CLAIMS

substituted(C3-Csheteroeyeleoptionally-substituted(C)-Cs)atkyl(C3 -Cs)heteroeyele
optionaly substituted(Cs -Cstheteroeyele € -Csjatkyl—optionaly substituted(Ci-Csjatkyl-
ZC-Csyalkyl—optionallysubstituted(Ci-Csyalkyl-Z'(C,-Cs)atkoxy—optionally
substituted(C,;-Cio)alkyl-NR'-optionally-substituted (C4-Cyo)alkyl-Z'(C,-Cs -
eptionally-substituted(C;-Cio)alkexy—Z'«C,-Cs)alkyl NR'substituted (C;-CsyaladCs-
Cathetervevele (O Copbodb—ubstitted-nearhinker—andubsttted branched-hndker:
whereitZ'-is—€0>)~—O0-—OCO-—CONH-—NHCO—orNH—and-the substituents-of each

R®-are-independentlyselectedfrom—O-NO>,—-ONO,—OH,NH., -COOH halogen(C;-
Cryatkoxy-and(Cy-Cayatkyl:
whereinatleast one R%is-substituted-with—O-NO,—ONO_—OH or NH,-

130



1. A compound of formula (I):

0 R!
J\rgg
HN e
o\\,;fo )

i 8 Xi_/
R\]f/ \N/ \<
RZ
RS R3
(D

or a pharmaceutically acceptable salt or stereoisomer thereof,

wherein:

X'is Cor N;

X%is Cor N;

R'is H or (C;-Cs) alkyl:
R2is (C1-Cs) alkyl:

R3 is O(C,-Cs) alkyl;
R*is H or (C; -Cs) alkyl;

R’ is carbocyclyl or heterocyclyl;

wherein the carbocyclyl or heterocyclyl is 4-membered; and

wherein the carbocyclyl or heterocyclyl is substituted with one or more independently

selected R® substituents: or

R* and R, taken together with the nitrogen atom to which they are attached, form a

heterocyclyl;

wherein the heterocyclyl is 4-membered; and

wherein the heterocyclyl is substituted with one or more independently selected R®

substituents;

each R6 is independently (C;-Cs) alkyl, (C;-Cs) alkylene-Z!-(C;-Cs) alkyl, (C;-Cs)
alkylene-(Cs-Cs) heterocyclyl. (C -Cs) alkylene-(Cs-Cs) heterocyclylene-(Ci-
Cs) alkyl, (C»>-Cio) alkenyl, (C>-Cio) alkynyl, NR"~(C;-C}0) alkyl, NR'-(C;-
Cs) alkylene-Z'-(C1-C1o) alkyl, NR"-(C;-Cs) alkylene-Z'-O(C;-Co) alkyl,
OH., O(C;-Cs) alkyl, O(C;-Cs) alkylene-Z'-(C;-Cs) alkyl, ONO», (C3-Cs)

heterocyclyl, or (C3-Cs) heterocyclylene-(C1-C5) alkyl;
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wherein each (C;-Cs) alkyl, (C;-Cs) alkylene-Z'-(C;-Cs) alkyl, (C;-Cs) alkylene-(Cs-
Cs) heterocyclyl, (C>-Cio) alkenyl, (C>-Cjq) alkynyl, NR"-(C-Co) alkyl,
NR'-(C;-Cs) alkylene-Z'-(Ci-C1o) alkyl, NR'-(C;-Cs) alkylene-Z'-O(C;-Ci0)
alkyl, O(C;-Cs) alkyl, O(C;-Cs) alkylene-Z'-(C;-Cs) alkyl, (C3-Cs)

heterocyclyl, and (Cs-Cs) heterocyclylene-(C;-Cs) alkyl is optionally and

independently substituted with one or more substituents independently

selected from the group consisting of halogen, (Ci-Cs) alkyl, C(O)OH, NHo,
OH, O(C;-C3) alkyl, ONO, and ONO>; and

wherein each (C;-Cs) alkylene-(C3-Cs) heterocyclylene-(Ci-Cs) alkyl is independently

substituted with one or more substituents independently selected from the
group consisting of halogen, (C;-Cs) alkyl, C(O)OH, NH,, OH, O(C;-C3)
alkyl, ONO, and ONOz;

R' is H or (C;-Cs) alkyl, wherein the (C;-Cs) alkyl is optionally substituted with one

or more substituents independently selected from the group consisting of NHo,
OH, and ONO»; and
each Z' is independently -C(O)NH-, -C(0)O-, -NH-, -NHC(O)-, -O-, or -OC(0)-;

with the provisos that:
(1) at least one of X' and X?is N: and
(2) at least one R® substituent is substituted with NH,, OH, ONO, or ONO».

2. The compound of claim 1, or a pharmaceutically acceptable salt or stereoisomer

thereof, wherein:

X'is N: and

X?%is C.
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R R and R"-arei i i 1-Csyalkeyl;

bbb e e O —opt i L e e

substituted (Co-C : i i 1-Csyalkoxvo wherein the optional
substituentis-selectedfrom—OH,—NHo,-and—-O-NO2:-and
Z*is—CO-——O0-—O0CO-—CONH-—NHCO—-orNH--

3. The compound of claim 1, or a pharmaceutically acceptable salt or stereoisomer

thereof, wherein:
X'is C: and
X?is N.

4. The compound of claim 1, or a pharmaceutically acceptable salt or stereoisomer

thereof, wherein at least one R® substituent is substituted with ONO».

5. The compound of claim 1, or a pharmaceutically acceptable salt or stereoisomer

thereof, wherein:

R*is H; and

R’ is azetidinyl, wherein the azetidinyl is substituted with one or more independently

selected R® substituents.

6. The compound of claim 1, or a pharmaceutically acceptable salt or stereoisomer

thereof, wherein:
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-NR*R’ is:

RS is (CH,)3-OC(0)-(CH,)>CH(ONO,)CH>ONO> or (CH5)3-OC(O)-
(CH2)3CH(ONO2)CH,ONO:».

7. The compound of claim 1, or a pharmaceutically acceptable salt or stereoisomer

thereof, wherein:

-NR*R’ is

~
)
AT

;and

R® is NH-(CH3),-OC(0)-(CH3)3CH(ONO,)CH,ONO; or N(CH3)-(CH,),-OC(O)-
(CH2)3CH(ONO2)CH,ONO:».
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| CH, | CH,

or a pharmaceutically acceptable salt or stereoisomer thereof,

wherein:
RCis R’;
R’is H,R”, or R7!-72-R7%;
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R is (Ci1-Cs)alkyl, (C2-Cip)alkenyl, (Ca-Cip)alkynyl, or O(C;-Cs)alkyl, wherein the
(C;-Cs)alkyl, (Cr-Cjp)alkenyl, (C2-Cio)alkynyl, or O(C;-Cs)alkyl is optionally

substituted with one or more substituents independently selected from the
group consisting of NH»>, OH, and ONO»;
R’ is (C;-Cs)alkylene or O(C;-Cs)alkylene, wherein the (C1-Cs) alkylene or O(C;-Cs)

alkylene is optionally substituted with one or more substituents independently

selected from the group consisting of NH», OH, and ONO»;
72 is -C(O)NH-, -C(0)O-, -NH-, -NHC(O)-, -O-, or -OC(0)-: and

R”? is (C1-Cs)alkyl, wherein the (C1-Cs) alkyl, is optionally substituted with one or

more substituents independently selected from the group consisting of NHo,

OH, and ONQO».

9. The compound of claim 8, or a pharmaceutically acceptable salt thereof, wherein:
RCis R’;
R is R7°:
R is <(CH),OR?,
R¥is H or NO»; and
nis1,2,3,4,0r5.

Rl iS SE]ES&EE] ﬁFE]ﬂH H RJ@ aﬁE] R?—l-_z%_RlZ;
R™_R™ and R arei i i 1-Csyalkyl;

optionatly substituted-(C1-Cpyatkoyleneoptionally substituted(Co-C 1 p)atkenyl-optionally
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RQ isselectedfrom—O PIQQ., PIR-I—GR-H-’ QR-I%,_RQ(-)’ and R%_Zg_Rg%;
RQO_RQ—} and RQ%

1-Csyatkeyls
conally-substituted (C1-Crojalkyleneoptionally substituied (Ca-C1oyalkenyl_optionall
substituted(Co-Cojatkynyl-optionatly-substituted (C,-Csyalkoxy-optionally substituted {Cs-
Cs)heteroeyele~C,-Csyalkyl—and-optionally-substituted(C,-Csyalkyl(Cs-Csyheteroeyele-
(C-Csijathvl-, wherein the optional substituent is selected from -OH. -NH- and -O-NO-:
Zi5-C01+—0-—0CO-—CONH-NHCO0r NH-—and
— R R _and R'?-are-independently H-optionallysubstituted(C,-Cs)alkyl-or
optionally substitited (C-Catky -7 4C1-Cyatkyl wherein the optional substituent is
seleetedfrom—OH—NHo-and—O-NO2:

substituentisselectedfromOH O NO,. CH.OH. CH,.CH,OH and CH,ONO,-

10. The compound of claim 9, wherein the compound is selected from the group

consisting of:
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or a pharmaceutically acceptable salt thereof.

11. The compound of claim 9, wherein the compound is selected from the group

consisting of:
o CH, 0 CH, Jk’/(
HN = HN = o 0 HN =
0\\ ﬂo J\I/SN 0\::?‘0 /“\rSN \\sﬂ g /N
HN S . N/N o N HN” N~
N H N 3
|\/ I\Cﬂg ? |\/ k'::1-1 :
OH ONO,

0
# v
N~ Sy Nz — Ny
é ?
N k 3 N k CH,

Or a pharmaceutically acceptable salt thereof.
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— R'“is Hermethyk:
Rl% ,—RM ,_Rié _Ri-é ’
b 9 44
and R -arcindependently-sclected-from-OH, -NH
5 2-and—-O-NOa:




HO>\ HO/\)\ HO Y oY 02N‘o>\

Oszo/y OZN\O/\)\ OzN‘o/\/y and HzN/y .

12. The compound of claim 1, or a pharmaceutically acceptable salt or stereoisomer

thereof, wherein R* and R, taken together with the nitrogen atom to which they are attached,

form an azetidinyl, wherein the azetidinyl is substituted with one or more independently

selected R® substituents.

13. The compound of claim 12, wherein the compound is of formula (Illa) or formula

(1lb):
0 cHy 0 CH,
N
HN HN =
0\\ 4,0 | ;N 0\\ 4,0 J\{/ﬁN
o LY
R¢ R
I\C 3 Hs
H;

(Ila) or Hs (1I1b)

or a pharmaceutically acceptable salt or stereoisomer thereof,

wherein:

R®is R%;

R9 iS R90 NRlORll OR12 or R91_z3_R92.

R'%is (C1-Cs) alkyl or (C1-Cs) alkylene-Z>-(C1-Cs) alkyl, wherein the (C;-Cs) alkyl or

(C1-Cs) alkylene-Z>-(C1-Cs) alkyl is optionally substituted with one or more

substituents independently selected from the group consisting of NH», OH,

and ONOg;
R!'is H or (Ci-Cs) alkyl, wherein the (C;-Cs) alkyl is optionally substituted with one

or more substituents independently selected from the eroup consisting of NHo,

OH, and ONOg;
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R!?is H, (C1-Cs) alkyl, (C1-Cs) alkylene-Z3-(C1-Cs) alkyl, or NO», wherein the (Ci-
Cs) alkyl or (C;-Cs)alkylene-Z3-(C1-Cs) alkyl is optionally substituted with

one or more substituents independently selected from the group consisting of
NH», OH, and ONOy;

R™ is (C-Cs) alkyl, (C; -Cs) alkylene-(C3-Cs) heterocyclyl, (C;-Cs) alkylene-(C3-Cs)
heterocyclylene(C;-Cs) alkyl, (C2-Cjo) alkenyl, (C2-Cio) alkynyl, O(C; -Cs)

alkyl, or (Cs3-Cs)heterocyclyl;
wherein the (C1-Cs) alkyl, (C;-Cs) alkylene-(C3-Cs) heterocyclyl, (Co-Cio)
alkenyl, (C,-Cjo) alkynyl, O(C;-Cs) alkyl, or (C3-Cs) heterocyclyl

is optionally substituted with one or more substituents

independently selected from the group consisting of NH,, OH, and
ONO»; and
wherein the (C; -Cs) alkylene-(C3-Cs) heterocyclylene-(C;-Cs) alkyl is

substituted with one or more substituents independently selected

from the group consisting of NH», OH, and ONO»;
R°! is (C1-Cs) alkylene or O(C;-Cs) alkylene, wherein the (C;-Cs) alkylene or O(C;-

Cs) alkylene is optionally substituted with one or more substituents

independently selected from the group consisting of NH»>, OH, and ONO2;
7> is -C(O)NH-, -C(0)O-, -NH-, -NHC(O)-, -O-, or -OC(0)-; and

R*? is (C1-Cs) alkyl, wherein the (C1-Cs) alkyl is optionally substituted with one or

more substituents independently selected from the group consisting of NH»,

OH, and ONO;.
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OZN\O/\/\OA ozN\O/\/OY and OZN\O/\/\/OY_

14. The compound of claim 13, or a pharmaceutically acceptable salt thereof, wherein:
R®is R’
R%is R* NR!°R', OH, ONO,, or OR'?;
R is -(CH)sR";
R!%is -(CH»)94CH>R " or -(CH»)o.4CHoR '
R'"is H, CH3, or -(CH2)nCHoR';
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R!? is -(CH2)o4CH2R':
R'3 is NH,, OH, or ONO»:

R is NH», OH, or ONO»:

R is NH,, OH, or ONO»:

R'® is NH,, OH, or ONO»:

R!7 is NH, OH, or ONO3;

mis0,1,2,3, or4; and
nis1,2,3,4, or5.
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|
HO/\/“Y HO/\/\”X HO/\/\/HY HO/\/NY Ho/\/\lil>\

| H

|
HO/\/\/NY OZN\O/\/NY OZN\O/\/\HX OZN\O/\/\N>\ OZN\O/\/NYI
I and
15. The compound of claim 14, wherein the compound is of formula (Illa):

(I11a)

or a pharmaceutically acceptable salt thereof,

wherein:
R®is R’
R’ is R*, OH, or ONO»; and
R* is CH,NH,, CH>OH, CH>ONO», (CH»),OH, (CH)ONO», (CH»)30H, or (CH»);0NO,.

146



HO and

16. The compound of claim 14, wherein the compound is of formula (Illa):
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CH

I‘ 3

0o 0 N\

\/ « I
Jya ot

Rg 0
CH,
(ITTa)

or a pharmaceutically acceptable salt thereof,

wherein:
R®is R’;
R’ is NR!R'!: and

NR'°R!! is NH(CH,),OH, NH(CH,)>ONO>, N(CH3)(CH»),OH, N(CH3)(CH>),ONO»,

NH(CH»);0H, NH(CH»);ONO»>, N(CH3)(CH»);0H, N(CH3)(CH»);0ONO,», NH(CH»)4OH,

N(CH3)(CH»)4OH. or N(CH3)(CH2)30NOs».

m

'I'Q LY
RSO
- "

(0]
n
R19 (@)
—b) m oF
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} m éﬂ
R s H ormethyl:

a-pro E}Flig or-a-stereoisomer-thereof—wherein RQ—I-S— n selected-from:

HO/\C\N\)\ \/\C\N\)\ T\NY HO/\C\Ny \/\E\NY

OZN,OT\N O.N \O/\C\ OZN\O/\C\
7/ N)/ and N\)\

17. The compound of claim 14, wherein the compound is of formula (IIla):
CH
; 3
0 HN \
N
\ - L,

b
Hj

(11a)

or a pharmaceutically acceptable salt thereof,

wherein:
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R®is R’;
R’ is NR!R'!: and
NR!“R!'! is N[(CH»)3;0H]> or N[(CH2);0NO:]-.

18. The compound of claim 14, wherein the compound is of formula (Illa):
0 ;CH3
0O 0 N\
\/ \ L

(11Ia)

or a pharmaceutically acceptable salt thereof,

wherein:

R®is R,

R’is OR'?; and

R!? is (CH»),0H, (CH»)ONO>, (CH,);0H, (CH»);0NO,, (CH,)40OH. or (CH,)sONOs.
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ONO, ONO,

OZNOMO\/\)\ OZNOMOM
and
@) 0]

19. The compound of claim 13, wherein the compound is of formula (IIla):
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(IIa)

or a pharmaceutically acceptable salt thereof,

wherein:

Ris R’;

RYis R®, NRI°R!!, or R?'-Z3-R%2:

R” is (CHy)1.5-(azetidin-1.3-diy])-(CHz)5-R"® or azetidin-1-yl-R"®;
R'8 is NH», OH, or ONO»;

R’ -Z3-R” is (CHy);.5-Z°-(CH1)15-R";
73 is -OC(0)-;

R" is NH», OH, or ONO>;

R" is (CHy)1.5-Z*-(CHy);.5-R*;

R’ is NH», OH, or ONO>; and

R''is H or CH3.
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20. The compound of claim 19, or a pharmaceutically acceptable salt thereof, wherein:

RCis R’;

R’is R*; and

R” is CH»-(azetidin-1,3-diyl)-CH>OH, CH,-(azetidin-1,3-diyl)-CH,ONO», CH>-
(azetidin-1,3-diyl)(CH»)>,OH, 3-(CH>OH)-azetidin-1-yl, 3-OH-azetidin-1-yl, or 3-ONQO5-

azetidin-1-yl.
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RQ isselectedfrom Q PIG;_I, PIR-]—OR-H-’ QR-I—Z’_RQQ’ and RQ—]—_Zg_RQQ-?
RQG_RQ-I» and RQ%

1-Csyaeyl;
e L e e e I
stbsttttedC-C ooy optionathy-—substitntedC -Cyathoxyand-optionaysabstituted
- Cobeterseyvele+C - Conlorl—where i the-optonalsubstipentsselected-rom— O —
NHo;-ard—O-NO2
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Z3i5-CO,—O0-—OCO-—CONH-NHCO—-or NH-and
Aw&“r%ﬂgﬂfe—mdepeﬁdeﬂﬂykkepﬁeﬂa#y—wbsﬁ%m%@+€5}aﬂeﬂref
optionally-substituted(C1-Csalkyl-Z'(C,-Csyalkylwherein the-optional substituentis

selectedfrom—OH. NH»and O NO»:

OQN\O>\ ONs ™/ OZN\O/\)\ _ ON g™~/

21. The compound of claim 19, or a pharmaceutically acceptable salt thereof, wherein:
Reis R’
R’ is NR!R"!
R'"%is (CHy)1.5-Z*-(CHy)1.5-R*;
Z? is -0C(0)-;
R?° is NH,, OH, or ONO»:
Ry is H or CH;3; and
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NR!"' -(CH»);.5-Z3-(CH»)1-5-R*® is NH-(CH>),-OC(0)-(CH>)s-ONO, or N(CH3)-
(CH2)2-OC(0)-(CH2)5-ONO:s».

22. The compound of claim 19, or a pharmaceutically acceptable salt thereof, wherein:
R®is R’
RY is R?-7Z3-R92:
R%1-73-R%? is (CH>),.5-Z>-(CH2);.5-R";
Z* is -OC(0)-;
R" is NH,, OH. or ONOy; and
(CH1)1.5-Z7-(CHa)1.5-R" is (CH»)3-OC(0)-(CH2)3-ONO>, (CH»)3-OC(0)-(CHs)s-
ONOg, or (CH»)3-OC(0)-(CH»)s-ONO».
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H |
Ho/\/Nj/ HO/\/\H>\ Ho/\/\/N)/ HO/\/N7/ HO/\/\Iil>\

r!1 O,N Nz OaN. AN >\ O2N >\ '
HO " 7‘ Neg~~ 7’ (o) H 2 ‘o/\/\,il OZN‘O/\/NY

and

23. The compound of claim 13, or a pharmaceutically acceptable salt thereof, wherein:
R®is R,
R’%is R* NR'’R'', OH, or ONO;
R is -(CH2),R" ;
R!'%is -(CH»)o4CHoR';
R'"is H, CH3, or -(CH,)nCHoR;
R" is NH,, OH, or ONO»;
R" is NH,, OH, or ONO»;
R'7 is NH,, OH, or ONO»;
mis0,1,2,3, or4; and
nis1,2,3,4,0r5.
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24. The compound of claim 23, wherein the compound is of formula (ITIb):

S . N
oo 0
9
R 0
.
CH,

(TTTh)

or a pharmaceutically acceptable salt thereof,

wherein:

R%is R’

R%is R or NR!R!!;

R* is -(CH»).R";

R!'%is -(CH2)o4CH2R';

R!'is H or CH3;

R" is NH», OH, or ONO>;

R is NH», OH, or ONO;; and
nis1,2,3,4,orS5.

25. The compound of claim 23, wherein the compound is of formula (IIIb):
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0 CH;
o 0 HN)H%(
\\sﬂ 2% N /N
e o0
R9
o

CH;
(I1Ib)
or a pharmaceutically acceptable salt thereof,
wherein:
Reis R’

R’ is R%. OH, or ONO»; and
R is CH>,NH», CH>OH, CH>ONO>, (CH»)>0OH, (CH»),ONO>, (CH»)3;0H, or

(CH»)3;0NOs.

26. The compound of claim 23, wherein the compound is of formula (IIIb):
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9 CH,
o 0 HNJH-//{
\s”” xn N /N
R9
k CH,

CH,
(I1Ib)

or a pharmaceutically acceptable salt thereof,

wherein:

RSis R’;

R%is NR'"'R'!; and

NR!R'" is NH(CH»),OH, NH(CH>)>ONO,, N(CH3)(CH»),OH, N(CH3)(CH,),ONO>,
NH(CH>);0H, NH(CH,)3;0NO>, N(CH3)(CH,)30H, N(CH3)(CH»)30NO,, NH(CH»):OH,
N(CH3)(CH»)40H, or N(CH3)(CH,);0NO:..
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27. The compound of claim 1, wherein the compound is selected from the group

0 0 HN
\ « |
;E N
N

CH3 k/\
K/ONoz ONO,

consisting of:

0
CH.
/ 3
0 0 N\
\/ P

CH;
ONO,
NO,
0
N7/
_S
N N
ONO,
ONO,
0
CH,
/
N
0 0 HN \
\/ | N
P 2
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\Eo/vl\
ONO, ONO,
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o CH, 0 CH,
ONO N {
N0, HN \ o HN N
\ « I \ - N
haveasiV-ase
N o 0,NO o
I\/\O CH.
NO; I\CH3 i I\CH, ’
HN
o\\s P -
/C/N/ N
0

e g

and CHj,

or a pharmaceutically acceptable salt or stereoisomer thereof.
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28. The compound of claim 1, wherein the compound is selected from the group

consisting of:
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Q

o
N/ N
S N/
/C/N/ \N/
H;C_
NK/\ 7
0N02 kcﬂs 3

CH,
HN =
N
x N
QO
Ha
H;

or a pharmaceutically acceptable salt thereof.
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29. An ophthalmic composition comprising a physiologically compatible ophthalmic

vehicle and a therapeutically effective amount of a compound of claim 1, or a

pharmaceutically acceptable salt or stereoisomer thereof.

30. A pharmaceutical composition comprising a pharmaceutically acceptable excipient

and a therapeutically effective amount of a compound of claim 1. or a pharmaceutically

acceptable salt or stereoisomer thereof.

31. A method for inhibiting phosphodiesterase-5 and/or phosphodiesterase-6 activity in a

biological system, wherein the method comprises contacting the biological system with an

effective amount of a compound of claim 1, or a pharmaceutically acceptable salt or

stereoisomer thereof.

32. A method for treating an eye disease in a subject in need thereof, wherein the method

comprises administering to an eye of the subject a therapeutically effective amount of the

ophthalmic composition of claim 29.

33. The method of claim 32, wherein the eye disease is selected from the group consisting

of age-related macular degeneration, a cataract, conjunctivitis, diabetic macular edema,

diabetic retinopathy, dry eye syndrome, glaucoma, ischemic retinopathy, optic neuropathy,

Sjogren's syndrome, Stevens-Johnson syndrome, trauma of the eye, uveitis, and

xerophthalmia.

34. A compound:
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ONO,

O,N

or a pharmaceutically acceptable salt or stereoisomer thereof.
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