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N-SUBSTITUED-AMINOMETHYLENE BRIDGED
BICYCLIC NUCLEIC ACID ANALOGS

SEQUENCE LISTING

This application is being filed along with a Sequence Listing in electronic format. The
Sequence Listing 1s provided as a file entitled CHEMOU33IWOSEQ.txt, created on May 22, 2008
which is 8 Kb in size. The information in the electronic format of the sequence Hsting is

incarporated herein by reference in ity entirety.

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority benefit to U.S. Provisional Application No. 60/940,835,
filed May 30, 2007 and entitled, "N-Alkoxyamino Bicyclic Nucleic Acid Analogs" the entirety

of which disclosure is incorporated heretn by reference.

FIELD OF THE INVENTION

Provided herein are bicyelic nucleosides comprising a substituted amino group in the
bridge, oligomeric compounds having at least one of these bicyelic nucleosides and methods of
using the oligomeric compounds. In certain embodiments, the oligomeric compounds hybridize

to a portion of a target RNA resuliing in loss of normal function of the target RNA.

BACKGROUND OF THE INVENTION

Antisense technology is an effective means for reducing the expression of one or more
specific gene products and can therefore prove to be uniquely vsefil in 8 number of therapeutic,
diagnostic, and rescarch applications. Chemically modified nucleosides are routinely
incorporated into antisense oligomeric compounds to enhance one or more properties such as
nuclease resistance or binding affinity. One such group of chemical modifications inciudes
bicyelie nucleosides wherein the furanose portion of the nucleoside inclades a bridge connecting
two atoms on the furanese ring thereby forming a bieycic ring system. Such bieyclic
nucleosides have various names including BNA's and LNAs for hicyclic nucleic acids or locked
nucleic acids respectively,

Various BNA's have been prepared and reported in the patent literature as well as in
scientific hiterature, sce for example: Singh et al., Chem. Commun., 1998, 4, 455-456; Koshkin
el al, Tetruhedron, 1998, 54, 3607-3630; Wahlestedt et al,, Proc. Natl, Acad. Sci. U. S, A., 2000,
97, 5633-5638; Komar et al., Bicorg. Med. Chem. Lett.,, 1998, &, 2219-2222; Wengel et al,, PCT
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International Application WO 98-DK393 19980914, Singh et al,, J. Org. Chem,, 1998, 63,
10035-10039, the text of each is meorporated by reference herein, in their entirety, Examples of
issued US patents and published applications inchude for example: U.S. Patents 7,053,207,
6,770,748, 6,268,490 and 6,794,499 and published U.8. applications 20040219385,

§ 20040014959, 20030207841, 20040192918, 20030224377, 200401431 14 and 20030082807; the
text of each is incorporated by reference heretn, in their entivety.

One recent publication discloses significant hepatotoxieity in animals treated with

antisense oligonucieotides containing locked nucleic acids (ses, e.g., Swayze ef ol, Nucl, Acids
Res., 2007, 3572}, 687-700).

10 Consequently, there remains a long-felt need for agents that specifically regulate gene
expression via antisense mechanisins. Disclosed herein are N-substituted aminomethylene
bridged bicyelic nucleic acid anslogs and antisense oligomeric compounds prepared therefrom
useful for modidating gene expression pathways, incleding those refying on mechanisms of
action such as RNaseH, RNAI and dsRNA euzymes, as well as other aatisense mechanisims

15 based ontarget degradation or target occupancy. One having skill in the art, once armad with the
present disclosure will be able, without undue experimentation, to identify, prepare and exploit

anhsense compounds for these uses,

BRIEF SUMMARY OF THE INVENTION

in eertain embodiments, bicyclic nucleosides are provided having Formula It

wherein:
Bx is a heterocyclic base moiety;
one of Ty and Ty is H or a hydroxyl protecting group and the other of Ty and T2 18 H, a
25 hydroxyl protecting group or a reactive phosphorug group;
R is C~Cg ulkyd, substituted Cy-Cy alkyl, Cp-Cy alkenyl, substituted Cp-C alkenyl, Cp-Cy
atkymyd or substituted Co-Clg alkvnyi;
gy and g are each independently, H, halogen, C;-Cg alkyl, substituted C,-Cy alkyl, Co-Cs
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~3.

alkanyl, substituted C:-Cy alkenyl, Cr-Cy alkynvl or substituted Cp-Cy alloynyl, C-Cs alkoxyd,
substituted C;-Uyg alkoxyl, acyl, substituted acyl, C,-Cs aminoalkyl or substituted C,~Cy
aminoalkyl;

43 and < are sach independently, H, halogen, Ci-G;, alkyl, substituted C-Cy alkyl, Co-Cy

5 alkenyl, substituted Ci-Cy atkenyl, C;-Cy alkynyl or substituted C,-Cy alkynd, C-Cy alkoxyl,

substituted C-Cy, alkoxyl, acyl, substituted acyl, Ci-Cq aminoalksyt or substitted C-Cy
aminoalkyl;

whergin each substituted group is, independently, mono or poly substituted with
substituent groups independently selected from halogen, OF,, SJy, NJyJ,, N;, COOJ,, CN, O-

10 CEOINLE, NCEHCENHINT I, or NEHICEXIN(H N, wherein X is O or §; and

each Iy and I 18, ndependently, H, C-Cy alkyl, Co-Cy alkenyd, Co-Cy alkynvl, Cy-Cs
anunoalkyl or a proteciing group.

In certain embodiments, R is €)-Cy alkyl or substitoted C,-Cy alkyl. In certain
embodiments, R is Cp-Cs adkyl. In certain embodirents, R is methyl. In certain embodiments, R
is substituted Ci-Cy alkyl, In certain embodiments, R is ~«(CHz)O(CH)CH3, wheredn 1t is from
lto3andmis O or from 1 to 3. In corfain cmbodiments, R is {CHROCH;.

oo
(¥4

{n certain embodiments, bicyelic nacleosides baving formula § are provided having a the
configuration shown in Formula fa:
o'l
_ f\ /0\\ / Bx

In certain embodiments, bicyvelic nucleosides having formula T are provided having a the
configuration shown in Formula Ib;
o
N QO ¢
fhz"}". 7 ( VB;\
q4r A /
YA H
A
Ty-C O-R
T
25 Int cerlain embodiments, ¢; and @ are each, independently, H, C;-Cy alkyl, substituted
C-Cy alkyl, €-Cs alkenyd, substituted Cy-Cq alkenyl, Cr-Cy alkynyl or substituted C-Ce
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atkynyl, In certain embodiments, one of g and g2 1s H. In cerfain embodiments, q; and g are
each H.

In centain embodiments, q; and g4 are each, independently, I, C-Cy alliyl, substituted
Ci-Cy alkyl, Ca-Ce alkenyl, substituted Cp-Cy alkenyl, Co-Cy alkynyl or substituted Cr-Cy
alkynyl. In certain embodiments, one of g3 and g4 8 H. In certain embodiments, qu and gq are
each H.

In certain embodiments, one of g, gy, g3 and gq 15 CH; and the other three of gy, ¢, @
and qq ave independently H. In certain embodinents, one of ¢ and g is CH; and one of g3 and
g4 18 CH; and the other two of gy, qo. g3 and s are independently H.

in certain embodiments, Ty and T» are each, independently, a hvdroxyl protecting group.
In certain embodiments, each of said hydroxyl protecting groups is, independently, acetvl, t-
hutyl, t-butoxymethyl, methoxymethyl, tetrabyvdropyranyl, T-ethoxyethyl, 1-{2-chlorecthoxy)-
ethyl, 2-trimethylsilylethyl, p-chlorophenyl, 2, 4-dinitrophenyl, benzyl, benzoyl, p-pheayl-
benzoyt, 2,6-dichlorobenzyl, diphenyimethyl, p-mitrobenzyl, triphenyimerhyl (trity]), d-methoxy-
trityl, 4,47 -dimethoxyirityl, rimethylsilyd, tricthvisilyl, t-budyidimethvisilyl, butvidiphenyisilyt,
triphenylsilyl, triisopropylsilyl, benzoylformate, chloroacctyl, trichloroacetyl, trifluoroacetyl,
pivaloyl, 9-fluorenvimethyl carbonate, mesylate, tosylate, triflate, tnityl, monomethoxyiritvl,
dimethoxytrityl, trimethoxytrityl or substituted pixyl. In certain embodiments, T, is acetyl,
benzyl, t-butyldimethvisilyl, t-butyldiphenyisity! or dimethoxytrityl, In certain embodiments, Ty
is 4, 4-dimethoxytrityl. In certain embodiments, T4 s a reactive phosphorus group. In certain
emnbodiments, Ty is diisopropyleyanoethoxy phosphoramidite or H-phosphonate. In certain
embodiments, Ty is 4,4 -dimethoxytrityl and Ty is diisopropyleyanoethoxy phosphoramidite.

In certain embodiments, Bx is uract], thymine, cvlosine, adenine or guanine. In certain
embodiments, Bx i3 a pyrimidine, substituted pyrimidine, purine or substituted purine. In certain
embodiments, Bx is wracil, S-methyluracil, S-methyleytosine, 5-thiazolo-uraci!, 5-thiazolo-
cytosine or 2,6-diamminopunine. In certain embodiments, Bx is uracil, S-methyluracil, S-thiszolo-
uracil, 2-thio-uracil, S-propyayl-uracil, thymine, 2thio-thymine, cviosine, S-methyleytosine, 5-
thiazolo-cytesing, S~propynyl-cytosine, adenine, guanine, 2,6-diamincputine, 1H-pyrimido{s,4-
bi[ L Abenzoxazin-2(3H)-one), 1H-pyrimido{s,4-b}{1 4 benzothiazin-2(3H)-one, 8-(2-
aminoethoxy}-H-pyrimoido5.4-b}{ | 4]benzoxazin-2(3H}-one, 2H-pyrimidof4,5-blindol-2-one or
H-pyndof3',2%:4, 5 pyrrolof2,3-dlpyrimidin-2-one.

In certain embodiments, each J; and J; is, independently, H or C-C; alkyl.

In certain embodiments, oligomeric compounds are provided comprising at least one

bicyclic nucieoside having Formula 11
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i1,
wherein for each of said at least one bicyclic nucleoside having Formula I

Bx is a heterncyelic base moiety;

T3 and Ty are each, independently, an internucleoside linking group linking the bicyclic
sucleoside to the oligomeric compound or one of Ty and Ty is an internucleoside linking group
hinking the bicyclic nucieoside to the oligomeric compound and the other of Ty and Tsis H, a
hiydroxyl protecting group, @ linked conjugate group or a §' or 3'-terminal group;

R 18 (4-Cy alkyl, substitated C-Cg alkyl, Cp-Cg atkenyl, substituted C2-Cy alkenyl, Co~Cy
atkynyl or substifuted Cp-Cy alkoynyl;

i and g ave each independently, H, halogen, C-Cq alkyl, substitated C-C; alkyd, Co-Cs
alkenyl, substituted Cy-Cs alkenyl, Co-Cs alkymy! or substituted Cy-Cyg alkynyl, €~Cy alkoxyl,
substituted C;~Cq alkoxyl, acyl, substifuted acyl, Ci-Ce aminoatkyl or substituted C-C
aminealkyl;

qs ang ¢4 are cach independently, H, halogen, C«Cs alkyl, substituted Cy-Cs altkwl, C-Ce
alkenyl, substituted C2-Cq alkenyl, C,-Cs alkynyl or substituted Cy-Cs alkynyl, Cy-Cs alkoxyl,
substituted Cy-Cy alkoxyl, acyl, substituted acyl, C,-Cy aminoalkyt or substituted C-Cs
aminoalkyl;

wherein each substituted group is, independently, mono or poly substituted with
substituent groups independently selected from halogen, O34, SJj, NJ ik, N3, COOI,, CN, O-
CEOWNI L, NEDHCENEINILE, or NODCEXN(HEM, wherein X is Q or $; and

each Jy and Iy is, independently, H, C-Cs alkyl, Co-Cy alkenyl, Cy-Cy aliynyl, C-Cs
aminoalkyl or a protecting group.

In certam embodiments, R is Ci-Cy alkyl or substituted C-Cy alkyl. In certain
embodiuments, R is Cp-Cy alkyl. In certain embodiments, R is methyl. In certain embodiments, R
15 substitoted C-Cy alkyl. In certain embodiments, R is (CH 1, O(CH ) (CH3, wherein n is from
1o 3 and m is 0 or from § to 3. In certain embodiments, R is ~(CH)»O0CH;,

In certain embodiments, oligomeric compoands are provided having at least one bicyclic

nucleoside of Formula I wherein each nucleeside of Formula I further has the configaration
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shown 1n Formula {a:

~Fa

o o ¢
]/};k P \.\f’. Hx

4

qx/\ ST '_;/
‘,:14 »:?;:\ o ]il

In cestain embodiments, oligomeric compounds are provided having at least one bicyclic
5 nucleoside of Formala I wherein each nucleoside of Fornaula H further has the configuration

shown in Formuala Hix

1Ib.

10 In certain embodiments, each q; and s, independently, H, C-Cy aliol, Cp-Cy alkenyl,
C-Cy alkynyl, substituted Cy-Cy alkyl, substituted C3-Cy; alkenyl or substituted Co-Cs alkynyl, In
certain embodiments, ¢, or each qz is H. In certain embodiments, each q; and each gy 15 H.

in certain ernbodiments, each g3 and qq Is, independently, H, C-Cs alkyl, Co-Cs alkenyl,
Co-Cg alkynyl, substituted Cy-Cy alkyl, substituted Co-Cy alkeny! or substituted C,-Cs alkynyl. In

15 certain embodiments, each g or each qq is H. In certain embodiments, each 1 and each q4is H.

In certain embodiments, one of each gy, g, @3 Or gs is CHs and the other three of each g,
Qz, Q3 OF gs are cach H. In certain embodiments, one of each gy or g is CH; and one of each g3 of
g4 18 CHs and the other two of each gy, 2, ¢ 0t ge ave each H.

In certain embodiments, at least one of T; and Ty s ¢ 5" or 3 terminal group. In certain

20 embodiments, at Jeast one of T and T is & conjugate group.

In certain embodiments, each intermucleoside ladking group is, independently, a
phosphodiester or a phosphorothioate. Io certain embodiments, each internuclepside linking
group is a phosphodiester. In certain embodiments, each internucleoside lnking group s 8
phosphorothioate.

In certain embodiments, oligomeric corpounds are provided comprising at least one

region of at least two contiguous bicyclic nucleosides having formula 1L In certain
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enboedirsents, oligomeric compounds are provided comprising at least one region of at least two
contiguous bicyclic nucleosides having formula I wherein the at least one region is located at
gither the 3' or the 5'-end of the oligomeric compound. In centain embodiments, oligomeric
compounds are provided comprising at least one region of at feast two contiguous bicyehie
nucleosides having forwula 1T wherein the at least one region is located at either the 3' or the 5%
end of the oligomeric compound and at least one bicvelic nueleoside having Formula H located
at the other of the 3° or the S-end of the oligoweric compound. In certain embodiments,
oligomeric eommpounds are provided comprising at least one region of at least two contiguous
hicyclic nucleosides having formula 11 wherein the at least one region is located internally in said
oligomeric compound.

In certain embadiments, oligomernic compounds are provided each comprising at least
two regions of from 1 to abount 5 coutiguous bicyelic nucdeosides having Formula I wherein the
two regions are scparated by at least one nucleoside or modified nucleoside. Tn certain
embodiments, gapped oligomeric compounds are provided, cach of which comprise at least two
external regions of from | to about 3 contiguous bicyclic nuclcosides having Forsula U, wherein
one of the external regions is located at the §-end, the other of the external rogions is located at
the 3-end with an internal region separating the two external regions, the infermal region
comprising from about 6 to about 14 monomeric subunits. In certain embodiments the internal
region comprises from 6 to about 14 monomeric subunits independenily selected from nucleo-
sides and modified nucleosides.

in certain embodiments, oligomenic compounds are provided each comprising at least
two regions of from 1 to about § contiguous bicyclic nucleosides having Formula Y wherein the
two regions are separated by an intemal region wherein essentially each monomeric subunit in
the internal region is a P-D-2"-deoxyribonucleoside. In certain embodiments, the intemal region
comprises from about 6 to about 14 §-D-2'-deoxyribonucleosides. In certain embodiments, the
nternal region comprises from about 14 to about 12 B-D-2'-deoxyribonucicosides. In certain
embodiments, the infernal region comprises from about 10 to about 14 §-D-2-deoxyribonueleo-
sides.

In certain embodiments, gapped oligonteric compounds are provided wherein the external
regions independently comprises from 2 to about 3 bicyclic nucleosides having Formula 1 and
the internal region comprises from about 6 to about 14 monomeric subunits wherein essentially
cach monomeric subunit in the internal region is a §-D-2-deoxyribonucleoside. In certain
ambodiments, gapped oligomeric compounds are provided wherein the extemal regions

independently comprises 2 bicyclic nucleosides having Formula If and the internal region



10

WO 2008/150729 PCT/US2008/064591

-

comprises from about & to about 14 monomeric subunits wherein essentially each monomeric
subunit in the intermal region is a §-D-2"-deoxyribonucleoside. In certain embodiments, gapped
oligomeric cornpounds are provided wherein the external regions independently comprises 2
bicvelic nucleosides having Formula 1T and the intemnal region comprises 16 §-D-2-
deoxyribonucleosides,

In certain embodiments, oligomerie compounds are provided comprising at Jeast two
regions of from 1 to about 5 coutiguous bicyclic mucleosides having Formula Ha comprising g
gapped oligomeric compound wherein one of said regions of bicyelic nucleosides having
Formala 11 is located at the §-end and the other of said regions is located externally at the 3'-end
and wherein the two external regions are separated by an internal region comprising from about
& to about 14 monomeric subunifs wherein essentially each monomeric subunit in the internal
region 1s & §-D-F-deoxyribonucieoside.

In cortain embodiments, oligomeric compounds are provided comprrising at least two
regions of from 1 to about 3 contiguous bicyclic nucleosides having Formula b comprising a
gapped oligomeric compound wherein one of said regions of bicychc nucleosides having
Formula H is located at the 5'-end and the other of ssid regions is located externally at the 3'-end
and wherein the two external regions are separgted by an infernal region comprising from about
& to about 14 monomeric subunits wherein essentially each monomeric subunit it the internal
region is a B-D-2'-deoxyribonucieoside.

In certain ambodiments, oligomeric compounds are provided comprising from sbout § to
about 40 reonomers i length, In certain embodiments, oligomeric compounds sre provided
comprising from about 8 to about 20 monomers in length. In certain embodiments, oligomeric
compounds are provided comprising from about 10 to about 16 monomers in length. In certain
embodiments, oligomeric componnds are provided comprising from about 12 to about 16
monomers in length. In certain embodiments, oligomeric compounds are provided comprising
from abowt 10 to about 14 monomers in length.

In certain embodiments, oligomeric compounds are provided comprising from about 8 to
about 40 nuclesides andfor modified nucleosides or mimetics in length. Tn certain embodiments,
oligomeric compounds are provided comprising from about 8 1o about 20 nuclesides and/or
modified nucleosides or mimetics in length. In certain embodiments, oligomeric compounds are
provided comprising from about 10 to about 16 nuclesides and/or modified mucleosides or
mimelics in length, In certain embodiments, oligomeric compounds are provided comprising
from about 10 to about 14 nucleosides and/or modified nucleosides or mimetics in length,

In certain embodiments, methods are provided comprising contacting a cell with an
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oligomeric compound having at least one bicyelic nucleoside of Formrala IT:

Ty-0 /’/O . Bx
}f

FAY QxT,q {
'éi‘_s‘x,;{ LA

y
N I

S C AN \{

IH
wherein for each of said at least one bicyclic nucleoside having Formula I

Bx is a heterocyclic base moiety;

T3 and Ty are cach, independently, an internucleoside linking group linking the bicyelic
nuclenside to the oligomeric compound or one of Ty and Ty is an internucleoside linking group
tinking the bicychic nucleoside to the oligmmeric compound and the other of Ty and Ty is H, 2
hydroxyl protecting group, a linked conjugate group or a §' or 3%terminal group;

R s Cp-Cy alkyl, substituted C-Cy alkyl, C-Cy alkenyl, substituted Ca-Cy alkenyl, Cr-Ce
atkyny! or substituted Co-Cy alkyny!;

¢ and g are each independently, H, halogon, Ci-Cq alkyl, substitated C1-Cy alkyl, Co-Cg
alkenyl, substituted Ca-Cs alkenyl, Cr-Cs atkynyl or substituted Co-Cy; allcynyl, C-Ce alkoxyl,
substituted C-Cy alkoxyl, acyl, substituted acyl, Ci-Cs aminocalkyl or substituted C-Cy
aminoalkyl;

a3 and q4 sre each independently, H, halogen, Ci-Cq alkyl, substituted Cy-Cy alkyl, Cr-Cs
alkenyd, substituied Ci-Cy alkenyl, Cr-C; alkynyl or substituted Cy-Cy alkynyl, C-Cs atkoxyl,
substituted C-Cy alkoxyl, acyl, substituted acyl, C,-Cy, aminoalkyl or substituted C,-Cs
aminoalkyl;

wherein each substituted group is, independently, mono or poly substituted with
substituent groups independently selected from halogen, OJy, 814, NIih, Ni, COOL, CN, O-
C{=0INT g1y, NEDCENHIND L or NHYCEXON(H), wherein X is Q or S and

esch §; and I3 1s, independently, H, C1~Cs alkyl, Co-Cy atkenyl, Co-Cy alkynyl, C-Cy
aminoalkyl or a protecting group; and

wherein said oligomeric compound comprises from about & to about 40 moenomeric
subunits and s complementary fo a target RNA.

In certain embodiments, the cell is in an animal. {n certain embodiments, thecell isina
hwman, in certain embodiments, the target RNA is selected from mRNA, pre-nRNA and miero

RNA. In certamn embodiments, the target RNA is mRNA. In certain embodimenis, the target
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RNA is human mRNA,

In certain embodiments, the target RNA s cleaved thereby inhibiting its function. In
certain embodiments, the methods comprise cvaluating the antisense activity of said oligomeric
compound on said cell. In certain embodiments, the evaluating step comprises detecting the
levels of target RNAL In certain embodiments, the evaluating step comprises detecting the levels
of a protein. In certain embodiments, the evaluating step comprises detection of one or more
phenotypic effects.

in cortain embodirnents, methods of inhibiling gene expression comprising contacting
one or more cells, a tissue or an animal with an oligomeric compound of the invention.

The oligomeric coanpounds comprising at least one bicyclic nucleoside having formula I
show good activity both in vitro and in vivo without exhibiting significant hepatotoxicity. The
activity of oligomeric compounds having nucleosides with Formula I was about 80% relative (o
the similar oligemeric compound having 4-CHy-0-2' BNAs. The oligomeric compounds having
nucleosides with Formula 11 did not exhibit significant hepatotoxicity whereas the oligomeric
compound having 4'-CHy-0-2' BNAs did exhibit significant hepatotoxicity at the higher doses.
The cligomeric compounds having nucleosides with Forada I also showed about a 37 and 35
fold increase in nuclease resistance relative to oligomeric compounds having 4-CHy-G-2' BNAs

or 2-MOE modified nucleosides respectively.

DETAILED DESCRIPTION OF THE INVENTION

Int certain embodiments, provided herein are bicyelic nucleosides compriging substituted
amine groups in the bridge, oligomeric compounds having at least one of these bicyelic
nucleosides and methods of using the oligomeric compounds. Methods of preparing the bieyelic
nucleosides of the invention are also provided. In certain embodiments, the oligomeric
compounds are designed to hybridize to a portion of a target RNA. In certain embodiments, the
oligomeric compounds can be used in the design of aptamers which are oligomeric compounds
capable of binding to aberrant proteins in an in vivo sefting.

In certain embodiments, each of the bicyclic nucleosides have Formula I

: 4 Gr
N
Ty O O\\ Bx

rgr ¥

li \\ f(}/i zf
Gang Vo
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wherein:

Bx is a heterocvalic base moidety;

one of Ty and Ts is H or a hydroxyl protecting group and the otherof T and Tris H, a
hydroxyl protecting group or a reactive phosphorus group;

R is Cy-Cyq alkyl, substituted Ci-Cy alkyl, Cy-Cy alkenyl, substituted C;-Cq alkenyl, C-Cs
allynyl or substitited Cy-Cy alkynvly

¢ and g are cach independently, K, halogen, C~Cg allyl, substituted Cy-Ce alloyl, C-Cs
alkenyl, substituted Cy-Cy alkenyl, Cp-Cy alkynyt or substituted C-Cy alkynyl, C-Cs alkoxyl,
substituted C~-Cy alkoxyl, acyl, substituted acyl, C;-C¢ aminoaltkyl or substituted C-Cy
aminoadkyl;

¢ and g4 ave each independently, H, halogen, C-Cg alkyl, substituted C-Cy alkyd, Co-Cy
atkeoyl, suhstituted Cz-Cg alkenyl, Co-Cy alkynyl or substituted Cp-C alkynyl, Ci-Cy alkoxyl,
substituted C3-Cq alkoxyl, seyl, substituted acyl, C4-Ce aminoalky! or substituted C-Cy
aminoalkyl;

wherein cach substituted group s, independently, mone or poly substituted with
substituent groups independently sclected from halogen, Oy, 81, NJJs, Ny, COGJL CN, O-
C=MNEE, NCHICENHINT T or NCHCEXGNHN, wherein X is O or §; and

gach I and §; is, independently, H, C-Cs alkyl, Co-Ce alkenyl, C-Cy alkynyl, C-Ce
aminoalkyl or @ protecting group.

In certain embodiments, the bicyclic nucleosides are prepared as protected bicvelic
nucleoside phosphoramidites for incorporation into oligomeric compounds wherein Ty is a
hydroxyl protecting group such as a 4 4'-dimethoxytrityl group and T, is phosphoramidite such
a8 -P{O-{CHopCNEN{CH{CHz)2):]. I certain embodiments, each g is H and R is C-C; alkyl
preferably methyl or substituted Ci-C; alkyl preferably (CH;),OCH;.

In certain embodiments, each of the bicyclic nucleosides have the configuration shown in

Formula la:

T,~0 O-R
ia.

In certain embodiments, each of the bieyclic nucleosides have the confignration shown in
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Formula Ih:

ih.

The bicyclic nucleoside monomers arg especially usefid for incorporation into oligomeric
compounds. Such incorporation has been shown to enhiance desired properties of the resulting
oligomeric compounds, As shown in some of the examples included herein some of the
properties that have been enhanced include nuclease resistance, toxicity profile and therapeutic
window. Such oligomeric compounds each comprize at least one bicyelic nucleoside having

Formula 11

qs_}{ ‘\\/ /.."/
g4 .. ;;J
OR
I

wherein for each of said at feast one bicyelic micleoside having Formula I

Bx i3 a heterocyclic base modety;

Ty and Ty are each, independantly, an internucleoside linking group linking the bicyolic
nucleoside to the oligomeric compound or one of Tz and Ty 15 an intemucleoside Hnking group
linking the bicvclic miclgoside to the oligomeric compound and the other of Ty and To s H, a
hydroxy? protecting group, a linked conjugate group or a §' or 3'-terminal groupy;

R i3 C-Cy atkyl, substituated C~Cg alkyl, Co-Cy alkenyl, substituted Cp-Cs alkenvl, CpCy
alkyayl or substituted Co-Ce alloynyl;

g and - ave each independently, H, halogen, C,-Cs alkyl, substitited Cy-Cy alkovl, TGy
alkenyl, substituted C;-C alkenyl, Co-Cy alkynyl or substituted C;-Cy alkynyl, Ts-Cy; alkoxyl,
substituted C~Cq alkoxvl, acyl, substituted aeyl, Ci-Cy aminosatkyl or substituted C;-Cq
aminoalkyl;

¢ and gq ave each independently, H, halogen, C;-Cy alkyl, substituted Cy-Cy alkyl, Co-Cq
alkenyl, substitited Cp-Cy alkenyl, Co-Cy alkynyl or substituted C3-Cy alkynyl, C-Cy alkox v,
substitated C-Cy alkoxyl, acyl, substitsted acyl, Ci-Cs amvinvalkyl or substituted C1-Cy
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Ly}
i

aminoalkyl;

wherein each subshituted group is, independently, mone or poly substituted with
substituent groups independently selected from halogen, Oy, 81y, NI I, Na, COOJ;, CN, O-
CEOMNT s, NEDCENEDNT G or NEDOE=XOINEH), wheren X is O or §; and

each by and J; is, independently, H, C-Cs alloyl, Co-Cy alkenyl, C-Cy alkmyl, Cr-Cs

L4y

aminocalkyl or a2 profecting group. .
In certain embodiments, oligomeric compounds are prepared wherein each of the bicychic
nucleosides have Formula Ha:
~T3
~ G

QI":)L\/_..-' . \fo

@ A /
SO

G
q-'i, ,:"‘ AN }Q

T—Q
10 Ha.
In certan esabodiments, oligomeric compounds are prepared wherein each of the bicvelic
nucleosides have Formula IThe
o

‘3:1‘:;3,.}‘ AN #Bx
4z v
QS‘; \\Lr—/
Tz"(} GO-R
ith.

13 Methods of using the oligomeric compounds of the invention are alse provided. In
certain embodiments, methods are provided wherein a cell is contacted with an oligomeric
compound of the invention that is complementary to a target RNA. The cell can be in an animal
preferably a human. The target RNA is selected from any RNA nucleic acid that would result in
somme benefit but preferably mRNA, pre-mRNA and micro RNA. In certain embodiments, the

20 target RNA is cleaved as a result of interaction with an oligomeric compound thereby inhibiting
its function. The efficiency of the methods can be evaluated by looking at a variety of criteria or
end points such as evaluating the antisense activity by detecting the levels of a target RNA,
detecting the level of a protein or by detecting one or more phenotypic effects.

Ohigomenc compounds comprising bicyctic nucleosides of formula 11 were tested for

e
(%)

nuclease stability (Example 35}, in vitro activity (example 32) and for in vivo activity {Examples

33 and 34). The oligomeric compounds comprising at least one bicyelic nucleoside having
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formula Ha exhibited good activity both in vitro and in vivo., The observed activity was about
80% relative to a smular oligomeric compounds having 4-CH;-0-2" bridged BNAs. The
oligomeric compounds having sucleosides with Formula 1 did not exhibit signifivant
hepatotoxicity whereas the oligomeric compounds having 4-CH~(0-2" bridged BNAs did exhibit
significant hepatotoxicity at the higher doses. The oligomeric compounds having nuclcosides
with Formuda H also showed about a 37 and S5 fold increase in nuclease resistance relative {o
ofigomeric compounds having 4~CH;-0-2' bridged BMAz or 2-MOE modified nucleosides
respectively. Based on the sirnilarities between the oligomeric compounds having either the
bicyclic nucleosides of Fommala 1T or the 4-CH;-0-2" bridged BNAs the increased nuclease
resistance and absence of hepatotoxicity is unexpected.

The bicyclic nucleosides having Formula [T (M-alkoxvamino, or substituted N-
alkoxyamino) bivyclic nucleosides are vseful for modifving otherwise unmodified oligomeric
compounds at one or more postlions. Such modified oligomeric compounds can be deseribed as
having a particalar motif. Metifs include bat ave not Hited to 2 gapped motif] a hemimer motf,
a blockmer motif, a fully modified motif, a positionally modified motifand an alternating motif.
In conpunction with these motifs a wide variety of internuclenside Hokages can be used including
but not limited to phosphodiester and phosphorothinate intemucleoside linkages used uniformly
or in combinations. The number and positioning of bicyclic nucleosides having Formula If and
the vse of various internucleoside hinkage strategies can be easily optimized to prepare an
oligomeric compound that will provide the best activity for a particular target,

Representative ULS, patents that teach the preparstion of representative motifs include,
but are not limited to, 5,013,830; 5,149,797, 3,220,007, 5,256,775, 5,366,878; 5,403,711;
3.491,133; 5,565,350; 5,623,065; 5,652,355, 5,652,356; and 3,700,922, certain of which are
commonly owned with the instant application, and each of which is herein incorporated by
reference in its entirety. Motifs are also disclosed in International Applications
PCTAIS2005/019219, filed June 2, 2005 and published ag WO 2005/121371 on December 22,
2005 and PCTAIS2005/019220, filed June 2, 2005 and published as WO 2005/121372 on
Decemmber 22, 2005; cach of which i incorporated by reference herein in its entiraty,

In certain embodivnents, gapped oligomeric compounds are provided having one or more
hicyelic pucleosides of the above formula 11 at the 3 and 5-terminal positions flanking an
internad region of nuclessides. In certain emtbodiments, the internal nucleosides are B-D-
deoxyribonucicosides. 1n a further embodiment they are B-D-deoxyribonucleosides in
combination with one or more other sugar modified nucleosides.

The terms "substituent” and "substitoent group,” as used herein, are meant to include
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groups that are typieally added to other groups or parent compounds to enhance desired
propertics or give desired effects. Substituent groups can be protected or unprotected and can be
added to one available site or to nrany available sites in a parent compound. Substituent groups
may also be further suhstituted with other substituent groups and may be attached directly or via
a linking group such as an alkyl or hydrocarbyl group to a parent compound. Such groups
include without Hmitation, halogen, hydroxyl, alkyl, allkenyl, allomyl, acyl ((CHIR L), carboxyl
{-C{O)0-Rye), uliphatic groups, alicyclic groups, alkoxy, substituted oxy {(-O-Rya). aryl, aralkyl,
heterocyelic, heteroaryd, heteroarvialkyl, amino («NEpeRee), imino{=NRp}, amido (-C{OIN-
RypRee or -N{Rps)CEOIR ), azido (-Nay, nitro (-NOs), oyano ((CNY, carbamido (-OC(OINRyRe
or ~N{Rup JCIOMIOR ), ureido (-N{Rp )C{OYNRopR ), thioureido (-N{Ru JCISINRppRee )
gusmidiny! {(-N(Rpp)CENRu NRypRee), amiding ((C=NRps)NRypRe: 0f ~NR ) CNRee)Raa)s
thiol (~SKpgg), sulfinyl {(-S{O)R ), sulfonyl -S(:Rw). sulfonamidyl (~S(Q)NRR, 0 ~-N(Ryg -
SRy and conjugate groups. Wherein each Ry, Ry, and R, 18, independently, H, an
optiopally Lnked chemical functional group or a further substituent group with a preferred lst
including, without nutation H, alkyl, alkenyl, allynyl, aliphatic, alkoxy, acyl, aryl, aralkyl,
heteroaryl, alicyelic, hetevocyclic and heteroarvlalkyl. Selected substituents within the
compounds described herein ave present fo a recursive degree.

In this context, “recursive substituent” means that a substituent may recite another
instance of itself, Bocause of the recirsive nature of such substituents, theoretically, a large
number may be present in any given claim. One of oxdinary skill in the art of medicinal
chemistry and organic chomistry understands that the total number of such substituents is
reasonably limited by the desired properties of the compound intended. Such properties include,
by way of examiple and net Hinitation, physical properties such as molecular weight, solubility or
log P, application properties such as activity against the intended target, and practical properties
such as ease of synthesis.

Recursive substituents are an intended aspect of the invention. One of ordinary skill in
the art of medicinal and organic chemistry understands the versatility of such substituents. To
the degree that recursive substituents are present in a claim of the invention, the fotal number
will be determmined as set forth above.

The ferm "acyl,” as used herein, refers o a radical formed by removal of g hydroxyl
group from an organie acid snd has the general formula -C{O)-X where X is typically aliphatic,
alicyclic or aromatic. Examples include aliphatic carbonyls, aromatic carbonyls, aliphatic
sulfonyls, aromatic sulfinyls, aliphatic sulfinyls, aromatic phosphates, aliphatic phosphates and

the like. Acy! groups as used herein may optionally include further substitutent groups.
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The tenm “alicychic™ or "alicyehyd” refers to a cyelic nng system wherein the ring is
aliphatic. The ring systerm can comprise one or move rings wherein at least one ring 1s aliphatic.
Preferred alicyelics inclode rings having from about 5 to about 9 carbon atoms in the ring.
Alicyclic as used herein may optionally include further substitutent groups.

The term “aliphatic,” as used herein, refors to a straight or branched hydrocarbon radical
containing up to twenty four carbon atoms wheremn the saturation betwesn any two carbon atoms
is a single, double or triple bond. An aliphatic group preferably contains from 1 to about 24
carbon atoms, more typically from | to about 12 carbog atoms with from 1 to gbont 6 carbon
atoms being more preferred. The straight or branched chain of an aliphatic group may be
interrupted with one or more heteroatoms that include nitrogen, oxygen, sulfur snd phosphorus.
Such aliphatie groups interrupted by heteroatorns include withount Hmitation polyatkoxys, such as
polyalkylene glveols, polyamines, and polyimines. Aliphatic groups as used herein may
optionally include further substitutent groups.

The term *alkeayl," as used berein, refers to a straight or branched hydrocarbon chain
radical containing up {0 twenly four carbon atoms and having at least enc carben-carbon double
bond. Examples of alkeny! groups include, but are not Himited to, cthenyl, propenyl, butenyd, 1-
methyl-2-buten~-1~vi, dienes such s 1,3-butadiene and the hike. Alkenyl groups typically inchide
from 2 to about 24 carbon atoms, more typically from 2 to about 12 carbon atoms with from 2 to
about 6 carbon atoms being more preferred. Alkeny! proups as used herein may optionally
include one or more finther substitutent groups,

The term "alkoxy," as used herein, refers to a radical formed between an alkyl group and
an oxygen atorn wherein the oxygen atom is used to attach the alkoxy group to a parent
molecule. Examples of alkoxy groups include, but are not himited to, methoxy, ethoxy, propoxy,
isopropoxy, n-hutoxy, sec-butoxy, fert-butoxy, n-pentoxy, neopentoxy, n-hexoxy and the like.
Alkoxy groups as used herein may optionally include further substitutent groups.

The term "alkyl,” as used herein, refers to a saturated straight or branched hydrocarbon
radical containing up to twenly four carbon atomns. Exarnaples of atkyl groups inchude, but are not
limnited to, methyl, ethyd, propyd, butyl, isopropyl, n-hexyl, octyl, decyl, dodecyl and the like.
Alkyl groups typically include from 1 to about 24 carbon atoms, more typically from 1 fo about
12 carbon atoms (Ci-Cy; alkyl) with from 1 to ahout 6 carhon atoms heing move preferred. The
term "lower alkyl" as used herein includes from 1 to about 6 carbon atoms,  Alkyl groups as used
herein may optionally include one or more further substitutent groups.

The term "alkynvl,” as used herein, refers to a straight or branched hydrecarbon radical

containing up to twenty four carbon atoms and having at least one carbon-carbon triple bond.



10

15

o
LA

30

WO 2008/150729 PCT/US2008/064591

17 -

Examples of atkynyl groups inchude, but are not Himited to, ethynyl, L-propynyl, [-butynyl, and
the hke. Alkynyl groups typically inciude from 2 to about 24 carbon atoms, more typicatly from
2 to about 12 carbon atoms with from 2 to about 6 carbon atoms being more prefurred. Alkynyl
groups as used herein may optionally include one or more further substitutent groups.

The tern "aminoalkyl" as used herein, refers to an amine substituted atkyl radical. This
term is meant to include C~Ciy atky! groups having an amino substituent at any position and
wherein the alkyl group attaches the aminoalkyl group to the parent molecule. The alkyl andfor
amino portions of the aminoalkyl group can be further substituted with substiteent groups.

The terms "aralkyl” and "arylalkyl," as used herein, refer to a radical formed between an
alleyl group and an aryl group wherein the alkyl group is used to attach the aralkyl group to a
parent molecule. Examples include, but are not limited to, benzyl, phenethyl and the like,
Aralkyl groups as used heretn may optionally include further substitetent groups attached to the
alkyl, the aryl or both groups that form the radical group.

The terms "arvl® and "aromatic,” as used herein, refer to a mono- or polyeychic
carbocyclic ring system radicals having one or more aromatic rings. Examples of arvl groups
include, but are not limited to, phenyl, naphthyl, tetrshydronaphthyl, indanyl, idenyl and the like.
Preferred aryl ring systems have from about 5 to gbout 20 carbon atoms in one or more rings.
Aryl groups as used herein may optionally inchude further substitutent groups.

The terms "halo™ and "halogen,” as used herein, refer to an atom selected from fluorine, chlorine,
bromine and todine.

The terms "heteroaryl,” and “heteroaromatic,” as used herein, refer to a radical
comprising a mono- or pely-cyclic aronmtic ring, ring system or fused ring system wherein at
least one of the rings is aromatic and includes one or more heteroatom. Heteroaryl is also meant
to include fused ring systems including systems where one or more of the fused rings contain no
heterontorns. Heteroaryl groups typically include one ring atom selected from sulfur, nitrogen or
oxygen. Examples of heteroaryl groups include, but are not limited to, pyridiny, pyraziny,
pyrimidinyl, pyrrolyl, pyrazolyl, tmidazolyl, thiazoly!, oxazolyl, isooxazolyl, thiadiazeiyl,
oxadiazolyl, theophenyl, furanyl, quinolinyd, isoquinolinyd, benzimidazolyl, benzooxazoiyl,
quinoxalinyl, and the like. Heteroaryl radicals can be attached to a parent molecule directly or
through a linking motety such as an aliphatic group or hetero atom. Heteroaryl groups as used
herein may optionally include further substituient groups.

‘The term "heteroarylalkyl,” as used herein, refers to a heteroaryl group as previously
defined having an alley radical that can attach the hetercarylalkyl group to a parent molecule.

Examples include, but are not limited to, pyridinylmethyl, pyrimidinytethyl, napthyridinylpropy
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and the like. Heteroarylalkyl groups as used horein may oplionally include ﬁm‘hér suhstitutent
groups on one or both of the heteroaryl or alkyl portions,

The term "heterocyclic radical” a5 used herein, refers to a radical mono-, or poly-cyclic
ring systen that includes at least one heteroatom and is ensatarated, partially saturated or fully
saturated, thereby including heterouryl groups. Heterooyelic is also meant to include fused ring
systems wherein one or more of the fused rings contain at least one heterostom and the other
rings can contain one or maore hetercatoms or optionally contain ne heteroatoms. A heterocyclic
group typically includes at least one atom selected from sulfur, nitrogen or oxygen. Fxamples of
heterocyclic groups include, [1,3]dioxolane, pyrrolidingl, pyrazolinyl, pyrazalidingl,
imidazoliny, imidazolidinyl, piperidinyl, piperazinyl, oxazolidinyl, isoxazolidinyl, morpholiny,
thiazolidinyl, isothiazolidinyl, quinoxalingd, pyridazivonyl, tetrahydrofery! and the like.
Heterocyclic groups as used hereln may optionally include further substitutent groups.

The term "hydrocarhyl includes groups comprisiog C, O and H. Included are strai ght,
branched and cyelic groups having any degree of satwation. Such hydrocarbyl groups can
include one or more heteroatoms selected from N, O and S and can be further mono or poly
substituted with onc or more substituent groups.

The term "mono or poly cyelic structure” as uscd herein includes all ring systems that are
single or polyeyelic having rings that are fused or linked and is meant o be inclusive of single
and mixed ring systems individually selected from aliphatic, alicyclic, arvl, heteroaryl, avalkyl.
arvialkyl, heterocyclic, beteroaryl, heteroaromatic, heteroarylalkyl, Such mono and poly cyclic
structures can contain rings that are uniform or have varying degrees of satwation including fully
saturated, partially saturated or fully unsaturated. Each ring can comprise ring atoms selected
from C, N, O and 8 w give rise to heteroeyelic rings as well as rings comprising only C ring
atoms which can be present in a mixed motif such as for example benzimidazole wherein one
ring has only carbon ring stoms and the fused ring has two nitrogen atoms. The mone or poly
cyclic stractures can be further substituted with substituent groups such as for example
phthalimide which has two =Q groups attached to one of the rings. In another aspect, mono or
poly cyclic structures can be attached to & parent molecule divectly through 4 ring atem, shrough
a substituent group or a bifunctional linkiog molcty,

The term “oxo” refers to the group (=0}

The terms “bieychie nueleic actd”, “BNAY, “bicyelic nucleosids™ or “bieyelic nucleotide®
refer to a nucleoside or nucleotide wherein the furanose portion of the nucleoside mchudes a
bridge connecting two carbon atoms on the fuvanose ring, thereby forming a bicyclic ring

System.
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The term “gapmer” or “gapped oligomenc compound™ refers to a chimeric oligomeric
compound comprising a central region {a “gap™} and a region on either side of the central region
{the “wings™), wherein the gap comprises at least one modification that is different from that of
each wing. Such modifications include pucleobase, monomeric linkage, and sugar maodifications

5 as well ax the absence of modification {ummmoedified). Thus, in certain emboediments, the
nucleotide linkages in each of the wings are different than the nudleotide linkages in the gap. In
certain evobodiments, each wing comprises nucleotides with high affinity modifications and the
gap comprises nucleotides that do not comprise that modification. In certain embodiments, the
nucleotides i the gap and the nucleotides in the wings all comprise high affinity modifications,

10 but the high affinity modifications in the gap are different than the bigh affinity modifications in
the wings, In cerlain embodiments, the modiications in the wings are the same as one another,
In certain cmbodiments, the modifications in the wings are differcnt from cach other. fn cortain
embodiments, nuclcosides in the gap are unmodified and nucleosides in the wings are modified.
In certain embodiments, the modifications are N-alkoxyamino bicvelic nucleosides.

is The terrn “motif” refers to the pattemn of unmodified and moedified nucleotides in an
antigense compound,

The term "chimeric olipomeric compound® or "chimeric oligonuclentide™ refers 0 an
oligorseric compound or an oligonucleotide having at least one sugar, nuclecbase or
internucleoside linkage that 1s modified relative to naturally oceurring linked nucleosides. The

20 remainder of the sugars, nucleobases and intermucleoside linkages can be independently modified
or unmodified wherein each nucleoside and linkage can be the same or different.

The terms “stable compound™ and “stable structure™ are meant fo indicate a compound
that is sufficiently robust fo survive isolation to a vseful degree of purity from a reaction mixture,

and formulation into an efficacious therapeuntic agent. Only stable compounds are contemplated

£
.

herein.

In certain embodiments, oligomeric compounds are modifiad by covalent attachment of
one o eore ¥ or 3-terminal groups. The term “termiinal group” as used herein is meant to
inchade usefol groups known to the art skilled that can be placed on one or both of the 3 and 5%
ends of an oligomeric compound for various purposes such as enabling the tracking of the
30 oligomeric compound {a fuorescent lebel or other reporter group), improving the
pharmacokinetics or pharmakodynamic of the oligomerie compound (g group for enhancing
uptake and delivery) or enhancing one or more other desirable properties of the oligomeric
compound {group for improving nuclease stability or binding affinity). In certain embodiments,

3" and S'-terminal groups include without limitation, one or more medified or umnodified
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nucleosides, conjugate groups, capping groups, phosphate moieties and protecting groups.

In certain embodiments, oligomeric compounds are modified by covalent attachment of
ORe OF MOTe cotgugate groups. In general, conjugate groups modify one or movre propertics of
the attached oligomeric compound including but not limited to pharnmakodynarmic,
pharmacokiretic, binding, absorption, celhdar distribution, cellular uptake, charge and clearance,
Conjugate groups are routinely used in the chemical arts and are linked directly or via an
opticnal hnking motety or hinking group to a parent compound sach as an ofigomeric compound.
A preferred list of congugate groups includes without limitation, intercalators, reporter
mwolecules, polysmines, polyamides, polyvethylene glyenls, thicethers, polyethers, cholesterols,
throchelesterols, cholic acid moieties, folate, lipids, phospholipids, hiotin, phenazine,
phenanthridine, anthraquinone, adamantane, acridine, fluoresceins, thodamines, coumarins and
dyes.

Linking groups and bifunctional linking moietics such as those known in the art
are useful herain for attachment of chemical functional groups, conjugate groups, reporter groups
and other groups to selective sites in a parent compound such as for example an oligomeric
compound. In general a bifunctiona! linking motety comprises a hydrocarbyl moiety having two
functional groups. One of the functional groups is selected 1o bind to a parent molecule or
compound of interest and the other is selected to bind essentially any selected group such as a
chemical fanclional group or a conjugate group. fa some embodiments, the Hnker comprises a
chain structare or an oligomer of repeating oaits such as ethylene glyveol or amino acid units.
Examples of functional groups that are routinely used in bifunctional linking moieties include,
but are not himited to, electrophiles for reacting with nmocleophilic groups and nucleophiles for
reacting with electrophilic groups. In some embodiments, bifonctional linking moieties include
amino, hydroxyl, carboxylic acid, thiol, unsaturations (e.g., double or triple bonds), and the like.
Some nonlimiting examples of bifunchional linking moieties include 8-amino-3 6-divxaoctanoic
acid (ADQ), succinimidyl 4-(N-maleimidomethyl) cyclohexane-l-carhoxylate (SMCC) and 6-
aminobexanoic acid (AHEX or AHA). Other linking groups include, but are not linuted to,
substituted Cy-Cyp alkyl, substituted or unsubstituted Cp-Cip alkenyl or substituted or
unsubstituted C-Cip alkynyl, wherem a nonlimiting list of preferred substituent groups includes
hydroxyl, amino, alkoxy, carboxy, benzyl, phenvl, mitro, thiol, thicalkoxy, halogen, alkyl, arvl,
alkenyl and alkynyl.

‘The term "protecting group,” as used herein, refers o a labile chemical motety which is
known in the art to protect reactive groups inclnding without limitation, hydroxyl, amino and

thiol groeps, against undesired reactions during syothetic procedures, Protecting grouns are
g . ¥ !
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typically used selectively and/or orthogonally to protect sites during reactions at other reactive
sites and can then be removed to leave the unprotected group as is or available for further
reactions. Protecting groups as known 1 the art are described generally in Greene and Wats,

Protective Groups in Organic Synthesis, 3rd edition, John Wiley & Sons, New York {1999},

A

Groups can be selectively incorporated into oligorneric compounds of the invention as
precursors. For example an amino group can be placed into a compound of the invention as an
azido group that can be chemically converted to the amino group at a desired point in the
synthesis. Generally, groups are protected or present as precursors that will be inert to reactions
that modify other aveas of the parent molecule for conversion into their final groups at an
10 appropriate time. Further representative protecting or precursor groups are discussed in

Agrawal, et al., Protocols for Qligonucleotide Conjugates, Bds, Huamana Press; New Fersey,
1994; Vol. 26 pp. 1-72.
Exwmples of hydroxyl protecung groups include, but are not limited to, acetyl, t-butyl, -
butoxymethyl, methoxymethyl, tetrahydvopyranyl, -ethoxyethyl, 1-(2-chloroethoxyjethyl, p-
15 chlorophenyl, 2, 4-linitrophenyl, benzyl, 26-dichlorebenzyl, diphenyimethyl, p—nitmhenzyh
bis(2-avetoxyethuxymethyl (ACE), 2-trioethylsitylethyl, trimethylsilyl, triethylsilyl, &
hutyidimethylsilyl, t-botvidiphenylsivl, triphenylsilyl, {(riisopropyisilyDoxylmethyl (TOM).
benzoylformate, chloreacetyl, trichloroacetyl, trifluoroacetyl, pivaloyl, benzoyl, p-
phenyibenzoyl, 9-fluorenyhmethyl carbonate, mesylate, tosylste, triphenyimethyl (trityl),
20 monomethoxyirityl, dimethoxytrityl (DMT), trimethoxytutyd, 12-Muorophenyl)-4-
methoxypiperidin-4-yl (FPMF), 9-phenvixanthine-9-vl {FixyD) and 9-(p-
methoxyphenylixanthine- Q-1 {(MOX). Where more preferred hydroxyl protecting groups
include, but are not limited to, berzyvl, 2,6-dickdorobenzyl, t-butyldimethylsitvl, t-batyl-

diphenvlsilyl, benzovl, mesylate, tosylate, dimethoxyieityl (DMT), 9-phenylxanthine-8-vi (Pixyl)

i3
LY

and 9~{p-methogypbenyl)xasthine-9-vl (MOX],

Examples of amine protecting groups include, hut are not limited to, carbamate-
protecting groups, such as 2-trimethylsilylethoxycarbonyl {Teoc), -methyl-1-{4-biphenyiyl)-
ethoxyearbonyl {Bpod), t-butoxycarhonyl {BQQ), allvloxycarbonyl (Alloc), 9-fluorenyhnethyl-
oxycarbony! (Fmoc), and benzyloxycarbouyt (Chz); amide-protecting groups, such as formyl,
30 acetyl, trtwloacetyl, benzoyl, and nitrophenyviacetyl; sulfonamide-protecting groups, such as 2-
nitrobenzenesulfonyl; and imine- and cyelic imide-protecting groups, sach as phthalimido and
dithiasuccinoyl.

Examples of thiel protecting groups include, but are not limited to, triphenylmethyl

(trityl), benzyl (Bn), and the like.
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The term "orthogonally protected® refers to functional groups which are protected with
different classes of protecting groups, wherein each class of protecting group can be removed in
any order and in the presence of all other classes (see, Barany, G. and Maerrifield, R B., & dm.
Chem. Sec., 1977, 99, 7363, idem, 198G, 102, 3084.) Orthogonal protection {s widely used in for
example automated oligomucleotide synthesis, A functional group is deblocked in the presence
of one or more cther protected functional groups which is not afifected by the deblocking
procedure. This deblocked functional group is reacted in some manner and at some point a
further orthogonal protecting group is removed under a different set of reaction conditions. This
allows for selective chemistry to arrive at a desired compound or oligomeric compound.

In certain ernbodiments oligomeric corpounds are prepared by connecting nucleosides
with optionally protected phosphoros containing internucleoside Hinkages. Representative
protecting groups for plosphorus containing internucleoside lindeages such as phosphodiester and
phosphorothioate Hnkages inchide f-oyanoethyl, diphenylsilylethyl, S-cyanobutenyl, cyano p-
xviyl (CPXG, Nemethyl-Netrifluoroacetyl ethyl (META), acctoxy phenoxy cthyl (APE) and
tratene-4-yi groups, See for cxample ULS. Patents Nos. 4,723,677 and Re. 34,009 (8-
cvanocthyl);, Beaucage, S.L. and Tyer, R.P., Tetrahedron, 49 Neo. 10, pp. 1925-1963 {1993}
Beaucage, S.1L. and Iver, R.P., Tetrahedron, 49 No. 46, pp. 1044 1-10488 (1993); Beancage, S.L.
and Iyer, R.P, Tetrahedron, 48 No. 12, pp. 22232311 (1992},

in certain embodiments, oligomeric compounds are provided having reactive phosphorus
groups usefud for forming internuclenside linkages mcluding for example phosphodiester and
phogphorothioate internucleoside linkages. Such reactive phosphoras groups are known in the
art and contain phosphorus atoms i P or PY valence state including, but not Hmited o,
phosphoramidite, H-phosphonate, phosphate iiesters and phosphorus containing chirsl
auxiliaries. A preferred synthetic solid phase synthesis utilizes phosphoramidites (P™ chemistry)
as reactive phosphites. The intermediate phosphite compoonds are subsequently oxidized to the
PY state using known methods to vield, in certain embodiments, phosphodiester or
phosphorothinate intecnucleotide Hinkages. Additional reactive phosphates and phosphites are
disclosed in Tetrahedvon Report Number 309 (Beaucage and lyer, Tetrahedron, 1992, 48, 2223-
2311

As used herein the term "internucleoside Hinkage™ ¥ meant to inclde all manner of
internucleoside hnking groups known in the arl including but not lmited to, phosphorus
containing internucleoside linking groups such as phosphodiester and phosphorothioate, non-
phosphorus containing internucleoside hnking groups such as formacetyl and methylencimino,

and newtral nen-1onic internucleoside linking groups such as amide-3 (3-CHy-C{=0RN(HM5),
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amide~4 (3-CH-N{H)}-C(=0)-5

Specific examples of oligomeric compounds usefl in this invention inchade
oligonuclcotides containing modified ¢.g. non-naturally occurring internaclepside linkages. Two
main classes of intemucleoside linkages are defined by the presence or absence of a phosphorus
atom. Modified internucicoside linkages having a phosphorus atom include, but are not Himited
to, phosphorothicates, chiral phosphorothioates, phosphorodithtoates, phosphotriesters,
aminoalkyiphosphotresters, methyl and other alkyl phosphonates including 3-alkylene
phosphonates, S-alkylene phosphonates and chiral phosphonates, phosphinates,
phosphormmidates including 3%-amine phosphoramidate and anunoalkylphosphoranidates,
thionophosphoramidates, thionoalkyviphosphopates, thionoalkylphosphotriesters,
selenophosphates and boranophosphates having normal 3% linkages, 2'-3 linked analogs of
these, and those having inverted polarity wherein one or more internucleotide linkages isa 3'to
3, 540 5 or 2' 0 2 linkage. Oligonucleotides having inverted polarity can comprise a single 3
to 3' linkage at the 3-most internuclootide linksge i.e. a single inverted nucleoside residue which
may be abasic (the nucleobase 18 missing or has 8 hydroxyl group in place thereof), Various
salts, mixed salts and free acid forms are also includad,

,

Represemtative U8, patents that teach the preparation of the sbove phosphorus-
containtng linkages include, but are not Hmited to, U.S. 3,687,808; 4,469,863, 4,476,301,
5,023,243: 5,177,196; 3,188,897; 5.264.423; 5,276,019; 5,278,302 5,286,717; 5,321,131;

5,399.676; 5,405,939; 5,453.496; 5,455,233; 5,466,677, 5,476,925, 5,519,126; 5,335,821,
5,541,306, 5,550,111; 5,563,253, 5,571,799, 5,587,361; 5,194,599; 5 565 555; §,527,899;
5,721.218; 5,672,697 and 5,625,030, certain of which are comvoendy owned with this
application, and each of which is herein incorporated by reference.

Modified internucleoside linkages not having a phosphorus atem inclade, but are not
limited to, those that are formed by short chain alkyl or cyeloalkyl intermucleside linkages,
mixed heternatom and alkyl or eveloalkyl intermacleoside linkages, or one or more short chain
heteroatomic or heterocyclic iﬁtemuclensir_ig linkages. These tnchude those having stloxane
backbones; sulfide, sutfoxide and sulfone backbones; formacetyl and thioformacety! backbones;
methyvlene formacetyvl and thicformacetyl backbones; riboacetyl backbones; alkene containing
backbones; sulfamate backbones: methylencimino and methylenchydrazine backbones; sultonate
and sulfonamide backbeones; amide backbones; and others having mixed N, O, 8 and CH,
component parts. In the context of this invention, the term “oligonuclcoside” refers to a
sequence of two or more nucleosides that are joined by infernucleoside linkages that do not have

hosphorus atems,
PROSP
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Representative U.S, patents that teach the preparation of the above oligonucleosides
include, but are not Hmited to, U.S.: 5,034,506; 5,166,315; 5,185.444; 5.214,134; 3,216,141
5,235,033, 5,264,562, 5,264,564, 5,405,938, 5,434,257 5,466,677, 5,470,967, 3,480,677;
S41,307; 5,561,225, 5,596,080; 5,602 240; 5,610,289 5,602,240; 5,608,046; 5,610,289;
5,618,704; 5,623,070, 5,603,312; 5,633,360, 3,077 437 5,792,608; 5,646,269 and 5,677,439,

(%

certain of which are commonly owned with this ap]}}icatien, and each of which is herein
incorporated by reference.

As used herein the phrase "newtral intemucleoside linkage” is intended to include
internucleoside linkages that are non-ionie. Neutral infernueleoside linkages include but are not
limited to phosphotriesters, wethylphosphonates, MMI (3-CHp-N(CH33~0-5"), amide-3 (3'-CHp~
CE=0)-N{H)-5%, amide-4 (3'-CHa-N{H}C(E=0)-5", formacetal (3-0-CH;-0-57, and
thioformacetal (3-8~-CH-0-5Y. Purther nentral internucleoside linkages include nonionic
linkages comprising siloaane (dialkylsiloxane), carboxylate ester, carboxamide, sulfide,
sulfonate ester and smides (Sec for cxample: Carbohydrate Modifications in Antisense Research;
Y8, Sanghvi and F.D. Cook Eds. ACS Symposium Series 380; Chapters 3 and 4, (pp. 40-63)).
Further neutral internucleoside linkages include nonionie linkages comprising mixed N, O, 8 and
CH, contponent parts,

Bicyclic npucleosides having Formula { as described herein can be prepared by any of the
applicabie techniques of organic synthesis, as, for example, illustrated in the examples below.
Mauoy such techniques are well known in the art. However, many of the known techniques are
elaborated in Compendivum of Organic Synthetic Methods (Tohn Wiley & Sons, New York) Vol
I, kan T. Harrison and Shuyen Harmson (1971}, Vol. 2, Tan T. Harrison and Shuyen Harrison
{1974); Vol. 3, Louis S. Hegedus and Leroy Wade (1977); Vol. 4, Leroy G. Wade Ir, {1980);
Vol. §, Leroy G. Wade Ir. (1984); and Vol. 6, Michael B. Snnth; as well as March, I, ddvanced
Orgarnie Chemistry, 3rd Edition, John Wiley & Sons, New York (1983Y; Comprehensive Qrganic
Synthesis. Selectivity, Strategy & Ffficiency in Modern Organic Chemistry, In 9 Volumes, Barry
M. Trost, Editor-in-Chief, Pergamon Press, New York (1993); ddvanced Organic Chemistry,
Part B: Reactions and Synthests, 4th Bd.; Carey and Sundberg: Kluwer Acadenne/Plenum
Publishers: New York (2001); Advanced Organic Chemistry, Reactions, Mechanisms , and
Seructure, 2nd Edition, March, McGraw Hill (1977); Protecting Groups in Organic Synthesis,
2nd Edition, Greene, T.W,, and Wutz, P.G.M., John Wiley & Sons, New York {19813 and
Comprehensive Organic Transformations, 2nd Edition, Larock, R.C., John Wiley & Sons, New
York (1699,

The compounds deseribed herein contain at least one asymnetric center and thus give
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rise to enantiomers, diastereomers, and other sterenisomeric forms that may be defined, in terms
of absolute sterenchemistry, as (R)- or {S)-, ¢ or B, or ag {D)- or (L) such as for amine acids, [t
15 intended that all such poasible isomers, as well as fheir racemic and optically pure forms be
included herein. Optical isomers may be prepared from thelr respective optically active
precursors by the procedures described above, or by resolving the racermsic mixtures. The
resolution can be carried out in the presence of & resolving agent, by chromatography or by
repeated crystallization or by some combination of these techniques which are known to those
skitled in the art. Further details regarding resolutions can be found o Jacques, et al.,
Enantiomers, Recemustes, and Resolutions (John Wiley & Song, 1981). When the compounds
described herein contain olefinic double bonds, other uasateration, or other centers of geometrdc
asymnetry, and unless specified otherwise, it is intended that the compounds include both E and
Z geometric isomers of cis- and trans~isomers. Likewise, all tautomeric forms are also intended
to be included. The configuration of any carbon-carbon double bond appearng herein s selected
for conventenee only snd is not intended to designate a particular configuration wdess the text se
states; thus 8 carbon-carbon double bond or carbon-hetercatom double bond depicted arbitranily
herein as trans may be cig, trans, or a mixfure of the two in any proportion.

in certain embodiments, the tern "oligomeric compound” refers to a polymer comprising
Iinked monomeric subanits having at least a region that is capable of hybridizing to a nucleic
acid molecule. The term "oligomeric compound” includes polvmers comprising lnked
monomeric subunits wherein the monomeric subunits inclade nucleosides, modified nucleosides,
nucleoside analogs, nucleoside mimetics as well as non-nucleic acid components such ag
conjugate groups. In certain ernbodiments, mixtures of monomeric subunits such as but not
limited to those listed provide oligomeric compounds having enhanced properties for uses such
as therapeutics and diagnostics. Bicydic pucleosides having formula I would be referred to as a
modified nucleeside ar bieyclic nucleaside as the furanose ring system and the heterocyelic base
remain intact, The monomeric subunifs can be linked by naturally occwring phosphodiester
internucleoside Hnkages or alternatively by any of a plurality of internucleoside linkages
disclosed herein such as but not himited to phosphorothicale internucleoside hnkages or mixtures
thereof.

In general, an oligomeric compound comprises a backbone of linked monomeric subunits
where each linked monomeric subunit is directly or indirectly attached to a heterocyclic base
moiety. Oligomeric compounds may also inchide monomeric subunits that are not linked to a
heterocychic base moiety thereby providing abasic sites. The linkages joining the monomeric

subunits, the sugar moicties or surrogates and the heterocyelic base moletios can be
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independently modified. The Hukege-sugar unit, which may or may not include a heterocyclic
base, may be substifited with 8 mimetic such as the monomers in peptide pucleic acids, The
ability to modify or substitule portions or entire monomers at gach position of an oligomeric
compound gives rise to a large number of possible motifs.

Qligomeric compounds are routinely prepared linearly but can be joined or otherwise
prepared to be circular and may also include branching. Oligomenic compounds can combined
to form double stranded constructs such as for example two strands hvbridized to formn double
stranded compositions. The double stranded compositions can be linked or separate and can
include overhangs on the ends.

Ay is known in the mt, a nucleoside is 4 base-sugar combination. The base portion of the
micleoside is normally a heterovyelic base moiety. The two most common classes of such
heterocychic bases are purines and pyrimidines. Nucleotides are muicleosides that Ruther include
a phosphate group envalently Hnked to the sugar portion of the nucleosude. For those
nucteosides that include a pentofuranosyl sugar, the phosphate group can be inked to cither the
2, 3 or § hydrexyl moiety of the sugar, In forming oligonucicotides, the phosphate groups
covalently link adjacent nucicosides to onc another to form a hincar polymeric compound. The
respective ends of this linear polymeric structure can be joined to form a circudar structure by
hybridization or by formation of a covalent bond. However, open linear structures are generally
desired. Within the oligonucleotide structure, the phosphate groaps are commonty referved 1o as
forming the intermnucleoside linkages of the oligonucleotide. The normal intemucieoside linkage
of RNA and DNA is 2 3' to 5 phosphodiester linkage.

In the context of this invention, the term "oligonucleotide” refers to an oligomer or
polymer of ribonucleic acid (RNA) or deoxyribonucleic acid (DNA). This terny includes
oligonuclentides composed of naturall y-ocourring nuclenbases, sugars snd covalent
internucleoside linkages. The term "oligonucleotide analog” refers to oligonucleotides that have
one or more non-natiraily occurring portions. Such non-naturally ocawring oligenucieotides are
often desired over naturally ocourring forms because of desivable properties such ag, for
example, enhanced cellular uptake, erhanced affinity for nucleic acid target and inereased
stahility in the presence of nucleases,

In the context of this invention, the term "oligonuclenside™ refers to a sequence of
nuclensides that are joined by internucleoside hakages that do not have phosphorus atoms,
Iaternucleoside linkages of this fvpe include short chain alkyl, cycloalkyl, mixed heteroatom
alkyl, roixed heteroatom cycloalkyl, one or more short chain heteroatemic and one or more short

chain heterocyclic. These miternucieoside linkages include, but are not limited to, stloxane,
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sulfide, sulfoxide, sulfone, acetyl, formacetyl, thioformacetyl, methylene formacetyl,
thioformacetyl, atkenyl, sulfamate, methvlensimino, methylenshydrazino, sulfonate,
sulfonamide, amide and others having mixed N, O, 8 and CH; component parts.

Representative ULS. patents that teach the preparation of the above oligonucleosides
include, but are not limited to, UL8.: 5,034,506; 5,166,315; 5,185,444; 5,214,134 5,215,141
5,235,033; 5,264,562 5,264.564; 5,405,938; 5,434,257, 5,460,677; 5470.907; 5,489,677,
5,541,307; 5,561,225, 5,596,086; 5,602,240); 5,610,288; 5,602,240; 5,608,046; 5,610,289,
3,618,704, 5,623,070; 5,663,312; 5,633,360; 5,677,437, 5,792,608, 5,646,269 and 5,677,439,
certain of which are commonly owned with this application, and each of which is herein
incorporated by reference.

The term "nuclesbase™ or "heterocyelic base motety” as used herein, is intended to by
synonymous with "nucleic acid base or mimetic thereof” In general, a nucleobase is any
substriefirre that contains nne or mare atorns o groups of atoms capable of bydrogen bonding o
a base of a nucleic acid.

As used herein, "mmoditied” or "natural” nucleobases wnclude the purine bases adenine
{A) and guanine (G}, and the pyrimidine bases thymine (T}, cytosine () and uracil {U).
Modified nuclecbases tnclude other synthetic and natural nucleobases such as S-methylovtosine
(5-me-C), S-hydroxymethyl eytosine, xanthine, hypoxanthine, 2-amincadenine, 6-1nethyl and
other atkyl derivatives of adenine and suanine, 2-propyl and other alkyl derivatives of adenine
and guanine, 2-thiouraci}, 2-thiothymine and 2-thiocytosine, 3-halouraci! and cytosine, 3-
propynyi (-C=C-CHa) uracil and cytosine and other alkynyl derivatives of pyrimidine bases, 6-
azo uracil, cytosine and thymine, 5-uracil {pseudouracil), 4-thiouracil, 8-hale, 8-amino, B-thiel,
S-thioalkyl, 8-Tpdroxy! and other &-substituted adenines and guanines, S-halo particularly 5-
bromo, S-riflucromethyl and other S-substituted uractls and ceytosines, 7-methylguanine and 7-
methyladenine, 2-F-adenine, 2-amino-adenine, S-azaguanine and §-azaadenine, 7-deazaguanine
and 7-deazaadenine, 3-deazaguanine and 3-deazaadenine, universal bases, hydrophobic bases,
promiscuous bases, size~expanded bases, and fluorinated bases as defined berein. Further
modified mucleobases nclude tricvelic pyrinndines such as phenoxazine cytidine{1H-
pyrimido[5,4-bi[1,4]benzoxazin-2(3H}-one), phenothiazine cytidine (1 H-pyrimido{5,4-
hif1,4]henzothiazin-2{3H)-one), G-clarps such as a substituted phenoxazine cytidine {e.g. 9-(2-
aminocthox y)-H-pyrimido{5,4-b]] 14 {benzoxazin-2(3H)-one), carbazole cytidine (2H-
pyrinido]4,5-blindol-2-one}, pyridoindole cytidine (H-pyrido{ 3,24, 5 pyrrolof 2,3-d]pyrimidin-
2-one). Modified nuclecbases may also include those in which the purine or pyrimidine base is

replaced with other heterocycles, for example 7-deaza-adenine, 7-desraguariosine, 2-
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aninopyridine and 2-pyridone. Further nucleobases include those disclosed in United States
Patent No. 3,687,808, those disclosed in The Concise Encvelopedia OF Polymer Science dnd
Engineering, pages 858-859, Kroschwitz, L1, ed. John Wiley & Sous, 1990, those disclosed by
Englisch ef al., dngewandte Chemie, fnternational Edition, 1991, 30, 613, and those disclosed by
Sanghvi, ¥.S., Chapter 15, Antisense Researck and Applications, pages 289-302, Crooke, 5.T.
and Lebleu, B, ed., CRC Preas, 1993,

Muodified nucleobases also include, but are not limited to, universal bases, hydrophobic
bases, promiscuous bases, size-expanded bases, and fluorinated bases as defined herein. Certain
of these nucleobases are particulanty useful for increasing the binding affinity of the oligomeric
compounds of the invention. These include S-substituted pyrimidines, 6-azapyrimidines and N-
2, N-6 and O-6 substituted purines, including 2-aminopropyladenine, 3-propynyleracil and 5~
propynvicytosine. S-methyleviosine substitutions have been shown to increase nucleic acid
duplex stahility by 0.6-1.2 °C {Sanghvi, Y.8., Crooke, S.T. and Lebleu, B., eds., dntisense
Research and Applications, CRC Press, Boca Ratos, 1993, pp. 276-278) and are presently
preferred base substitutions, even more particularly when combined with 2-O-nethoxyethyl
sugat modifications.

Representative United States patents that teach the preparation of certain of the above
noted modified nucleohases as well as other modified nucleobases include, but are not limited to,
the above noted 1.8, 3,687,808, as well as U5, 4,845,205; 5,130,302; 5,134,066; 5,175,273;
5,367.066; 5,432,272, 5,457,187, 5,450,255; 5,484 O08; 5,502,177, 5,525,711, §,552,540;
5.587.469; 5,594,121 5,596,091; 5,614,617; 5,645,985; 5,830,653; 5,763,388, 6,005,0965; and
5,681,941, certain of which are commonly owned with the instant application, and each of which
is herein incorporated by reference, and United States patent 5,750,692, which is comunonly
owned with the instant application and also hevein incorporated by reference.

Oligomeric compounds may alse contain one or more nucleosides having modified sugar
moieties. The furanosyl sugar ting can be modified in a mumber of ways including substitution
with a substituent group (24, 3, 4' or 5%, bridging to form a BNA and substitution of the 4'-0 with
4 heteroatom such as S or N(R}. Some representative ULS. patenty that teach the preparation of
sach modified sugars include, but are not Himited to, U.8.: 4,981 957; §,118,800; 3,315,080,
$,350,044; 5.393,878; 5,446,137; 5,466,786; 5,514,785; 5.510,134; §,567,811; 5,376,427,
§,591,722; 5,597,900; 5,610,300, 5,627,053; 5,639.873; §,640,265; §,658,873; 5,670,633,
5,792,747; 5,700,820; 6,600,032 and International Application PCTYUS2005/010219, filed June
2, 2005 and published as WO 2005/121371 on December 22, 2005 certain of which are

X

conumonty owned with the instant application, and each of which is hereln incorporated by
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reforenice in its entirety, A representative Hst of preforred modified sugars includes but 1s not
limited to substituted sugars having a 2%F, 2%0QCH; or a 2-0{CH, )p-OCH; (3-MOFE or simply
MOE) substituent group; 4-thio modified sugars and bicyelic modified sugars.

As used herein the terrs "nocleoside mimetic” or simply "mimatie” is intended to include
those structures used to replace the sugar, the sugar and the base or the sugar the base and the
internucleoside linkage. A sugar mimetic would include structares such as but not Hmited to the
cyclohexitol ring or morpholine ring replacing the sugar firanose ring but maintaining a
heterocyelic base for hybridization and is Hinked phosphodiester intermucleoside linkage. A
nucleotide mimetic would include structures such as but not Hinited to peptide nucleic acids or
morpholinos {morpholinos linked by ~N{H}C{=0}O- or other non-phosphodiester Hnkage)
wherein the sugar and the internucleoside linkage have been replaced. In general a simetic
maintains & heterocyclic base for hybridization to another heterocyclic base but the sugar or the
sugar and linkage are replaced with groups that are expected to erdance one or more properfies
1 the resulting oligoneric compound.

In cortain ermbodiments, oligomeric compounds are provided comprising from abowt 8 to
about 80 monomer subundts in length. Ome of ordinary skill in the art will appreciate that the
mvention embodies cligomenie compounds of 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,19, 20, 21,
22,23, 234,25, 26, 27,28, 29,30, 31, 32,33, 34, 35,36, 37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 35, 56, 57, 38, 59, 60, 61, 62, 03, 64, 65, 66, 67, 68, 69,70, 71, 72, 73,
74, 73,76, 77, 78, 79, or 0 monomer subunits in length, or any range therewithin.

In certain embodiments, oligomeric compounds are provided comprising from 8 to 40
monomer subunits in length. One having ordinary skill in the art will appreciate that this
embodies oligomeric compounds of 8, 9, 10, 11, 12, 13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, 30, 31,32, 33, 34, 35, 36, 37, 38, 39 or 40 monomer subunits in length, or any
range therewithin.

fn certain embodiments, oligomeric compounds are provided comprising from § to 20
monomer subunits in length. One having ordinary skill in the art will appreciate that this
embaodies oligomeric compouonds of 8, 9, 16, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 monomer
subunits in length, or any range therewithin

In certain embodiments, oligomeric compounds are provided comprising from 10 to 16
monemer subunits in length. One having ordinary skill in the art will appreciate that this
embodies oligomeric compounds of 10, 11, 12, 13, 14, 15 or 16 monomer sebunits in length, or
any range therewithin,

In certain embodiments, oligomeric compounds are provided comprising from 12 10 16
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monomer subunits in length, One having ordinary skill in the art will appreciate that this
embodies eligomeric compounds of 12, 13, 14, 15 or 16 monommer subunits in length, or any
range therpwithin,

In certain embodiments, oligomeric compounds are provided comprising from 1010 14
monomet subunits in length. One having ordinary skill in the art will appreciate that this
embodies oligomeric compounds of 10, 11, 12, 13 or {4 monomer subunits in length, or any
range therewithin,

In certain embodiments, oligomeric compounds are provided comprising any of a variety
of ranges of lengths of linked monower subunits. In certain embodiments, oligomeric
compounds provided herein consist of X-Y linked monomer subunits, where X and Y sre each
independently selected friam 8,9, 10, 11, 12, 13, 14, 15, 15, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29,30, 31, 32, 33, 34, 35, 36, 37, 3§, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, and 50;
provided that X <Y. For example, in certain embodiments, the invention provides oligomeric
compounds comprising: &2, 8-10, §-11, 8-12, 8-13, 8-14, 8-13, 8-16, 8-17, §-18, 8-19, 8-20, 8-
21, 8-22, 8-23, 8-24, 8-25, 8-26, 8-27, §-28, 8-29, 8-30, 9-10, 9-11, 9-12, 9-13, 9-14, #-15, 9-16,
Q-17, 5-18, 919, 020, 321, 9-22, 0-23, 524, 925, 9-26, 9-27, 9-28, 9-28, 9-34, 10-11, 10-12,
10-13, 10-14, 10-18, 13-16, 10-17, 10-18&, 10-19, 10-20, 10-21, 10-22, 10-23, 1324, 1025, 10-
26, 10-27, 10-28, 10-29, 10-30, 11-12, 11-13, 11-14, 11-15, 11-16, 11-17, 1118, 13-19, 11-20,
11-21, 11-22, 11-23, 1124, 11.25, 11-.26, 11-27, 11-28, 11-29, 11-30, 12-13, 12-14, 12-15, 12-
16, 12217, 12-18, 12-19, 12-20, 12-21, 12.22, 12.23, 12.24, 12-25, 12-26, 1227, 12-28, {2-29,
12-30, 13-14, 13-15, 1316, 13-17, 13+18, 1319, 13-20, 13-21, 13-22, 13-23, 1324, 13-25, 13-
26, 13-27, 13-28, 1329, 13-30, 14-15, 14-16, 14-17, 14-18, 14-19, 14.20, 14.21, 1422, 1423,
14-24, 14-25, 14-26, 14-27, 14-28, 14-29, 14-30, 15-16, 15-17, 15-18, 15-19, 15-20, 15-21, 15~
22, 1523, 15-24, 15-25, 13-26, 15-27, 1528, 15-29, 15-30, 1617, 16-18, 16-19, 16-20, 16-21,
16-22, 16-23, 16-24, 1625, 16-26, 16-27, 16-28, 16-29, 16-30, 17-18, 17-19, 17-20, 17-21, 1 7-
22, 17-23,17-24, 17-25, 17-26, 17-27, 17-28, 17-29, 17-30, 18-19, 18-20, 18-21, 18-22, 18-23,
18-24, 18-25, 18-26, 18-27, 18-28, 18-29, 18-30, 19-20, 19-21, 19-22, 19-23, 19-24, 19-25, 19-
26, 19-29, 19-28, 19-29, 1930, 20-21, 20-22, 20-23, 20-24, 20-25, 20-26, 20-27, 20-28, 2029,
20-30, 21-22, 21-23, 21-24, 21-25, 21-26, 21-27, 21-28, 2129, 21-30, 22-23, 22-24, 22.25, 22~
26, 22-27, 2228, 22-29, 22-30, 23-24, 23-25, 23-26, 23-27, 23-28, 23-29, 23-30, 2425, 24-25,
24-27, 24-28, 24-29, 24-30, 25-26, 25-27, 25-28, 25.29, 25.3(, 26-27, 26-28, 26-29, 26-30, 27-
28,2729, 27-3Q, 28-29, 28-30, or 28-30 linked monomer subunits,

In certaan embodiments, oligomernte compounds are provided comprising from 816, 8-

40, 10-12, 10-14, 10-16, 10-18, 10-20, 10-21, 12-14, 12-16, 12-18, 12-20 and 12-24 linked
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maonomer subuits.

i1 certain embodiments, oligomeric conipounds are prepared according to Hierature
procedures for DNA (Protocols for Oligonucleotides and Analogs, EQ. Agrawal (1993), Humana
Press) andfor RNA (Scaringe, Methods (2001}, 23, 206-217; Gait et al., Applications of
Chemically synthesized RNA in RNA:Protein Interactions, Ed. Smith {1998}, 1-36; Gallo et al,,
Tetrahedron £2001), §7, 3707-5713) synthesis as appropriste.  Additional methods for solids
phase synthesis may be found in Caruthers UL.S. Patents Nos, 4,415,732; 4.435,066; 4,500,707,
4,668,777, 4,973,679 and 3,132,418; and Koster UL8. Patents Nos. 4,725,677 and Re. 34,069,

Commercially avalable equipment routinely used for the support medium based
synthesis of eligomeric compounds ard related compounds is sold by several vendors including,
for example, Applied Biosysterns (Foster City, CA). Any other means for such syuthesis known
in the art may additionally or altematively be employed. Suitable solid phase techniques,
inchuding aomated synthesis techniyues, are described in F. Eckstein {ed.), Oligonucieotides
and Analogues, a Practical Approach, Oxford University Press, New York (1991},

The syathesis of RNA and related analogs relative to the synthesis of DNA and related
analogs has been increasing as ciforts in RNAI increase. The primary RNA synthusis strategies
that are presently being used conmunercially inclode $O-DMT-2-O~t-bubyidimethylsiivi
(TBDMS), 5-0-DMT-2"-0O-{1{2-fluorophenyl}-4-methoxvpiperidin-4-yv1] (FPMP), 2'-0-
{(riisopropyisilyDoxyimethyl (2°-0-CHy-O-8i(iPr); {(TOM), and the 5-C-sily] ether-2-ACE (5
O-bis{trimethylsiloxyieyelododecyloxysilyl ether (DOD)-2-O-bis(2-acetoxyethoxyimethyl
{ACE). A current list of some of the major companies cnrrently offering RNA products include
Pierce Nucleic Acid Techmologies, Dharmacon Research Inc., Ameri Biotechnologies [nc., and
Integrated DNA Technelogies, Ine. One company, Princeton Separations, is marketing an RNA
synthesis activator advertised {o reduce coupling times especially with TOM and TBDMS
chemistries.

The prunary groups being used for commercial RNA synthesis are

TBDOMS = SRO-DMT-2O-t-butyldimethylsityl;

TOM = 2%O-[{taisopropylstiviloxyimethyl;

DOIN¥ACE = {§-O-bis(trimethyisiloxyjeyclododecyloxysilyl ether-2-Q-bis(2-

acetoxyethoxypnethyl

FPMP = §-O-DMT-2-0-[1(2-fluorophenyl}-4-methoxypiperidin-4-yij .

In certain embodiments, each of the aforementioned RNA synthesis strategies can be
used herein, Strategies that would be a hybrid of the above e.g. using a §'-protecting growp from

one strategy with a 2'-O-protecting from another strategy are also amenable herein,
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In the context of this invention, “hybridization” means the pairing of complementary
strands of oligomeric compounds. In certain embodiments, one mechanism of pairing involves
hydrogen bonding, which may be Watsen-Crick, Hoogsteen or reversed Hoogsteen bydrogen
bonding, between complementary nucleoside or nocleotide bases {nucleobases) of the strands of

S oligomedic compoumnds. For example, adenine and thymine are complementary nuclechases
which pair through the formation of hydrogen bonds. Hybridization can ocew under varying
circumstances.

An oligomenc compound s specifically hybridizable when binding of the compound to
the target mucleic acid interfores with the normal function of the target nucleic acid to canse a

10 loss of activity, and there 1s a suthcient degree of complementarity to avoid non-specific hinding
of the oligomeric compound to non-target nucleic acid sequences under conditions in which
speeific binding i3 destred, i.e., under physiological conditions in the case of in vive assays or
therapeutic {reatment, and under conditions in which assays are performed in the case of in vitro
assays.

15 “Complementary,” as used hevein, veforg to the capacity for precise pairing of two
mucleobases regardless of where the two are located. For example, if a nucleobase at a certain
position of an oligomeric compound is capable of hvdrogen bonding with a nucleobase st 3
certain position of g target nucleie acid, the target mcleic acid being a DNA, RNA or
oligonucleotide molecule, then the position of hiydrogen bonding between e oligonedleotide

20 and the target nucleic acid is considerad to be a complementary position. The oligomesic
compound and the further DNA, RNA, or oligonucleotide molecule are complementary to sach
other when a suthicient number of complementary posttions in each molecule are occupied by
nucleobases which can hydrogen bond with cach other. Thus, "specifically hybridizable"” and
“complementary” are terms which are used fo indicate a sufficient degree of precise pairing or

25 complomentanty over a sufficiont number of nucleobases sach that stable and specific binding
occurs between the oligonucleotide and a target nucleic acid,

{t is understood in the art that the sequence of an oligomeric compound need not be 100%
complementary to that of its target nucleic acid to be specifically hybridizable. Moreover, an
oligonuclientide may hybridize over one or more segments such that intervening or adjacent

30 segments are net involved in the hybridization event {e.2., a loop struciure or hairpin structure),
The oligomeric compounds provided herein can comprise at least about 70%, at least about 80%,
at least about 90%, at least about 93%, or at least about 99% sequence complementarity to a
target region within the target nucleic acid sequence to which they are targeted. For examiple, an

oligomeric compound in which 18 of 20 nucleobases of the oligomeric compound are
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complemeniary to 4 target region, and woeuld therefore specifically hybridize, would represent 90
percent complementarity. In this example, the remaining noncomplomentary nucleobases may
be clustered or interspersed with complementary nucleobases and need not be contiguous to each
other or to complementary nucleobases. As such, an oligomeric compound which is 18
nucleobases in lenglh having 4 (foury noncomplementary nucleobases which are flanked by two
regions of complete complementarity with the target nucleic acid would have 77.8% overall
complerentarity with the target nucleie actd and would thus fall within this scope. Percent
complementarity of an oligomeric compound with a region of a target nucleic acid can be
determined routinely using BLAST programs (basie local alignment search tools) and
PowerBLAST programs known in the art (Altachul et al., J. Mol. Biol,, 1890, 215, 403-410;
Zhang and Madden, Genome Res., 1997, 7, 649-656).

Further inchuded herein are oligomeric compounds such as antisense oligomeric
compounds, satisense oligonoclentides, ribozymes, external guide sequence (EGS)
oligomcleotides, alternate splicers, primers, probes, and other oligomeric campounds which
hybridize to at least a portion of the target nucleic acid. As such, these oligomeric compounds
may be introduced 1n the form of single-stranded, double-stranded, circular or hairpin oligomeric
compounds and may contain structural clements such as internad or terminal balges or loops.
Onee introduced to a system, the cligomeric compounds of the invention may elicit the action of
OnE OF THOre enzyImes ov structural proteins to effect modification of the target nucleic acid.

One non-liniting example of such an enzyme is RNAse H, a cellular endonucleagse which
cleaves the RNA strand of un RNADNA duplex. It is known in the art that single-stranded
oligomeric compounds which are "DNA-like" elicit RNAse H. Activation of RNase H,
therefore, resulis in cleavage of the RNA target, thereby greatly enhancing the efficiency of
aligonucleotide-mediated inhibition of gene expression. Similar roles have been postulated for
other ribonucleases such as those in the RNase 1 and ribonuclease L family of enzyines.

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

I some embodiments, "suitable target segnents” may be emploved in a sereen for
additional oligomeric compounds that modulate the expression of a selected protem.

"Modulators® are those oligomeric compounds that decrease or increase the expression of a
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nuelete acid molecule encoding a protein and which comprise at least an 8-nucleobase portion
which is complementary 10 a switable target sepment, The screening method comprises the steps
of contacting a suitable target segment of a nucleic acid molecule encoding a protein with one or
more candidate modulators, and selecting for one or more candidate modulators which decrease
or increase the expression of a nucleie acid molecule encoding a protein. Once it is shown that
the candidate modulator or modulators are capable of modulating (e.g. cither decreasing or
increasing) the expression of a nucleie acid molecule encoding a peptide, the modulator may
then be employed in further investigative studies of the function of the peptide, or foruse as a
research, diagnostic, or therapeutic agent.

The suitable target segments may also be combined with their respective complementary
antisense oligomeric compounds provided herein to form stabilized double-stranded {(duplexed)
oligonucleotides. Such double stranded oligonucleotide moieties have beon shown in the art fo
moduiate target expression and regulate translation as well as RNA processing via an antisense
mechanism. Moreover, the double-stranded moieties may he subject to chemical modifications
{Fire et al., Nature, 1998, 391, §06-81 {; Timmens and Fire, Naturg 1998, 395, 854; Timmons et
al., Gene, 2001, 263, 103-112; Tabara et al,, Science, 1998, 282, 430-431; Montgomery et al,,
Proe. Natl, Acad. Sai. US4, 1998, 95, 15502-15507; Tuschl et al,, Genes Dev., 1899, 13, 3191~
3197; Elbashir et al,, Nature, 2001, 411, 494-498; Elbashir et al., Genes Dev, 2001, 15, 188-
200). For example, such double-stranded moieties have been shown to nhibit the target by the
classical hybridization of antisense strand of the duplex 1o the target, thereby triggenng
enzymatic degradation of the target (Tijstexnan et al., Science, 2002, 295, 694-697).

The oligomeric compounds provided herein can also be applied in the areas of dimg
discovery and target validation. In certain embodiments, oligomeric compounds and targets
identified herein may be used in drug discovery efforts to elucidate relationships that exist
between proteins and a disease state, phenotype, or condition. These methods include detecting
or modulating g target pephide comprising contacting a sample, Hesue, cell, or organism with the
oligomeric compounds provided herein, measuring the nucleic acid or protein level of e target
and’or a related phenotypic or chemical endpoint at some time after treatmet, and optionally
comparing the measured value to a non-treated sample or sample treated with a further
cligomene compound of the invention. These methods can also be performed in parsilel or in
combination with other experiments to determine the function of unknown genes for the process
of target validation or to determine the validity of a particular gene product as a target for
treatment or prevention of & particular disease, condition, or phenotype.

As used herein, the tenm “dose” refers to a speciied quantity of a pharmaceatical agent
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provided in 8 single administration. Tn cevtain embodiments, a dose may be admnistered in two
or more boluses, tablets, or injections. For example, 1n certain embodiments, where
subcutancous adninistration iy desired, the desired dose requires 8 volume not easily
accommodated by a single injection. In such cmbodimenis, two or more mjections may be ased
to achieve the desired dose. In certain embodiments, 3 dose may be admimsterad in twe or maore
frgections fo minimize injection site reaction in an individual.

In certain embodiments, chemically-modified cligomeric compounds of the invention
have & higher affinity for target RNAs than does non-modified DNA. In certain such
embodiments, that higher affinity In turn provides inoreased potency allowing for the
administration of lower doses of such compounds, reduced potential for toxicity and
improvernent in therapeutic index and decreased overall cost of therapy.

Effect of mucieoside modifications on RNAI activity is evaluated scconding to existing
literature (Blbashir et al., Natare (2001}, 411, 494-498; Nishikura et al., Cell (2001), 107, 415~
416; und Buass et al., Cell (2000), 101, 235-238.)

The oligomeric compouids provided herein can be utilized for diagnnstics, therapestics,
prophylaxis and as research reagents and kits. Furtherroore, antisense oligonuclectides, which
are ahle to inhihit gene expression with exquistte specificity, are often vsed by those of ordinary
skill to clucidate the function of particular genes or to distinguish between functions of various
members of a biological pathway. The ohgomoence compounds provided herein may be used as
tools in differential andfor combinatorial analyses to clucidate expression patterns of a portion or
the entire cc«mplﬁment‘ of genes expressed within cells and tissues. Oligomeric compounds can
also be effectively used as primers and probes under conditions favoring gene amplification or
detection, respectively. These primers and probes are useful in methods requiring the specific
detection of nucleic acid molecules encoding proteins and in the amplification of the nucleic acid
mojecules for detection or for use in further studies. Hybridization of the antisense
oligonucleotides, particularly the primers and probes, of the invention with a nueleic acid can be
detected by means known in the art. Such means may include conjugation of an enzyme to the
oligonucleotide, radiclabelling of the oligonueleotide cr any other suitable detection means. Kits
using such detection means for detecting the level of selected proteins in & sample may also be
prepared.

As one nonbimiting example, expression patterns within cells or Ussoes treated with one
or more oligowmeric compounds are compared to control cells or tissues not treated with
oligomerie compounds and the patterns prodaced are analyzed for differential levels of gene

expression as they pertain, for example, to disease association, signaling pathway, cellular
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tocalization, expression level, size, structure or function of the genes examined. These analyses
can be performed on stimulated or unstimulated cells and in the presence or absence of other
compounds and or oligomeric compounds which affect expression patterns,
Examples of methods of gene expression analysss known in the art include DNA arrays
5 or microarrays {Brazma and Vilo, FEBS Lett., 2000, 480, 17-24; Celig, el al,, FEBS Let., 2600,
480, 2-14), SAGE (sertal analysiz of gene expression){(Madden, et al,, Drug Discov. Today,
2000, 5, 415-4253, READS (restriction enzyme amplification of digested ¢DNAg) (Prashar-and
Weissman, Methods Enzymol., 1999, 303, 258-72), TOGA (total gene expression analvsis)
{Sutcliffe, et al., Proc. Natl. Acad. Sei. UL S, A, 2000, 97, 1976-81), protein arrays and
10 proteomics (Celis, ot al., FEBS Lett, 2000, 480, 2-16; Jungblut, et al., Electrophoresis, 1999, 20,
2100-10), expressed sequence fag (BST) sequencing (Celis, et al., FEBS Lett., 2006, 480, 2-16;
Larsson, et al., . Biotechnol,, 2000, 80, 143-57), subiractive RNA fingerprinting (SuRF)
{Fuchs, et al., Anal, Biochem., 2000, 286, 91-98; Larson, st al., Cyvtoanetry, 2000, 41, 203-208),
subtractive clonng, differential display (DD (Jureeic and Belmont, Curr. Opin. Microbiol.,
152000, 3, 316-21), comparative genomic hybridization (Carully, et al,, 3. Cell Biochem. Suppl.,
1998, 31, 286-963, FISH {Ihuorescent in sita hyvbridization) technigues {Going and Gusterson,
Eur. J. Cancer, 1999, 35, 1895-904) and mass spectrometry methods (To, Comb. Chem. High
Throughput Screen, 2000, 3, 235-41}.
While in certain embodiments, oligomeric compounds provided herein can be wiilized as

20 descaribed, the following exanples serve only to illustrate and are not intended to be limiting.

Examples
General

The sequences histed in the examiples have been annotated to indicate where there are

]
)

modified nucleosides or internucleoside linkages. All nop-annotated nucleosides are B-D-
rihonueleosides tinked by phosphodiester internucleoside linkages. Phospherothioate
internucleoside linkages are indicated by underlining. Modified nucleosides are indicated by s
subscripted letter following the capital letter indicating the nucleoside. In particular, sehseript
“m” indicates 2'-O-methyl; subscript “n” indicates N-methoxy-amuno BNA; subscript “1”

30 indicates 4°-CHp-(-2” BNA; and subscript “¢” indicates 2-C-methoxvethyl (MOT). For
example U, is a modified uridine having a Nemethexy amine BNA. ™ and "U indicate a 5-

methyl cytosine ribonucleoside or a S-methyl uracil ribonucleoside respectively.

Example 1
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Scheme 1. (o) Nal, DMF, 2-(hromomethvl}-naphthalene; (h) AcOH, HaO {c} Nal(y, CHCly;
{d) HCHO, NaOH; {c) TBDPRCI, EuN, DMAP, CHChL, of; () AcxQ, AcOH, Cat. H;804; ()
Uracil, BSA, TMSOTE, CH3CON, reflux, 2h; (b} 7 M NH; in MeOH, «f; (§) MsCL, Py, o, 98%; (k)
1) CHLCON, DBU, f, 95%, 61} 0.4 M aqueous NaOH, dioxane, yt, 85%; (1) {CF:SChHR0, DMAP,
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CHCly, -15 10 ~10 °C, 58-64%; (m) N-methoxvamine, DIME, iPr,NEt, 60 °C, 18 b, 85%; (n)
DDQ, THaCly, HaO, 18 b, 1ty 89%; (0) TEAIHE, TEA, THE, 85%; (p) DMTCL Py, rt, 97%;
{q} 2-cyancethyl- NV, N-diisopropylphosphorodiamidite, M-methylimidazole, 1-H-tetrazole, DMF,

4%,

a) Preparation of Compound 2

NaH (60% in mineral oil, 49.2 g, 1.6 equivalents} was added fo a 2 L nitrogen flushed
round bottom flask and washed with hexanes (2 x 0.5 L) to remove the mineral o3l After
decanting the hexanas, DMF (700 ml.) was added and the mixture was cooled in an ice bath,
1,2:5,6~-Di-O-1sopropylidens-a-D-allofurancse 1 (200 g, 0.77 moles, commercially available
from Panstichl Laboratories, ine.; order # D-126) was added to the reaction and the mixhire wag
stirred for 30 minutes. 2-(Bromomathyly-naphthalene {187 g, 1.1 equivalent) was slowly added
1o the reaction mixture over 3¢ minutes and the stiveing was continued at room temperature for
another 80 minutes, TLC analysis (30%% BtOAchexanes, visualized with charring after
treatment with anisaldehyde spray reagent} at this time indicated complete consumption of
starting matenial Compound 1. The reaction was poured into cold water (1.5 L), which was in an
ice bath, The resulting agueous mixture was extracted with BtQAc (250 mL X 2} and the
organic layers were combined, washed with water (1 L), brine (1 L} and concentrated under
reduced pressure to a vohwne of approimately 500 mL. Water was now added to the organic
layer and the resulting biphasic mixture was evaporated under reduced pressure {(50°C) until the
first signs of precipitate were observed in the aqueous layer, At this time the flask was removed
from the rotary evaporator snd stirred vigorously using a mechanical stirrer for 1 hour. The light
vellow precipitate thus obtained was collected by filtration using a cloth filter. The solid was
then suspended in hexanes (1 L), filtered, rinsed with additional hexanes (300 ml} and dried to
provide Compound 2 (276 g, 90%) as a white solid. "H NMR (300 Mz, CDCL) 3: 7.85 (m,
4H), 7.48 (m, 3H), 5.74 (s, 1H), 492 (4, 1H, =117, 4.75(d, 1H, J=11.6), 458 {im, 1H), 4.36
{m, 1H}, 4.15 {m, 13), 4.03-3.86 (m, 3H), 1.61 (5, 3H), L.36 (s, 9H).

b} Preparation of Compeund 3

Compound 2 {115 g, 0.287 moles) was added in small portions 0 a sohution of acetic acid
(958 mL) and water (383 mL). The reaction was stirred at room temperature for 16 hours after
which, TLC analysis (30% EtOAc/hexanes) indicated complete consumption of Compound 2.
The reaction was then concentrated under reduced pressure until most of the acetic acid was

removed. The remaining solution was poured, in small portions, into a stitred mixture of EtOAc
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{1 L) and saiursted aqueous NaHCO; solution (1 L), Solid sodiumt bicarbonate was then added
to the above mixture until gas evolution ceased. The organic layer was then separated, washed
with water (1 L x 2}, bnne (1 L), dried (NapS0Oy), filtered and concentrated under reduced

pressure to provide Compound 3 (102 g) as a yellow toam, which was used without any further

purification in the next step.

&) Preparstion of Compound 4

Crude Compound 3 (102 g) was dissolved in dioxane (862 mL) and a solution of NalQOq
{64 g) in water {2.18 L) was added over 40 mimstes. After 90 mimuies the reaction nuxture was
poured into BtOAc {1 Ly and the organic layer was separated, washed with water (1 L), brive (3
L), dried (N2;SO4) and concentrated to provide Compound 4 as a white solid, which was used

without further parification n the next step.

dy Preparation of Compound 5

Compound 4 {orude from step C above) was dissolved in a mixture of THE (287 mb) and
water (287 mL} and the reaction was cooled in an ice bath. 10 N NaOH (200 mL) and
formaldehyde (283 mL of a 37% aqueous solution) were added to the reaction and the stirring
was continued at room temperature for approximately 16 hours, The reaction was then poured
into EtOAc {500 mL) and washed with water (1 L), brine (1 L} and evaporated under reduced
pressure until approximately 100 mL of BtOAc was left {a white precipitate was formed in the
process). ELO (200 mL) was added to the precipitate and the mixture was stirred for 10 minutes
and filtered to provide Compound § as a white solid (60 g, 50% from 2). "H NMR (300 MHz,
CDCE) 8 7.85 {im, 4H), 7.48 (m, 3H), 375 (¢, 1H, J=3.9), 496 (d, 1H. J=11.8), 475 (d, 1H, J
= 11.8), 4.66 (m, 1H), 426 {4, 1H, J=5.2), 3.95 (m, 2H), 3.79 {m, 1H), 3.63 {m, 1H), 2.39 (m,
1H, O, 1.66 (s, 3H), 1.34 (s, 3H).

) Preparation of Compounds 6 and 7

tert-Butyldiphenylchlorostlane (45.0 mL, 170 mmol) was added t a cold (0°C) stireing
solution of Compound 3 {50 g, 138 mmol) and triethvlamine (27.00 mL, 190 mmol,) in
dichloromethane (666 ml). After the addition was complete, the reaction was warmed to room
temperature and the stirring was confinued for 16 h. MeOH (50 mL) was added (to quench the
excess TBDRPSCY) to the reaction and the stirring was continued for another 2 h at room
temperature. The reaction was then diluted with ethy! acetate (300 mL) and the organic layer

was washed with saturated aqueous NaHCO; (200 ml.), brine (200 mL), dried (N3:SO4) and
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concerdraterd. The residue obtained was purified by colamn chromatography (SiQ,, 15% 1o 50%
BtOAL in hexanes) to yield compound 6 (45.2 g, 64%, white solid), compound 7 (18.8 g, 26%,
viscous oil) and unreacted starting material compound 5 (5.11 g, 10%). Compoand 6: 'H NMR
{300 MHz, CDCly) 6 7.83 (m, 4H), 7.56 (m, TH}, 7.30 (m, 6H), 5.80 (s, 1H) 4.97 {d, IH, /=
11,43, 4.70 (m, 2H), 4.46 {m, 1H), 3.92-3.66 {m, 4H), 2.39 (m, 1H, OH), 1.67 {5, 3H) 1.37 {5,
3H), 0.92 (5, $H). Compound 7: 'H NME (300 MHz, CDCL) 8 7.9-7.3 (m, 17H), 5.71 (d, 18, J
=3.0), 486 (d, 1H, J= 122, 474 (d, TH, J=12.2), 4.56 {m, 1H), 422 (d, 1H, /= 11.1),4.18
(m, 1H}), 4.07 (4, 1H, J= 1112, 4.02 {dd, 1H, =42, 1200, 3.64 (dd, 1H,J=94, 11.9). 1.89 {m,
1H), 1.25 {5, 6H), 1.05 (5, 9H).

) Preparation of Compound 8

Concentrated HaSQy (2 drops) was added to g solution of Compound 6 (18 g, 30.06
nunol) in glacial acetic acid (88 mL) and acetic anhydride {22 mL). After stirving at voom
temperature for 2 bowr, the reaction mixture was poursd into ethyl acetate (300 mL) and the
organic Jayer was washed with water (200 mL), saturated NaHCO; (200 mL), brine 200 mL),
dried (N2,S04} and concentrated under reduced pressure. Purification by columa
chromatography (510, eluting with 20% to 33% cthyl acetate/hexanes) provided Compound 8
(18.53 g, 90%, o/f mixture, $::1). "H NMR (Major isomer, 300 MHz, CDCL) & 7.857.31 (o,
17H), 6.19 (s, 1 H), 730 (m, 6H), 543 (4, T = 5.1 Hz, 1H), 4.978-4 .68 (10, 2H), 4. 56-4 531 (m,
3H), 3.68 (m, 28, 212 (5, 3H), 1.96 (5, 3HD, 1.04 (s, overlapping with other tsomer, 9H, }; MS
(BS) mfz 7071 {M + Nal’.

£} Preparation of Compound 9

Compound & (18 g, 26.30 mmel) was mixed with uractl {5.90 g, 52.6 mmol} and dried
aver PyO;5 under reduced pressure over night. The reaction mixture was suspended in anhvdrous
CHHCN (113 ml) and M, 0-Bis(trimethylstivDacetamide (38.38 mL, 117.80¢ mmol) added. After
heating at 67°C for 1.5 h to get a clear solution, the reaction mixture was cooled to (°C. To this
trimethylsilyl triflate (9.52 ml, 52.60 mmol} was added, The reaction mixture was stirred at 0°C
for 15 min then heated at 70°C for 1.5 h. The reaction mixture was cooled to room temperature
and poured into ethyl acetate (200 mL). The organic layer was washed with saturated NaHCO,
{100 mL}, brine {100 mL}, dried (Na:SQ,) and concentrated under reduced pressure. The residue
was purified by flash silica gel column chromatography and ehuted with 5% methanol in CH,Cly
to provide Compound ¢ (16.85 g, 87%). 'H NMR {300 Mz, CDCL) 8 .22 (brs, 1H), 7.63-
7.08 (m, 18H), 598 (d, I=49Hz, 1H}, 522{, =53 Hz, 1H), 5.14(d, §=79Hz 1H), 4.54
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(d, 7 = 11.5 Ha, 1H), 4.38-4.26 {11, 3H), 3.87 (d, ¥ = 124 Hz, 1H), 370 (d, F = 11.3 Hz, 1H).
3.40¢d, T =113 He, TH), 1.88 (s, 3H), 1.70 (s, 311, D.82 {s, 9H); PC NMR (75 MHz, CDCL) &
170.6, 170.3, 162.91, 150.2, 140.2, 134.6, 133.4, 132.8, 132.1, 130.5, 130.4, 128.6, 128.2, 128.0,
127.0, 126.6, 126.5, 125.8, 103.1, 87.5, 87.0, 77.4, 77.1, 74.9, 65.0, 63.3, 27.2, 20.9, 19.5; MS
(ES) miz 735.1 [M-HY.

h) Preparation of Compound 10

Compound 9 {16.7 g, 22.06) was dissolved in methanolic ammonia (7 M, 123 mL). The
resction mixtore way stirred at room temperatore for 18 h, Selvent was removed .under reduced
pressure and the residue was purified by column chromatography and eluted with 5% methanol
m dichloromethane to vield Compound 10 {14.18 g, 96%). 'HNMR (300 MHz, DMSO-dg) &
1135 (s, 1H), 7.94-7.89 {m, 4H), 7.539-730 (m, {4H), 53.95{d, I =51 Hz, IH), 5.74{d, =74
Ha, 1HL 507460, =79 Hz, 1HL 5041, I+ 59and 5.1 Hz, IH)L 497 (d, T= 120Kz IH),
4.69(d, J= 12,1 Hz, 1H), 4.4-4.38 {m, 1H), 4.26 (4, F = 3.9 Hz, 1H), 3.81-3.69 {(m, 3H} 3.59-
3.53 (m, 1H), 093 (s, 9H): PO NMR (78 MHz, CDCL) 8 163.7, 151.2, 140.3, 135.7, 135.5,
1349, 1334, 1333, 1329, 132.2, 1303, 130.2, 128.6, 1282, 128.1, 1279, 1272, 1264, 126.3,
126.1, 102.7, 91.4, 89.2, 76.4, 75.0, 73.5, 65.1, 63.0, 27.1, 19.5; MS (ES) miz 650.9 {M -HT.

i) Preparation of Compeund 11

The Compound 10 (14 g, 21.46 mmol) was dried over P2Oq unider reduced pressure.
Methanesulfonyl chloride {7.51 mL, 96.68 mmol) was added to a cold (0°C) solution of
Compound 10 in anhydrous pyridine (118 mL). After sticring at room tempersture for 3 1y, the
reaction mixture was poured into ethyl acetate and the organic layer was sequentislly washed
with saturated NaHCO4 (400 mL), brine (400 mL), dried (NaySO4) and concentrated under
vacourn. The residoe obtained was puritied using flash silica gel column chromatography and
ehuted with 3% MeOH in CH2Ch to provide Compound 11 (16.21 g, 93% yield). "H NMR (300
MHz, CDClL) S 833 {5, 1), 7.86-7.79 (m, 4H), 7.58-7.28 (m, 14H), 6.13 (3, I =13.6 Hz, 1H),
538 (my, 1H), 331 (d, T=8.1 Hz, 1H), 496 (3, 3 =115 Hz, 1H), 4.65(d, J = 11.3 Hz, 1H),
457453 {m, 2H), 423 (d, T = 115 Hz, THY, 398 (d, I = 113 He, 1H) 3.77(d, T = 11.3 He, 1H),
3.18 (s, 3H), 2.84 (s, 3H), 1.05 (s, OH); MS (ES) m/z 806.9 [M -HJ.

B Preparation of Compound 12
To a solution of Compound 11 {16.00 g, 19.74 mmel} in anhydrous CHLON (135 ml})
was added 1,8-digzabicvclof5.4.0landec-7-ene (5.46 ml., 39.48 nunol). After stirring at room
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temperaturs: for 3§, the nixture was diluted with EtOAC (300 ml), washed with %% (v/v)
agqueous acetic acid {1 x 400 mL) and brine (2 x 400 mL}, dried over anhydrous NaySO,, filtered,
and evaporated to a foam. The foam was redissolved in 1 4-dioxane (216 mL) and 2 M aqucous
NaOH (54 mL) was added. After 45 min, the mixture was neutrafized with AcOH, diluted in
ethyl acetate {400 mL), washed with saturated aqueons NaHCO4 (1 x 306 mL} and brine {300
mb.), dried over anhwvdrous NapSQ,, filtered, and evaporated.  Puntfication by silica gel
chromatograpby {5% MeOH in CHaCl,) vielded Compound 12 (12.25 g, 84.8% yield) as a white
foam. 'H NMR (300 MHz, DMS8O-ds ) & 11.33 (s, 1H), 7.91 (br s, 4H), 7.59-7.34 (m, 14H),
6.22(d, I=49Hz, 1H),602{d, J=47Hz, 1H),516{d J=81Hz 1H), 497, J=122
Haz, 1H), 4.79(d, 1 = 12.2 Hz, TH), 4.58-4.50 (m, 2H), 440 (d, J = 10.4 Hz, 1H), 4.34 (brs, 1H)
3.84 (m, 2H), 3.16 (s, 3H), 0.85 (s, 9H); MS (BES) m/z 7312 [M + HY™.

K} Preparation of Compound 13

Compound 12 (11,76 g, 16,11 mmol) was mixed with MAN-timethylaminopyridine (11.79
g, 66.62 mmol) and dried over P05 under reducad pressure overmight. The dried mixture was
dissolved in anhydrous CH,Cl; (94 mL). The reaction mixiure was covled 1o -15°C (dey
icefethanol hath). To the chilled solution was added tithioromethanesulfonic anhydride (6.59
mlL, 32.22 munol) as a selution in anhydrous CH:Cl (70 ml). After stirring at -135 to ~10°C for
1.5 h under argon atmosphere, mixture was diluted with ice cold CHzCly (200 mL). Washed the
resulting solution with ice~cold saturated aqueous NaHCQ; (200 mL) and brine (200 mL). The
organic phase dried over anhydrous Na;SUs,, filtered, and evaporated to a pale yellow oil.
Purification by silica gel chromatography (1:1 hexanes:ethyl acetate) yielded Compound 13
{8.26 g, 59.5%) as a white foam. ' NMR {300 MHz, CDCL Y6 8.19 {5, 1H), 7.85-7.78 {m,
41, 7.56-7.21 {m, 14H}, 636 (d, T =3.6 Hz, 1H), 5.57 {m, 1H }, 5.50 (brs, 1H), 498(d, J=
11.9 Hz, 1H), 4.70-4.56 (m, 3H), 440 (d, = 11.1 He, 1H), 3.81 {d, } = 10.6 Hz 1H} 3.66 (d, } =
111 Hez, 1H), 2.87 (s, 3H), 0.89 (s, 9H); '"F NMR (282 MHz, CDCly) & -74.22; HRMS (TOF
MS ES) Caled for CaalHa FsNoG 115281 Nz 885.1771, found 885.1769; MS (ES) miz 863.0 [M +

H]

i Preparation of Compound 14

N N-diisopropylethylamine (15.66 kL, 89.90 mmol} and Nmethoxy amine (4.23 g, 90
mmol) were added to Compomd 13 (7.86 g, .12 muol) dissolved in anhydrous DMFE (12 mL)
in a presswe bottle. The reaction mixture was heated at 60°C for 18 h. The reaction mixture

was poured into ethyl acetate (300 mL) and washed sequentially with aqueous NaHCO; (5 wt %,
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2 % 300 ml} and brine (300 mL). The organic phase was dried over anhivdrous Na; SOy, filtered,
and evaporated. The residue obtained was purified by silica gel clwomatography (1:1 hexanes :
EtOAC) to vield Compound 14 {5.09 g, 85% yicld) as a white foam. "H NMR (300 MHz,
DMSQO-dgy & 1139 (5, 1H), 7.93-7.81 {m, 4H), 7.73-7.32 (m, 14H), 5.98 (brs, ), 5.15¢d, I =
8.1 Hz, 1H }, 4.86-4.69 (m, 2H), 4.31 (s, 11}, 4.17 (s, 13}, 3.96-3.86 {m, 2H), 3.53 (5, 3H), 3.47
{d, J=119 Hz 1H)2.94 (brs. 1H), 0.93 {5. 9H} HRMS (TOF MS ES} Caled for CasHlyg Na(kSi
Na' 686.2662, found 686.2657; MS (ES) miz 664.2 [M + HT".

n) Preparation of Compound 15

To a sohttion of Compound 14 (4.98 g, 7.5 mmob) in dichloromethane {77 mi) water (0.3
mi, 16.54 nunol) and 2,4-dichlore-5,6-dicyano-1 4-benzoguinone ( 9,76 g, 43 munol) were
added. The dark brown solution was stirred at room temperature for 18 b, The reaction mixture
was diluted with ethyl acetate (200 mL) and washed sequentially with agueous NaHCO, (8wt
%, 2 x 200 ml) and beine (200 wl). The organic phase was diled over anhydrous NapSQq,
filtered, and evaporated. The residue obtamed was purified by silica gel column chromatography
and shuted with 5% MeOIT and 0.5% triethyl amine in CHLCly to vield Compound 15 (336 g,
R5.5% yield) as a white foam. 'H NMR (300 MHz, DMSO-dg) § 1137 (s, 1H), 7.79(d, J = 8.9
Ha, 1HY, 7.70-742 (m, 1OH), 5.95 {brs, 1H), 561 {(d, J = 3.8 H, 1H), 5.29 (4, T = 8.1 Hg, 13},
4.09 (brs, TH), 3.89 (br s, 2H), 3.85 (s, 1H), 349 (s, 3H), 343 (f, F = 117 Hz 1H) 2.83 (brs,
1H), 1.03 (s, 9H); PO NMR (75 MHz, CD,OD) & 166.4, 151.8, 141 8, 137.0, 136.7, 134 4,
1330, 131.3,129.2, 1018, 89.9, 83.5, 71.7, 68.5, 61.3,61.2, 54,9, 27.5, 20.3; HRMS (TOF
M8 E8) Caled for CoyHiyN; 081 Na' 546.2036, found 546.2029; MS (ES) m/z 524.1 [M + HJ

1Y Preparation of Compound 16

To a stirred solution of Compound 15 (3.30 g, 6.3Tmmol} in THF (63 ml), triethylamine
{2.18 mL, 15.66 mmeol) and triethylamine tribydrofluoride (3.10 mL, 31.31 mmol} were added.
Tha resulting reaction puxture was stirred at room temperature for 18 h. Solvent was removed
under reduced pressure to get an oil and this oily residue was loaded on to a silica gel column
and ehuted with 3% MeOH and 19 wniethylaming in CHCh to vield Compound 16 (1.53 g, 85%)
as a white solid. "H NMR (300 MHz, DMSO-dg) 8 11.32 (s, 1H), 7.82 (d, I = 7.9 Hz, 1H), 5.89
{brs, IH), 5.62(d, I=83Hz, I1H),545(d, T =435 Hz, 1H), 5.09 ¢, J= 5.5 Hz, [H), 3.93 {(br
s, TH), 3.79 (5, 1H), 3.70-3.57 (m, 2H), 348 (s, 3H), 341 {d, J = 11.7 Hz ,1H), 2.78 (brs, 1H);
BCONMR (75 MHz, CDL0D) § 166.6, 151.9, 141.9, 101.9, 96.1, 83.4,71.7, 68.6,61.2, 5388,
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HRMS (TOF MS ES) Caled for CyH N4y 286.1039, found 286,1046; MS (ES) miz 286 [M +
Hi.

) Preparation of Compound 17
Compound 16 (1.48 g, 5.19mmol) . was mixed with 4,4°-dimethoxytrityl chloride (2.50

£, 7.38 mumol) and dried over P05 under reduced pressure overnight. Dissolved the dried
mixture in anhydrous pyridine (14 ml) and stirred the regulting solotion at room temperature for
8 b under argon atmosphere. The reaction mixture was poured into CHyCl: (150 mi) and
washed sequentially with aqueous NaHCO: (5 wt %, 150 mL) and brine {150 mL). The organic
phase was dried over anhydrous NapSQy, filtered, and evaporated. The residue oblained was
purified by silica gel column chromatography and cluted with (-5% MeOH in CHROlL, containing

%% treiethylamine to yield Compound 17 (3.02 g, 99% yicld) as a white foar. 'HNMR (300
MHz, DMSO-de)} 8 1138 (5, TH), TRY (d, T = 8.1 Hz, TH}, 7.41-7.25 (m, OH), 691 (d, ¥ = 8.5
Hz, 4H), 5.94 (brs, 1H}, 559 (d, I = 4.0 Hz, 1H), 541{d, ¥ = 7.7 Hz, 1IH Y415 (brs, 1H), 3.84
(s, 1I1), 3.75 (s, 6FD), 3.45 (s, 3. 3.40-3.29 (m, 2H), 3.21 {d, T = 10.7 Hz ,1H), 2.87 (bes, THY:
BCONMR (75 MHz, CDOD) § 166.5, 160.4, 1517, 150.2, 146.3, 141.9, 137.1, 136.5, 131.5,
129.5,120.0, 128.2, 114.4, 101.9, 838.9, 8R.1, R3.6, 72.2, 684, 61.2, A0.5, 55.9; HRMS (TOF
M3 ES8) Caled for CapHaaN30y 586.2189, found S86.2190; MS (ES) m/z 585.7 [M - HT

p) Preparation of Compound 18

A mixture of Compound 17 (131 g, 2.22 mmol) and 1H-tetrazole (0.14 g, 2.00 mmol}
was dried over PoOs over night under reduced pressure. To the solution of the mixture in
anhydrous MY (5.44 mL), 2-cyvanocthyl-NN-diisopropyiphosphorediamidite (1.03 mi, 3.25
mmel) and -methylimidazole (0.052 mL, 0.65 nunol) were added, The reaction mixture was
stirred at room temperature for 6 b under argon atmosphere. The reaction muxture wis poured
into ethyl acetate (50 mL) and the organic layer way washed with aqueons NaHCO; (5% by wt,
100 mL}, brine (60 mL}, dried (Nu;SQy) and evaporated, The residue was purified by silica gel
column chromatography (1:1 ethyl acetate/hexane) to yield Compound 18 (1.57 g, 89% vield) as
a white foam. P NMR (121 MHz, CDCly) 6 148.57, 148.00, HRMS (FAB) Caled for
CaiHs NsOoP™ 788.3424, found 788.3428.

Example 2

Preparation of Comound 23 (Scheme 2)
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Scheme 2. {a) DMF, imidazole, ter-butyldimethylsily! chloride, 11, 86%; (b) 1) 1,2, 4-trlazole,

POCH, triethylamine, CHyCN, 07C to rf, i) aqueous ammmoing, diogane; () benzoic ashydride,

3 DME, rt, 98%%; (d} inethy] amine, triethviamioe rthydrofluoride, THY, o, 86%; (&) 2-cyanoethyl-

N N-diisopwopylpbosphorodiamidite, N-methylimidazole, 1-H-tetrazole, DMF, 84%.

a) Preparation of Compound 19

To & solution of Compound 17 (1.4 g, 2.38 mmol) and imidazole (1.62 g, 23.8) in

1} anhydrous DMF (5.3 mL), rer-butyldimethyisilyl chloride (1.79 g, 11.90 mmol) was added. The

reaction mixture was stirred at room temperature for 24 b under argon atmosphere. The reaction

was quenched with aqueous NaHCO; (60 mL) and extraction was performed with cthyl acetate

(2 x 30 mL). The combined organic phase was washed with brine {100 mL) and dried over

anhydrous W80, After evaporation, the residue was purified by silica gel column

et
L

chromatography and eluted with 80% ethyl acetate in hexane to vield the Compound 19 {1.43 g,

85. 4%) as a white foam. 'H NMR (300 MHz, DMSO-de) 5 11.39 (s, 1H3, 7.89 (@, I = 8.1 Hz,
THE), 7.39-7.251 {m, OH), 6.91 (4, T = 8.9 Hz, 4H), 5.92 (bor s, 11D, 544 (4, F = B33 Hz, 1H) 4.27
(s, TH), 3.86 (s, 1¥1), 274 (s, 6H), 3.45 (s, 3ID), 3.32-3.29 (m, 211, 3.22{d, T = 11.7 Hz 11D),
2.92 (brs, L) 0.71 {s, 9H), 0.03 (5, 3H), -0.06 (s, 3H); 'C NMR (75 MHz, CDCly) § 1637,
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189.0, 149.9, 144.6, 1404, 135.6, 1355, 1303, 1283, 128.2, 127.3, 113.5, 101.7, 88.3, 88.8,
834,717, 67.0,61.0,060.6, 589, 555, 257, 18.1, -4.6, -5.00 M8 (ES) sz 699.8 [M - HY.

b} Preparation of Compound 20

A suspension of 1,2, 4-triazole (4,65 g, 67.27 mumol) in anhydrous CHAON (254 mL) was
cooled in an fce bath for § to 10 min under an srgon atmosphere. To this cold suspension, POCH
{1.47 mL, 60 mmol) was added slowly over 10 min and stirring continued for an additional 5
min, Tristhylamine (11.00 mL, 79.20 mmol) was added slowly over 30 min, keeping the bath
temperature around 0-2°C. The reaction mixture was stirred at 8-2°C for an additional 30 min.
Compound 19 (1.39 g, 1.98 mmol} in anhydrous CHaUN (12.7 mL} was added in one portion
and stirred for 10 minutes and the reaction mixture was rerooved from the 1ce bath and stirved at
room temperature for 4 h under argon atmosphere. The mixture was concentrated to one third of
its volunie, diluted with ethyl acetate (100 mi), and washed with water (2 x 100 mL) and brine
{100 mL). The organic phase was dried over anhydrous NapSQy and concentrated under reduced
pressure. The resulting residue was dissolved in a solution of aqueons NH: (12.7 mL, 28-30
wi%s) and dioxane (30.5 mL). The reaction mixture was stirred at room temperature overnight in
a pressure bottle. The solvent was removed in vacunm and the resulting residue was parified by
flash silica gel column chromatography and eluted with 5% MeGH in CH,CY; to vield
Compound 20 (1.32 g, 95%) as a white foam. MS (ES) m/iz 699.9 [M - HY, HRMS {TOF ES
MS) Caled for CagHagNO-S1T 701.3336, found 7013356,

e} Preparation of Compeund 21

Compound 20 (1.34 g, 1.91 mumol} was dissolved in anhydrous DMF (5§ ml) and benzoic
anhydride (0.65 g, 2.88 mwnol) was added with stirring at room temperature for 18 . The
reaction mixture was diloted with ethy! acetate (100 mL). The resulting organic phase was
washed with a saturated agqueous NaHCO: (2 x 100 mL) amd brine (100 ml.). The ethy? acetate
layer was dried over anhydrous NazSO4 and concentrated in vacuam. The residue obtained was
purified by Hash silicy gel column chromatography and cluted with 30% ethyl scetate in hexane
to yield Compound 21 (1.32 g 99%) as a white foarn. 'H NMR (300 MHz, DMSO-dg) 8 11.33
(s, 1H), 843 {d, } =75 Hz, IH)R.02{d, I = 7.7 Hz, 2H), 7.65-7.24 {m, 13H), 6.92 {d, } = 8.7
Hz, 4H), 6.02 (hrs, 1HD), 431 (s, 1H), 398 (5, 1H), 3.76 (s, 6H), 3.50 (8, 3H), 3.39-3.25 (m, 3H),
2.96 {br s, 1H) 0,70 (s, 9H), ~0.01 (s, 3H), 0.09 (8, 3H), PC NMR (75 MHz, CD;EN) 8 168.4,
164.0, 160.0, 155.4, 146.0, 145.6, 136.8, 136.6, 134.6, 134.0, 131.2, 130.7, 129.7, 128.5, 129.2,
12900, 1282, 1143, 970, 88.9, 874, 84.0, 72,6, 672, 61.77,61.3,60.1, 36.0, 26,1, 18.6, 4.3, -
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$.7. MS (ES) miz 3029 {M - HY.

d} Preparation of Compound 22

Ly & 100 mL round bottom flask, triethylamine tnhydrofluonide (1.52 mL, ©.33 mmol}
was dissolved in anhydrous THF (18.7 mL). Triethylamine (0.65 mL, 4.67 mmol) was added to
this solution, and the suixture was guickly poured onto Compound 21 (1.5 g, 1.87 mumel). The
resulting mixture was stiveed at roont temperature for 48 h, The reaction mixture was poured into
cthyl acetate (50 mL). The organic phase was washed sequentially with water (30 mL), 5%
aqueous NaHCOs (30 mL) and brine (50 mL). The cthyl acetate layer was dried over anhydrous
Na,SO, and concentrated in vacoum under reduced pressure. The regidue obtained was purified
by silica gel column chromatography and eluted with $09¢ ethyl acetate in hexane to afford
Compound 22 {1.17 g, 86%) as a white foam. 'H NMR (300 MHz, DMSO-dg) § 11.32 (5, 1H),
836 (d, J = 7.4 He, 1H) 8.02 (d, I = 8.1 Hz, IH), 7.66-7.25 {m, 13H), 6.93 {d, F = 8.8 Hz, 4H),
5.05 (brs, 1H), 561 {4, }=3.8 Hz, 1H}, 4.20 (d, I == 3.6 Hz, 1H), 3.96 (s, 1H}, 3.77 (8, 6H}, 3.53
(s, 3H), 3.43-3.23 (m, 3H3, 2.90 (brs, TH); PC NMR (75 MHz, CD;ON) 8 168.0, 163.7, 159.6,
155.3, 145.8, 145.5, 136.8, 136.5, 134.3, 133.7, 130.9, 130.8, 129.5, 1290, 1289, 128.8, 127.9,
114.0,96.7, 88.4, 87.2, 84.0, 718, 67.1, 61.1, 60.8, 60.0, 55.8; MS (ES) miz 651.2 [M + HY,
HRMS (TOF ES MS) Caled for CseHysNaOgNg® 713.2587, found 713.2573.

e} Preparation of Compoeund 23

A mixture of Compound 22 {1.08 g, 1.57 mowd) and 1H-tetrazole (0.1 g, 1.4 romol} was
dried over P20 over night under reduced pressure. To the solution of the suxture in anhydrous
DMF (4.3 ml}, 2-cyanoethyvl-N N-diisopropylphosphorediamidite (0,75 mL, 2.35 mnwl) and {-
methylisidazole (1,032 mL, 0.47 mmol)} were added. The reaction mixture was stirred at room
temperature for 6 h under argon atmosphere. The reaction nmuxture was poured into ethyl acetate
(40 mL) and the organic layer was washed with agueous NaHCO: (5 wi %, 100 ml}, brine (30
mil), dried (Na:S04) and evaporated. The residuc obtained was purified by silica gel column
chromatography (1:1 ethyl acetateshexane) to vield Compound 23 (1.17 g, 84% yield) as a white
foam. 7P NMR (121 MHz, CDChL) & 149.91, 149.00; HRMS {TOF MS ES) Caled for
CasllsgNEOsP7 801.3846, found 891.3832.

Example 3
Preparation of Compound 34 {(Scheme 3)
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Scheme 3. {9} NaH, DMF, 2-(bromomethyl)-naphthalene; (b) tert-butyidiphenylsihyl chloride,
imidazole, DMEF; (¢} AcyD), AcOH, H:804; {d) 6-M-banzoyladenine, Snllly, CHON, (8} 7T M
NH; in MeOH, 0°C: (£ 1) THO, DMAP, CHaUl, -30 1o -10°C i) KOAg, 18-crown-6, toluene,

S 80°C; (g) ) TEASHE, TEA, THF ii) MsCl, Et:N, DMAP, CH:Ch, 1t; (h) ) 7 M NH; in MeOH,
0°C 1) THO, DMAP, CHLCL, -30 10 -10°C (1) N-methoxyamine , DMF, iPr:NEt, 60°C () 1)
benzovl tetrazole, DMF, 40°C; 1i) DDQ, CH:Ch, Ha0; (k) 2-cyanoethyl-N,N-

diisopropylphosphorodiamidite, N-methylimidazole, 1-H-tetrazole, DMFE.

10 Exampled

Preparation of Compennd 42 {(Scheme 4)
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Scheme 4. () 2-amino-6-chloropurine, N,O-bis(urimethylsilyljacetanude, TMS-tnflate, 1,2~
dichloroethane; (b) 1) HOCHCHCN, NaH 1) TMECE, Pyndine, iscbutyryt chloride, ammonia,
HyO; (€3 1) THO, DMAP, CHCly, =30 to -10°C 1) KOAc, 18-crown-6, oluene, 80°C; {d) 1)
TEASZHF, TEA, THF i) MsCl, EnN, DMAP, CH,Ch, rt: (8) 1} 7 M N3 in MeOH, 0°C 1) THO,
DMAF, CHCl, -30 to -10°C {f) N-methoxyamine , DMF, iP:NEL, 60°C {g) Pyridine,
isobutyryl chlonde, rt; 1) BDQ, CHCly, HzO; (g} 2-cyvanoethyvi-N N-diisopropylphosphore-
diamidite, N-methylimidazole, 1-H-tetrazole, DMFE.

Example 8

Preparation of Compoeund 45 (Scheme 5)
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Scheme 5. Step a DBU, CHON, (Z-methoxyiethydbromide, if; step b Nemethylhydrazene,

CH,Cly, -106°C.

a) Preparation of Compound 44

Compound 43 (13.15 g, 96.60 mmol} was dissolvad in anhydrous acetonitrile (40 ml)
and 1,8-diazabicyclo[5.4.0]undec-7-ene (21.7 mL, 145.00 mmol} was added. After 5 minutes 2-
{bromo)ethyl methyl other (13.63 ml, 145 mmol) was added and the reaction mixture was
stirred at room temperature for 18 hours. The solvent was removed under reduced pressure and
the residue obtained was purified by silica gel column clromatography by eluting with 30%
ethyl acetate in hexane to yield compound 44 (10.23 g, 48%) as a white solid. "H NMR (300
MHz, CDCL) B 7.86-7.73 (m, 4H), 437 {(m, 2H), 4.76 (m, 2F), 3.39 (s, 3H); 'C NMR (75
MHz, CDCl3) §: 163.6, 134.6, 120.1, 123.6, 77.2, 70.6, 58.2; ES MS m/z 222.0 {M + HT.

b} Preparation of Compound 45

Compounrd 44 (8.2 g, 41.60 mamal) was dissolved in CHClL (100 mb) with cooling to
=10 °C and Nemethythydrazine (2.94 ml, 55.20 mmol) was added with stirring for 2 hours with
the temperature maintained at -10°C. The precipitate formed was filtered and the solvent was
concentrated under reduced pressure to yield compound 45 (2.93 g, 77%) as a colorless o1l 'H
NMR (300 MHz, CDCL) 8 3.83 (m, 28D, 3.57 {m, 2H), 3.39 (s, 3H) "C NMR {75 Mz,
CDCLY & 745, 7007, 59.3.

Example 6

Preparation of Compound (Scheme 6)
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. {a&) N-{2-methoxy)ethoxyarnine 3, DMA, iPeNEL, 60 0C, 18 b, 64 %, (b) DDQ,

CHCl, HaO, 18 by vty 98%; {¢) TEAZHE, TEA, THF, 92%; (d) DMTCL, Py, 1, 90 %, {e) 2-

cyanoethyl-N, N-ditsopropyiphosphorodiamidite, N

a) Preparation of Compound 47

NN-diisopropylethylanyne (4.02 ml,
{Compound 45, 2.11 g, 23.20 munol} were added to Compound 46 (200 g,

N-methylimidazole, 1-H-tetrazole, DMF, 82%.

2320 mmol) and N-{Z-methoxy)ethoxyamine

2.32 mmol) dissolved

in anhydrous NV N-dimethylacetamide (DMA, 3.3 mL) in 3 pressure bottle. The reaction mixture

was heated at 60 °C for 18 hours and poured inte ethyl acetate {50 mL) and washed sequentially
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with aqueous NatiCOs (5 wt %, 2 x 50 mL) and brine {30 mL). The organic phase was dried
over anhvdrous NaaSQy, filtered and evaporated. The residue obtained was purified by silica gal
chromatography (1:1 hexanes | BtOAc) to vield compound 47 (1.04 g, 64%, vield} as a foam. "H
NMR (300 MHz, DMSG-dg) 6 11.38 {s, 1H), 7.93-781 {m, 4H), 7.72{d. J =82 hz, 1H), 7.62-
731 {m, 14H), 598 (br s, 1H), 5.16 (¢, J = 8.0 Hz, [H ), 436-4.68 {m, 2H), 4.26 {s, 1H), 416
{3, 1H), 3.96-3.76 {m, 4H), 3.66-3.40 {m, 3H), 3.26 (s, IH), 3.0 (hrs, TH), 0.98 (g, 9HY MS {ES)

miz 7083 {M + H]"

b) Preparation of Compound 48

To a solution of Compound 47 (0.6 g .85 mmol) in dichloromethane (8.2 ml) was
added water (0.04 mL, 2.22 mmol} and 2, 4-dichloro-5,6-dicvane-1,4-benzoguinone {1.11 g, 4.87
munol). The dark brown solution was stirred at room temperature for 18 hours, diluted with ethyl
acetate (60 mL) and washed sequentially with aquecus NaHCOs (5 wt %, 2 x 60 mL) and brine
(50 mL). The organic phase was dried over anhvilrous NagSOq, filtered, and evaporated. The
residne ohfained was purified by silica gel coluran chromatography by eluting with 5% MeOH
and 0.5% triethylamine in CILCl to yield Compoand 48 (047 g, 98% vield) as a white foam,
'HONMR (300 MHz, TIMSO-d) & 1138 {5, 1H)Y, 7.79 (d, § = &1 Hx, 1H), 7.70-7.60 {m, 4H),
T48-7.41 (m, 6H), 5.97 (brs, 1H), 5.60 (d, I =41 He, HD, 529, =80 Hz, 1H}L 408, =
4.0 Hz, 1H), 3.89 (br s, 2H), 3.81-3.74 (m, 3H), 3.63-3.42 {m, 3H), 3.28 (s, 3} 2.91 {brs, 1H),
1.04 (s, 9H); MS (BS) m/z $68.2 [M + HI.

<) Preparation of Compound 49

To a stirred solution of Comound 48 (0.46 g, 0.32 mmol} in THF (63 mL} was added
tricthylamine (0.28 mL, 2.03 mmol) and triethylamine trihydrofluoride (0.66 ml., 4.05 mmol).
The resulting reaction mixture was stirred at room temperature for 18 hours and evaporated
under reduced pressure to get an oil. The o was loaded on to a silica gel column and eluted
with 5% MeOH and 1% triethylamine in CHCly to yield Compound 49 (0,26 g, 99%) as a white
solid. 'H NMR (300 MHz, DMSCO-dg} § 11.29 (s, 1H), 7.82 {d, ] =&.1 Hz, 1H), 5.90 (brs, lH),
5.61(d, F=8.1Hz, 1H), 544 (brs, 1H ), 5.09 (brs, 1H}, 3.93 (brs, 1H), 3.83-3.72 (m, 3H), 3.64
{d, I = 4.1 Hz, 2H), 3.58-3.39 {m, 3H), 3.31 (s, 3H), 2.85 (br s, TH); MS (ESy m/z 3301 (M +
HI"

&) Preparation of Compound 50
Compound 49 {0.21 g, .64 mmol) was and 4.4 -dimethoxytrityl chloride {0.31 g, 0.92
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maniol} were dried over P20+ under reduced pressure overnight and then dissotved in anbvdrous
pyridine (1.8 mL) with stiming at room temperature for 6 hours under argon atmosphere. The
reaction mixture was poured into CHCh (30 mbl) and washed sequentially with agueous
NaHCO; (5 wi %, 30 mL) and brine (30 ml). The organic phase was dried over anhvdrous
NapB80y, filtered, and evaporated. The resulting residue was purified by silica zel colepm
chromatography by eluting with €-3% MeOH in CHxCh, conttaining 1% triethylamine to yield
Compound 50 {0.36 g 90% yield) as a foam. "H NMR (300 MHz, DMSO-dg) 5 11.36 {3, 1H),
781 {d, J =81 Hz, IH), 7.51-7.12 (in. 9H), 6.91 {d, ] = 8.5 Hz, 4H}, 5.95 {brs, 1H}, 3.537(d, I =
44 Hz, 1H)YL 541 (d, Y =81 Hz, ITH Y433 {bra, 1H), 3.81-3.78 (m, 3H), 3.75 {5, 6H), 3.58-3.43
(n1, 2H), 3.90-3.20 {m, 3H), 3.26 (5, 3H), 2.87 (brs, 1HY;, MS (BS) sz 632.2 (M + HY'.

&) Preparation of Compound 51

A mixture of Compound 50 (0.12 g, 0.19 mmol) and 1H-tetrazole {(0.012 g, .17 mmol)
wias dried over PoOs over night under reduced pressure. The dried mixiure was dissolved in
arthyvdrous DMF {0.53 1nl) and 2-cyancethyd-N N-diisopropylphosphorodiamidite {0.09 ml,
0.29 guoel) and l-metlylimidazole (0005 o, (.06 punel) were added. The reaction mixture
was stirred at room temperahire for 6 hours under an argon atmosphere.  The reaction mixture
was powred into cthyl acctate (30 ml.) and the orgamic layer was washed with agueous NaHCOy

{S% by wt, 30 ml), brine (30 mL). doed {Na:504} and evaporated.  'The residue was punfied

by silica gel colomn chromatography {1:1 ethyl acetateshexanc) to vield Compound §1 {013 g,

82% yield) as a white foam. TP NMR (121 MHz, CDChL) § 149,10, 148.10; MS {FAB) m/z
832.4 [M + H]". '

Example 7

Preparation of Compound 55 (Scheme 7)
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Scheme 7. {a) DMF, imidazole, triethylsilyl chlomide, i, 92%; (b) 1) 12.4-trazole, POCE,
triethylamine, CH;CON, 0 °C to 1, ii) aqueous NHj, dioxane; {¢) benzoic anhydride, DMF, 1,
98%; {d) triethylamine, triethylamine wihydrofluoride, THF, rt, 82%: {e} 2-cyvanoethyi-N,N-

I

diisopropylphosphorodiamidite, Nmethyvinnidazole, 1-H-tetrazole, DME.

a) Preparation of Compound 52
To a solation of Compound 50 (015 g 0.24 mmol) and imidazole {(0.07 g, 0.96) in
anhydrous DMF (0.6 miL) was added triethylsilyl chloride (0.08 mL, 0.48 mmel} and the mixture
10 was at room temperature for 6 hours under an argon atmosphere.  The resction mixture was
gquenched with agueons NaHCO; (20 mL) and extracted with ethyl acetate (2 x 200 mL). The
combiped organic phase was washed with brine (200 mL) and dried over anhydrous Nay8O4.
After evaporation, the residue was purified by silica gel colunn chromatography and eluted with
0~5% MeOH and 1% triethylamine i CHyCly to vield the Compound 52 {0.17 g, 92.%) as a
white foam. 'H NMR (300 MHz, DMSO-dg) 8 11.36 (s, 1H), 7.90 (¢, I = 8.1 Hz, 1H), 7.50-
7.11 (m, 9H), 6.90 (4, J = 10.3 Hz, 4H), 5.95 (br s, TH), 5.45 (d, § = 8.1 Hz, 1H ) 4.25 (s, 1D,
3.83 {8, 1H), 3.81-3.74 (m, 2H), 3.74 (s, 6H), 3.55-3.42 (m, 23’}, 3,40-3.20 {m, 3H), 3.25 (s,
3H), 2.89 (br s, 1H), 0.89-0.76 (m, OH), 0.60-0.31 (m, 8H); MS (ES) miz 746.3 [M + HJ".

.
Lh
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by Preparation of Compound 53

A suspension of 1,2 4-triazole (0.64 g, 9.27 mmeol) in ashydrous CH2ON (3.6 mL) was
cooled in an ice hath for 3 1o 10 minutes under an argon atmosphere. To this ¢old suspension,
POCEH (0.20 ml, 2.16 mmol) was added slowly with continued stiring for an additional 13
minutes. Triethviamine {1.51 mi, 10.84 nunel} was added slowly with the reaction mixture
maintained at §-2 °C with stirring for an additional 30 minutes following the addition.
Compound 32 {0.20 g, 0.27 mmol) in anhydrons CHON (1.8 ml) was added 1n one portion and
stirved for 10 mimustes with continued stivring under an argon atomosphere for 3 hours following
removal of the ice bath. The mixture was diluted with ethyl acetate (30 mLj, and washed with
water (2 x 30 mb) and brine (30 i), The organic pbase was dried over antiydrous NSOy and
concentrated under reduced pressure to provide a residue that was disselved in a sohution of
agqueous NHjy {1.55 ml., 28-30 wit%g) and dioxane (3.9 mL). The solulton was stirved at voom
temperature overnight in a pressure bottle. The solvent was removed ander reduced vacaum and
the resulting residuc was purified by flash silica gol column chromatography £5% MeOH and 1%
tricthylaming in CHoCL) to vield Compound 33 {0.17 g, ¥2%6) as a white foam. MS (ESY mz
7453 [M + HT'

¢} Preparation of Compound 54

Compound 33 {(0.16 g 0.22 mmol) was dissolved in anhydrous DMF (0.6 mL) and
benzoic anhydride (0L08 g, 0.35 mmol) was added with stirring at room temperatare for 18 hours.
The mixture wus dihded with ethyl acetate (40 mL) and washed with a satwsted agueous
NalCO4 (2 x 38 ml) and brine (30 ml). The ethyl acetate laver was dried over anhydrous
NazSQy and concenizated under reduced pressure. To the residue a solution of triethylamine
irihydrofleoride (6.18 mL, 1.08 mmol) and triethylamine {0.08 ml, .57 mmol} in anhydrous
THF (2.2 ml} was added. The resulting mixture was stivred at room temperature for 2 hours and
poured into ethyl acetate (30 mL). The organic phase was washed sequentially with water (30
ml), 3% aquenus NaHCOy (30 mb) and brine (30 mL). The ethyl acetate layer was dried over
ashydrous NaxSOy and concentrated under reduced pressure. The residue obtained was purified
by silica gel colunm chromatography (5% MeOH and 1% triethylamine m CH.Ch) to afford
Compound 54 {0.14 g, 89%) as a foam. 'H NMR (300 MHz, DMSO-de) 8 11.31 (s, 1H), 836
{(d, T =75Hz, 1H) 802 (d, ] =87 Hz, 2H), 7.87 (d, I = 9.7 M, 1H), 7.66-7.26 (m, 13H), 6.94
(d, J =89 Hz 4H}, 6.03 (brs, 1H), 559 (d, J =44 He, 1H), 4.18 (d, 3 = 4.4 He, 1H), 392 (s,
1), 3.86-3.68 Qm, 2H), 3.77 (s, 6H), 3.61-3.47 (m, 2H), 3.45-323 (m, 2H}, 327 (s, 3H), 2.94
{br s, 1HD): MS (ES) mefz 7353 [M + HY'.
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&) Preparation of Compound 38
A mixture of Compound 34 (0.13 g, 6.17 mmol} and TH-tetrazole ((LO1g, (.15 mmol)
was dried over night ander reduced pressure over F20;5. The dned mixture was dissolved in

anhydrous DMF (0.5 mL} and 2-cyanoethyl-AMN-diisopropylphosphorodiamidite €0.08 mL, 0.26

L

mmel} and f-methviimidazole (0004 mL, 0.05 mmel) were added. The reaction mixtore was
stirred at room temperature for 6 hours under an argon atmosphere. The reaction mixture was
poured into ethyl acetate (20 ml) and the organic layer was washed with aqueous NaHCO; (5 wt
%, 20 mL), brine (20 ml), dried (Na,SO4) and concentrated under reduced pressure. The crude

10 material is being purified.

Example 8
Preparvation of Compound 58 (Scheme §)
& O
-::f; e «"*i{ a (}’5‘\ . f.‘;’ }
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Scheme 8. {a) PhuP, THF, (2-fluoro)ethanct, DEAD, rt; (b) Nemethylhydrazene, CHCl;z, -10°C.

Example 9
Preparation of Compound 63 (Scheme 9)

20
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Scheme 8. (2} N-{2-flugrosthox vumine (Compound 58), DMA, (PrNEL, 66 °C, 18 h; (b) DDO,
CHaCly, HaO, 18 Byat; {03 TEASHF, TEA, THF, ) DMTCL pyridine, 1f; (8) 2-cyanvethyl-

N N-diisopropylphosphorodiamidite, N-methyhnudazole, 1-H-tetrazole, DMF.

Example 10

Preparation of Compound 68 (Scheme 16)
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Scheme 10, {8) DMF, imidazole, trsthylsilyl chioride, 1t; {b) §) 1,2 4-triazole, POCL, tiethyl-

amine, CHON, {1 °C to v, 11} aquecus NHj, dioxane; (¢) benzoic anhydride, DMF, 1t; (d) triethyt

grnine, triethylamine trihvdrofluoride, THF, tt; (&) 2-cyanoethyl-N,N-diisopropylphosphore-

diamidite, N-methylimidazole, 1-H-tetrazole, DMF.

Example 11
Preparation of Compound 79 (Scheme 11)
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Scheme 11. {a) NaH, DMF, 2-(bromomethyl)-naphthalene; {(b) tert-butyldiphenylsilyl chloride,

imidazole, DMF; {¢} Ac:0, AcyOH, H:SQy; (4) 6-N-benzoyladenine, SnCls. CHaON, 1t (2) 7 M
5  NHjin MeOH, 0 °C; (f) i) DMSO, oxalyl chioride, TEA, -78 °C &) NaBHa; () i} TEA.3HFE,

TEA, THF (h) THO, DMAP, CHCl, -30 to -10 °C (i) N-(Z2-methoxy)ethoxyamine 3, DMF,

PrNEt, 60 °C (4) 1) benzoyl tetrazole, DMF, 40 °C; i) DDQ, CH,Cl, H0; o) 1) DMTCL
i} 2-cyanoethyl-N N-diisopropviphosphorodiamidite, N-methvlimidazole, 1-H-
tetrazole, DMF.

pyridine, rf,

10
Example 12
Preparation of Compound 87 (Scheme 13)
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Scheme 12. {3} Z-amino-G-chloropurine, N.O-bis{trimethylsilyDacetamide, TMS-triflate, 1,2-
5 dichloroethane; (b) 1) IN NaOH, {4-dioxane, 55 °C, {i) TMSC], Pyrdine, iscbhutyryl chloride,
ammonia, Hz0; (¢ 1) DMSQ, Oxalyichloride, TEA, <78 °C, i) NaBH; (d) TEA3HF, TEA, THF,
&) THO, DMAP, CH,Cly, =30 to -10 °C {f) A-{2-methoxyiethoxyamine 3, DMA, iPrNEt, 60°C
{g) 1) pyndine, isobutyryl chloride, vt 1) DDQ, CHYCl, WO () §) DMTCL, pyridine i) 2-

cyanoethyl-N N-diisopropylphosphorodiamidite, V-methyvlimidazole, 1-H-tetrazole, DMF.

19
Example 13

Preparation of Compound 90 (Scheme 13}
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Scheme 13. (a) N-(Z-methoxyiethoxyamine 16, DMA, PryNEL, 60 °C (h) 1) benzoyl tetrarnle,
DMFE, 40 °C; i) DDQ, ClLCl, HaO; (0} 1) DMTCL, pyridine, rt, ) 2~cyanoethyl-N,N-
diisopropylphosphorodiamidite, N-micthylimidazole, 1-H-tetrazole, DME,

Example 14
Preparation of Contpound 93 (Scheme 14)

0 X 0
Ny ¢ M N
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Scheme 14, {a) N-2-{Fluoro)ethoxyamine 16 , DMA, iPrNEL, 60 °C (b) 1) Pyridine, isobutyryl
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chloride, *t; §) DDQ, CH:Cl, H;O; (&) 1} DMTCL pyidine, H) 2-cyancethylNN-

ditsopropylphosphorodiamidite, N-methylimidazole, 1-H-tetrazole, [IMF.

Example 15
Preparation of Compound 100 (Scheme 15)
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Seheme 15, (a) MaH, DMF, 2-(Bromomethyhnaphthalene; (b} AcOH, H:0; {c) NalQs, dioxane,
H,0; (0) HCHO, NaGCH; (d} NaH, DMF, 2-{BromomethyDnaphthalene {Compound 51 15 a

commercially svailable sagar, 1,2:5,6-Di-O-alpha-D-glucofuranose).

Example 16
Preparation of Compound 109 (Scheme 16)



WO 2008/150729 PCT/US2008/064591

-63 -
H(j“ i .
Yoo, BxO Voo . Bg,eh\ .
NapO~rh S S e NapO=/3 75 o b Napory Ofe
NapC oA NapO 0 NapCU A
108 101 102
BzO-., HO- THO~
O\A‘U . ‘ .(1.3‘.{{,} o \/ U
Nap(O-. / g NaplJ-4 { --------- - Nap(-- ., £
Onap  OAc NapQ  OH NapO  OTf
103 164 1038
OCH; OCH. . OCH.
a0 Y0 ¢ o X560 v Q50
NapO. A Nr™Y 2 HO A I}?" R, DMTO. < Ny~
\ i‘"“
Nap(Q HO HO
106 197 168
N
AAAAA 1 - UMTOs\,_r \P‘i?“
Df
/f)\
NC(CH, 1,07 N(iPr),
168

Scheme 16. () BzO, pyridien, o) (b} scetic anhydvide, acetic acid, HoS0y; (¢} uracil, BSA,
TMSOTE, CHON, reflux, 2h; {4y MeOH, NH;, it (&) trifluoromethanesulonic anhydride,
§  CHyCl:, DMAP, -10 °C; () M-methoxyamine, DMA, iPr,NEL 60 °C, 18 k; (g) DDQ, 10,
CHyCliy (Y DMTCL pyridine, 11 (1) 2-cvanocthyl-N.N-diisopropylphosphorodiamidite, M-

methvlimidazole, 1-H-tetrazole, DMFE.

Example 17
16 Preparation of Compounsd 114 {(Scheme 17}
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Seheme 17. {a) DMF, imidazole, triethylsityl chloride, t; (b} 1) 1,2,4-tr1azole, POCH, triethy-
amine, CHEON, 0 °C to 11, 1) aqueons NH;, dioxane; () benzoic anhydride, DMF, 1t {d) triethyl
aming, tricthylaming trihydrofluoride, THE, ity {¢) 2-cyanocthyb-N N-diisopropylphosphorodimi-

dite, M-methyviwudasgole, 1-H-tefrazole, DME.

Example 18
Preparation of Compound 122 (Scheme I8)
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Scheme 18. (a) adenine, S$nCly, CIGON, iy ; () 1) trityl chloride pyridine, 100 °C, 1) MeOH,
NH;, 1t () triftucromethanesulfonic anhydride, CHaCh, DMAP, -10 °C; () N-methoxyamine,
DMA, iPraNEL, 60 °C, 18 h; (e} 1) 3% Dichloroactic acid in CH;Cly, it} benzoyl tetrazole, DME,
5 40 °C, i) DBDQ, 0, CHxCh: () DMTCL, pwdine, n () 2-cyanocthyl-VAN-

ditsopropyiphosphorodiamidite, N-methylimidazole, I-H-tetrazole, DMFE.

Lxample 19
Preparation of Compound 129 (Scheme 19)
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Scheme 19, (a) 2-amino-6-chloropurine, N,O-bis{trimethylsitylacetamide, TMS-triflate, 1,2-
dichloroethane; (b) agueous NaOH, dioxane; (¢) 1) triethylsilylchloride, DMF, imidazole, 1)

5 trityl chloride, DMAP, triethylamine, DMF,1i} TEA 3HF, TE, THF, «f, i1} triflocromethane-
sulonic anhydride, pyridine, 0 °C; (d) V-methoxyamine, DMA, iPrNEt, 60°C, 18 & (e} 1} 3%
dichloroactic acid in CHyCly, i) isobutyryl chloride, pyridine, ot; () 1) DDQ, H;O, CHyCly, it)
DMTC, pyridine, rt; (g) 2-cyanoethyl-N Neditsopropylphosphorodiamidite, N-methylimidazole,
-Hutetrazols, DMF, 1L,

10
Example 20
Synthesis of Nucleoside Phosphoramidites
The preparation of nucleoside phosphoramidites is performed following procedures that
are iHlustrated herein and in the art such as but not limited to US Patent 6,426,220 and pubhished
15 PCT WO 0236743,
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Exampls 21
Oligonucleotide and oligonucleoside synthesis

The ohigomenic compounds used in accordance with this invention may be convemently
and routinely made through the well-known technique of solid phase synthesiz. Equipment for
such synthesis is sold by several vendors including, for example, Applied Biosystems {Foster
City, CA). Any other means for such syathesis known in the art may additionally or
alternatively be emploved. It is well knows o use similar techniques to prepare oligonucleotides
such as the phosphorothioates and alkviated dernvatives.

Oligonucleotides: Unsubstituted and substituted phosphodiester (P=0) oligonucleotides
can be svnthesized on an automated DNA svnthesizer {Applied Biosystains model 394) using
standard phosphoramidite chemistry with oxidation by iodine,

Phosphorothioates (P=S) are synthesized similar to phosphodiester oligonucleotides with
the following exceptions: thiation is effected by utilizing a 0.2 M solution of phenylacetyl
disulfide in 50% 3-pieoline in acetonitciie for the oxidation of the phosphite Hnkages, The
thiation reaction step time is increased to 180 see and preceded by the normal capping step.
After cleavage from the CPG coluam and deblockiog in concentrated avimonium bydroxide at
55°C {12-16 hr), the oligonucleotides are recovered by precipitating with greater than 3 velumes
of ethanol from a 1 M NHOAc solution. Phosphinate oligonucleotides can be prepared as
described o U8, Palent 5,308,270

Alkyl phosphonate oligonucleotides can be prepared as described in U.S. Patent
4,469,863,

3-Deoxy-3"-methvlene phosphonate eligonucieotides can be prepared as described in
U.S. Patents 5,610,289 or 5,625,050

Phosphoramidite oligonucleotides can be prepared as deseribed in U8, Patent, 5,256,775
or U.8. Patent 5,366,878,

Alkylphosphonothioate oligonucleotides can be prepared as described in published PCT
applications PCTASS4/00902 and PCTUS93/06976 (published as WO 94/17093 and WO
94/02499, regpectively).

3-Deoxy-3'-amine phosphoramidate oligonucleotides can be prepared as described in
LIS, Patent 5,476,025,

Phosphoetriester oligonucleotides can be prepared as described in ULS. Patent 5,023,243,

Borano phosphate oligonucleotides can be prepaved as desertbed in 1S, Patents
5,130,302 and 5,177,198,

Oligonucleosides: Methylenemethylimine linked obigonuciensides, also identified as
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MMI linked oligonucleosides, methylenvdinethylhydrazo inked oligonucleosides, also
identified as MDH linked oligonucleosides, and methvlenecarbonyvlamino linked
oligonucleosides, also identified as armide-3 linked oligonucteosides, and
methyleneaminocarhony! linked oligonucleosides, also identified as amide-4 linked oligonucleo-
sides, as well as mixed backbone oligomeric compounds having, for instance, alternating MMI
and P=0) or P=S linkages can be prepaved as described in ULS, Patents 3,378,825; 5,386,023;
5,489,677 5,602,240 and 5,610,289,

Formacetal and thioformacetal linked oligonucleosides can be prepared as described in
1.8, Patents 5,264,562 and 5,264,564,

Fihvlene oxide linked oligonucleosides can be prepared as described in U8, Patent

5,223,618

Example 22
Oligonucleotide Isolation

After cleavage from the controlled pore glass solid suppart and deblodking in
concentrated ammuoniug ydroxide at 55°C for 12-16 hows, the oligonecleotides or
cdigonuclensides are reeovered by precipitation out of 1 M NHOAC with >3 volumes of ethanol.
Synthesized oligonucieotides are analyzed by clectrospray mass spectroscopy {swlecular weight
determination) and by capillary gel electrophoresis. The relative amounts of phosphorothioate
and phosphodiester linkages obtained m the synthesis 1s deternuned by the ratio of correct
molecular weight relative to the ~16 arau product (+/-32 +/-48). For some studies
oligonucieotides are purified by HPLC, as described by Chiang et al,, I Biol. Chem. 1991, 266,
18162-18171. Results obtained with HPLC-purified material are generally similar to those

obtained with non-HPLC purified material.

Example 23
Oligonuclzotide Synthesis - 96 Well Plate Format

Oligonucleotides can be synthesized via solid phase P(II) phosphoramidite chemistry on
an awtomated synthesizer capable of sssembling 96 sequences simultaneously in a 96-well
format. Phosphodiester internucleotide linkages are afforded by oxidation with aqueous fodine.
Phosphorothicate intermucleotide Inkages are generated by sulfusization utilizng 3,4-1,2
benzodithiole-3~ong 1,1 dioxide (Besucage Reagent) in anhvdrous acetonitrile. Standard bage-
protected beta-cyanoethyi-diiso-propyl phosphoramidites are purchased from cornmercial

vendors (.. PE-Applied Biogystems, Foster City, CA, or Pharmacia, Piscataway, NI} Non-
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standard nucleosides are synthesized as per standard or patented methods. They are utilized as
base protected beta-cyanoethyldiisopropyl phosphoramidiies.

Oligenuclentides are cleaved Fom support and deprotected with concentrated WH:OH at
elevated teroperature {35-60°C) for 12-16 howrs and the released product then dried in vacun,
The dried product ¥s then re-suspended in sterile water to afford a master plate from which all

analytical and test plate samples are then diuted utilizing rohotic pipettors.

Example 24
Oligonuclentide Analysis using 96-Well Plate Format

The concentration of oligonucleotide in each well is assessed by dilution of samplas and
UV absarption spectroscopy. The full-length integrity of the individual products is evaluated by
capillary electrophoresis {CE) in either the 96-well format (Beckman P/ACE™ MDQ) or, for |
individually prepared samples, on a commercial CE apparatus {&.g., Beckman F/ACE™ 5000,
ABI270). Hase and hackhone compasition is confirmed hy mass analysis of the oligomeric
compounds utilizing electrospray-mass spectroscopy. All assay test plates arc diluted from the
master plate using single and multi-channel robeolic pipettors. Plates are judged o be geeeptable

if at least 85% of the oligomeric compounds on the plate sre at least 85% full length.

Example 25
Cefl culture and oligonucleotide ireatment

The effect of oligomeric compounds on target nucleic acid expression can be tested in
any of a variety of cell types provided that the target nucleic acid is present at measurable levels.
This can be routinely determined using, for example, PCR or Northern blot analysis, Cell lines
derived from muliiple tissues and species can be obtained from American Type Culture
Collection (ATCC, Manassas, VA

The following cell type is provided for illustrative purposes, but other cell types can be
routinely used, provided that the target is expressed in the cell type chosen, This can be readily
determined by methods routing in the art, for example Northern blot analysis, ribonuclease
protection assays or RT-PCR.

B.END cells; The mouse brain endothelial cell ine h END wag abtained from Dr.
Werner Risau at the Max Plank Institute (Bad Nauheim, Germany) . ENXD cells were routinely
cultured in DMEM, high ghucose (Invitrogen Life Technologies, Carlsbad, CA) supplemented
with 10% fetal bovine serum {Invitrogen Life Technologies, Carlsbad, CA). Cells were routinely

passaged by trypsimization and dilution when they reached approximately 90% confluence. Cells
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were seded inte 96-well plates (Faleon-Primaria #353872, BD Biosciences, Bedford, MA}at a
density of approximately 3000 cells/well for uses including but not limited to oligomeric
compound transfection experiments.

Experiments involving treatment of cells with oligomeric cornpounds:

When cells reach appropriate confluency, they are treated with oligomeric compounds
using a transfection method as described.

LIPOFECTIN™

When cells reached 558-75% confluency, they are treated with oligonucleotide.
Oligonuciectide 1s mixed with LIPOFECTIN™ Invitrogen Life Technologies, Carlsbad, CA) in
Opti-MEM™-{ reduced serum niedium (Invitrogen Life Technologies, Carlsbad, CA} to achieve
the desired concentration of oligonucleotide and a LIPOFECTINT concentration of 2.5 or 3
ug/ml per 100 nM oligonucleotide. This transfection mixture is incubated at room temperature
for approximately 0.5 hours. For cells grown in 96-well plates, wells are washed onee with 100
ul, OPTI-MEM™.1 and then treated with 130 ul. of the wansfection mixture. Cells grown in 24-
well plates or other standard tissue culture plates are treated similarly, using appropriate volumes
of medium and oligonucieotide. Cells are treated and data are obtained in duplicate or triplicate,
After approximately 4-7 hours of treatment at 37°C, the mediuvm containing the transfection
mixture is replaced with fresh culture medium. Cells are harvested 16-24 howrs afler
ohigomscieotide treatment.

Other suitable transfection reagents known in the art include, but are not hmited to,
CYTOFECTIN™, LIPOFECTAMINE™ OLIGOFECTAMINE™, and FUGENE™. Other

suitable transfection methods known in the art include, but are not limited to, clectroporation.

Example 26
Analysis of oligonuclestide inhibition of a target expression

Antisense modulation of a target expression can be assayed in a variety of ways known in
the art. For cxample, a target mRNA levels can be quantitated by, e.g.. Northern blot analysis,
competitive polymerase chain reaction {(PCR), or real-time PCR. Real-time quantitative PCR is
presently desired. RNA analysis can be performed on total cellular RNA or polv(A)yr mRNA.
One method of RNA analysis is the use of total cellular RNA as described in other examples
hersin, Methods of RNA isolation are well known i the art. Northern blot analysis is also
routine in the art. Real-time quantitative (PCR) can be conveniently accomplished using the
commmerciglly available ABL PRISM™ 7630, 7700, or 7900 Sequence Detection System,

available from PE-Applied Biosystems, Foster City, CA and used according to manufacturer’s
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Protein levels of a target can be quantitated i a variety of ways well known tn the art,
such as immunoprecipitation, Western blot analvsis (inununoblotting), anryme-linked
ramunosorbent assay (FLISA)Y or fluorescence-activated cell sorting (FACS). Antibodies
directed to a target can be identified and obiained from a variety of sources, such as the MSKRS
catalog of antibodies {Aerie Corporation, Birmingham, MI), or can be prepared via conventional
monoctonal or polyclons) antibody generation methods well known in the art. Methods for
preparation of polyclonal antisera are tanght in, for example, Ausubel, .M. et al., Current
Protocols in Melecwlar Riology, Volome 2, pp. 11.12.1-11.12.9, John Wiley & Sons, Inc., 1997,
Preparation of monoclonal antibodies s taught in, for example, Ausubel, F.M, et al., Crrrent
Protecoly in Molecudar Biology, Volume 2, pp, 11.4,1-11.11.5, John Wiley & Sons, Inc., 1897,

immunceprecipitation methods are standard in the art and can be found at, for example,
Ausubel, FM. et al, Current Protocols in Melecwlar Biology, Volume 2, pp. 10.16.1-10.16.11,
John Wiley & Sons, Iac., 1998, Western blot (imununeblot) analysis is standard in the art and
can be found at, for example, Ausubel, F M. ot al., Cwrrent Protocols in Molecrdar RBiology,
Vohmme 2, pp. 10.8.1-10.8.21, John Wiley & Sons, Inc., 1997, Enzyme-linked tromunosorbent
assays {ELISA) are standard in the art and can be found at, for example, Ausubel, F. M. et al,,
Current Protocols in Molecular Riology, Volame 2, pp. 11.2.1-11.2.22, John Wiley & Sons,

e, 1991,

Example 27
Design of phenotypic assavs and in vive studies for the use of target inhibitoys
Phenotypic assays

Once target inhibitors have been identified by the methods disclosed herein, the
oligomeric compounds are firther investigated in one or more phenotypic assays, each having
measurable endpoinis predictive of efficacy in the treatment of a particular disease state or
condifion.

Phenotypic assays, kits and reagents for their use are well known to those skilled in the
wrt and are herein used to Investigate the role and/or assoctation of a target in health and disease.
Represeniative phenotypic assays, which can be purchased frim any one of several comumercial
vendors, include those for determining cell viability, cytotoxicity, proliferation or cell survival
{Molecular Probes, Eugene, OR; PerkinBlmer, Boston, MA), protein-based assays including
enzynatic assays (Panvera, LLC, Madison, WI; BD Biosciences, Franklin Lakes, NJ; Oncogene

Research Products, San Diego, CA), cell regulation, signal transduction, inflammation, oxidative
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processes and apaptosis {Assay Designs Tne., Ann Arbor, M}, triglveeride accumulation (Sigma-
Aldrich, St. Louis, MQ), angiogenesis assays, tube formation assays, cytoking and bormone
assays and metabolic assays {Chemicon International Inc.,, Temecula, CA; Amersham
RBiosciences, Piscataway, NJ).

In one non-limiting example, cells determined to be appropriate for a particular
phenotypic assay (1.e., MCF-7 cells selected for hreast cancer studies; adipocytes for obesity
studies) are treated with a target inhibitors identified from the in witro studies as well as control
compounds at optimal concentrations which are determined by the methods described above. At
the end of the treatment period, treated and untreated cells are analyzed by one or more methods
specific for the assay to determine phenotypic outcomes and endpoints,

Phenotypic endpoints include changes in cell morphology over time or treatment dose as
well as changes in levels of cellular compeonents such as proteins, lpids, nucleie acids,
hormones, saccharides or metals. Measurements of cellular status which include pH, stage of the
cell oyole, intake or excretion of bielogical indicators by the cell, are also endpoints of interest.

Measuremnent of the expression of one or more of the genes of the cell after treatment ix
also used as an indicator of the efficacy or potency of the a target inlubitors. Hallmark geaes, or
those genes suspected to be associated with a specific discase state, condition, or phenotype, are
measured in both treated and wilreated cells.

I vive siudies
The individual subjects of the i1 vive studies described herein are warm-blooded

vertebrate antmals, which inchides humans.

Example 28
RNA Isolation
Polvid)+ mRNA isolation

Polyf AW mRNA is isoluted according to Miura et al,, (Clin. Chem., 1996, 42, 1758-
1764}, Other methods for poly(A)+ mRNA isolation are routine in the art. Briefly, for cells
grown on 96-well plates, growth medium is removed from the cells and sach well is washed with
200 ul cold PBS. 60 pl tysis buffer (10 mM Trs-HCY, pH 7.6, 1 mM EDTA, 0.3 M NaCl,
0.5% NP-40, 20 mM vanadyl-ribonucleoside complex) is added to cach well, the plate is gently
agitated and then incubated at room temperature for five minutes. §3 pl. of lysate is transterred
to Oligo d{T) coated 96-well plates (AGCT lne, Trvine CA). Plates are incubated for 60 minutes
at room temperature, washed 3 times with 200 uL of wash buffer {10 mM Tris-HCI pH 7.6, 1
mM EDTA, 0.3 M NaCh. After the final wash, the plate is blotted on paper towels to remove
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excess wash buffer and then air-dred for 5 minutes. 60 b of elution buffer (5§ mM Tris-HCl pH
7.6), preheated to F0°C, 1s added to cach well, the plate s incubated on a 90°C hot plate for 5
minutes, and the eluate 1s then transferred to a fresh Y6-well plate.

Cells grown on 100 mm or other standard plates may be treated similarly, using
appropriate vohumes of all solutions.
Total RNA Iselation

Total RNA is isolated using an KNEASY 96™ kit and buffers purchased from Qiagen
Inc. (Valencia, CA} following the manufacturer's recommended procedures. Briefly, for cells
grown on S6-well plates, growth medium is removed from the cells and each well is washed with
200 ul cold PBS. 150 uL Buffer RLT is added to each well and the plate vigorously agitated for
20 seconds. 150 pl. of 70% sthanol is then added 16 each well and the contents mixed by
pipetiing three times up and down. The samples are then transferred to the RNEASY 96™ well
plate attached to a QIAVAC™ munifold fitted with a waste collection m{y and attached to a
vacuum source. Vacuum is applied for | minote. 500 pl of Buffer RW1 is added to each well
of the RWNEASY 96™ plate and incubated for 15 minutes and the vacuem is again applied for 1
minute. An additivnal SO0 pl of Buffer RWT is added to each well of the RNEASY Q6™ plate
and the vacouarn is applied for 2 minutes. 1wk of Buffer RPE 15 then added {0 each well of the
RNEASY 96" plate and the vacuum applied for a period of 90 seconds, The Buffer RPE wash
is then repeated and the vacuum is applied for an additional 3 wminutes. The plate is then
removed from the QIAVAC™ manifold and blotted dry on paper towels. The plate is then re-
attached to the QIAVAC™ manifold fitted with a coliection tube rack contaiming 1.2 mL
collection tubes. RNA iy then eluted by pipetting 140 pL of RNAse free water into each well,
mncubating | nunote, and then applying the vacium for 3 minutes.

The repetitive pipetting and elution steps may be automated using a QIAGEN Bio-Robot
9604 (Qiagen, Inc., Valencia CA). Essentially, after lysing of the cells nn the culture plate, the
plate is transferred to the robot deck where the pipetting, DNase treatment and elution steps are

carried out.

Example 29
Real-time Quantitative PCR Analysiz of target mBNA Levels

Quantitation of a target mRNA levels was accomplished by real-time quantitative PCR
using the ABI PRISM™ 7600, 7700, or 7900 Sequence Detection System (PE-Apphied

Biosystems, Foster City, CA) according to manufacturet’s instructions. This is a closed-tube,
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von-gel-hased, fluorescence detection systemn which allows high-throughput quantitation of
polymerase chain reaction (PCR) products in real-time. As opposed to standard PCR in which
amplification products are quantitated afier the PCR is completed, products in real-time
quantitative PCR are quantitated as they accumulate. This is accoraplished by including in the
PCR reaction an oligonucleotide probe that anncals specifically between the forward and reverse
PCR primers, and containg two fluorescent dyes. A reporter dye {e.g.. FAM ot JOE, obtained
from either PE-Applied Biosystems, Foster City, CA, Operon Technologies Ine., Alameds, CA
or Integrated DNA Technologies Inc., Coralville, IA) is attached to the 3" end of the probe and a
quencher dye (e.g., TAMRA, obtained from either PE-Applied Biosystems, Foster City, CA,
Cperon Technologies Inc., Alameda, CA or {ntegrated DNA Technologies Inc., Coralville, 14} is
attached to the 3' end of the probe. When the probe and dyes are intact, reporter dyve emission is
guenched by the proximity of the 3' quencher dye. During amplification, annealing of the probe
to the target séquence creates a substrate that can be cleaved by the S-exonuclesse activity of
Tag polymerase. During the extension phase of the PCR amplification cycle, cleavage of the
probe by Taq polymerase releases the reporter dye from the remainder of the probe (and bence
from the quencher moicty) and a sequence-specific fluorescent signal is genorated. With cach
eycle, additional reporer dye molecules are cleaved from their respective probes, and the
fluorescence intensity is momtored at regular intervals by laser optics built into the ABI
PRISM™ Sequence Detection System. In each assay, a series of parallel reactions contaiming
serial ditutions of mRNA fom untreated control samples generates a standard curve that s used
fo quantitate the percent inhibition after antisense oligonuclentide treatment of test samples.

Prior to quantitative PCR analysis, primer-probe seis specific to the target gene being
measured are evaluated for their ability to be “multiplexed” with a GAPDH amplification
reaction. In multiplexing, both the target gene and the internal standard gone GAPDH are
amplified concurrently in a single sample, In this analysis, mRNA isolated from untreated cells
is seriafly difuted. Each dilution is amplified in the presence of primer-probe sets specific for
GAPDH only, target gene only (“single-plexing™), or both (multiplexing). Following PCR
amplification, standard curves of GAPDH and target mRNA signal as a function of dilution are
generated from both the single-plexed and muiltiplexed samples. If both the slope and correlation
coefficient of the GAPDH and target signals generated from the multiplexed samples fall within
10% of their corresponding values generated from the single-plexed samples, the primer-probe
set specific for that target is deemed mmitiplexable. Qther methods of PCR are also known in the
art,

RT and PCR reagents were obtained from Invitrogen Life Technologies (Carlsbad, CA).
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RT, real-time PCR was carried out by adding 20 pL PCR cocktail (2.5x PCR buffer minus
MgCly, 6.6 mM MgCly, 378 uM cach of dATP, dCTP, dCTP and dGTP, 375 nM each of
forward primer and veverse primer, 123 nM of probe, 4 Units RNAse inhibitor, 1.25 Units
PLATINUM®E Tag, § Units MuLV reverse transcriptase, and 2.5% ROX dye) to 96-well plates
containing 30 uf, total RNA solution (286-200 ng). The RT reaction was carried out by incubation
for 30 minutes at 48°C. Following a 10 minute incubation at 95°C to activale the PLATINUM®
Tag, 40 cycles of a two-step PCR protoce]l were carrted out: 95°C for 15 seconds {denaturation)
followed by 60°C for 1.5 minutes (annealing/extension).

Gene target quantities obtained by RT, real-time PCR are normalized using either the
expression level of GAPDH, a gene whose expression is constant, or by quantifving total RNA
using RIBOGRERN™ (Molecular Probes, Inc. Eugene, OR). GAPDH axprassion is quantified
by real time RT-PCR, by being run simultaneously with the target, multiplexing, or separately.
Total RNA. is quantified using RiboGreen' ' RNA quantification reagent (Molecular Probes, fnc.
Fugene, OR). Methods of RNA quantification by RIBOGREEN™ are taught in Joues, LI, et
al, (Anadytical Biochemistry, 1908, 265, 368.374),

In this assay, 170 pL of RIBOGREEN ™ working reagent (RIBOGREEN™ reagent
diluted 1:350 in 10mM Tris-HCL, 1 mM EDTA, pH 7.5} is pipetted into 2 9é-well plate
containing 30 uL purified, cellular RNA. The plate is read in a CytoFluor 4000 (PE Applied

Biosystems) with excitation at 485nm and emission at $30nm.

Example 36
Target-gpecific primers and probes
Probes and primers may be designed to hybridize to a target sequence, using published
sequence mformation. ‘
For example, for buman PTEN, the following primer-probe set was designed using
published sequence inforrnation (GENBANK™ aecession nomber U9-2436.1, SEQ D NO: 01).
Forward primser; AATGGCTAAGTGAAGATGACAATCAT (SEQ I NO: 02}
Reverse primes: TOCACATATCATTACACCAGTTICGT (SEQ 1D NO: 03)
And the PCR probe;
FAM-TTGCAGUCAATTCAUTGTAAAGOTGGAAAGG-TAMRA (SEQ 1D NO: 04},
where FAM is the fluorescent dye and TAMRA is the quencher dye.

Example 31
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Western blot analysis of target protein levels

Western blot analysis (immunoblot analysis) is carvied out using standard methods, Cells
are harvested 16-20 b after oligonucleotide treatment, washed once with PBS, suspended
Lasmmli buffer (100 pliwell}, boiled for § minutes and loaded on a 16% SDS-PAGE gel. Gels
are run for 1.3 hours at 150 V, and transferred to membrane for western blotting, Appropriate
primnary antibody directed to a target 1s used, with a radiolabeled or fluorescently labeled
secondary antibody directed against the primary antibody species. Bands are visualized vsing a

PHOSPHORIMAGER™ (Molecular Dynamics, Sunnyvale CA}

Example 32
Effcets of antisense compounds targeting PTEN in vitreo study

In certain smbodiments, oligomeric compounds were synthesized and tested for their
ability to reduce PTEN expression over g range of doges, B.END cells were treated with the A
methoxyl amino BNA (403045), 4°-CH-0-2" BNA (392745 and 392063 and 2'-MOE (392753)
modified oligomers at concentrations of 0.625, 1.25, 2.5, §, 10, 20 or 40 nM using methods
described hevein. Expression levels of PTEN were determined using real-time PCR and
pormalized to RIBOGREEN™ ag described in other examples hersin. The percent mbibition of
PTEN mRNA was determined. Resulting dose-response curves were used to deternine the 1sp
and Tm's were assessed i 1O mM phosphate buffer, 0.1 mM EDTA, pH 7, at 260 om using
4uM modified oligomers and 4uM complementary length matched RNA. The activities are

fisted below.

SEQ D NO /SIS NO Composition (8" 10 37)
05/403045 Call, TAGCACTGGCC U,
031392745 CUTAGCACTGGCCU;
05/392063 MO TITAGCACTGGOM T,
05/392753 C U TAGCACTGGCC U,

Each internucleoside linking group is a phosphorothiocate; subscript n indicates that the
preceding nucleoside is an N-methoxy-amino bicyclic nucleoside; subscript 1 indicates that the
preceding nucleoside is a bieyelic nucleoside having & 4°-CHp-O-2" bridge; subseript e indicates
that the preceding nucleoside is a 2'-(CHz»OCIH; (MOE) modified mucleoside; superscript Me
indicates that the following nucleoside is a S-nethyl-base modified nucleoside; and each

nucleoside not otherwise annotated is a 2-deoxyribonucleoside.
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%s Inhibition of PTEN mRNA @ Dose

SEQ ID NOY/

ISIS NO 0.625aM  125oM  25aM  5nM 10nM  20mM  408M
03/392063 0 34 58 65 84 88 92
(5/392745 10 40 59 71 §s 92 93
05/392753 0 0 8 23 50 67 84
057403045 4 31 55 71 80 80 92
SEQ ID NO/

05/392063 2.7 50.6

05/392745 2.1 8.9

05/392753 11.6 51.3

05/403045 27 57.7

Exangple 33
Effects of antisense compounds targeting FTEN in vivo study

Six week old male Balb/e mice {(Jackson Laboratory, Bar Harbor, ME) were injected
twice weskly for 3 weeks with Mmethoxyl-amino-BNA (403045}, and 4-CH-0-2" BNA
{392063) modified oligomers targeted to PTEN at a dose of 3.2, 1.0, 0.32 or 0.1 pmol'kg. The
mice were sacrificed 48 hours following the final administration. Liver tissues were
homogenized and PTEN mRNA levels were quantitated using real-time PCR and
RIBOGREEN® RNA quantification reagent (Molecular Probes, Ine. Bugene, OR) according to
standard protocols. PTEN mRNA Jevels were detenmnined relative to total RNA (using
Ribogreen), prior to normalization to saline-treated control. The table below shows comparisons
of the antisense compounds targeting PTEN nucleic acid for their effect on target mRNA
reduction. Results are presented as the average % inhibition of mRNA expression for each

antisense compound, normalized {o saline~-injected control.
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9% fnhibition of PYEN mRNA @ Dose (pmal/kg)

SEQ 1D NGO/ Composition ' 4.1 8,32 1.0 3.2
18IS NO

057403045 Callh, TAGCACTGGOC U, 0 2 29 75

05/392063 MO TTAGCACTGGCCT 4 I6 70 93

Each internucleoside linking group is a phospharothioate; subscript n indicates that the
preceding nucleoside is an N-methoxv-aminoe bicyclic nucleoside; subscript | indicates that the
precading nucleoside is a bicyelic nucleoside having a 4'-CH-0-2" bridge; superscript Me
indicates that the following nucleoside is a S-methyl-base modified nucleoside; and each
nucleoside not otherwise annotated iz a 2-deoxynbonucleoside.

As shown above, each antisense compound demonstrated a dose-dependent reduction in
PTEN mRNA levels. The results demonstrate that M-methoxy amino BNA gapmer 403045 15
about 2.5 fold less active than 47-CH-0-2" BNA gapmer 392063,

The Elsg for 403045 and 392063 were determined by comparing oligonucieotide
concentration in the Bver to inhibition of PTEN mRNA.  Antisense oligomers 403045 and
392063 were found to extubit an EDssof 7.9 mgrke (1,771 wmolkg) and 3.1 mgtke {0.68
pmolfkg) respectively, EDspis defined as the effective dose required displaying 50% of
reduction in PTEN mRNA.

Liver transaminace levels, alanine aminotranferease (ALT) and aspartate
aminotransferase (AST), in serum were measured relative to saline injected mice. The

approximate liver transaminase levels are listed in the table below.

SEQ 1D NO/

IS18 MO Dose (umolkey ALT (UMY  AST (IU/L)
Saline N/A 248 62
05/403045 0.1 308 858

.32 21.3 63.3

1 17 55.8

32 16.5 60.3
(57392063 .1 238 53

3.32 27.8 1105

i 385 8¢

32 3218 2658
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A slight decrease in total body weights was observed tn mice treated with 392063 as
compared to mice treated with saline alone. There is no significant change in total body weights

for mice treated with 4030435 a5 compared to the tofal body weights of mice treated with saline

L

alone.

Example 34
Effects of antisense compounds targeting PTEN in vivo study
Six week old male Balb/c mice (fackson Laboratary, Bar Harbor, ME) were injected

10 once with 2°-MOR (394424}, 47-CH-G-2" BNA (392056), and N-methoxylamino (403747)

modified oligomers targeted to PTEN at a dose of 2.5, 5, 10, or 20 pmolkg. The mice were

sacrificed 72 hows following the final administration. Liver fissues were homogenized and

PTEN mRNA levels were guantitated using real-time PCR and RIBOGREENE RNA

quantification reagent (Maolecular Probes, Inc. Bugensg, OR) according to standard protocols.
15 PTEN mRNA levels were determined relative to total RNA {using Ribogreen), priot to

normalization to saline-treated control. The relative activities of the antiscnse compounds arc

shown below with the results presented as the average %% inhibition of mRNA expression for

each antisense compound, normalized to saline-injected control.

20 SEQIDNO/

ISIS NO Seguence " PTEN % Inhibition {pmol’kg dose)
28§ 306 W 28

06/394424  TMCATGGUTGCAGMCT, a2 nla nla 29

06/302056  TICATGGCTGCAG™ Oy 42 61 82w

07/403747  U,CATGGCTGCAGCU, 34 5 68 79

Fach internucleoside linking group is a phosphorothioate; subseript n indicates that the

&0
L

preceding nucleoside is an N-methoxy-amino bicyclic nucleoside; subsenipt 1 indicates that the
preceding nucleostde is a bicyclic nucleoside having a 47-CHy-O-27 bridge; subscript ¢ indicates
that the preceding sucleeside is a 2'-{CH; ) OCH; (MOE) medified nucleoside; superscript Me
30 ndicates that the following nucleoside is a S-methyl-base modified nucleoside; and each
mucleoside not otherwise annotated is a 2'-deoxyribonucleoside.
In certain embodiments, ALT and AST levels were measured in mice treated with the
antisense oligomers 394424, 392056, and 403747, Serum was analyzed by LabCorp Testing

Factlity (San Diego, CAY aud ALT and AST levels in senun were measured relative to saline
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injected voice. The approximate ALT and AST luvels are listed in the table betow.

SEQ 1D NOQY

ISISNO Dose {(pmeol/keg ALTOU/AY  AST U/L)
Saline N/A 33 70
(36/394424 20 26 49
06/392056 2.5 39 62

5 3 181

10 890 593
07403747 2.5 31 63

3 37 35

10 91 84

20 341 281

Example 35
Nuclease stability, snake venom phosphodiesterase treatment

The nuclease stability of a DNA oligomer compared with modified oligomers having N-
methoxyamine BNA, -CH,-0-2" BNA and 2°-MOE modified nucloosides were determined
following treatment with snake venom phosphodicsterase (SVPD). Each of the test oligomers
was incubated with SVPD (0.0005 UfmL) in 50 mM Tris-HCL pH 7.5, 8 M MgCl; at 37 °Cto
a final concentration of 5 uM in a total volume of 100-150 ul.. At cach time point, a 10 ul
aliguot and quenching buffer (8 M Urea, 50 M EDTA) was placed in a 500 pl. microfuge tube.
Kinetic time points were taken at 0, 1, 2, and 4 mimues for 7153: ¢, 5, 10, and 15 minutes for
395421 and 395423; and 0, 30, 60, 120, 240 and 480 minutes for 403872, The samples were
then cooled on ice and spun in a Microfuge to bring the entire volume to the bottom of the tube.
Samples were kept frozen until ready for LC/MS analysis.

For cach sample the oligomer and metabolites wers separated and analyzed using [P-
HPLC/MS techniques. Samples were difated to a concentration of 1 pM with quenching butfer
in & microsampling vial and 50 ul of the sample was injected into the IP-HPLC column (YMC
ODS-AQ™ 1.0 mm x 150 mm, 3 wm, 120 A°). The loading buffer used was 25mM TBAA
{tributyl ammonium acetate) in 25% acetonitrile. The mobile phase “A” was S mM TBAA In
20% acetonitrile and the mobile phase “B” wag 5 mM TBAA in 90% acetonitrile. Conditions:
0-4 min 10 % B, 426 minn 65% B, 26-32 min 75% B: flow 0.1 mL min': wave tength 260 mm.

The percentages of the full-length oligomers were caleulated by integration using Caesar v. 6
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software (Senetec Software, New Jersey) and the oligonuclentide halt-lives ware cateulated

using GraphPad Prism 4.

SEQ IDNO. Composition{5’ toe 3’}  modification Half Life {min)
SIS NO,

0877157 TTTTrTTITTrTi unmodified (2°-H), DNA 0.6
08395421 TTTTYITTTITT T, 2-MOE 3.4
(9/395423 TITTITTTTIUW, 4-CH:-0-2" BNA 3.0
(9/403872 TITTTTTTTYU U, N-Methoxyamino BNA 188.0

Each internucleoside linking group is a phosphorothioate; subseript n indicates that the
preceding nucleoside is an N-methoxy-amine bicyclic nucleoside; subseript | indicates that the
preceding nucleoside is a bieyelic nucleoside having a 4°-CH,-0-2" bridge; subscript e indicates
that the preceding nucleoside is a 2-{CH )R OCH; (MOE) modified nucleoside; and each
nucleoside not otherwise amnotated is u 2'-deoxyribonuclenside.

As shown, the half [ife of Nanethoxyamine BNA modified oligomer (403872) was
increased compared o the half lives caleolated for the 2°-MORE (395423) and 4-Ci1;-0-2" BNA
(395421} modified oligomers.

All publications, patents, and patent applications referenced hergin are incorporated
hercin by reference. While in the foregeing specification this invention has been described in
relation fo cerfain embodiments thereof, and many details have been set forth for purposes of
illustration, it will be apparent to those skilled in the art that the invention is susceptible to
additional embodiments and that certain of the details described herein may be varied

considerably without departing from the basic principles of the invention.
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What is Claimed is:

i A bicvehic nucleoside having Formula I:

wherein:

Bx 15 a heterocyclic base moiety;

one of 1y and T, is H or a hydroxyl protecting group and the other of Ty and Tris H, a
hydroxy? protecting group or a reactive phosphorus group;

R is C;-Cy alkvl, substituted C1-Cy alkd, Co-Cy alkeenyl, substituted C-Cq atkenyl, Cp-Cy
alkyny! or substituted Cp-Cy alkynyl;

g and g are each independently, H, halogen, Ci-Ce alkyl, substituted C-Cy alkyl, CooCs
alkenyl, substituted Cp-Cy alkenyl, Co-Cs atkynyl or substituted Co-Cy alkynyl, C-C atkoxyl,
substituted C-Cs alkoxyl, acyl, subsiituted acyl, C-Cy aovnoalky] or substituted C-Cy
aminoalloyl;

s and gy are cach independently, H, halogen, C-Ce lkyl, substituted Cy-Cy alkyl, Cp-Ce
alkenyl, substituted Cp-Ci alkenyl, Ca-Cs alkynyl or substituted Co-Cs alkynyl, €1-Ce atkoxyl,
substituted Ci-Cs alkexyl, acyl, substituted acyl, Ci-Cy aminoalky! or substitited C-Ge
aminoalkyl;

wherein each substituted group is, independently, mono or poly substituted with
substituent groups independently sefected from halogen, Oy, 8Ty, NEJ, Ny, COOQJ, ON, O-
C=0IN,, NHCENHING T or N(HCE=XINH); wherein X ig Gor §; and

each Jy and J; is, independently, H, Ci-Cs alkyl, Ca-Cg alkenyl, CoCq alkynyl, C-C
aminoalkyl or a protecting group.

2. The bicyelic mucleoside of claim 1 wherein R is C-Cy alkyl or substimted C-Cy alkyl.
3. The bicvelic nucleoside of any one of claims 1 or 2 wherein R 18 C~Cy alkyl.

4. The bicyclic nuclenside of any one of claims 1-3 wheremn R 15 methyl.
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The bicyclic nucleoside of any one of claims 1 or 2 wherein R is substituted C~C; alkyl

5.
The bicyclic nucleoside any one of claims 1, 2 or 5 wherein R is -(CH)O(CH 3 CH3

3+

9. [
whereinnfefrom lfodandmwsGorfrom H to 3

The bicyclic nucleoside of any one of claims 1, 2, § or 6 wherain R is -(CHz)s

-

7. ievel
The bicyelic nucleoside of any one of claims 1-7 haviag Forowula [ and fsther having the

sonfiguration of Formula fa

T

QLL\ O

QoS
qf} . :\:‘ N N\
T,—0 O-N

l
i
¢
n

1a.
The bicyclic nucleoside of any one of claims 1-7 having Formela [ and further having the

g,
gontiguration of Formula b

.f‘r 1‘!

\Y,Bh

ib.

i
44

10, The bicvelic muclsoside of any one of claims 1-9 wherein g and ¢ are each
independently, H, C-C, alkyl, substituted Cy-Cy alkyl, Co-Cy alkenyl, substitated Cp~Cy atkenyl

2y GGy alkynyl or substitsted Ca-Cy alkvny
11, The bieychic nucleowide of any ong of claims 1-10 whersin one of quor gy is
12.  The bicyclic nucleoside of any one of clatms 1-10 wherein ¢y and qa ave each H
25
The bieyelic nucleoside of any o laims 1-12 wherein g3 and g« are each

P
L]
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independently, H, Ci-Cq alkyl, substituted Ci-Cy alkyl, Cr-Cy alkenyl, substituted Cy-Cy alkenyl,

(- allovny! or substituted Ca-Cy atkynyl.

14.  The bicycte nucleoside of any ong of claims 1-13 wherein one of gz or g 15 H.

15, The bicyclic nucleoside of any one of claims 1-13 wherein ¢y and g4 are each H.

16.  The bieyelic nocleoside of any one of claims 1-9 wherein one of 4y, gz, ¢ and g4 is CH;

and the other three of ¢y, o, q3 and g are independently H.

17, The bicyclic mxcleoside of any one of claims 1-9 wherein one of ¢y and g2 1s CH; and one

of g3 and <4 is CH; and the other two of qu, g2, @5 and qe are independently H.

18, The bicyclic mucleostde of any one of clatrns 1-17 wherein T and Ts ars sach,

independently, a hydroxyi protecting group.

1%, The compound of any one of claims [-18 wherein each of said hwdroxyl protecting
groups is, independently, acetyl, t-butyl, t-butoxymethyl, methoxymethyl, tetrabydropyranyd, 1-
ethoxvethyl, 1-(2-chlorpethoxyiethyl, 2-trimethyisilylethl, p-chlorophenyl, 2,4-dindtrophenyl,
benzyl, benzoyl, p-phenylbhenzoyl, 2,6-dichlorobenzyl, diphenyimethyl, p-nitrobenzyl,
triphenvimethyl (trityl}, 4-methoxytrityl, 4,4"-dimethoxytrityl, trimethylsilyl, triethylsityl, t
butyldimethylsilyl, t-butyldiphenyleilyl, triphenylsilyl, triisopropylsilyl, benzoylformate,
chloroacetyl, trichloroacetyl, trifluoroacetyl, pivalovl, 9-fluorenylmethvl carbonate, mesylate,

tosylate, triflate, trityl, monomethoxytrityl, dimethoxylrityl, trimethoxytrity! or substituted pixyl.

20.  The bicyelic mucleoside of any one of clatms 1-19 wherein T, is acetyl, benzyl, ¢

butyldimethylsilyl, t-batyvidiphenylsilyl or dimethoxytrityl.

21, The bicyclic nucleoside of any one of claims 1-20 wherein said T, is 4, 4-dimethoxytrityl.

22, The bicyelic nucleoside of any one of claims 1-17 and 18-21 wherein T s a reactive

phosphorus group.

23, The bicyclic mucleoside any one of claims 1-17 and 18-22 wherein said reactive
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phosphorus group is ditsepropylevancethoxy phosphoramidite or H-phosphonate.

24, The icyehic nucleoside any one of clatms 1-17 wherein T, is 4 4'-dimethoxytrityl and T»

is diisopropyvlevancethoxy phosphoramidite.

25, ‘The hicyelic nucleoside any one of claims 1-24 wherein Bx 8 uracil, thymine, cvtosine,

adenine or guaning,

26,  The bicyelic nucleoside any one of claims 1-24 wherein Bx is a pyrimidine, substituted

pyrimidine, perine or substituted purine.

27, The bicyclic nucleoside any one of claims 1-24 wherein Bx is S-methyluraci, 5-

methyloytosine, S-thiazolo-uracil, S-thiazels-cytosine or 2 6-diainopurine.

28, The bievelic nucleoside any one of claiins 1-24 wherein Bx is wracil, S-methyluracit, 5-
thiazolo-uracil, 2-thio-uracil, S-propynyl-uracil, thymine, 2-thio-thymine, cvtosine, 5-methyi-
cytosing, S-thigzole-cvtosine, S-propynvi-cyvtosine, adenine, guanine, 2,6-diaminopurine, 1H-
pyrimidof 5,4-b1[1,4benzoxazin-2{3H}-one), | H-pyrimido[5,4-bi[1,4]benzothiazin-2¢{3H}-one, 9-
(2-amincethoxy}-H-pyrimido[5,4-b][ | 4]benzoxazin-2{3H}-one, 2H-pyrimidol4,5-blindol-2-one

or H-pyrido[37,.2%4,5 jpyvrrolof2,3-dipyrimidin-2-one,

29.  The bicyclic aucleoside any one of claims 1-28 wherein each J; and J; is, independently,

H or C-Cy alkyl

30, Asn oligomeric compound comprising at least one bicyclic nucleoside having Formula i1
Wt o
T,-0 AT B
X o
v Oy

\ {

Bl e
Py \»\\\ /f
4 : \1
OR
i

wherein for each of said at least one bicychic nucleoside having Formula IT;

Bx i3 a heterocyelic base moiety;
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Ts and Ty are each, independently, an intermucleoside linking group hinking the bicychic
nuclenside to the oligomenc compound or one of Ty and T4 is an intemucleoside linking group
linking the bicyelic nucleoside to the oligomeric compound and the otherof Ty and This H, a
hydroxyl protecting group, a linked conjugate group or a 3" or 3'-terminal group;

R is C-Cy alkyl, substituted C-Ty alkyl, €3-Ce alkenyl, substituted Cp-C; atkenyl, Co-Cy
alkvayl or substituted Cy-Us alkyoyl;

ay and g are each independently, H, halogen, C¢-Cy alkyl, substituted C-Cy alkyl, Co-Cs
alkenyl, substituted Cr-Cy alkenyl, Ca-Cq alkynyl or substituted Cp-Cy alliynyl, C-Cy alkoxyl,
substitated C;-Cy alkoxyl, acyl, substituted acyl, €,-C; aminoalley! or substituted C,-Cy
aminoalkyl;

g5 and gs ave each independently, H, halogen, C-Cy alkyl, substitoted C-Ce allyd, Ca-Cy
alkenyd, substitoted Co-Cq alkenyl, Cyp-Cy alkynyl or substituted Ca-Cg alkynyl, C,-Cs alkoxyl,
substitited C;~Cy alkoxyl, acyl, substituted acyl, C-Cg aminoalky! or substituted Ci-Cy
aminoalkyl;

whercin cach substituted group s, independently, nono or poly substituted with
subsiituent groups indepondently selected from halogen, O, 81, NIy, Ny, COQI,, CN, O~
C{=OMNds, NHICENHING T or NEDCEXONEH wherein X is O or S and

each Jy and I, is, independently, H, C-Cs alkyl, GOy alkenyl, C;-C, alkynyl, Ci-Cq

aminoatkyl or a protecting group.

31,  The oligomeric compound of claim 30 wherein R is €,-Cy alkyl or substitated C;-Cy
alkyl

32.  The oligomeric compound of any one of claims 30-31 wheretn R is C-C; atkyl.

L2
(¥

The oligomeric compoand ol any one of claims 36-32 wherein R 1s methyl.

34.  The oligomeric compound of any one of claims 30-31 wherein R is substituted C;-C3

alkyl,

35.  The oligomeric compound of any one of clatms 30-31 or 34 wherein R is -

{CH)O{CH)WCHs, whereinnis rom 1 to Jand mis Q or from 1 0 3.
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36, The oligomeric compound of any one of claims 36-31 or 34-3% wherein R is -(CHy -

OCH;.

37, The oligomeric compound of any one of claims 30-36 comprising at least one bicyclic

nucleoside of formula 1T and further having the configuration of Forowls Ha:

‘31 \L\ P
5 \ _J’
SN
a0 O-R
i,

38, The oligomeric compound of any one of claims 30-36 comprising at least one hicyclic

macleoside of formuala 1T and further having the configuration of Formmda Hb:

G"Tl
QX > \,BK
TE' O -R~

iIh.
39, The oligomeric compound of any one of claims 30-38 wherein each q; and g; 1s,
independently, H, C,-C; alkyl, C-Cy alkenyl, Co-Cs alkynyl, substituted C-Cy atkyl, substituted
Ca-C ulkenyl or substituted Co-Cly alkynyl,
40.  The oligomeric compound of any one of claims 30-39 wherein each q; or each ¢o is H.
41.  The ohigoweric compound of any one of claims 30-39 wherein such «; and each gz is H.
42, The chgomeric compound of any one of claums 30-41 wherein each 3 and g, 15,
independently, H, C-Cy alkyl, C2-Cs alkenyl, Ca-Ce alkynyl, substituted C;-Cg alkyl, substituted

C-C alkenyl or substituted £;-Cy alloynyl,

4 The oligomeric compound of any one of claims 30-42 wherein cach gy or each g is H.

]
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44,  The oligomeric compound of any one of claims 30-42 wherein cach . and each gqis H.

45, The oligomeric compound of any one of claims 30-38 wherein one of each gy, g2, G 08 s

iz CHs and the other three of each g, qp, 63 OF g4 are cach H.

46,  The ohgomeric compound of any one of claims 30-38 wherein one of sach g or ¢ is

CH; and one of sach ¢ of qq is CHz and the other two of each qu, g2, G or gq are exch H.

47, The oligomeric compound of any one of claims 30-46 wherein at least one of Ty and Ty is

&k . AT T - .
a 5" or 3 termyinal group.

48.  The oligomenic compound of any one of claims 30-47 wherein said terminal groupis a

conjugate group.

49, The oligomeric compound of any one of chums 30-48 wherein each internucleoside

linking group is, independently, a phosphodiester or a phosphorothioate.

50.  The oligomeric compound of any one of claims 30-48 wherein sach internucleoside

linking group is a phosghodiester,

51.  The oligomeric compound of any one of claims 30-49 wherein each internucleoside

linking group is a phosphorothioate.

52.  The oligomeric compound of any one of claims 30-531 comprising al least one region of at

least two contiguous bicyclic nucleosides having formula 1L

53, The oligomeric compound of any one of claims 30-52 wherein the region of at {east two
contiguous bicyclic nucleosides having Formula 11 1s located at either the 3' or the §-end of the

oligomeric compound.

54, The oligomeric compound of any ong of ¢laims 30-33 further comprising at least one
bicyclic nucleoside having Formuia I located at the other of the 3" or the §-end of the oligomeric

compound.
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35, The oligomeric compound of any one of claims 30-32 wherein the region of at least two
contiguous bicyolic nucleosides having Formula 11 is located internally in said ohigomenc

componand.

56, The oligomeric compound of any one of claims 30-51 comprising at least two regions of
from 1 to about § contiguocus bicychic nucleosides having Formala 1 thet are separated by at

least one nucleoside or modified nucleoside,

§7.  The oligomeric compound of claim 56 comprising a gapped oligomeric compound
wherein one of said regions of bieyelic nucleosides having Formula 11 is located at the 5'-end and
the other of said regions is located externally at the 3%end snd wherein the two external regions
are separated by an internal region comprising from about 6 to about 14 monomerie subunits

mdependently selected from nucleosides and modified nucleosides.

8. The oligomeric compound of claim 37 wherein essentially each monomeric subunit in the

internal region is a §-D-2-deoxyrtbonucicoside.

s%.  The ohigomeric compound of any one of claims 37-58 wherein the internal region

comprises from about 6 to about 14 B-D-2-deoxyribonuclensides,

60.  The oligomeric compound of any one of claims 57-39 wherein the internal region

comprises from about 10 to about {2 B-D-2-deoxyriborucleosides.

61.  The oligemeric compound of any one of claims 57-59 wherein the internal region

comprises from aboat 18 to about 14 §-D-2-deoxyribonucleosides.

62.  The oligomeric compound of any one of claims 57-61 whevetn: cach of the external

regions independently comprises from 2 to about 3 bieyclic nucleosides having Formela 11

63.  The oligomeric compound of any one of claims 57-62 wherein each of the extenal

regions independentty comprises 2 bicvelic nucleosides having Formula H.

64,  The oligomeric compound of any one of claims 57-63 wherein the internal region
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compises 10 B-D-2decxyribonucleosides.

63,  The cligomede compound of any one of claims 30-64 wherein cach bicyelic nucleosides
having Formula 1l further has the configuration of Formula ila:

SR

66.  The oligomeric compound of any one of claims 30-64 wherein each bicyche nucleosides
having Formula [T further has the configuration of Formuia [iix
O”‘Ti
4N OO0 LBk

4 Y

67, The oligomeric compound of any one of claims 30-66 comprising from about & to about

40 monwpmers in length,

68, The oligomeric compound of any one of claims 30-66 comprising from about § to about

20 mononzers in length.

69, The oligomeric compound of any one of claims 30-66 comprising from about 10 to about

16 monomers i length,

70.  The oligomeric compound of any one of clatms 30-66 comprising from abowt 12 to about

16 monormers in length,

71.  The oligomeric compound of any one of claims 30-66 comprising from about 10 to about

14 monomers in length.
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72 A method of contacting a cell with an oligomeric compound, said oligomeric compound

comprising at least one bicyclic nuclecside having Formala [

L7 4
oot
——t

wherein for each of said at least one bicyelic nucleoside having Formula I

Bx is 2 heterocyelic base motety;

T+ and T, are each, independently, an internucleoside linking group linking the bicyclic
pucleoside to the oligomeric compeound or one of T and Ty is anonterneclecside linking group

10 linkiog the bioyclic sucleoside to the oligomeric compound and the other of Ty and To is H, a
hydroxyl protecting group, a linked conjugate group or a §' or 3-terminal group;

R is Ci~Cy alkyl, substituted Ci-Cy alkyl, Ca-Cy alkenyl, substituted Cr-Cs alkenyl, C-Ce
alkynyl or substituted Co-Cy alkvnyd;

¢y and q; are cach independently, H, halogen, C-Cy alkyl, substitated C-Cy alkyl, Co-Cs
atkenyl, substituted 0~Cy alkenyl, Cr-Us alkynyl or substitated Co-Cy alkynyl, Ci-Ce alkoxyl,
substituted Cy-Cg alkoxyl, acyl, substituted acyl, C-Cy aminoaltky! or substituted Cy-Cs

15 aminoalkyl,

s and g4 are each independently, H, halogen, Ci-Cy alkyl, substituted Cy-Cy alkvl, Ca-Cs
atkenyl, substituted C,-Cq alkenyl, C-Cy alkynvi or substituted Cp-Cq atkynyl, Cy-Cy alkoxyl,
substituted C-Cy alkoxyl, acyl, substituted acyl, Ci-Cy aminoalkyl or substituted C,-Cy
arninoalkyl;

20 wherein each substituted group is, independently, mono or poly substituted with
substituent groups independently selected from halogen, QJy, SJy, NIy, Ny, COQY, CN, O~
C=OYNT I, NEDOENHING I, or NH)CEXINGDY, wherein X is O or S; and

gach Iy and I» s, independently, H, C;-Cy alkyl, Co-Cy alkenyl, Co-Cy alkynyl, C-Cy

aminealkyl or 8 protecting group; and

e
L5

wherein said oligomeric compound comprises from about § to about 40 monomeric

suburiis and is complementary o a target RNA.
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The method of claym 72 wherein said cell 18 in sn amimal,

74, Themethod of any one of claims 72-73 wherein said cell is in a human.

75, Themethod of any one of claims 72-74 whersin said target RNA Is selected from

mENA, pre-mBNA and micro RNA.

76, The method of any one of claims 72-75 wherein said target RNA is mRNA.

77, The method of any oneg of claims 72- 76 wherein sald target RNA is human mRNA,

78.  The method of any one of claims 72~77 wherein said target RNA is cleaved thereby

inhibiting its funciion.

79, The method of any one of clatres 72-78 further comprising evaluating the antisense

activity of saxd oligomeric compound on said cell.

8. The method of any one of clams 72-79 wherein said evaluating comprises detecting the

levels of target RNA.

81.  The method of any one of claims 72-79 wherein said evaluating comprises detecting the

levels of a protein.

82.  The method of any one of claims 72-79 wherein said evaluating comprises detection of

one or more phenotypic effects.

83, A method of inhibiting gene expression comprising contacting one or more cells, a tissue

or an animal with an oligomeric compound of any of claims 30 to 71.
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