
valgt blandt carbobenzyloxy (Cbz), p-methoxybenzyl-carbonyl (Moz eller
MeQ2Z), tert-butyloxycarbonyl (BOC), 9-fluorenylmethyloxycarbonyl (FMOC),
acetyl (Ac), benzoyl (Bz), benzyl (Bn) eller trifluoracetyl (tfa).

5. Oligonukleotid ifalge et hvilket som helst af kravene 1 eller 3-4, hvor nu-
kleobasen er en purinbase.

6. Oligonukleotid ifolge et hvilket som helst af kravene 1 eller 3-5, hvor nu-
kleobasen er en pyrimidinbase.

7. Oligonukleotid ifalge et hvilket som helst af kravene 1 eller 3-6, som har fra
5 til 9 2'-C-forbundne bicykliske nukleotider.

8. Oligonukleotid ifalge et hvilket som helst af kravene 1 eller 3-7, hvor
mindst 25 % af nukleotiderne er 2'-C-forbundne bicykliske nukleotider.

9. Oligonukleotid ifglge et hvilket som helst af kravene 1 eller 3-8, hvor oligo-
nukleotidet er fra ca. 5 til 50 nukleotider langt.

10. Oligonukleotid ifalge et hvilket som helst af kravene 1 eller 3-9, hvor nu-
kleotidet omfatter mindst et nukleotid udvalgt blandt 2'-deoxy, 2'-O-methyl, 2'-
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fluor eller en 2'- til 4'-methoxy-brostruktur.

11. Oligonukleotid ifglge et hvilket som helst af kravene 1 eller 3-10 omfat-
tende en eller flere phosphorothioat-bindinger.

12. Oligonukleotid ifelge krav 11, hvor oligonukleotidet er fuldsteendig
phosphorothioat-bundet.

13. Oligonukleotid ifglge krav 11, omfattende en til tre phosphat-bindinger.

14. Oligonukleotid ifglge et hvilket som helst af kravene 11-13, hvor de 2'-C-
forbundne bicykliske nukleotider er phosphorothioat-bundne.

15. Oligonukleotid ifglge et hvilket som helst af kravene 1 eller 3-10, hvor de
2'-C-forbundne bicykliske nukleotider er phosphorodiamidat-bundne.

16. Oligonukleotid ifalge krav 15, hvor phosphorodiamidat-bindingen er vist
som

hvor

R+, Rz 0og Rs hver uafhaengigt er udvalgt blandt H, alkyl, alkenyl, oxo, aryl,
benzyl, halogen, -OH, -NH2, alkoxy, en alkoholbeskyttelsesgruppe eller en
amino-beskyttelsesgruppe; og

B er en nukleobase.
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17. Oligonukleotid ifglge et hvilket som helst af kravene 1 eller 3-16, omfat-
tende mindst en purin- og/eller pyrimidinbase-modifikation.

18. Oligonukleotid ifglge krav 17, hvor base-modifikationen er en car-
boxamido.

19. Oligonukleotid ifglge krav 17, hvor base-modifikationen er en car-
boxamido-del ved C-8-positionen for purin eller C-5-positionen for pyrimidin.

20. Oligonukleotid ifalge et hvilket som helst af kravene 1 eller 3-19 omfat-
tende en eller flere morpholino-nukleotider.

21. Oligonukleotid ifalge et hvilket som helst af kravene 1 eller 3-20, omfat-
tende en nukleotidsekvens, der er i det vaesentlige komplementeer til en nu-
kleotidsekvens af human mikroRNA.
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FIGURE 2
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FIGURE 3C
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FIGURE 3E
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FIGURE 54
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