g AU U
f;]@ j:ft </fx f) </f) </f)

Ho NH, NH,,
N X N N N SN N x N AN
T o €0 ff) ffN fjj“ ffj
<N:E;;J\N/A\V/OH <N <N <N | N4J <N | 7 <N | N"
., H A e | o b, , ,

0 0
X NH, N s 2

e,

, and o,
5 Y and Y* are each 1ndependently selected from the group consisting of -O- and -S-;

X?* and X?! are each O;

X® and X®! are each O;

7 Sz

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

R? is selected from the group consisting of H, F, Cl, OH, and C;-Cs alkyl, where said R>
C;-Cs alkylare substituted by 0 to 3 substituents selected from the group consisting of F, Cl, Br,
I, OH, CN, and Nj;

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

R’ is selected from the group consisting of H, F, OH, NH;, N3, C;-Cs alkyl, and -O-C;-Cq
alkyl, , where said R’ C;-Cg alkyl and -O-C,-Cg alkenyl, 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, C;-Cq
alkyl, C,-Cg alkenyl, and C,-C¢ alkynyl, where said R® and R® Ci-Cg alkyl, C,-Cg alkenyl, and
C,-Cg alkynyl, are substituted by 0 to 3 substituents selected from the group consisting of F, Cl,
Br, I, OH, CN, and Ns;

R’ and R are each independently selected from the group consisting of H and C;-Cy
alkyl, where said R’ and R” C;-Cj alkylare 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 H;

each R’ is independently H;

optionally R® and R® are comnected to form -O-C;-Cg alkylene, such that where R® and
R% are connected to form -0-C;-Cq alkylene, said O is bound at the R’ position; and

optionally R’ and R® are connected to form -O-C;-Cg alkylene, such that where R® and R°

are connected to form -O-C;-Cg alkylene, said O is bound at the R’ position;
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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

NH, 0 o)
NSy N NH N NH
S Oy 0
N SN N~ N\ N SN NH,
selected from the group consisting of ~L. , ~L and ~L , R® and R? are

5  not both selected from the group consisting of H, F and OH.

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

@]

v Base'

R4

RS (l)

X¥=p—0
)I(m ° Base?
RZa
RGa
Xd=p 0 R®
)I(C (Il l)

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

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

@)

Base'
Y-
R
RS (l)
X4=p—0
)I(m o Base?
R2a
RGa
xd:rl— o R?
10 x a

or a pharmaceutically acceptable salt thereof, wherein

/Nf\
<N | )
Base' and Base” are each independently selected from the group consisting of ~L

NH, NH; OEt

0 0 o

N NN NH N D A N\
</Nf:1;‘ </N | N)\NH N\N | N/)N\HN < | N) N\N | N/l </N | )N\
L L ' ol L o

2
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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®;

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, OH, and C,-Cs alkyl;

R’ is selected from the group consisting of H, F, Cl, OH, and C;-Cg alkyl;

R* is selected from the group consisting of H, F, OH, and C;-C alkyl;

R’ is selected from the group consisting of H, F, OH, NH,, N3, C;-Cs alkyl, and -O-C-Cg
alkyl;

R% is selected from the group consisting of H, F, C;-Cg alkyl,
C,-Cg alkenyl, and C,-Cgy alkynyl;

each R is independently H; and

optionally R? and R® are connected to form -O-C-Cg alkylene, such that where R? and
R® are connected to form -O-C;-Cg alkylenesaid 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 R7 are each H, R® and R*® are each H, and Base! and Base? are each
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B JQ § ot j* @*
, and %
Y and Y*® are each 1ndependent1y selected from the group consisting of -O- and -S-;

X® and X*' are each O;
X® and X! are each O;

>

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' and R'* are each independently H;

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

R? is selected from the group consisting of H, F, Cl, OH, and C;-Cg alkyl, where said &
C1-Cg alkyl 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, F, OH, and
Cy-Cg alkyl, where said R*and R* C1-Cq alkyl, are substituted by 0 to 3 substituents selected
from the group consisting of F, CL, Br, I, OH, CN, and Nj;

R’ is selected from the group consisting of H, F, OH, NH,, N3, C;-Cq alkyl, and -O-C;-Cg
alkyl, , where said R’ C;-Cs alkyl and -O-C,-Cy alkenyl, are substituted by 0 to 3 substituents
selected from the group consisting of F, Cl, Br, I, OH, CN, NR9R9, and N3s;

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

R’ and R™ are each independently selected from the group consisting of H and C-Cg
alkyl, where said R” and R C,-Cs alkyl are substituted by 0 to 3 substituents selected from the
group consisting of F, Cl, Br, I, OH, CN, and Njs;

R® and R® are each independently H;
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each R’ is independently H;

optionally R® and R* are connected to form -O-C;-Cg alkylene, such that where R® and
R® are connected to form -O-C;-Cq alkylene, said O is bound at the R’ position; and

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

providing that when Y and Y* are each O, X* and X*! are each O, X° and X! are each 0,
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 R7 are each H, R® and R®® are each H, and Base' and Base? are each
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fM <x

selected from the group consisting of K[m and “'4« 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;

4 )

Base' and Base” are each independently selected from the group consisting of ”“/m ,

0 Q OEt
N NH N NH N
</N\Aﬁ\; </Nf:1:xm-i N:N NH d\) jj’\) </ )\
L L, o, ? MZW , , and “‘/w

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

X? and X*! are each O;

X® and X*! are each O;

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! and R'® are each H;

R? and R** are each independently selected from the group consisting of H, F, Cl, OH,
and C;-Cg alkyl, where said R? and R* C-Cs alkyl are substituted by 0 to 3 substituents selected
from the group consisting of F, Cl, Br, I, OH, CN, and Nj3;

R? is selected from the group consisting of H, F, Cl, OH, and C-C¢ alkyl,, where said R
C;-Cg alkyl 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 and C;-Cg
alkyl, where said R* and R** C,-Cy alky! are substituted by 0 to 3 substituents selected from the
group consisting of F, Cl, Br, I, OH, CN, and Nj3;

R’ is selected from the group consisting of H, F, OH, NH,, N3, and C;-C¢ alkyl,, where
said R’ C;-Cy alkyl 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 not both selected from the group consisting of OH and C;-Cg alkyl
substituted with OH;

RS and R% are each independently selected from the group consisting of H, F, OH, C,-Cg
alkyl, C,-Cg alkenyl, and C,-Cs alkynyl, where said R® and R%

C;-Cq alkyl 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 H;

R® and R® are each H;

each R’ is independently H;

optionally R® and R® are connected to form -O-C;-Cg alkylene, such that where R’ and

R% are connected to form -0-C;-Cs alkylene, 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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. o o
N NN NH
ﬁ Cﬁ S

wA, ,% ,%

N N ,\

% NH v 4 N f
F_fﬂ e <f)\ H’ j)j -<J§ | )\NHZ IN - P

HO

s 0 NH,
T LY T “ﬁ /f ff
i’:‘nlN)’iT‘NAFiE|NANH2M£ - ¢ 5 ¢ /

</fo0.4 & </I§ </IL) <’]$ </fj
. \“<”fx <’%NH2 ])L ﬁ)L

,and ””'/"v

X® and XCI are each 1ndependently selected from the group consisting of OR’ and SR,

3

R'* is selected from the group consisting of H;
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R* is selected from the group consisting of H, F, Cl, OH, and C;-Cs alkyl, where said R**
C;-Cy alkyl 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, OH, and C;-Cs alkyl, where said R’
C1-Cg alkyl 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, OH, NH,, N3, and C;-C¢ alkyl, where
said R* C;-Cs alkyl 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, and C;-C alkyl
substituted with OH;

R* is selected from the group consisting of H, F, OH, C,-Cy alkyl, C,-Cs alkenyl, and
C,-C¢ alkynyl,

each R is independently H; and

optionally R* and R® are connected to form -O-C;-Cg alkylene, such that where R® and

R%? are connected to form -O-C-Cg alkylene, 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'
(0]
R4
RS C'J
0=P—0
)I( ot o Base?
Rea
0=T o) R?
xe (T'c)
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L,
f) </I& </Ii f) </Ik) <f)

</f)\/\/o;~| :©</:© (IL) (jé(
. \N</fx <”YLNH2 Tk @%

, and %

X°and X°! are each 1ndependently selected from the group consisting of OR’ and SR’;

2

> >

R® is selected from the group consisting of H, F, Cl, OH, and C;-C alkyl, where said R}
C1-Cg alkyl 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, OH, and C;-C4 alkyl, where said R* Ci-
Cg¢ alkyl 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, OH, NH,, N3, and C;-Cg alkyl, where
said R® C;-Cy alkyl 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, and C;-Cg alkyl, where said R% C-Cs
alkyl are substituted by 0 to 3 substituents selected from the group consisting of F, Cl, Br, I, and
OH; and
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each R’ is independently H.

5. A compound of formula (I'):

v Base!

R4

R® <|3

X‘“=T-—-O
et o Base?
RZa
RGa
xdzT o) R?
* ")

or a pharmaceutically acceptable salt thereof, wherein

NH,

< )

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

Segenl-capeuteely=cl

NH
’ “‘L ,and ““/w

>

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;

22 is selected from the group consisting of H, F, Cl, OH, and C;-Cg alkyl;
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R3 is selected from the group consisting of H, F, Cl, OH, and C;-Cg alkyl;

R* is selected from the group consisting of H, F, OH, and C;-Cs alkyl;

R’ is selected from the group consisting of H, F, OH, NH,, N3, C;-Cg alkyl, and -O-C;-Cs
alkyl;

R® is selected from the group consisting of H, F, C;-Cs alkyl,
C,-Cg alkenyl, and C,-C¢ alkynyl;

each R is independently H; and

optionally R? and R® are connected to form -O-C;-Cg alkylene, such that where R? and
R% are connected to form -O-C;-Cg alkylene 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

N Ny N NH » NH
</Ik) A (L
NN NT Ny N SN NH,
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.

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

compound of formula (I"a):
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Base'

xd=r|3 o}
Xc (I"a)

or a pharmaceutically acceptable salt thereof, wherein

NH,

< )

Base' and Base® are each independently selected from the group consisting of “é« ,

o o) o NH, NH OEt
/Nf\NH /N NH f\"’
{1 J ¢ 1 *NHz A ) P < *
“VL. , ““«L , ""L\,. “’“[W “M/«« ,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?;

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, OH, and C;-Cs alkyl;

R’ is selected from the group consisting of H, F, OH, NH,, N3, C;-Cs alkyl, and -O-C;-Cs
alkyl;

R%%is selected from the group consisting of H, F, C;-Cs alkyl, C,-C¢ alkenyl, and C,-Cs
alkynyl; and

each R’ is independently H.
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7. The compound according to claim 6, or a pharmaceutically acceptable salt

thereof, wherein
NH,

N ASY

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

NH,

ﬁ ol

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, OH, NH,, N3, C;-Cs alkyl, and -O-C;-Cs
alkyl;
R® is selected from the group consisting of H, F, C;-C alkyl,
C,-Cg alkenyl, and C,-Cg¢ alkynyl; and
each R’ is independently H.

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

compound of formula (I"b):
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Base'
Y.
R4
I
X¥=p—0,
)l(m Base?
RGa
Xd=p o} R®
|
XC (Il'b)
or a pharmaceutically acceptable salt thereof, wherein
NH,
Base' and Base® are each independently selected from the group consisting of ””-/w ,
o] (0] OEt
N N
seleo e IREST f
SO ST S
NT N N >N °NH, N H2
“*4« “‘VA_ ""‘Lu. ‘WAA , and ”“-[H.

2

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, OH, and C,;-C; alkyl;

R* is selected from the group consisting of H, F, OH, and C;-Cs alkyl;

R’ is selected from the group consisting of H, F, OH, NH,, N3, C;-C¢ alkyl, and -O-C;-Cg
alkyl;

62 s selected from the group consisting of H, F, C;-Cy alkyl, C,-Cs alkenyl, and C,-Cy

alkynyl;

each R’ is independently H; and
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R® and R®? are connected to form -O-C;-Cs alkylene, such that where R® and R®* are

connected to form -O-C;-Cg alkylene, said O is bound at the R’ position.

9. The compound according to claim 8, or a pharmaceutically acceptable salt

thereof, wherein Base' and Base® are each independently selected from the group consisting of

NH, 0 NH,

/Nf\N /) NH aty
A <NlN/kNHZ gy
L L., ,and“‘”L

>

10.  The compound according to claim 5, or a pharmaceutically acceptable salt

thereof, wherein at least one of Base' and Base® are each independently selected from the group

NH,
\
) N\
N N/
consisting of “VA« and "
11. A compound selected from the group consisting of:

0 o] 0

N NH N
&, .6 S8
N N N//LNHZ 0 O<N N//kNH2
NH; % 7‘ NH, NH,
.n f
N OH O g N
. N N) 0=P-0 i N/)

NN -0 “ N
OH EO? CI)H ; > OH ;0?
F
—!
O:E’ [e] Ozlla"““"“""‘“"‘"‘“o O:Emo OH
OH , OH , OH ,
0 0 o
NfNH N NH
¢ ¢ N NH
o) P o} P ¢l
o N7 N7 NH, s N7 N7 UNH, ON N N//’\NHZ
NH, NH; NH,
X N ~ N X
oH 0 a )N OH O ¢ f)N OH O A )N
0:||3—0 N N/ 0:;?—0 N N/ 0=P-0 NN
OH ioj OH ;0_\( OH 0
V4
0=p——0 0=p—————0 OH =p————0 OH
OH OH OH

3 3 2

374



5 - N .
F O ‘ NH N NH N .
. Nl F 0 Nl F 0 N,
0=F-0 N N/) 0=P-0—~ _o_N N/) o=p-0~_o. M N//!
SH 0 ! !
o, $H $H \(_Z
0=p 6 osp———0 F o=p g
SH , OH , OH , and
(@]
N
/, NH
Nl
. N
” NH
“ o« ]fk/)
0=p-0o~_o " N
W]
o=p o °F
SH , or a pharmaceutically acceptable salt thereof.

12.  The compound according to claim 11, wherein the compound is selected from the

group consisting of:

Q 0
N

A Z N N X
2 I | e CI ) | R <7
0=p-0 NSy 0=p-0 N7 0=p-0 N ?
SH '(Oj SH ioj . SH ;0—\1 ;
0=p 0 OH 0=P 0 o=p o
SH , SH , SH s
o 0
i N NH
< )N\H </N | NH o ¢ A
N
? NN NH, Oy N N/)\NH2 !:S:’ N" NHp "
NHz NH, —t N 2
N E- OH O =N
OH ¢ SRR «“f“ oo (A
0=P-0 " N/) 0=P-0 Ny = o N
SH ;0_? sH | :o: I SH
0=P et 0=p o F o=pP O F
SH . SH , SH ,
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¢ //"ﬁ* o) 0
N N
Nyt a8 T
. 0 o~_s N ONTNH, O~_O N TNTNH,
0 X
HS-P=0 N"NfNH s N NH \5‘7 N NH
N & HO ? </ I /) F Q </ l P2
Yj N 0=p-0—~_o " N 0=p-0~ o ' N
HS-P o o=p o 0=p o
0 , SH , SH ,
o) 0
0
N N NH
NH
4 NH (fj\ 0 N IL)\
Q (N o~_oN N//’\ i

or a pharmaceutically acceptable salt thereof.

13.  The compound according to claim 11, wherein the compound is selected from the

group consisting of:

o) Q Q
N
N N NH NH
NH y y
¢ < L ¢ fx
(@] pZ (@] Pz
Yy s N N/)\NHZ Loy NN, Loy N N
A . NH, - NH, / NH2
OH (? N | N (? J //h\] _—9 J /JN
0=F-0 P 0=P-0 NSy 0=p-0 NNy
SH \@\(V SH koj SH k >
o=p 0 F 0=pP o =P 0
SH 32 éH 2 SH >
o 0
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o) J ~N =D N f\ i
1 F \ =p—
§=P-0 N IN/) 0=P-0O o N N//I o=F—0 N N/)
0 1 SH o
il o Y F
s=p : O=P o F =p o
OH , SH , SH ,
0 5 o
N
NH
4
0 Nf:/ NH N”N | NH 0 ¢ :EU\/NH
!:O:y 2 N N o N7 N7 UNH,
NH; O0—~_8 N™ NHy gy, NH,
i:: 0 N ~N =, N X i A N X
i 4 N P = N o} y N
o:?_o < | /) HO _(|) \_N. /) S=I%’~O <N IN/)
bolo, TN S,
o ° o=p 0 = 6
SH , OH , OH ,
0
NH o
o/
P N
¢ j‘\/U\ NH
N "N “NH, ¢
o

, or a pharmaceutically acceptable
salt thereof.

A pharmaceutical composition, said pharmaceutical composition comprising:

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

14.
a compound according to any one of claims 1 to 13 or a pharmaceutically
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