SUMMARY
The present disclosure relates to novel cyclic di-nucleotide compounds of general
formula (I), general formula (I'), and/or general formula (I"). In particular, the present disclosure

relates to compounds having the general structural formula (I):
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or pharmaceutically acceptable salts, hydrates, solvates, or prodrugs thereof, as described herein.

The present disclosure also relates to compounds having general structural formula (I'):
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or pharmaceutically acceptable salts, hydrates, solvates, or prodrugs thereof, as described herein.

10 Thus, in one aspect, there is provided a compound of formula (I'):
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or a pharmaceutically acceptable salt thereof, wherein
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, and wh, , where Base!

2

and Base” each may be mdependently substituted by 0-3 substituents R'°, where each R' is
independently selected from the group consisting of F, Cl, I, Br, OH, SH, NH,, C,_; alkyl, Cs.4
cycloalkyl, O(C 3 alkyl), O(Cs. cycloalkyl), S(C,.3 alkyl), S(Cs.¢ cycloalkyl), NH(Ci_3 alkyl),
NH(C3.6 cycloalkyl), N(C;.3 alkyl),, and N(Cs.¢ cycloalkyl);

Y and Y? are each independently selected from the group consisting of -O- and -S-;

X?* and X* are each independently selected from the group consisting of O, and S;

X® and X" are each independently selected from the group consisting of O, and S;

X° and X°! are each independently selected from the group consisting of OR’, SR®, and
NRR’;

X% and XU are each independently selected from the group consisting of O and S;

R' and R'* are each independently selected from the group consisting of H, F, Cl, Br, 1,
OH, CN, N3, C;-Cs alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C;-Cs haloalkyl, C;-Cg haloalkenyl,
C,-Cg haloalkynyl, -O-C{-Cg alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg¢ alkynyl, where said R! and
R C4-Cq alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, C1-Cg haloalkyl, C,-C¢ haloalkenyl, C,-Ce
haloalkynyl, -O-C;-Cs alkyl, -O-C,-Cg alkenyl, and -O-C,-C¢ alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, and N3;

R? and R** are each independently selected from the group consisting of H, F, Cl, Br, I,
OH, CN, N3, C;-Cg alkyl, C,-Cg alkenyl, C,-Cs alkynyl, C;-C¢ haloalkyl, C,-Cg haloalkenyl,
C,-Cg haloalkynyl, -O-C;-Cg alkyl, -O-C,-C¢ alkenyl, and -O-C,-Cg alkynyl, where said R? and
R% C;-Cq alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, C;-Cg haloalkyl, C,-Cs haloalkenyl, C»-Cs
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haloalkynyl, -O-C-C¢ alkyl, -O-C,-Cs alkenyl, and -O-C,-Cg4 alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, and N3;

R? is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cg alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cs haloalkynyl, -O-C;-Ce
alkyl, -O-C,-Cs alkenyl, and -O-C,-Cg alkynyl, where said R3 C-Cq alkyl, C,-Cg alkenyl, C;-C¢
alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-C¢ haloalkynyl, -O-C;-C alkyl, -O-Cy-Cs
alkenyl, and -O-C,-Cg alkynyl are substituted by O to 3 substituents selected from the group
consisting of F, Cl, Br, I, OH, CN, and Nj3;

R* and R* are each independently selected from the group consisting of H, F, Cl, Br, I,
OH, CN, N3, C;-Cg alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl,
C,-Cg haloalkynyl, -O-C;-Cs alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl, where said R* and
R* C-Cs alkyl, C,-Cg alkenyl, Cy-C¢ alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Ce
haloalkynyl, -O-C,-Cg alkyl, -O-C,-C¢ alkenyl, and -O-C,-C¢ alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, [, OH, CN, and N3;

R’ is selected from the group consisting of H, F, Cl, Br, I, OH, CN, NHj, N3, C;-Cs alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cs haloalkynyl, -O-C;-Cg
alkyl, -O-C,-Cs alkenyl, and -O-C,~-Cs alkynyl, where said R’ C1-Cg alkyl, C»-Cg alkenyl, C2-Cg
alkynyl, C;-Cs haloalkyl, C,-C¢ haloalkenyl, C,-Cg haloalkynyl, -O-C;-Cs alkyl, -O-C»-Cs
alkenyl, and -O-C,-Cg alkynyl are substituted by 0 to 3 substituents selected from the group
consisting of F, CL, Br, I, OH, CN, NR°R’, and N3;

R® and R® are each independently selected from the group consisting of H, F, Cl, Br, I,
OH, CN, N3, C;-Cg alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, C;-C¢ haloalkyl, C,-Cs haloalkenyl,
C,-C¢ haloalkynyl, -O-C;-Cs alkyl, -O-C,-Cg alkenyl, and -O-C»-Cs alkynyl, where said RS and
R% C;-Cg alkyl, C»-Cg alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C;-Ce
haloalkynyl, -O-C;-Cg alkyl, -O-C,-C¢ alkenyl, and -O-C,-C¢ alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, and N3;

R” and R™ are each independently selected from the group consisting of H, F, Cl, Br, I,
OH, CN, N3, C{-Cs alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl,
C,-Cg haloalkynyl, -O-C;-Cs alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl, where said R” and
R C;-Ce alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Ce
haloalkynyl, -O-C;-Cg alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, and N3;
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R® and R* are each independently selected from the group consisting of H, F, Cl, Br, 1,
OH, CN, N, C;-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C;-Cq haloalkyl, C,-Cg haloalkenyl, C,-
C¢ haloalkynyl, -O-Cy-Cs alkyl, -0-C,-Cy alkenyl, and -O-C,-Cy alkynyl, where said R® and R*
C1-Cg alkyl, C,-Cg alkenyl, C,-Cs alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, Co-Cs
haloalkynyl, -O-C;-Cg alkyl, -O-C,-C¢ alkenyl, and -O-C,-Cg alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, and N3;

each R’ is independently selected from the group consisting of H, C;-Cyy alkyl,

4
O/k /\E(
fiV/A\O/A\V/O\V/A\O/A\V/ﬂ\o and s-S

optionally substituted by 0 to 3 substituents independently selected from the group consisting of
OH, -0-C;-Cy alkyl,-S-C(0)C,-Cs alkyl, and C(O)OC;-Cg alkyl;
optionally R'® and R? are connected to form C-Cq alkylene, C,-C¢ alkenylene, C,-Cs

, where each R’ C1-Cyp alkyl is

alkynylene, -O-C;-Cg alkylene, -O-C,-Cg alkenylene, or -O-C,-Cg alkynylene, such that where
R'? and R? are connected to form -O-C;-Cg alkylene, -O-Cy-Cs alkenylene, or -O-Co-Cs
alkynylene, said O is bound at the R® position;

optionally R?® and R? are connected to form C;-Cg alkylene, C,-Cg alkenylene, C,-Cg
alkynylene, -O-C¢-Cs alkylene, -O-C,-Cg alkenylene, or -O-C,-Cg alkynylene, such that where
R?® and R are connected to form -O-C1-Cg alkylene, -O-C,-C¢ alkenylene, or -O-C,-Cg
alkynylene, said O is bound at the R? position;

optionally R® and R® are connected to form -O-C;-Cs alkylene, -O-C,-Cg alkenylene, or
-0-C,-Cg alkynylene, such that where R? and R® are connected to form -O-C;-Cg alkylene,
-0-C,-Cg alkenylene, or -O-C,-Cg alkynylene, said O is bound at the R? position;

optionally R* and R’ are connected to form are connected to form C;-Cg alkylene, C»-Cs
alkenylene, C,-Cg alkynylene, -O-C;-Cg alkylene, -O-C,-Cs alkenylene, or -O-C,-Cg alkynylene,
such that where R* and R’ are connected to form -O-Cy-Cg alkylene, -O-C,-Cs alkenylene, or
-0-C,-Cg alkynylene, said O is bound at the R’ position;

optionally R and R® are connected to form -0-C;-Cg alkylene, -O-C,-Cs alkenylene, or
-0-C,-Cg alkynylene, such that where R and R® are connected to form -O-C;-Cg alkylene,
-0-C,-Cy alkenylene, or -O-C,-Cg alkynylene, said O is bound at the R’ position;

optionally R” and R® are connected to form C;-Cg alkylene, C-Cy alkenylene, or C-Cs

alkynylene; and
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optionally R7% and R% are connected to form C 1-Cs alkylene, C,-Cg alkenylene, or Cp-Cg
alkynylene; and
providing that when Y and Y* are each O, X* and X2 are each O, X® and X®! are each O,
and X° and X°! are each OH or SH, X and X! are each O, R! and R'* are each H, R? is H, R®
5  and R® are each H, R” and R" are each H, R® and R% are each H, and Base' and Base? are each
NH, o 0
soXeS e
selected from the group consisting of “L , “*L and ‘“L R’ and R® are
not both selected from the group consisting of H, F and OH.

The present disclosure also relates to compounds having general structural formula (I"):

o}
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10 or pharmaceutically acceptable salts, hydrates, solvates, or prodrugs thereof, as described herein.

Thus, in another aspect, there is provided a compound of formula (I"):

o 1
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or a pharmaceutically acceptable salt thereof, wherein
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Y is selected from the group consisting of -O- and -S-;

X® and X° are each independently selected from the group consisting of OR’ and SR,

X4 and X! are each independently selected from the group consisting of O and S;

R*is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cg alkyl,
C,-Cs alkenyl, C,-Cg alkynyl, C1-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cg haloalkynyl, -O-C,-Cg
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cs alkynyl;

R3 is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-C alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C;-Cs haloalkyl, C,-Cg haloalkenyl, C,-C¢ haloalkynyl, -O-C-Ce
alkyl, -O-C,-Cs alkenyl, and -O-C,-Cs alkynyl;

R*is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-C; alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, Cy-Cg haloalkyl, C,-Cs haloalkenyl, C,-Cg haloalkynyl, -O-Cy-Cg
alkyl, -O-C,-Cs alkenyl, and -O-C,-C¢ alkynyl;

R’ is selected from the group consisting of H, F, Cl, Br, I, OH, CN, NH,, N3, C;-Cq alkyl,
C,-C¢ alkenyl, C,-Cg alkynyl, Cy-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cg haloalkynyl, -O-C;-Cg
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl;

R% is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cg alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cg haloalkynyl, ~O-C;-Cg
alkyl, -O-C,-Cg¢ alkenyl, and -O-C,-Cg alkynyl;

each R’ is independently selected from the group consisting of H, C;-Cyq alkyl,

A
MONO\/\O/\)kO _and g

optionally substituted by O to 3 substituents independently selected from the group consisting of
OH, -0-C;-Cyy alkyl,-S-C(0)C;-Cs alkyl, and C(O)OC-Cs alkyl; and
optionally R? and R® are connected to form -O-C1-Cg alkylene, -O-C,-C¢ alkenylene, or

, where each R® C;-Cyo alkyl is

-0-C,-Cg4 alkynylene, such that where R? and R® are connected to form -O-C,;-Cg alkylene,
-0-C-Cg alkenylene, or ~O-C,-Cg alkynylene, said O is bound at the R position; and

providing that when Y and Y? are each O, X" and X are each O, X° and X" are each O,
and X® and X® are each OH or SH, X® and X*! are each O, R! and R!? are each H, R?is H, R®

and R® are each H, R” and R are each H, R® and R3? are each H, and Base' and Base? are each
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selected from the group consisting of ~L. R L, and ~L. ,R’and R? are
not both selected from the group consisting of H, F and OH.

Embodiments of the disclosure include compounds of general formula (I), compounds of
general formula (1), and/or compounds of general formula (I"), and pharmaceutically acceptable

salts, hydrates, solvates, or prodrugs thereof, as well as synthesis and isolation of compounds of
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general formula (I), compounds of general formula (I"), and/or compounds of general formula
(I"), and pharmaceutically acceptable salts, hydrates, solvates, or prodrugs thereof. Uses of
compounds of general formula (I), compounds of general formula (I'), and/or compounds of
general formula (I") are also disclosed.

In another aspect, there is provided a compound selected from the group consisting of:
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sH , or a pharmaceutically acceptable salt thereof.

In another aspect, there is provided a pharmaceutical composition, said pharmaceutical
composition comprising: (a) a compound as defined herein or a pharmaceutically acceptable
salt thereof; and (b) a pharmaceutically acceptable carrier.

Other embodiments, aspects and features of the present disclosure are either further

described in or will be apparent from the ensuing description, examples and appended claims.

DETAILED DESCRIPTION OF THE INVENTION

The present disclosure includes compounds of general formula (I), compounds of general

formula (I'), and/or compounds of general formula (I") above, and pharmaceutically acceptable
salts, hydrates, solvates, or prodrugs thereof. These compounds and their pharmaceutically
acceptable salts, hydrates, solvates, and/or prodrugs are useful as agents to induce interferon

production.

A first embodiment of the disclosure relates to cyclic di-nucleotide compounds of general

formula (I):
R7
X2 8
SR Base!
Y-
R* R
R R!
R5 Xb1
1
diop__yal R
X -!lj X2 ‘\\\RR:a ,
%ot ya Base
R4 Rza
RGa R1a
Xd=p Xxb R?
S M
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or a pharmaceutically acceptable salt, hydrate, solvate, or prodrug thereof, wherein Balse1 and

</35</

Base? are each independently selected from the group consisting of ‘*L

o3 Cri es g*“ g* -y,
wd,

0 NH, NH, Cl

/u\ OEt NH,
%\ N)\NH N\N |N) <N | A <N lN”'{j < NN
N NH
2)“"4‘— DWL 29 M'Lu 2 2 %
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WHAT IS CLAIMED IS:

1. A compound of formula (I'):

X4=p
|
XC

or a pharmaceutically acceptable salt thereof, wherein
NH,
N \
/ N
<1 J
Base' and Base” are each independently selected from the group consisting of ~L

o o NH, ¢ NH, NH, NH, NH,
N N \ = N AN x N 7™
/ NH NH (IKN %IKN %,/kN ~ NSNS
<NIN5 SO gRePRel &» i e
,“‘L 7\1[“- Z,NL > ‘"L\. > 3 b M
/ICJ)\ NH, OEt NH, NH, NH, ¢l
N~ N SN N N
N7 ONH N N N Y, NeN ]
SO ST T T S A
N N N N =N N N~=N NN
)“&L b V"LM

N

N,
NH, 4 NH, N Mﬂ
b b “"L'u.

b

357




NH; NH, .
f)\ <’]ka </f) i f) <fi lﬁ
fk PEpA 7 \YL jijm <f¥NH

i* } - &

2

NH,

NH
: LA
N NH,
e, |
O
NH
F-(’N I A <’N L
N 2""'-[..,.
s 0

/N SN /N
Lt 10§10 §
fhdyon § e

358




NH;

\HIZ“<’fx <’%NH2 J/L U}

N , and % , where Base'
and Base® each may be 1ndependently substituted by 0-3 substituents R'®, where each R' is
independently selected from the group consisting of F, Cl, I, Br, OH, SH, NH,, C, 3 alkyl, Cs.6
cycloalkyl, O(C; 3 alkyl), O(Cs.6 cycloalkyl), S(C;-3 alkyl), S(Cs.¢ cycloalkyl), NH(C,.3 alkyl),
NH(Cs.4 cycloalkyl), N(C, 3 alkyl),, and N(Cs.¢ cycloalkyl),;

Y and Y? are each independently selected from the group consisting of -O- and -S-;

X* and X*! are each independently selected from the group consisting of O, and S;

X" and X®' are each independently selected from the group consisting of O, and S;

X° and X! are each independently selected from the group consisting of OR’, SR®, and
NRR’

X% and X% are each independently selected from the group consisting of O and S;

R! and R'® are each independently selected from the group consisting of H, F, Cl, Br, I,
OH, CN, N3, C;-Cg alkyl, C,-C¢ alkenyl, C,-Cg alkynyl, C{-Cg haloalkyl, C;-Cs haloalkenyl,
C,-Cg haloalkynyl, -O-C;-C alkyl, -O-C,-Cs alkenyl, and -O-C,-Cs alkynyl, where said R' and
R C-Cq alkyl, C,-Cs alkenyl, C;-Cg alkynyl, C;-Cg haloalkyl, C,-Cs haloalkenyl, C,-Ce
haloalkynyl, -O-C;-C¢ alkyl, -O-C,-Cg¢ alkenyl, and -O-C,-C¢ alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, and Nj3;

R? and R* are each independently selected from the group consisting of H, F, Cl, Br, 1,
OH, CN, N3, C;-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C;-Cs haloalkyl, C;-Cg haloalkenyl,
C,-Cg haloalkynyl, -O-C;-Cg alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl, where said R% and
R* C-C alkyl, C,-C¢ alkenyl, C,-Cg alkynyl, C1-Cg¢ haloalkyl, C,-C¢ haloalkenyl, C,-Cg
haloalkynyl, -O-C;-C¢ alkyl, -O-C,-Cs alkenyl, and -O-C,-Cg alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, and Nj3;

R3 is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cg alkyl,
Cy-Cg alkeﬁyl, C,-Cg alkynyl, C,-C¢ haloalkyl, C,-C¢ haloalkenyl, C,-C¢ haloalkynyl, -O-C;-Cg
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl, where said R3 C-Cs alkyl, C,-C¢ alkenyl, C»-Cq
alkynyl, C;-Cs haloalkyl, C,-Cg haloalkenyl, C,-Cg haloalkynyl, -O-C;-Cs alkyl, -O-C»-Cs
alkenyl, and -O-C,-Cg alkynyl are substituted by O to 3 substituents selected from the group
consisting of F, Cl, Br, I, OH, CN, and N3;
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R* and R* are each independently selected from the group consisting of H, F, CI, Br, I,
OH, CN, N3, C{-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C,-Cq haloalkyl, C,-Cs haloalkenyl,
C,-Cg haloalkynyl, -O-C;-Cg alkyl, -O-Cy-Cs alkenyl, and -O-C,-Cg alkynyl, where said R* and
R* C1-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cg
haloalkynyl, -O-C;-Cg alkyl, -O-C,-C¢ alkenyl, and -O-C,-Cg alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, [, OH, CN, and N3;

R’ is selected from the group consisting of H, F, Cl, Br, I, OH, CN, NH,, N3, C-Cg alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C,-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cg¢ haloalkynyl, -O-C;-Cs
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl, where said R’ C-Cs alkyl, C,-Cg alkenyl, C1-Ce
alkynyl, C;-Cs haloalkyl, C,-Cg haloalkenyl, C,-C¢ haloalkynyl, -O-C;-Cg alkyl, -O-C5-Cg
alkenyl, and -O-C,-Cg alkynyl are substituted by 0 to 3 substituents selected from the group
consisting of F, Cl, Br, I, OH, CN, NR°R’, and Nj;

R® and R® are each independently selected from the group consisting of H, F, Cl, Br, 1,
OH, CN, N3, C;-Cq alkyl, C2-Cg alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl,
C,~C¢ haloalkynyl, -O-C;-Cg alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl, where said R® and
R% C1-Cg alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cg
haloalkynyl, -O-C-Cg alkyl, -O-C,-C¢ alkenyl, and -O-C;-Cs alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, and N3;

R’ and R™ are each independently selected from the group consisting of H, F, CI, Br, 1,
OH, CN, N3, C1-Cg alkyl, C,-Cs alkenyl, C,-Cg alkynyl, C;-C¢ haloalkyl, C,-Cq haloalkenyl,
C,-C¢ haloalkynyl, -O-C-Cs alkyl, -O-C,-Cs alkenyl, and -O-C,-Cg alkynyl, where said R’ and
R C4-Cs alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Ce
haloalkynyl, -O-C,-Cg alkyl, -O-C,-Cs alkenyl, and -O-C,-C¢ alkynyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, [, OH, CN, and Nj3;

R® and R* are each independently selected from the group consisting of H, F, CI, Br, I,
OH, CN, N3, C-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, Ci-Cg haloalkyl, C,-Cs haloalkenyl, C,-
C¢ haloalkynyl, -O-C;-Cs alkyl, -O-C,-Cg alkenyl, and ~O-C,-Cg alkynyl, where said R® and R®®
Ci-Cs alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C>~-Ce
haloalkynyl, -O-C;-Cg alkyl, -O-C,-C¢ alkenyl, and -O-C,-Cg alkynyl! are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, and Nj;
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each R’ is independently selected from the group consisting of H, C-Cyo alkyl,

A&
O /k A((
9&/\0/\/0\/\0/\)1\0 , and S/S

optionally substituted by 0 to 3 substituents independently selected from the group consisting of
OH, -0-C;-Cyg alkyl,-S-C(0)C;-Cg alkyl, and C(O)OC,;-Cg alkyl;
optionally R'? and R® are connected to form C;-Cg alkylene, C,-C¢ alkenylene, C,-Cg

, wWhere each R’ Ci-Cy alkyl is

alkynylene, -O-C;-Cg alkylene, -O-C,-Cs alkenylene, or -O-C,-Cg alkynylene, such that where
R'% and R? are connected to form -O-C;-Cg alkylene, -O-C,-Cg alkenylene, or -O-C,-Cg
alkynylene, said O is bound at the R? position;

optionally R?® and R? are connected to form C;-Cs alkylene, C,-C¢ alkenylene, C,-Cg
alkynylene, -O-C;-Cg alkylene, -O-C,-Cs alkenylene, or -O-C,-Cg alkynylene, such that where
R?® and R? are connected to form -O-C;-Cg alkylene, -O-C,-C¢ alkenylene, or -O-C,-Cg
alkynylene, said O is bound at the R? position;

optionally R? and R® are connected to form -0-C;-Cg alkylene, -O-C,-Cg¢ alkenylene, or
-0-C,-Cg alkynylene, such that where R? and R® are connected to form -O-C;-Cg alkylene,
-0-C,-C alkenylene, or -O-C,-Cg alkynylene, said O is bound at the R? position;

optionally R* and R are connected to form are connected to form C;-Cs alkylene, Co-Cs
alkenylene, C,-Cg alkynylene, -O-C-Cg alkylene, -O-C,-Cg alkenylene, or -O-C,-Cg alkynylene,
such that where R* and R® are connected to form -O-C;-Cg alkylene, -O-C,-Cy alkenylene, or
-0-C,-Cg alkynylene, said O is bound at the R position;

optionally R’ and R® are connected to form -O-C;-Cy alkylene, -O-Cy-Cg alkenylene, or
-0-C,-Cg alkynylene, such that where R? and R are connected to form -O-C;-Cs alkylene,
-0-C,-Cg alkenylene, or -O-C,-Cg alkynylene, said O is bound at the R’ position;

optionally R7 and R® are connected to form C;-Cg alkylene, C,-C¢ alkenylene, or C,-Cg
alkynylene; and

optionally R™ and R* are connected to form C;-Cs alkylene, C,-Cs alkenylene, or Co-Cg
alkynylene; and

providing that when Y and Y* are each O, X* and X' are each O, X" and X' are each O,
and X° and X°' are each OH or SH, X¢ and X*! are each O, R! and R'* are each H, R? is H, R®

and R% are each H, R” and R™ are each H, R® and R®® are each H, and Base' and Base® are each
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NH, 0

/ NH

IB A ax

selected from the group consisting of '“L ““L and “‘[w R5 and R?
are not both selected from the group consisting of H, F and OH.

2. The compound according to claim 1, or a pharmaceutically acceptable salt

thereof, wherein
NH,

N RS N

¢ 1 J

N N/

Base' and Base” are each independently selected from the group consisting of ~

NH
’ , and “*L

where Base1 and Base” each may be 1ndependently substituted by 0-3 substituents R'?, where

>

each R'is independently selected from the group consisting of F, CL, I, Br, OH, SH, NH,, C;_;
alkyl, Cs.6 cycloalkyl, O(C;.3 alkyl), O(Cs. cycloalkyl), S(C,.3 alkyl), S(Cs.¢ cycloalkyl),
NH(C\.3 alkyl), NH(C;5.6 cycloalkyl), N(C,3 alkyl),, and N(Cs.¢ cycloalkyl),;

Y and Y* are each independently selected from the group consisting of -O- and -S-;

X* and X' are each independently selected from the group consisting of O and S;

X® and X are each independently selected from the group consisting of O and S;

X° and X' are each independently selected from the group consisting of OR’, SR’, and
NRR’;

X% and XU are each independently selected from the group consisting of O and S;

R! and R'® are each H;

R? and R* are each independently selected from the group consisting of H, F, Cl, Br, I,
OH, N3, C;-Cg alkyl, and C;-Cg haloalkyl, where said R? and R* C;-Cg alkyl or C;-Cg haloalkyl
are substituted by 0 to 3 substituents selected from the group consisting of F, Cl, Br, I, OH, CN,
and N3;

R3 is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-C alkyl, and
C,-Cg haloalkyl, where said R? C1-Cs alkyl or C;-Cg¢ haloalkyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, and Nj;
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R* and R** are each independently selected from the group consisting of H, C;-C alkyl,
and Cy-Cg haloalkyl, where said R* and R™ C;-Cg alkyl or C;-Cg haloalkyl are substituted by 0 to
3 substituents selected from the group consisting of F, CI, Br, I, OH, CN, and N3;

R’ is selected from the group consisting of H, F, Cl, Br, I, OH, NH,, N3, C;-C¢ alkyl, and
C:-Cs haloalkyl, where said R’ C;-C alkyl or C;-Cg haloalkyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, OH, CN, NRR’, and Nj;

R? and R? are not both selected from the group consisting of OH, C;-Cg alkyl substituted
with OH, and C;-C¢ haloalkyl substituted with OH;

R and R% are each independently selected from the group consisting of H, F, Cl, Br, I,
OH, Cy-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, and C;-Cs haloalkyl, where said R® and R%
C;-Cs alkyl or C;-Cg haloalkyl are substituted by 0 to 3 substituents selected from the group
consisting of F, Cl, Br, I, OH, CN, and N3;

R7 and R”? are each H;

R® and R® are each H;

each R’ is independently selected from the group consisting of H, C,-C3 alkyl,

Y
0]
&/\O/\/O\/\O/\)I\Ok, and S,S

optionally substituted by 1 to 2 substituents independently selected from the group consisting of
OH, -0-C;-Cy alkyl,-S-C(0)C,-Cs alkyl, and C(O)OC;-Cg alkyl;
optionally R? and R® are connected to form -O-C;-Cs alkylene, -O-Cp-Cg alkenylene,

, where each R’ C,-C; alkyl is

and -O-C,-C¢ alkynylene, such that where R> and R are connected to form -O-C;-C alkylene,

-0-C,-Cg alkenylene, or -0-C,-Cg alkynylene, said O is bound at the R? position; and
optionally R* and R’ are connected by C;-Cs alkylene, -O-C;-C; alkylene, -O-C;-Cs

alkenylene, or -O-C,-Cg alkynylene, such that where R* and R® are connected to form -O-C;-Cg

alkylene, -O-C,-Cg alkenylene, or -O-C,-Cg alkynylene, said O is bound at the R’ position.

3. The compound according to claim 1, wherein the compound of formula (I') is a

compound of formula (I'b):
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1 o Base'
RS o
o=p—0
)l(c( o Base?
R2a
RGa R‘a
o=+ o) R®
xe (I'b)
or a pharmaceutically acceptable salt thereof, wherein
NH,
(1Y
N N/
Base' and Base” are each independently selected from the group consisting of ~L
H2
o ol (B35 oS o b
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0 F O O O
{n,, $0x, glr, $r, S0, $O
H, /kNHz N )\ NSNS NN
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NH, NH, NH,
<N:E\1\/J\N/\/OH </NI> <N <N lN/) <N i S </N lN/
L N R A Y Y
H

N :~<fn NL““Z J* ﬁ*

, and *»L, , where Base'
and Base® each may be 1ndependently substituted by 0-3 substituents R' where each R' is
independently selected from the group consisting of F, Cl, I, Br, OH, SH, NH,, C, alkyl, Cs
cycloalkyl, O(C,.; alkyl), O(Cs.6 cycloalkyl), S(C, alkyl), S(Cs. cycloalkyl), NH(C,.3 alkyl),
NH(C3.6 cycloalkyl), N(Cy.3 alkyl),, and N(Cs.4 cycloalkyl),;

X° and X°! are each independently selected from the group consisting of OR’, SR’, and
NRR’;

R'%is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cs alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C;-C¢ haloalkyl, C,-Cg haloalkenyl, C,-C¢ haloalkynyl, -O-C;-Cs
alkyl, -O-C,-C¢ alkenyl, and -O-C,-Cg alkynyl, where said R'? C;-Ce alkyl, C;-Cg alkenyl, C,-Cg
alkynyl, C;-Cs haloalkyl, C,-C¢ haloalkenyl, C,-Cg haloalkynyl, -O-C;-Cs alkyl, -O-C,-Cs
alkenyl, and -O-C,-C¢ alkynyl are substituted by O to 3 substituents selected from the group
consisting of F, Cl, Br, I, OH, CN, and Ns;
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R** is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cg alkyl, and
C;-Ce haloalkyl, where said R* Cy-Cg alkyl or C;-Cg¢ haloalkyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, and OH;

R3 is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cs alkyl, and
C1-Ce haloalkyl, where said R3 C-Cg alkyl or C;-Cg haloalkyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, and OH;

R’ is selected from the group consisting of H, F, Cl, Br, I, OH, CN, NH,, N3, C;-Cs alkyl,
and C-Cg haloalkyl, where said R® C;-Cs alkyl or C;-Cy haloalkyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, and OH;

R? and R® are not both selected from the group consisting of OH, C,-C alkyl substituted
with OH, and C;-Cg haloalkyl substituted with OH;

R% is selected from the group consisting of H, F, Cl, Br, I, OH, C;-Cs alkyl, C2-Cs
alkenyl, and C,-Cs alkynyl;

each R’ is independently selected from the group consisting of H, C,-C; alkyl,

&2
o) /|< /\((
&/\0/\/0\/\0/\/‘]\0 , and S/S

optionally substituted by 1 to 2 substituents independently selected from the group consisting of
OH, -0-C;-Cyp alkyl,-S-C(0)C,-C¢ alkyl, and C(O)OC;-Cg alkyl; and
optionally R? and R® are connected to form -0-C;-Cg alkylene, -O-C,-Cg alkenylene,

, Where each R® C,-Cs alkyl is

and -0-C,-C¢ alkynylene, such that where R? and R%? are connected to form -O-C;-Cs alkylene,
-0-C,-Cg alkenylene, or -O-C,-Cg alkynylene, said O is bound at the R? position.

4. The compound according to claim 1, wherein the compound of formula (I') is a

compound of formula (I'c):

Base'
O
R4
RS Cl)
o=p—0
2
xet o Base'
RGa
o=F|' o} R?
xe (T'c)
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or a pharmaceutically acceptable salt thereof, wherein

NH

N R
/ N
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Base' and Base® are each independently selected from the group consisting of ~L.

0 0 E
N / gf\ 7SN \N
</N]fk) </ BERE DX ) L g ix
L A L
NH, H2 NH,
N-— > ,,N
2»»4, A S ARV AR

f :

N N

4 y; / y. NH
A f)\ l/k) "~ f) <ﬁNHZ <NﬁN
wd, o

N
~L.

o] o] O

| NH /N\N/U\NH NAAHI\ ﬁ\m <}“fl}1H
ARG } e

P <f]f€“ <ff) <’fx Cﬁ )

O
Os_NH,

H N SN /N NH
¢1 g <)
NN NT N
ol .y

E
N N

/ v NH / NH

N )\ <N | )\ <N | NAF

W& 2 wd,,,

“

ﬁ x, QL

NH,
. _<,: NHNH2 </ I\)\ v N \ </N :,\l\ W'Z;\I\’l/‘iNH :(‘\/l

NH,

N
o "

367




HO

\ W
{00 41 4, oy «IB «rﬂ

NH
fANNOH ]@U@ <’IL) </]i)</
NH, o) o)
H N ES N
N N N NH, ,IN]/LNHZ /j)LNH
) IN) </le\/N;'\N/ </NFNK“\ N‘N l N‘N I
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, and ko, , where Base!

2

and Base” each may be independently substituted by 0-3 substituents R'’, where each R'° is
independently selected from the group consisting of F, CL, I, Br, OH, SH, NH,, C,.3 alkyl, Cs
cycloalkyl, O(Cy.3 alkyl), O(Cs. cycloalkyl), S(C,.3 alkyl), S(Cs.¢ cycloalkyl), NH(C,.; alkyl),
NH(Cs cycloalkyl), N(C, 3 alkyl),, and N(Cs.¢ cycloalkyl)y;

X° and X! are each independently selected from the group consisting of OR®, SR®, and
NRR’;

R? is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cs alkyl, and
C1-Cg haloalkyl, where said R? C;-Cg alkyl or C-Cg haloalkyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, and OH,;

R* is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-C; alkyl, and
C,-Cg haloalkyl, where said R*C 1-Cs alkyl or C;-Cg haloalkyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, and OH;

R’ is selected from the group consisting of H, F, CL, Br, I, OH, CN, NH,, N3, C;-Cs alkyl,
and C;-C¢ haloalkyl, where said R’ C1-C¢ alkyl or C;-Cg haloalkyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, I, and OH;

R% is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C,-C¢ alkyl, and
C,-Cg haloalkyl, where said R% C,-Cs alkyl or C;-Cg haloalkyl are substituted by 0 to 3
substituents selected from the group consisting of F, Cl, Br, 1, and OH;
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each R’ is independently selected from the group consisting of H, C,-C; alkyl,

O
‘;\/\ 0/\/0\/\0/\)1\0J< ,and 55 , where each R® C,-C; alkyl is
optionally substituted by 1 to 2 substituents independently selected from the group consisting of
OH, -O-C;-Cy alkyl,-S-C(0)C,;-C; alkyl, and C(O)OC;-Cs alkyl; and
optionally R* and R’ are connected by C;-Cs alkylene, -O-C;-Cs alkylene, -0-Cy-Cs
alkenylene, or -O-C;,-C¢ alkynylene, such that where R* and R? are connected to form -O-C;-Ce
alkylene, -O-C,-Cg alkenylene, or -O-C,-Cyg alkynylene, said O is bound at the R’ position.

5. A compound of formula (I"):
s 1
y. Base
R4
RS 0
xd‘=1:°~o ,
X! o Base
R2a
RGB
X(:(=rli (o] R3
Xe (IH)
or a pharmaceutically acceptable salt thereof, wherein
NH,
N =

y: N
(A

Base! and Base” are each independently selected from the group consisting of ~& ,

0 ? o) OFt

/N 4 NH
(A 4 Ps A J {7 A
W"L “[... R ""Lu 2 ”**A. , , and “*L R

Y is selected from the group consisting of -O- and -S-;

X° and X! are each independently selected from the group consisting of OR’ and SR’;

X4 and X" are each independently selected from the group consisting of O and S;

R* is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-C alkyl,
C,-C¢ alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cg haloalkynyl, -O-C;-Cg
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cq alkynyl;
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R? is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cg alkyl,
C,-Cs alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C;-Cg haloalkenyl, C,-Cg haloalkynyl, -O-C;-Cs
alkyl, -O-C,-Cy alkenyl, and -O-C,-Cs alkynyl;

R*is selected from the group consisting of H, F, CI, Br, I, OH, CN, N3, C;-Cs alkyl,
C1-Cs alkenyl, C,-Cg alkynyl, Ci-Cg haloalkyl, C,-Cg haloalkenyl, C,~Cg haloalkynyl, -O-C;-Cs
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cq alkynyl;

R’ is selected from the group consisting of H, F, Cl, Br, I, OH, CN, NHj, N3, C;-C¢ alkyl,
C,-Cy alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cgq haloalkynyl, -O-C;-Cg
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cq alkynyl,

R% is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cg alkyl,
C,-Cy alkenyl, C,-Cg alkynyl, Cy-Cg haloalkyl, C,-C¢ haloalkenyl, C,-Cg haloalkynyl, -O-C1-Cg
alkyl, -O-C,-Cq alkenyl, and -O-C,-C¢ alkynyl;

each R’ is independently selected from the group consisting of H, C;-Cy alkyl,

&2
0] /k /Y(
r‘&/\o/\/o\/\o/\/u\o , and S/S

optionally substituted by 0 to 3 substituents independently selected from the group consisting of
OH, -0O-C;-Cy alkyl,-S-C(O)C;-Cg alkyl, and C(O)OC;-Cy alkyl; and
optionally R? and R are connected to form -O-C;-Cg alkylene, -O-C,-C¢ alkenylene, or

, where each R’ C-Cy alkyl is

-0-C,-Cg alkynylene, such that where R3 and R®* are connected to form -O-C;-Cs alkylene,
-0-C,-Cg alkenylene, or -O-C,-Cg alkynylene, said O is bound at the R? position; and

providing that when Y and Y® are each O, X® and X?! are each O, X® and X®' are each O,
and X° and X°! are each OH or SH, X and X* are each O, R! and R'? are each H, R? is H, R®

and R® are each H, R” and R™ are each H, R® and R® are each H, and Base' and Base? are each

o) o

‘ N N
/N SNy NH / NH
<NII; i‘\" | N) di"j I N)\NH

i 2 55 3
selected from the group consisting of ~L. ,R”and R
are not both selected from the group consisting of H, F and OH.
6. The compound according to claim S, wherein the compound of formula (I") is a

compound of formula (I"a):
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Base'
Y
RS ('3
X#1=p—0
)I(m o Base?
R2a
RGa
Xd:T o}
x (I"a)
or a pharmaceutically acceptable salt thereof, wherein
NH,
N N
/ N
<Nl©
Base' and Base? are each independently selected from the group consisting of ~L ,
0 o} OFt
L f
(A ) < A, LA (IS < LA
L. “A« , and ‘*[»-

5

Y is selected from the group consisting of -O- and -S-;

X° and X are each independently selected from the group consisting of OR’ and SR’;

X% and X' are each independently selected from the group consisting of O and S;

R* is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C,-Cg alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cg haloalkynyl, -O-C;-Cg
alkyl, -O-C,-Cy alkenyl, and -O-C,-Cg alkynyl;

R’ is selected from the group consisting of H, F, Cl, Br, I, OH, CN, NH;, N3, C;-Cg alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cg haloalkynyl, -O-C;-Cg
alkyl, -O-C;-Cg alkenyl, and -O-C,-C; alkynyl;

R% is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cg alkyl,
C,-Cs alkenyl, C,-Cg alkynyl, C;-C¢ haloalkyl, C,-Cg haloalkenyl, C,-Cs haloalkynyl, -O-C;-Cg
alkyl, ~-O-C,-Cg alkenyl, and -O-C,-Cg alkynyl; and

each R’ is independently selected from the group consisting of H, Cy-Cyy alkyl,

0
;&/\O/\/O\/\O/\/u\o/k , and S’S

, where each R® C~Ca alkyl is

371



optionally substituted by 0 to 3 substituents independently selected from the group consisting of
OH, -O-C;-Cyg alkyl,-S-C(0O)C;-Cs alkyl, and C(O)OC,;-Cg alkyl.

7. The compound according to claim 6, or a pharmaceutically acceptable salt

thereof, wherein
NH,

N N

7
A
Base' and Base” are each independently selected from the group consisting of ~L ,

0 NH,
N NH A~ SN
¢ ]&x (T
NT SNT NH, NT N
L, ,and‘“A ;

Y is selected from the group consisting of -O- and -S-;

X°and X! are each independently selected from the group consisting of OR’ and SR’;

X9 and X% are each independently selected from the group consisting of O and S;

R™isF;

R’ is selected from the group consisting of H, F, Cl, Br, I, OH, CN, NHj, N3, C;-Cg alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C;-C¢ haloalkyl, C,-Cg haloalkenyl, C,-C¢ haloalkynyl, -O-C-Cg
alkyl, -O-C,-C¢ alkenyl, and -O-C,-Cg alkynyl;

R% is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-Cs alkyl,
C»-Cg alkenyl, C,-Cg alkynyl, C;-C¢ haloalkyl, C,-C¢ haloalkenyl, C,-C¢ haloalkynyl, -O-C;-Cg
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg¢ alkynyl; and

each R’ is independently H.

8. The compound according to claim 5, wherein R? and R® are connected to form -
0-C;-Cg alkylene, -O-C,-Cg alkenylene, or -O-C,-Cg alkynylene, such that where R3 and R% are
connected to form -O-C;-Cg alkylene, -O-Cy-Cg alkenylene, or -O-C,-Cg alkynylene, said O is
bound at the R? position.

9. The compound according to claim 5, wherein the compound of formula (I") is a

compound of formula (I"b):
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v Base'
R4
i
x¥=p—0
2
)|( - o Base
RGa
xd=r'9 o R
x a'b)

or a pharmaceutically acceptable salt thereof, wherein

NH,

< )

Base! and Base? are each independently selected from the group consisting of “‘L ,

Ik z C@ﬁ<x

NH
’ ,and “[»

Y is selected from the group consisting of -O- and -S-;

X° and X are each independently selected from the group consisting of OR’ and SR’;

X9 and X% are each independently selected from the group consisting of O and S;

R3 is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-C; alkyl,
C,-Cg alkenyl, C»-Cg alkynyl, C,-Cg haloalkyl, C,-Cg¢ haloalkenyl, C,-Cg haloalkynyl, -O-C;-Ce
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl;

R* is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C-C¢ alkyl,
C,-Cg alkenyl, C»-Cg alkynyl, C;-Cg haloalkyl, C,-C¢ haloalkenyl, C,-Cg haloalkynyl, ~O-C;-Cg
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl;

R’ is selected from the group consisting of H, F, Cl, Br, I, OH, CN, NH;, N3, C;-Cs alkyl,
C,-C¢ alkenyl, C,-Cg alkynyl, C;-Cg haloalkyl, C,-Cg haloalkenyl, C,-Cg haloalkynyl, -O-C;-Cg
alkyl, -O-C,-Cg alkenyl, and -O-C,-C¢ alkynyl;

R% is selected from the group consisting of H, F, Cl, Br, I, OH, CN, N3, C;-C; alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C,-Cg haloalkyl, C,-C¢ haloalkenyl, C,-Cg haloalkynyl, -O-C1-Cg
alkyl, -O-C,-Cg alkenyl, and -O-C,-Cg alkynyl;

each R’ is independently H; and
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R? and R% are connected to form -O-C;-Cg alkylene, -O-C,-Cg alkenylene, or
-0-C,-Cg alkynylene, such that where R? and R® are connected to form -0-Cy-Cg alkylene

-0-C,-Cs alkenylene, or -O-Cy-Cs alkynylene, said O is bound at the R? position.

The compound according to claim 9, or a pharmaceutically acceptable salt

10.
thereof, wherein Base' and Base” are each independently selected from the group consisting of
NH2 O NH2
Ny N NH A~ SN
N %
2oleo N es
NSNS SNk, N™ SN
~L , L., , and =L .
11.  The compound according to claim 5, or a pharmaceutically acceptable salt
thereof, wherein at least one of Base1 and Base” are each independently selected from the group
NH,
\
) N\
N N/
consisting of “‘L , and ol .
12. A compound selected from the group consisting of:
0 o o
N
eI T =
Do NN N Q <N | N/)\NHz ? <N | N” NHp
NH» 0 NH» © NH,
OH C 7 N OH O NfN OH
0=p-0 <N l N 0=P-0 </N L J 0=P-0 2
OH EO? OH I;Oj N OH Iio?x
- F
o=p 0 o=p o 0=P O OH
OH , OH , OH ,
0 0 o
N
</ :(“\NH </ :Eu\/NH NH
¢ o N7 N7 UNH, ? s N N/kNHz 0 </N I NJ\NHZ
NH2 NHz 0 NH2
OH ¢ / OH ¢ NfN OH NSy
0=P-0 ( ) 0=P-0 </N l 7 0=p~0 ¢ @
OH ; ) OH l;o?l 0)?0?!
_ i i} 7 L on
O—l‘D o} 0~|? O OH O—I,) ¢}
OH , OH , OH R
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or a pharmaceutically acceptable salt thereof.

14.  The compound according to claim 12, wherein the compound is selected from the

group consisting of:
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15. A pharmaceutical composition, said pharmaceutical composition comprising:
(a) a compound according to any one of claims 1 to 14 or a pharmaceutically

acceptable salt thereof; and
(b) a pharmaceutically acceptable carrier.
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