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NITROGEN OXIDE-DONATING PDE-5 AND/OR PDE-6 INHIBITOR
COMPOUNDS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of Korean Application Number 10-2019-0143747,
filed November 11, 2019, which application is incorporated herein by reference in its

entirety.

INTRODUCTION
[0002] Vision refers to the sense of cognition through the eyes, and the ocular structure and
processes for transmitting visual information are highly important. The front surface of the
eye is comprised of the conjunctiva and the cornea, and within the sclera which surrounds the
eyeball are the iris, ciliary bodies, the lens, vitreous body and the retina. Light which enters
through the cornea is refracted by the lens, then passes through the vitreous body and creates
an image on the retina which is delivered to the brain through the optic nerve. Humans
cognize objects through the physiological process of visual information being transmitted
from the eyes to the brain. Aging causes various degenerative changes in the eyeball. For
example, 90% of macular degeneration cases are reported to be dry age-related macular
degeneration which causes atrophy of photoreceptors in the retina. Exemplary degenerative
diseases of the eye include macular degeneration, glaucoma and cataracts. Further, with the
increase in time spent in front of computers and use of smart phones, prevalence of eye
conditions such as xerophthalmia is continually rising.
[0003] Many diseases require invasive eye surgery or highly difficult surgery such as laser
surgery for treatment. Eye diseases can be difficult to recover from once the eye has been
damaged, and with the exception of eye drops for xerophthalmia, most therapeutic agents for
eye disease are administered in injection form. Such injections may cause pain or
hypersensitive reaction around the injection site, and due to the tedious method of
administration, patient compliance is low. Therefore, for treatment of eye diseases, it is
desirable to reduce the burden of drug administration on patients and improve compliance.
Further, for treatment and alleviation of symptoms of eye diseases from which recovery is

difficult, it is desirable to identify new therapeutic targets.
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SUMMARY
[0004] The present disclosure provides phosphodiesterase 5 (PDE-5) and/or
phosphodiesterase 6 (PDE-6) inhibitor compounds and compositions including said
compounds. In some embodiments, said compounds are nitrogen oxide (NO) donating PDE-5
and/or -6 inhibitor compounds that include a nitrogen oxide-containing donor substituent
attached to a benzenesulfonamide group. The compounds can provide dual functionality for
increasing protein kinase G (PKG) activity by inhibiting PDE-5 and PDE-6, and/or
stimulating guanylate cyclase (sGC) via donation of nitrogen oxide (NO) from the donor
substituent of the compound. The present disclosure also provides methods of using said
compounds and compositions for inhibiting PDE-5 and/or -6 and increasing activity of
protein kinase G (PKG). The compounds and compositions find use in therapeutic
applications including in the treatment of a variety of eye diseases. For example, the subject
compounds may be used as a therapeutic agent for glaucoma, age-related macular
degeneration (AMD), diabetic retinopathy (DR), xerophthalmia, cataracts or uveitis. Also
provided are methods of preparing said compounds and compositions, and synthetic
precursors of said compounds.
[0005] In a first aspect, the present disclosure provides a PDE-5 and/or -6 inhibitor

compound of formula (I):
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or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof, wherein:
X! and X? are independently selected from N and C and at least one of X' and X is

N;

R!is H, or optionally substituted (C1-Cs)alkyl;

R? is optionally substituted (C1-Cs)alkyl;

R? is optionally substituted (C1-Cs)alkoxy;

R*is -H or optionally substituted (C1-Cs)alkyl, and R’is a 4-membered carbocycle or

heterocycle ring that is substituted with one or more RS,
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or R* and R? together with the nitrogen atom to which they are attached are cyclically
linked to form a 4-membered heterocycle that is substituted with one or more R®; and

and each R® is independently selected from -O-NO2, -OH, optionally substituted (C1-
Cs)alkyl, optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio)alkenyl,
optionally substituted (C2-Cio)alkynyl, optionally substituted (C1-Cs)alkoxy, optionally
substituted (C3-Cs)heterocycle, optionally substituted (Ci-Cs)alkyl-(Cs -Cs)heterocycle-,
optionally substituted (C3-Cs)heterocycle-(C1-Cs)alkyl-, optionally substituted (C1-Cs)alkyl-
Z'-(C1-Cs)alkyl-, optionally substituted (C1-Cs)alkyl-Z'-(C1-Cs)alkoxy-, optionally
substituted (C1-C1o)alkyl-NR!-, optionally substituted (C1-C1o)alkyl-Z'-(C1-Cs)alkyl-NR!-,
optionally substituted (C1-C1o)alkoxy-Z'-(C1-Cs)alkyl-NR!-, substituted (C1-Cs)alkyl-(Cs-
Cs)heterocycle-(C1-Cs)alkyl-, substituted linear linker, and substituted branched linker,
wherein Z! is -COz-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-, and the substituents of each
R® are independently selected from -O-NOz, -ONO, -OH, -NHz, -COOH, halogen, (C1-
Cs)alkoxy and (Ci-Cs)alkyl.
[0006] It is understood that all variations of salts, solvates, hydrates, prodrugs and/or
stereoisomers of the compounds of formula (I)-(I1Ib) are meant to be encompassed by the
present disclosure. The present disclosure is also meant to encompass compounds of formula
(D-(I1Ib), or a salt (e.g., pharmaceutically acceptable salt) thereof, including a single
stereoisomer, a mixture of stereoisomers and/or an isotopically labelled form of compounds
of formula (I)-(I1Ib), e.g., as described in any one of the embodiments herein.
[0007] In some embodiments of the compound of formula (I), wherein at least one R® is
substituted with -O-NO2z, -ONO, -OH or -NHa.
[0008] In some embodiments, the PDE-5 and/or -6 inhibitor compound is a NO-donating
PDE-5 and/or -6 inhibitor compound, and at least one R® is substituted with -O-NOa.
[0009] In some embodiments of the compound of formula (I), at least one R® is substituted
with -OH or -NHa.
[0010] In some embodiments, R* is -H and R’ is a substituted azetidine.
[0011] In some embodiments, R* and R® together with the nitrogen atom to which they are
attached are cyclically linked to form a substituted azetidine.

[0012] In some embodiments, the compound of formula (I) is a compound of formula (IT):
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(IT)
or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof, wherein:

R’ is selected from -H, R”, and R"!-Z2-R?;

R’ R7! and R7? are independently selected from optionally substituted (C1-Cs)alkyl,
optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio)alkenyl, optionally
substituted (C2-Cio)alkynyl, and optionally substituted (C1-Cs)alkoxy, wherein the optional
substituent is selected from -OH, -NHz, and -O-NO2; and

Z?*is -COz-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-.

[0013] In some embodiments of formula (II), Z* is -CO2-, -OCO-, -O-, -CONH-, or -NH-.
[0014] In some embodiments, the compound of formula (I) is a compound of formula (III):

O

MII : Kj

(HI)
or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof wherein:

R’ is selected from -O-NO2, -NR!R! -OR!?2, R® and R?!-Z3-R%%;

R R’! and R?? are independently selected from optionally substituted (C1-Cs)alkyl,
optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio)alkenyl, optionally
substituted (C2-Cio)alkynyl, optionally substituted (C1-Cs)alkoxy, and optionally substituted
(Cs-Cs)heterocycle-(C1-Cs)alkyl-, and optionally substituted (C1-Cs)alkyl-(Cs-
Cs)heterocycle-(C1-Cs)alkyl-, wherein the optional substituent is selected from -OH, -NHa,
and -O-NOz;

73 is -CO»-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-; and
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R!° R and R'? are independently -H, optionally substituted (C1-Cs)alkyl, or
optionally substituted (C1-Cs)alkyl-Z'-(C1-Cs)alkyl-, wherein the optional substituent is
selected from -OH, -NH3, and -O-NOg;

or R!% and R!! together with the nitrogen atom to which they are attached are
cyclically linked to form an optionally substituted heterocycle, wherein the optional
substituent is selected from -OH, -O-NO2. -CH20H, -CH2CH20H, and -CH20-NOz.
[0015] In some embodiments of formula (I)-(IIT), X' is N and X? is C.

[0016] In some embodiments of formula (I)-(IIT), X' is C and X? is N.

[0017] In a second aspect, the present disclosure provides a pharmaceutical composition
comprising a compound, or a pharmaceutically acceptable salt thereof as described herein
(e.g., a compound of formula (I)-(III)), and a pharmaceutically acceptable excipient.

[0018] In a third aspect, the present disclosure provides a method of modulating the PKG
signaling pathway via inhibition of PDE-5 and/or -6, comprising contacting a sample
comprising PDE-5 and/or -6 with an effective amount of a compound or a pharmaceutically

acceptable salt as described herein (e.g., a compound of formula (I)-(IL)).

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0019] These and other features, aspects, and advantages of the present invention will
become better understood with regard to the following description, and accompanying
drawings, where:
[0020] FIG. 1 shows the results of an intraocular pressure (IOP) lowering effect study with
latanoprostene bunod (0.024%) in ocular normotensive rabbits at various time points after
instillation of ophthalmic solutions. The left eyes of the tested animals in each group were
dosed with vehicle solution at 50 uL per eye (control), while the right eyes received the same
volume of a solution of the test compound (treatment).
[0021] FIG. 2 shows the results of the IOP lowering effect study with latanoprost(0.005%) in
ocular normotensive rabbits at various time points after instillation of ophthalmic solutions
(control solutions into left eyes and treatment solution into right eyes).
[0022] FIG. 3 shows the results of the IOP lowering effect study with exemplary compound
18 (10 mg/mL) in rabbits at various time points after instillation of ophthalmic solutions
(control solutions into left eyes and treatment solution into right eyes).
[0023] FIG. 4 shows the results from test group 4 of the IOP lowering effect study with
exemplary compound 18 (20 mg/mL) in rabbits at various time points after instillation of

ophthalmic solutions (control solutions into left eyes and treatment solution into right eyes).
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DETAILED DESCRIPTION
PDE-S and/or -6 Inhibitor Compounds
[0024] As summarized above, the present disclosure provides benzenesulfonamide
containing compounds and compositions for use in inhibiting PDE-5 and/or -6 and increasing
PKG activity. The compounds can include a benzenesulfonamide group linked to a fused

heteroaryl, such as a bicyclic core structure of 1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-

H

one ( N ) or a fused bicyclic core structure of imidazo[5,1-f][1,2,4]triazin-4(3H)-

HN = N
one ( k\N'N\// ).
[0025] In the PDE-5 and/or -6 inhibitor compounds of the present disclosure, compounds
containing the 1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidine-7-one core can be substituted at the
5 position of the core structure with a substituted benzenesulfonamide group, and compounds
containing the imidazo[5,1-f][1,2,4]triazin-4(3H)-one core can be substituted at the 2-position
of the core structure with a substituted benzenesulfonamide group. In various embodiments
as described herein, the benzenesulfonamide group may optionally be further substituted at
the nitrogen. Compounds having such substituted benzenesulfonamide groups attached to the
fused bicyclic cores of 1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one and imidazo[5,1-
f][1,2,4]triazin-4(3H)-one described herein can have desirable biological activities (e.g., as
described herein) and find use in a variety of therapeutic applications. The
benzenesulfonamide group can be further substituted (e.g., at the nitrogen) with a substituent
group comprising, e.g., one or more of an azetidine heterocycle ring and/or a short linear
chain (e.g., an alkyl or alkoxy-alkyl chain).
[0026] The PDE-5 and/or -6 inhibitor compounds can further include a -O-NO: substituent to
provide for a NO-donating PDE-5 and/or -6 inhibitor compound. Aspects of the present
disclosure include dual action NO-donating and PDE-5 and/or -6 inhibiting compounds that
are capable of stimulating guanylate cyclase (sGC) (e.g., via donation of nitrogen oxide
(NO)) and inhibiting PDE-5 and/or -6. In some embodiments, the dual action compound
provides a desirable synergic effect in activation of the PKG signaling pathway. Compounds

containing a -O-NOz substituent can donate nitrogen oxide (NO, also known as nitric oxide)
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and leave behind a -OH group. The resulting -OH substituted compounds can also provide
PDE-5 and/or -6 inhibition activity.
[0027] In a first aspect, the present disclosure provides a PDE-5 and/or -6 inhibitor

compound of formula (I):

R1
;
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O. 0 "N
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or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof wherein:

X! and X? are independently selected from N and C and at least one of X' and X* is
N;

R!is -H, or optionally substituted (C1-Cs)alkyl;

R? is optionally substituted (C1-Cs)alkyl;

R? is optionally substituted (C1-Cs)alkoxy;

R*is -H or optionally substituted (Ci-Cs)alkyl, and R®is a 4-membered carbocycle or
heterocycle ring that is substituted with one or more RS,

or R* and R’ together with the nitrogen atom to which they are attached are cyclically
linked to form a 4-membered heterocycle that is substituted with one or more R®; and

and each R° is independently selected from -OH, -O-NO2, optionally substituted

(C1-Cs)alkyl, optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio) alkenyl,
optionally substituted (C2-Cio)alkynyl, optionally substituted (C1-Cs)alkoxy, optionally
substituted (C3-Cs)heterocycle, optionally substituted (C1-Cs)alkyl-(Cs -Cs)heterocycle-,
optionally substituted (Cs -Cs)heterocycle -(C1-Cs)alkyl-, optionally substituted (C1-Cs)alkyl-
Z'-(C1-Cs)alkyl-, optionally substituted (C1-Cs)alkyl-Z' -(C1-Cs)alkoxy-, optionally
substituted (C1-C1o)alkyl-NR!- optionally substituted (C1-Cio)alkyl-Z'-(C1-Cs)alkyl-NR!-,
optionally substituted (C1-Cio)alkoxy-Z'-(C1-Cs)alkyl-NR!-, substituted (C1-Cs)alkyl-(C3-
Cs)heterocycle-(C1-Cs)alkyl-, substituted linear linker, and substituted branched linker,
wherein Z! is -CO»-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-, and the substituents of each
R® are independently selected from -O-NO2, -ONO, -OH, -NHz, -COOH, halogen, (C1-
Cs)alkoxy and (Ci1-Cs)alkyl.
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[0028] In some embodiments, the PDE-5 and/or -6 inhibitor compound is a NO-donating
PDE-5 and/or -6 inhibitor compound. In some embodiments of the compound of formula (I),
at least one R® is substituted with -O-NOx.

[0029] In some embodiments of the compound of formula (I), wherein at least one R® is
substituted with -O-NO2,-O-NO, -OH or -NHaz. In some embodiments of the compound of
formula (1), at least one R® is substituted with -OH or -NHa.

[0030] In some embodiments of formula (I), R! is (C1-Cs)alkyl. In another embodiment, R! is
methyl.

[0031] In some embodiments of formula (I), R? is n-propyl.

[0032] In some embodiments of formula (I), R? is ethoxy.

[0033] In some embodiments, the compound of formula (I) is a compound of formula (Ia):

O

0O
\/, \X1/

(Ia)
[0034] In some embodiments of formula (I)-(Ia), R’ is a substituted azetidine. In some
embodiments, R’ is substituted azetidin-3-yl. In some embodiments, R’ is N-substituted
azetidin-3-yl. In some embodiments, R is azetidine substituted with optionally substituted
(C1-Cs)alkyl, optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio)alkenyl,
optionally substituted (C2-Cio)alkynyl, or optionally substituted (C1-Cs)alkoxy. In some
embodiments of formula (I)-(Ia), R* is -H. In some embodiments of formula (I)-(Ia), R* is
(C1-Cs)alkyl.
[0035] In some embodiments, X' is N and X? is C.
[0036] In some embodiments, X' is C and X? is N.
[0037] In some embodiments, the compound of formula (I) is a compound of formula (II):

0O

Rz HNJJ\|/—X/2
”/ \d\N’
Q

(1
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wherein:

R’ is selected from -H, R”, and R7-Z2-R7%;

R R7! and R7? are independently selected from optionally substituted (C1-Cs)alkyl,
optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio)alkenyl, optionally
substituted (C2-Cio)alkynyl, and optionally substituted (C1-Cs)alkoxy, wherein the optional
substituent is selected from -OH, -NHz, and -O-NOz; and

Z?%is -CO2-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-.

[0038] In some embodiments of formula (I)-(II), X' is N and X?is C.
[0039] In some embodiments of formula (I)-(I), X' is C and X?is N.

[0040] In some embodiments of formula (II), the compound is of formula (I1a):

(IIa)

[0041] In some embodiments of formula (Ia), R” is R”°. In some embodiments, R7 is

substituted (C1-Cs)alkyl (e.g., substituted (C2-Cs)alkyl).

n
. S RBOH/ g
[0042] In some embodiments of formula (Ila), R’ is , wherein R® is -H or -NOg,
andnis 1, 2, 3, 4, or 5. In some embodiments, R® is -H. In some embodiments, R® is -NO». In

some embodiments, n is 2. In some embodiments, n is 3. In some embodiments, n is 4.
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[0043] In some embodiments of formula (IIa), the compound is selected from:

and

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.
[0044] In some embodiments of formula (II), the compound is of formula (IIb):

o)

RY HNM
N\j\o\\s,/o < N /N
N/ \d\Nr

H
4§

(ITb)

[0045] In some embodiments of formula (IIb), R” is R”’. In some embodiments, R” is

substituted (C1-Cs)alkyl (e.g., substituted (C2-Cs)alkyl).

n
. . RBOH)/ ..
[0046] In some embodiments of the compound of formula (IIb), R" is ,R°1s-H
or -NO2, and nis 1, 2, 3, 4, or 5. In some embodiments, R® is -H. In some embodiments, R?® is
-NOz. In some embodiments, n is 2. In some embodiments, n is 3. In some embodiments, n is
4.

[0047] In some embodiments of formula (IIb), the compound is selected from:

10
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o) o) 0
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or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.
[0048] In some embodiments of formula (I)-(Ia), R* and R’ together with the nitrogen atom
to which they are attached are cyclically linked to form a substituted azetidine. In some
embodiments, R* and R are cyclically linked to provide an azetidine substituted (e.g., at the
3-position) with optionally substituted (C1-Cs)alkyl, optionally substituted (Ci-Cio)alkylene,
optionally substituted (C2-Cio)alkenyl, optionally substituted (C2-Cio)alkynyl, or optionally
substituted (C1-Cs)alkoxy.
[0049] In some embodiments of formula (I)-(Ia), the compound is of formula (III):

O

O

\\’/

(IH)
wherein:
R’ is selected from -O-NOz, -NR!'R!'! -OR'?>, R?’, and R*!-Z-R*%;
R? R’! and R?? are independently selected from optionally substituted (C1-Cs)alkyl,
optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio)alkenyl, optionally
substituted (C2-Cio)alkynyl, optionally substituted (C1-Cs)alkoxy, optionally substituted (Cs-

11
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Cs)heterocycle-(C1-Cs)alkyl, and optionally substituted (Ci-Cs)alkyl-(Cs-Cs)heterocycle-(Ci-
Cs)alkyl, wherein the optional substituent is selected from -OH, -NHz, and -O-NO;

73 is -CO2-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-; and

R!% R!! and R'? are independently H, optionally substituted (C1-Cs)alkyl, or
optionally substituted (C1-Cs)alkyl-Z!-(C1-Cs)alkyl, wherein the optional substituent is
selected from -OH, -NHz, and -O-NOz;

or R!% and R!! together with the nitrogen atom to which they are attached are
cyclically linked to form an optionally substituted heterocycle, wherein the optional
substituent is selected from -OH, -O-NO2, -CH20H, -CH2CH20H, and -CH2-O-NOz.
[0050] In some embodiments, Z? is -CO»-, -O-, -OCO-, -CONH-, or -NH-.
[0051] In some embodiments, the compound of formula (III) is a compound of formula
(ITa):

N

(lla)

[0052] In some embodiments, the compound of formula (III) is a compound of formula
(I1Ib):
0O

HN =
0. O /lkr(
:\S/’ X N /N
LG
R OK

(I11b)
[0053] In some embodiments of formula (I11a)-(I1Ib), R® is
a) "

0 i

b) R’ ;

12
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Rﬂ
U
0 R*‘v"/\n(")NY

R17

; or

m
N
d) R']G n Y )
and wherein:
R'!'is -H or methyl;
R RY RY R!¢ and R' are independently selected from -OH, -NHa, and -O-NO»;

and
n and m are independently selected from 0, 1, 2, 3, 4, or 5.
R13
[0054] In some embodiments of formula (Illa)-(ITIb), R%is " . In some embodiments,

R is -OH, or -O-NOz. In some embodiments, R' is -NH>. In some embodiments, n is 0 to 4,
R13
such as 0 to 3. In some embodiments of formula (Illa)-(IlIb), R?is "
R13

[0055] In some embodiments of formula (IIla)-(IlIb), R”is " selected from:

HO>\ HO/\)\ HO Y Ho Y ozN\O)\
OZN‘O/Y OzN\O/\)\ OZN‘O/W and HZN/Y .

[0056] In some embodiments of formula (IIIa), the compound is selected from:

13
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or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof.

R13
[0057] In some embodiments of formula (IIla), R%is " ,RPis -OH, or -O-NO, and n
is 0 to 4, such as 0 to 3.

[0058] In some embodiments, the compound of formula (IIIa) has the structure:

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.

[0059] In some embodiments, the compound of formula (Il1a) has the structure:

14
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-0

2S<

O’ N\j\/\
NO
0" 2

>

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.

[0060] In some embodiments, the compound of formula (Illa) has the structure:

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof.
R13

[0061] In some embodiments of formula (IIIb), R%is " ,RPis -OH, or -O-NO, and n
is 0 to 4, such as 0 to 3.

O
[0062] In some embodiments of formula (Ia)-(IlIb), R’ is R™ n 7/ In some

embodiments, R'* is -OH, or -O-NOz. In some embodiments, nis 1 to 5, such as 1 to 4.

O
[0063] In some embodiments of formula (IIa)-(ITIb), R’ is RM/;H Y

H O/\/OY H O/\/\ O>\ H o/\/\/ Oy

selected from:

OZN\O/\/\O)\ OZN‘O’\/OY g OZN‘O/\/\/OY

[0064] In some embodiments of formula (IIla), the compound is selected from:

15
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20

25

s\
O/\/\/O‘NO2

and

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.

RM
)
e Y

embodiments, R" is -OH, or -O-NOz. In some embodiments, nis 1 to 5, such as 1 to 4. In

[0065] In some embodiments of formula (Ia)-(IlIb), R’ is . In some

some embodiments, R is -H. In some embodiments, R'! is methyl.
1

R
)
S

[0066] In some embodiments of formula (IIIa)-(IIIb), R’ is selected from:

H H I
HO/\/NY HO/\/\HX HO/\/\/NY HO/\/NY HO/\/\TX

I H
HO/\/\/NY OQN\O/\,NY OzN\O/\/\”X OZN\O/\/\TX OZN‘O/\/ILY

and

[0067] In some embodiments of formula (IIla), the compound is selected from:

16
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or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof.

R17

m
R16/;HNY

embodiments, R'® and R'” are independently -OH, or -O-NO2. In some embodiments, n and

[0068] In some embodiments of formula (Ila)-(IIIb), R’ is . In some

m are independently 2 to 5, such as 2 to 4. In some embodiments, R'® and R!” are each -OH,
or -O-NOz. In some embodiments, n and m are each 2 to 5, such as 2 to 4.

R17

m

. R16/\HNY
[0069] In some embodiments of formula (IIIa)-(ITIb), R’ is n selected from:

HO/\/\N>\ O2N‘o/\/\N)\

HO/\) and O2N ‘O/\)

[0070] In some embodiments of formula (IIIa), the compound is selected from:

17
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OH and o2

>

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof.
[0071] In some embodiments of formula (II1a)-(I1Ib), R® is

m
a) N(\%\;

0
Aoy
19 O
b) R m ;or
Q n
Rzo/\HJLOHN)\
m |
C) R‘l']

wherein:
R'"'is -H or methyl;
R8s selected from -OH, -NH>, and -O-NO;
R and R? are independently selected from -OH, -NHz, -O-NO2, and

>

O,NO
ONOZ; and

n and m are independently selected from 0,1, 2, 3, 4, 5, and 6.

Rm/%Ng)\

[0072] In some embodiments of formula (IIa)-(ITIb), R’ is n . In some
embodiments, R'® is selected from -OH, and -O-NO2. In some embodiments, n is 0 to 2, such
as 0 or 1. In some embodiments, mis O to 3, such as 0to 2, e.g., 0, 1 or 2. In some

embodiments, nis 0 to 2, and m is 0 to 3, such as 0 to 2.
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Rw/HTC\N(\J\

[0073] In some embodiments of formula (IIa)-(IIIb), R’ is n selected from:

HO/\C\N\)\ HO\/\C\N\)\ \C\NY HO/\DN)/ \/\C\NY

OZN’O\C\N O.N \O/\C\ OZNso
y NY and /\C\N \)\

[0074] In some embodiments of formula (IIla), the compound is selected from:

”O
N
N\j\/
O\
NO,

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof.
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(@]
n
m

[0075] In some embodiments of formula (IIa)-(IlIb), R’ is R . In some

0,NO
embodiments, R is selected from -OH, -O-NO2 and ONO2 In some embodiments, n

is 0to 4, such as 1 to 3. In some embodiments, m is 0 to 4, such as 1 to 4. In some

[0076] In some embodiments of formula (I1la)-(I1Ib), R’ is R m selected from:

OZN‘OMOM 02N4O\/\/\n/0\/\)\ O2N~O/\/\n/0\/\)\
O 0) O

embodiments, nis 0 to 4 and mis O to 4.

ONO,

ONO;,
OZNO\)\/\/\“,O\/\)\ O2NO\)\/\’I/O\/\)\
and
O @)

[0077] In some embodiments of formula (Ila), the compound is selected from:

ONO,

ONO,
ONO,

ONO,

and o}

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof.
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(0]
n
Rzo/\HJLOHNA
"R

11

[0078] In some embodiments of formula (I1Ta)-(IIb), R’ is . In some

0,NO
embodiments, R? is selected from -OH, -O-NOz and ONO: In some embodiments, n

is 2 to 6, such as 2 to 4. In some embodiments, m is 0 to 5, such as 1 to 4. In some

embodiments, nis 2 to 4 and m is 0 to 5. In some embodiments, R!! is -H. In some

Rzo/\HJ:LOHT}IA

[0079] In some embodiments of formula (IlTa)-(IlIb), R’ is R™  selected

embodiments, R'! is methyl.

from:

/L” /\/O\n/\/\/ONoz /(T/\,o\n/\/\/\ONOZ

o} 0
ONO, ONO,

OzNO\)\/\/\n/O\/\NX OzNO\)\/\/\IrO\/\NX
0 H I

and e}

[0080] In some embodiments of formula (IIIa), the compound is selected from:
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or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof. In some embodiments of formula (IIla)-(IlIb), R’ is " or R15/\n(¢) Y;
wherein:

R'"!'is -H or methyl;

R' and R are independently selected from -OH, -NHa, and -O-NOz; and

n and m are independently selected from 0, 1, 2, 3, 4, or 5.

R13

[0081] In some embodiments of formula (IlIb), R%is " selected from:

HO>\ HO/Y HO/\A HO/W HzN/y
02N~O>\ OZN‘O/Y Osto/\)\ » OzN\O/\/y.

[0082] In some embodiments of formula (IIIb), the compound is selected from:

0 0
o A g A ~o mANA
X N , X, ~-N~¥
-0

20 @] Z
.S 4 2S<
~ N\j\/o o ~ N\j\/\/o
“NO, O’N02 and “NO
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or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.

1

R
U
R15/\n‘%NY

H H |
HO/\/NY HO/\/\H>\ HO/\/\’NV HO/\’NY HO/\/\T>\

[0083] In some embodiments of formula (IIb), R’ is selected from:

| H I
HO/\/\/NY ozN\o,\/NY OZN\O/\/\”)\ OzN\O/\/\[i)\ OZN‘O/\’N)/

and

[0084] In some embodiments of formula (IIIb), the compound is selected from:

(0] o} o

o HN)Hé(N o HNJKF( o HNJ\F(N

N
X N X, N~ x> N4
L oy G

25T 2S<

Oz \N\l o/ N\j\ o/ \N\l
N/\/OH N/\/\OH N/\/\/OH
H H H
o] o 0
N0 HN A\ o HNMN N0 HN =\
©)§ N ©)\\N’N\<\\ ©)\\ ,N\(\\
0 20 0
# 5% 2
O‘S‘N\l 0* N\l o‘S‘N\l
N/\/OH N/\/\OH N/\/\/OH
| | [
(0] (o]
0 HNT A 0 HNT YA N
©)\\N’N\/<N\\ @)\\ N
O 20
/, ‘d
“a “HL
_NO
N/\/O\NO2 H/\/\O 2
(0] O
I N 7o HNTNEN
@)\\NJ\‘ 4 ©)§ N
O
o”SfN\j\ o"sf(rj
o. BN
’i‘/\/ NO, N’\/\O’NOZ
and |
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or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.

[0085] It is understood that all variations of salts, solvates, hydrates, prodrugs and/or
stereoisomers of the compounds described herein and shown in Table 1 are meant to be
encompassed by the present disclosure.

[0086] In some embodiments, the compound is represented by the structure of one of the
compounds in Table 1. The present disclosure is meant to encompass, a compound of any one
of Table 1, or a salt, a solvate, a hydrate, a prodrug, a single stereoisomer, a mixture of

stereoisomers and/or an isotopically labelled form thereof.

Table 1 — Compounds

Cmpd Cmpd
Structure Structure
No. No.
1
3
5
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Table 1 — Compounds
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Table 1 — Compounds
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Table 1 — Compounds
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Structure Structure
No. No.

73 74

\‘:NH

75

O=§=O
HN

\Y:NH

Isotopically Labelled Analogs

[0087] The present disclosure also encompasses isotopically-labeled compounds which are
identical to those compounds as described herein, except that one or more atoms are replaced
by an atom having an atomic mass or mass number different from the atomic mass or mass
number usually found in nature (“isotopologues”). The compounds of the present disclosure
may also contain unnatural proportions of atomic isotopes at one or more atoms that
constituted such compounds. Examples of isotopes that can be incorporated into compounds
described herein include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus,
fluorine and chlorine, such as 2H ("D"), °H, 1*C, 1C, N, 180, 10, 'P, 3P, 35S, 1¥F, and *Cl,
respectively. For example, a compound described herein can have one or more H atoms
replaced with deuterium.

[0088] Generally, reference to or depiction of a certain element such as hydrogen or H is
meant to include all isotopes of that element. For example, if an R group is defined to
include hydrogen or H, it also includes deuterium and trittum. Compounds comprising
radioisotopes such as tritium, *C, 3P and S are thus within the scope of the present
technology. Procedures for inserting such labels into the compounds of the present

technology will be readily apparent to those skilled in the art based on the disclosure herein.
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[0089] Unless otherwise stated, compounds described herein are intended to include
compounds which differ only in the presence of one or more isotopically enriched atoms. For
example, compounds having the present structures except for the replacement of a hydrogen
by a deuterium or tritium, or the replacement of a carbon by *C- or *C- enriched carbon are
within the scope of the present disclosure.

[0090] In some embodiments, certain isotopically-labeled compounds, such as those labeled
with *H and *C, can be useful in compound and/or substrate tissue distribution assays.
Tritiated CH) and carbon-14 (**C) isotopes can be particularly preferred for their ease of
preparation and detectability. Further, substitution with heavier isotopes such as deuterium
can afford certain therapeutic advantages resulting from greater metabolic stability, such as
increased in vivo half-life or reduced dosage requirements, and hence can be preferred in
some circumstances. Isotopically-labeled compounds can generally be prepared by following
procedures analogous to those disclosed herein, for example, in the Examples section, by
substituting an isotopically-labeled reagent for a non-isotopically-labeled reagent.

[0091] In some embodiments, the compounds disclosed in the present disclosure are
deuterated analogs of any of the compounds, or a salt thereof, as described herein. A
deuterated analog of a compound of formula (I)-(ITIb) is a compound where one or more
hydrogen atoms are substituted with a deuterium. In some embodiments, the deuterated
analog is a compound of formula (I) that includes a deuterated R!, R%, R? R* R® or R® group.
[0092] Deuterium substituted compounds are synthesized using various methods such as
described in: Dean, Dennis C.; Editor. Recent Advances in the Synthesis and Applications of
Radiolabeled Compounds for Drug Discovery and Development. [In: Curr., Pharm. Des.,
2000; 6(10)] 2000, 110 pp; George W.; Varma, Rajender S. The Synthesis of Radiolabeled
Compounds via Organometallic Intermediates, Tetrahedron, 1989, 45(21), 6601-21; and
Evans, E. Anthony. Synthesis of radiolabeled compounds, J. Radioanal. Chem., 1981, 64(1-
2), 9-32.

[0093] Deuterated starting materials are readily available and are subjected to the synthetic
methods described herein to provide for the synthesis of deuterium-containing compounds.
Large numbers of deuterium-containing reagents and building blocks are available

commercially from chemical vendors, such as Aldrich Chemical Co.

Fluorinated Analogs

[0094] In some embodiments, the compounds disclosed in the present disclosure are

fluorinated analogs of any of the compounds, or a salt thereof, as described herein. A
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fluorinated analog of a compound of formula (I)-(II) is a compound where one or more
hydrogen atoms or substituents are substituted with a fluorine atom. In some embodiments,
the fluorinated analog is a compound of formula (I) that includes a fluorinated R!, R%, R?, R*,
R, or R® group. In some embodiments of a fluorinated analog of a compound of formula (1),
the hydrogen atom of an aliphatic or an aromatic C-H bond is replaced by a fluorine atom. In
some embodiments of a fluorinated analog of a compound of formula (I), at least one
hydrogen of an optionally substituted aryl or an optionally substituted heteroaryl is replaced
by a fluorine atom. In some embodiments of a fluorinated analog of a compound of formula
(D), a hydroxyl substituent (-OH) or an amino substituent (-NH>) is replaced by a fluorine
atom. In some embodiments of a fluorinated analog of a compound, the compound includes
one or more substituents independently selected from -F, -CF3, -CF2CF3, -CHF2, -OCF3, -
OCHEF2, and -OCF:CFs.

Isomers

[0095] The term “compound”, as used herein, is meant to include all stereoisomers,
geometric isomers, tautomers, and isotopes of the structures depicted.

[0096] The compounds herein described may have asymmetric centers, geometric centers
(e.g., double bond), or both. All chiral, diastereomeric, racemic forms and all geometric
isomeric forms of a structure are intended, unless the specific stereochemistry or isomeric
form is specifically indicated. In some embodiments, the compounds described herein have
one or more chiral centers. It is understood that if an absolute stereochemistry is not expressly
indicated, then each chiral center may independently be of the R-configuration or the S-
configuration or a mixture thereof. Thus, compounds described herein include enriched or
resolved optical isomers at any or all asymmetric atoms as are apparent from the depictions.
Racemic mixtures of R-enantiomer and S-enantiomer, and enantio-enriched stereoisomeric
mixtures comprising of R- and S-enantiomers, as well as the individual optical isomers can
be isolated or synthesized so as to be substantially free of their enantiomeric or
diastereomeric partners, and these stereoisomers are all within the scope of the present
technology.

[0097] Compounds of the present disclosure containing an asymmetrically substituted atom
may be isolated in optically active or racemic forms. It is well known in the art how to
prepare optically active forms, such as by resolution of racemic forms, by synthesis from

optically active starting materials, or through use of chiral auxiliaries.
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[0098] Geometric isomers, resulting from the arrangement of substituents around a carbon-
carbon double bond or arrangement of substituents around a cycloalkyl or heterocyclic ring,
can also exist in the compounds of the present disclosure. Geometric isomers of olefins, C=N
double bonds, or other types of double bonds may be present in the compounds described
herein, and all such stable isomers are included in the present disclosure. Specifically, cis
and trans geometric isomers of the compounds of the present disclosure may also exist and
may be isolated as a mixture of isomers or as separated isomeric forms.

[0099] Compounds of the present disclosure also include tautomeric forms. Tautomeric
forms result from the swapping of a single bond with an adjacent double bond and the
concomitant migration of a proton. Tautomeric forms include prototropic tautomers which
are isomeric protonation states having the same empirical formula and total charge. Examples
prototropic tautomers include ketone — enol pairs, amide — imidic acid pairs, lactam — lactim
pairs, amide — imidic acid pairs, enamine — imine pairs, and annular forms where a proton can
occupy two or more positions of a heterocyclic system, such as, 1H- and 3H-imidazole, 1H-,
2H- and 4H- 1,2,4-triazole, 1H- and 2H- isoindole, and 1H- and 2H-pyrazole. Tautomeric

forms can be in equilibrium or sterically locked into one form by appropriate substitution.

Salts and other forms

[00100] In some embodiments, the compounds described herein are present in a salt form. In
some embodiments, the compounds are provided in the form of pharmaceutically acceptable
salts.

[00101] Compounds included in the present compositions that are basic in nature are capable
of forming a wide variety of salts with various inorganic and organic acids. The acids that can
be used to prepare pharmaceutically acceptable acid addition salts of such basic compounds
are those that form non-toxic acid addition salts, 7.e., salts containing pharmacologically
acceptable anions, including but not limited to, chloride, 2,2,2-trifluoroacetate (TFA), and
formate salts.

[00102] Compounds containing an amine functional group or a nitrogen-containing
heteroaryl group may be basic in nature and may react with a variety of inorganic and organic
acids to form the corresponding pharmaceutically acceptable salts. Inorganic acids commonly
employed to form such salts include hydrochloric, and related inorganic acids. Organic acids
commonly employed to form such salts include formic acid, and related organic acids. Such

pharmaceutically acceptable salts thus include chloride, and related salts.

36



WO 2021/094830 PCT/1B2020/000950

[00103] Other examples of salts include anions of the compounds of the present disclosure
compounded with a suitable cation such as N*, NH4", and NW4* (where W can be a C1-Cs
alkyl group), and the like. For therapeutic use, salts of the compounds of the present
disclosure can be pharmaceutically acceptable. However, salts of acids and bases that are
non-pharmaceutically acceptable may also find use, for example, in the preparation or
purification of a pharmaceutically acceptable compound.

[00104] Compounds included in the present compositions that are acidic in nature are
capable of forming base salts with various pharmacologically acceptable cations. Examples
of such salts include alkali metal or alkaline earth metal salts and, particularly, calcium,
magnesium, sodium, lithium, zinc, potassium, and iron salts.

[00105] Compounds that include a basic or acidic moiety can also form pharmaceutically
acceptable salts with various amino acids. The compounds of the disclosure can contain both
acidic and basic groups; for example, one amino and one carboxylic acid group. In such a
case, the compound can exist as an acid addition salt, a zwitterion, or a base salt.

[00106] The compounds described herein can be present in various forms including
crystalline, powder and amorphous forms of those compounds, pharmaceutically acceptable
salts, including, for example, polymorphs, pseudopolymorphs, solvates, hydrates, unsolvated
polymorphs (including anhydrates), conformational polymorphs, and amorphous forms of the
compounds, as well as mixtures thereof.

[00107] The compounds described herein may exist as solvates, especially hydrates, and
unless otherwise specified, all such solvates and hydrates are intended. Hydrates may form
during manufacture of the compounds or compositions comprising the compounds, or
hydrates may form over time due to the hygroscopic nature of the compounds. Compounds
of the present technology may exist as organic solvates as well, including dimethylformamide
(DMF), ether, and alcohol solvates, among others. The identification and preparation of any
particular solvate is within the skill of the ordinary artisan of synthetic organic or medicinal
chemistry.

[00108] In some embodiments, the compounds described herein are present in a solvate
form. In some embodiments, the compounds described herein are present in a hydrate form

when the solvent component of the solvate is water.

Prodrugs

[00109] In some embodiments, the compounds described herein are present in a prodrug

form. Any convenient prodrug forms of the subject compounds can be prepared, for example,
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according to the strategies and methods described by Rautio er al. (“Prodrugs: design and

clinical applications”, Nature Reviews Drug Discovery 7, 255-270 (February 2008)).

Compound synthesis

[00110] Compounds of the present disclosure may be synthesized according to standard
methods known in the art [see, e.g. Morrison and Boyd in “Organic Chemistry”, 6" edition,
Prentice Hall (1992)]. Some compounds and/or intermediates of the present disclosure may
be commercially available, known in the literature, or readily obtainable by those skilled in
the art using standard procedures. Some compounds of the present disclosure may be
synthesized using schemes, examples, or intermediates described herein. Where the synthesis
of a compound, intermediate or variant thereof is not fully described, those skilled in the art
can recognize that the reaction time, number of equivalents of reagents and/or temperature
may be modified from reactions described herein to prepare compounds presented or
intermediates or variants thereof and that different work-up and/or purification techniques
may be necessary or desirable to prepare such compounds, intermediates, or variants.

[00111] Synthesized compounds may be validated for proper structure by methods known to
those skilled in the art, for example by nuclear magnetic resonance (NMR) spectroscopy

and/or mass spectrometry.

Compositions

[00112] Compounds of the present disclosure may be included in a composition that
includes one or more such compounds and at least one excipient (e.g., a pharmaceutically
acceptable excipient). Such compositions may include an inhibitor compound of PDE-5
and/or -6, or a NO-donating and PDE-5 and/or -6 inhibiting compound (e.g., as described
herein).

[00113] The compounds described herein can find use in pharmaceutical compositions for
administration to a subject in need thereof in a variety of therapeutic applications where
inhibition of PDE-5 and/or -6 is desirable. In some embodiments, compounds of the present
disclosure may be formulated as pharmaceutical compositions.

[00114] Accordingly, in a second aspect, the present disclosure provides pharmaceutical
compositions comprising at least one compound described herein, a pharmaceutically
acceptable salt thereof, or a prodrug thereof, and at least one pharmaceutically acceptable

excipient. The phrase “pharmaceutically acceptable excipient,” refers any ingredient other
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than the inventive compounds described herein (for example, a vehicle capable of suspending
or dissolving the active compound, or any other convenient pharmaceutically acceptable
carriers, excipients or additives) and having the properties of being substantially nontoxic and
non-inflammatory in a patient. Excipients may include, for example: antiadherents,
antioxidants, binders, coatings, compression aids, disintegrants, dyes (colors), emollients,
emulsifiers, fillers (diluents), film formers or coatings, flavors, fragrances, glidants (flow
enhancers), lubricants, preservatives, printing inks, sorbents, dispensing, or dispersing agents,
sweeteners, and waters of hydration. In some embodiments, the pharmaceutical composition
comprises a compound as described herein, a pharmaceutically acceptable salt thereof, or a
prodrug thereof in a therapeutically effective amount.

[00115] The pharmaceutical composition may be formulated according to any convenient
methods, and may be prepared in various forms for oral administration such as tablets, pills,
powders, capsules, syrups, emulsions and microemulsions, or in forms for non-oral
administration such as eye drops or preparations for intramuscular, intravenous or
subcutaneous administration. In one example, the pharmaceutical composition may be
administered through the eyes in the form of eyedrops. In one example, the pharmaceutical
composition may be an ophthalmic composition, such as an eye drop composition.

[00116] In some embodiments, the pharmaceutical compositions are formulated for oral
delivery. In a case wherein the pharmaceutical composition is prepared in a form for oral
administration, examples of additives or carriers which may be used include cellulose,
calcium silicate, corn starch, lactose, sucrose, dextrose, calcium phosphate, magnesium
stearate, stearic acid, stearate, talc, surfactant, suspending agent, emulsifier and diluent.
Examples of additives or carriers which may be used in a case wherein the pharmaceutical
composition of the present invention is prepared as an injection include water, saline solution,
glucose aqueous solution, pseudosugar solution, alcohol, glycol, ether (e.g., polyethylene
glycol 400), oil, fatty acid, fatty acid ester, glyceride, surfactants, suspending agents and
emulsifiers.

[00117] In some embodiments, the pharmaceutical compositions are formulated for
parenteral administration to a subject in need thereof. In some parenteral embodiments, the
pharmaceutical compositions are formulated for intravenous administration to a subject in
need thereof. In some parenteral embodiments, the pharmaceutical compositions are

formulated for subcutaneous administration to a subject in need thereof.
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[00118] In some embodiments, the pharmaceutical compositions are formulated for
ophthalmic administration. In some embodiments, the pharmaceutical compositions are
formulated for topical administration.

[00119] In a third aspect, the present disclosure provides an ophthalmic composition
comprising a therapeutically effective amount of a compound or a pharmaceutically
acceptable salt thereof as described herein, and a physiologically compatible ophthalmic
vehicle.

[00120] In some embodiments of the ophthalmic composition, the composition is an
aqueous solution. In some embodiments, the ophthalmic composition is an eye drop
composition.

[00121] In the eye drop composition according to one example, an anionic polymer such as
hyaluronic acid and carboxymethylcellulose or pharmaceutically acceptable salts of the same,
or other substances which play a moisturizing and lubricating role in eye drops, may be
included. In addition to these substances, pharmaceutically acceptable carriers may also be
included. Examples of such pharmaceutically acceptable carriers include isotonic agents,
buffers, stabilizers, pH modulators and solvents. Isotonic agents play a role of regulating the
tonicity of eye drops, and common choices may be sodium chloride or potassium chloride.
Buffers perform the function of regulating the acidity or alkalinity of the eye drops. Buffers
commonly used in the preparation of eye drops include aminocaproic acid, dibasic sodium
phosphate, and monobasic sodium phosphate. Stabilizers perform the function of stabilizing
eye drops, and common stabilizers which may be used include disodium edetate and/or
sodium perborate. pH regulators regulate the pH of an eye drop composition, and examples
include hydrochloric acid and/or sodium hydroxide. As the solvent, sterilized distilled water
or sterile water for injection may be used. The eye drop composition may be in the form of a
liquid, a gel, or an ointment. The eye drop composition according to one example may be in
the form of a liquid. The eye drop composition may include preservative agents and
antimicrobials as needed.

[00122] In some embodiments, the ophthalmic compositions are formulated for ophthalmic
administration. In some embodiments, the ophthalmic compositions are formulated for

topical administration.

Methods of Increasing Activity of Protein Kinase G (PKG)

[00123] Aspects of the present disclosure include methods of increasing or activating

activity of PKG in a biological system or sample by contacting with compounds which
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exhibit dual functionality by: 1) inhibiting PDE-5 and PDE-6 to increase activity of protein
kinase G (PKGQ), and ii) activating soluble guanylate cyclase (sGC) via nitric oxide (NO)
donation from a nitric oxide (NO) donor substituent group of the compound. In some
embodiments, the compound is a cGMP-reliant PKG activator that includes a NO donor
substituent group and simultaneously inhibits both PDE-5 and PDE-6.

[00124] In certain embodiments, the biological system or sample is in vitro. In another
embodiment, the biological system or sample is in vivo. In some instances, the sample is a
cellular sample.

[00125] Also provided are methods of using compounds that lack a NO donating substituent
and exhibit potent inhibition activity of PDE-5 and/or PDE-6. In some embodiments, the
compounds exhibit desirable activity by simultaneously inhibiting both PDE-5 and PDE-6.
[00126] “Protein kinase G (PKG)” is a serine/threonine specific protein which is activated
by cGMP, and is also referred to as cGMP-dependent protein kinase. cGMP in cells is
synthesized by guanylate cyclase (GC), and is broken down by phosphodiesterases PDEs).
Further, 11 types of PDEs exist in the organs of the human body, with phosphodiesterases 2,
3 and 4 specific to cAMP while phosphodiesterases 5 and 6 are reported to act specifically on
cGMP.

[00127] Soluble guanylate cyclase (sGC) is a receptor for nitric oxide (NO) and can be
activated by a NO-donating composition to increase cyclic guanosine monophosphate
(cGMP), which in turn increases the activity of protein kinase G (PKG). Nitric oxide is a
physiological transmitter and plays a core role in regulating ocular pressure in healthy eyes
and has blood vessel relaxing characteristics. nitric oxide (NO) refers to a compound in
which nitrogen is oxygenated. Nitric oxide is basically a free radical, and includes unpaired
electrons (indicated by the dot in -NO) within its chemical structure. Nitric oxide plays an
important role in regulating blood pressure, neurotransmission, and maintaining homeostasis
in the immune processes. For example, nitric oxide can increase guanylate cyclase (GC).
Soluble guanylate cyclase (sGC) is a receptor for nitric oxide (NO) found in the cytoplasm.
Soluble guanylate cyclase (sGC) is activated by a nitric oxide (NO) donor drug to increase
c¢GMP, and accordingly increases activity of protein kinase G (PKG). Further, nitric oxide
has vascular relaxation characteristics for which it is used as a therapeutic agent for
cardiovascular disease, and is a physiological signal transmitter which plays a role in
regulating ocular pressure in healthy eyes.

[00128] Phosphodiesterase 5 (PDE-5) and phosphodiesterase 6 (PDE-6) are

phosphodiesterases and have 45 to 48% homologous base sequences. PDE-6, unlike other
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phosphodiesterases, is highly distributed in the cone cells of the retina and plays a core role in
transmitting visual signals. Inhibition of PDE-5 and/or PDE-6 suppresses the decomposition
of cGMP and activates guanylate cyclase (GC) enzyme, which can then lead to increased
activity of PKG along with increasing the concentration of cGMP. Increasing the activity of
PKG can then cause phosphorylation of numerous biologically important targets, relaxation
of the smooth muscles, and increase in the flow of blood.

[00129] The present disclosure provides compounds having potent PDE-5 and PDE-6
inhibition activity. The compounds can be assessed using a variety of assays. For example,
Table 3 of Example 5 in the experimental section shows the ICso values for exemplary
compounds in in vitro inhibition assays of PDE-5A1 and PDE-6C, in comparison to
compounds sildenafil and vardenafil. Sildenafil has lower PDE-6 selectivity compared to
PDE-5.

[00130] Aspects of the present disclosure include methods of inhibiting PDE-5 and/or -

6 using PDE-5 and/or -6 inhibitor compounds described herein. Such methods may include
methods of inhibiting PDE-5 and/or -6 in biological systems by contacting such systems with
PDE-5 and/or -6 inhibiting compounds (e.g., PDE-5 and/or -6 inhibitor compounds having
structures according to any of those of Tables 1 or a pharmaceutically acceptable salt
thereof). Biological systems may include, but are not limited to, cells, tissues, organs, bodily
fluids, organisms, non-mammalian subjects, and mammalian subjects (e.g., humans).

[00131] In some embodiments, the method of inhibiting PDE-5 and/or -6 comprises
contacting a biological system or sample comprising PDE-5 and/or -6 with an effective
amount of any of the compounds or a pharmaceutically acceptable salt thereof as described
herein, or a pharmaceutical composition as described herein to inhibit PDE-5 and/or -6. In
certain embodiments, the biological system or sample is iz vifro. In another embodiment, the
biological system or sample is in vivo.

[00132] The PDE-5 and/or -6 inhibitors may inhibit the enzymatic activity of PDE-5 and/or -
6 in a sample, e.g., as assessed by a PDE-5 and/or -6 enzymatic inhibition assay described in
Example 5. PDE-5 and/or -6 inhibitors according to such methods may have ICso values for
PDE-5 and/or -6 inhibition (e.g., as assessed by the assay of Example 12) of less than 1000
nM, such as 200 nM or less, or 20 nM or less. Biological systems may include subjects (e.g.,
human subjects).

[00133] In some embodiments of the method, the PDE-5 and/or -6 inhibitors (e.g. the

compound of formula (I)) exhibit dual functionality. In some embodiment, the dual
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functionality of the compounds as describe herein are to inhibit PDE-5 and/or -6 and to serve
as a nitric oxide (NO) donor.

[00134] In some embodiments, the present disclosure provides methods of inhibiting PDE-5
and/or -6 activity in a subject. In some cases, the percentage of PDE-5 and/or -6 activity
inhibited in a subject may be at least 10%, at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80%, at least, 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, at least 99.5%, or at least 99.9%. In some
cases, this level of inhibition and/or maximum inhibition of PDE-5 and/or -6 activity may be
achieved by from about 1 hour after administration to about 3 hours after administration,
from about 2 hours after administration to about 4 hours after administration, from about 3
hours after administration to about 10 hours after administration, from about 5 hours after
administration to about 20 hours after administration, or from about 12 hours after
administration to about 24 hours after administration. Inhibition of PDE-5 and/or -6 activity
may continue throughout a period of at least 1 day, of at least 2 days, of at least 3 days, of at
least 4 days, of at least 5 days, of at least 6 days, of at least 7 days, of at least 2 weeks, of at
least 3 weeks, of at least 4 weeks, of at least 8 weeks, of at least 3 months, of at least 6
months, or at least 1 year. In some cases, this level of inhibition may be achieved through
daily administration. Such daily administration may include administration for at least 2 days,
for at least 3 days, for at least 4 days, for at least 5 days, for at least 6 days, for at least 7 days,
for at least 2 weeks, for at least 3 weeks, for at least 4 weeks, for at least 2 months, for at least
4 months, for at least 6 months, for at least 1 year, or for at least 5 years. In some cases,
subjects may be administered compounds or compositions of the present disclosure for the
life of such subjects.

[00135] The compound according to one example may evenly and simultaneously inhibit
PDE-5 and PDE-6. In some cases, the compound exhibits a substantial degree of PDE-6
enzyme inhibiting activity versus that for PDE 5, based on IC50 value, e.g., a relative
inhibition activity where PDE-6 is inhibited in the range of 0.4 to 3.0 times compared to PDE
5. For example, the compound may inhibit PDE-6 at 0.5 times to 4.0 times the level of
activity as compared to the compound’s activity at PDE-5. In some embodiments, the
inhibition of PDE-6 may be 0.4x to 3.0x as compared to PDE-5 by the compounds described
herein. For example, the compounds as described herein may inhibit PDE-6 0.5x to 4.0x as
compared to PDE-5. In some cases, compounds which exhibit high relative inhibition

activity at PDE-6 as compared to PDE-5 find use in treatment of eye disease. PDE 6, unlike
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other phosphodiesterases, is highly distributed in the cone cells of the retina and can be
associated with eye disease.

[00136] In some embodiments, present disclosure provides methods of modulating the
protein kinase G (PKG) or a PKG-associated activity in a subject. In some cases, the
percentage of PKG or a PKG-associated activity modulated in a subject may be at least 10%,
at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%,
at least, 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, at least 99.5%, or at least 99.9%.

[00137] In some embodiments, compounds of the present disclosure may be used in assays
to assess PDE-5 and/or -6 inhibition and/or modulation of PKG or PKG-associated biological
activity. Some assays may include diagnostic assays. In some cases, compounds may be
included in methods of drug discovery. In some embodiments, methods of the present
disclosure include use of PDE-5 and/or -6 inhibiting compounds of the present disclosure to
assess PDE-5 and/or -6 inhibition by other compounds. Such methods may include
conjugating PDE-5 and/or -6 inhibiting compounds with one or more detectable labels (e.g.,
fluorescent dyes) and measuring PDE-5 and/or -6 dissociation (via detectable label detection)
in the presence of the other compounds. The detectable labels may include fluorescent

compounds.

Therapeutic Indications

[00138] Aspects of the present disclosure include methods of treating therapeutic indications
of interest using compounds and/or compositions disclosed herein. The term “therapeutic
indication” refers to any symptom, condition, disorder, or disease that may be alleviated,
stabilized, improved, cured, or otherwise addressed by some form of treatment or other
therapeutic intervention (e.g., through PDE-5 and/or -6 inhibitor administration). Therapeutic
indications associated with PDE-5 and/or -6 and/or PKG biological activity and/or
dysfunction are referred to herein as “PDE-5 and/or -6-related indications.” In some
embodiments, methods of the present disclosure may include treating PDE-5 and/or -6-
related indications by administering compounds and/or compositions disclosed herein (e.g.,
PDE-5 and/or -6 inhibitor compounds).

[00139] The terms “treat,” “treatment,” and the like, refer to relief from or alleviation of
pathological processes. In the context of the present disclosure insofar as it relates to any of

2

the other conditions recited herein below, the terms “treat,” “treatment,” and the like mean to
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relieve or alleviate at least one symptom associated with such condition, or to slow or reverse

the progression or anticipated progression of such condition.

Eye Diseases

[00140] The present disclosure provides a method of treating or preventing eye disease in a
subject using the subject compounds as therapeutic agents, and compositions including the
compounds.

[00141] The compounds and compositions of this disclosure according to one example may,
in addition to inhibiting PDE 5, simultaneously inhibit PDE 6 which is highly expressed in
the retina to exhibit superior therapeutic effect against eye disease. In some embodiments, the
compounds and compositions according to one example may, in addition to inhibiting PDE 5
and PDE 6, include a nitric oxide (NO) donating substituent group which activates the nitric
oxide (NO) receptor soluble guanylate cyclase (sGC) to increase cGMP, and in turn increases
activity of protein kinase G (PKG) to exhibit superior therapeutic effect against eye disease.
[00142] In some embodiments, the compounds and compositions of the present disclosure
are effective in lowering the intraocular pressure (IOP) of test subjects when dosed at various
concentrations. Example 8 describes intraocular pressure (IOP) lowering studies with an
exemplary compound 18 in comparison to control compounds in an ocular normotensive
rabbit model, which indicates that the compounds of this disclosure are effective at lowering
intraocular pressure (IOP). In another embodiment, the compounds and compositions of the
present disclosure are able to significantly lower the IOP of test subjects after its
administration.

[00143] Eye diseases, which are the object of prevention or therapy using the compounds
and pharmaceutical compositions, are diseases associated with the eye, and include, but are
not limited to, diseases such as glaucoma, age-related macular degeneration (AMD), diabetic
retinopathy (DR), xerophthalmia, cataracts, uveitis, ischemic retinopathy, optic neuropathy,
diabetic macular edema (DME), senile cataracts, conjunctivitis, Stephensen-Johnson
Syndrome, Sjogren’s Syndrome, dry eye syndrome, trauma, and trauma of the eye due to eye
surgery (eye surgery refers to all surgery that involves incisions in the eyeball, including
glaucoma surgery, cataract surgery, retinal surgery, LASIK surgery and LASEK surgery).
The eye diseases of interest may be diseases or conditions accompanying old age, diabetes,
inflammation or cancer, etc., oxidative stress of the retinal pigment epithelium, damage

induced by hypoxia, and diseases associated with reduced or increased ocular blood flow. In
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one example, the eye disease may be, but is not limited to, glaucoma, age-related macular
degeneration (AMD), diabetic retinopathy (DR), xerophthalmia, cataracts or uveitis.

[00144] “Glaucoma” is a representative eye disease which is caused by inability to regulate
ocular pressure, which, if not treated appropriately, damages the optic nerve to cause loss of
eyesight and permanent loss of vision. Depending on the presence or absence of pressure on
the iridocorneal angle, glaucoma is categorized as primary open angle glaucoma or angle
closure glaucoma. Whereas the range of normal pressure within the eyeball is reported to be
10 to 21 mmHg, in actual cases, glaucoma progresses and causes optic nerve damage even at
pressures of less than 21 mmHg. The transparent liquid which supplies the eye with nutrients
is called the aqueous, produced by the ciliary body and drained out through the meshwork. If
the path through the meshwork is affected, intraocular pressure rises, and glaucoma is caused.
[00145] “Age-related macular degeneration (AMD)” is a disease where, with the
progression of aging, the macula, which is the part of the eye where images of objects form,
degenerates and causes deterioration of eyesight. Age-related macular degeneration is
categorized as non-exudative AMD (dry) and exudative or neovascular AMD (wet). Non-
exudative AMD occurs with functional anomalies in the retinal pigment epithelium due to
aging of photoreceptors. Functional anomalies in the retinal pigment epithelium cause
changes in the permeability of Bruch’s Membrane, causing brown fat residue to accumulate
on the retina and form a Drusen, which impedes the supply of nutrients from the choroid to
the retina and causes secretion of vascular growth factor to form new abnormal blood vessels
on the choroid.

[00146] “Diabetic retinopathy (DR)” is a complication of diabetes, which occurs when
capillaries in the retina are damaged. The major categories of diabetic retinopathy are
nonproliferative diabetic retinopathy and proliferative diabetic retinopathy. Nonproliferative
diabetic retinopathy manifests with bleeding and edema at the macula which is at the center
of the retina, and turns into the proliferative form if left untreated. Proliferative diabetic
retinopathy involves generation of new abnormal blood vessels, causing bleeding which fills
the vitreous body with blood and reduces eyesight. Fibrous tissue grows in the vitreous body,
causing retinal detachment, etc. and ultimately complete loss of vision.

[00147] “Xeropthalmia” is a disease which occurs when anomalies occur in the tear film
due to an imbalance due to shortage of tears or excessive evaporation of the same.
Xerophthalmia is a syndrome involving foreign body sensation or irritation, etc. due to
instability in the tear film due to a shortage of tears or excessive evaporation of tears from the

tear film. More specifically, xerophthalmia involves cases where tear secretion is reduced,
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and cases of Stephenson-Johnson syndrome or pemphigoid accompanied by illnesses of the
eyeball and auxiliary organs of the eyes, that is, anomalies, inflammation or skin disease in
the eyelids, and vitamin A deficiency and Sjogren’s Syndrome, which are cases accompanied
by systemic illness. Also included are cases where the surface of the eyeball which lies
exposed between the eyelids is damaged, causing irritation, foreign body sensation, and
dryness, where, if damage to the cornea is severe, inflammation occurs on the surface of the
eyeball. As the lesion progresses, the eyes may appear bloodshot. As for complications, mild
impairment of vision may be followed by corneal ulcers, corneal perforation and secondary
bacterial infection. Vision impairment becomes severe when corneal scarring and
angiogenesis occur.

[00148] The terms “individual” and “subject” are used interchangeably and refer to a
subject requiring treatment of a disease. More specifically, what is referred to is a human or
non-human primate, mouse, dog, cat, horse, cow, rabbit, rat, or other mammal.

[00149] In some embodiments, the method further comprising identifying a subject suffering
from or at risk of eye disease.

[00150] In some embodiments, the method further comprising identifying an underlying
disease or condition associated with the eye disease.

[00151] In some embodiments, the method includes administering to an eye of a subject a
therapeutically effective amount of a compound as described herein.

[00152] In some embodiments, the method includes administering to an eye of a subject a
therapeutically effective amount of a pharmaceutical composition (e.g., ophthalmic
composition) including a compound as described herein. In some embodiments, the
ophthalmic composition is an eye drop composition.

[00153] The recommended dose and frequency of administration of the eye drop
composition according to one example may be 1 to 3 drops per administration with 5 to 6
administrations daily, adjusted appropriately according to symptoms. The administration dose
for specific patients may vary depending on patient body weight, age, sex, health condition,
administration intervals, times administered, and the severity of the illness.

[00154] In some embodiments, one or more symptoms of the eye disease are reduced or
alleviated in the subject after administration of the ophthalmic composition.

[00155] In some embodiments, the ophthalmic composition is topically administered to the
eye daily or as needed. In another embodiment, the ophthalmic composition is topically

administered to the eye once a day. In another embodiment, the ophthalmic solution is

47



WO 2021/094830 PCT/1B2020/000950

topically administered to the eye two times or more daily. In certain embodiments, the
ophthalmic composition is a solution.

[00156] In some embodiments, the method includes oral administration of the subject
compound or composition. The administration dose may be administrated orally or non-orally
depending on the purpose, in an amount effective at prevention or therapy in the individual or
patient in question. When administering orally, the compound may be administered so that
0.01 to 1000mg, more specifically 0.1 to 300mg of the active agent is administered per 1kg
body weight, and when administering non-orally, the compound may be administered so that
0.01 to 100mg, more specifically 0.1 to S0mg of the active ingredient is administered per 1kg
body weight. The dose may be administered at one time or over multiple administrations. The
administration dose for a specific individual or patient should be decided based on various
related factors such as the body weight, age, sex, health, diet, administration intervals,
method of administration and severity of the illness, and may be appropriately increased or
reduced by an expert. The administration doses stated above are not intended to limit the
scope of the present invention in any manner. A physician or veterinarian have ordinary skill
in related art may readily decide and prescribe an effective required dose for the
pharmaceutical composition. For example, a physician or veterinarian may, beginning at
levels less than that required for achieving the target therapeutic effect, gradually increase the
dose of the compound of the present invention in a pharmaceutical composition until the
intended effect is achieved.

[00157] The compounds and compositions of the present disclosure may be administered
alone, in combination with a compound according to another example of the present
disclosure, or in simultaneous, separate or sequential concomitant administration with at least
one other therapeutic agent, for example with other pharmaceutical active ingredients such as

eye disease therapeutic agents, antibiotics, anti-inflammatory agents and anti-microbials.

Definitions

[00158] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure pertains.

[00159] It is understood that the definitions provided herein are not intended to be mutually
exclusive. Accordingly, some chemical moieties may fall within the definition of more than

one term.

[00160] The symbol “ ===z ” refers to a covalent bond that is a single or a double bond.
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[00161] The term “Cy-C,” when used in conjunction with a chemical moiety, such as alkyl,
alkenyl, or alkynyl is meant to include groups that contain from x to y carbons in the chain.
For example, the term “Ci1-Cs alkyl” refers to substituted or unsubstituted saturated
hydrocarbon groups, including straight-chain alkyl and branched-chain alkyl groups that
contain from 1 to 6 carbons. In some embodiments, the term “(Cx-Cy)alkylene” refers to a
substituted or unsubstituted alkylene chain with from x to y carbons in the alkylene chain. For
example “(Cx-Cy)alkylene may be selected from methylene, ethylene, propylene, butylene,
pentylene, and hexylene, any one of which is optionally substituted.

[00162] The term “alkyl” refers to an unbranched or branched saturated hydrocarbon chain.
In some embodiments, alkyl as used herein has 1 to 20 carbon atoms ((C1-C2o)alkyl), 1 to 10
carbon atoms ((C1-Cio)alkyl), 1 to 8 carbon atoms ((C1-Cs)alkyl), 1 to 6 carbon atoms ((C:-
Co)alkyl), 1 to 5 carbon atoms ((C1-Cs)alkyl) or 1 to 3 carbon atoms ((C1-Cs)alkyl). Examples
include, but are not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-
butyl, n-pentyl, 2-pentyl, isopentyl, neopentyl, n-hexyl, 2-hexyl, 3-hexyl, and 3-methyl
pentyl. When an alkyl residue having a specific number of carbons is named, all geometric
isomers having that number of carbons may be encompassed. For example, "butyl" can
include n-butyl, sec-butyl, isobutyl and t-butyl, and "propyl" can include n-propyl and
isopropyl. Unless stated otherwise specifically in the specification, an alkyl chain is
optionally substituted by one or more substituents such as those substituents described herein.
[00163] The term “alkoxy” refers to an unbranched or branched alkyl group attached to an
oxygen atom (alkyl-O-). In some embodiments, alkoxy as used herein has 1 to 20 carbon
atoms ((C1-Ca)alkoxy), 1 to 10 carbon atoms ((C1-Cio)alkoxy), 1 to 8 carbon atoms ((Ci-
Cs)alkoxy), 1 to 6 carbon atoms ((C1-Cs)alkoxy), 1 to 5 carbon atoms ((C1-Cs)alkoxy) or 1 to
3 carbon atoms ((C1-Cs)alkoxy). Examples include, but are not limited to, methoxy, ethoxy,
n-propoxy, and butoxy. When an alkoxy residue having a specific number of carbons is
named, all geometric isomers having that number of carbons may be encompassed, such as
isopropoxy, isobutoxy, and t-butoxy. Unless stated otherwise specifically in the
specification, an alkoxy chain is optionally substituted by one or more substituents such as
those substituents described herein.

[00164] The term “alkylene” refers to a straight divalent hydrocarbon chain linking the rest
of the molecule to a radical group, consisting solely of carbon and hydrogen, containing no
unsaturation, and preferably having from 1 to 20 carbon atoms ((C1-Czo)alkylene), 1 to 10
carbon atoms ((C1-Cio)alkylene), 1 to 6 carbon atoms ((Ci1-Ce)alkylene), or 1 to 5 carbon

atoms ((C1-Cs)alkylene). Examples include, but are not limited to, methylene, ethylene,
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propylene, butylene, and the like. The alkylene chain is attached to the rest of the molecule
through a single bond and to the radical group through a single bond. The points of
attachment of the alkylene chain to the rest of the molecule and to the radical group are
through the terminal carbons respectively. Unless stated otherwise specifically in the
specification, an alkylene chain is optionally substituted by one or more substituents such as
those substituents described herein. Examples include, methylene (—CH2-), ethylene (—
CH:CH»-), propylene (-CH2CH2CH3z-), 2-methylpropylene (-CH2—CH(CH3) -CHz-),
hexylene (<(CHz)s—) and the like.

[00165] The term “alkenyl” refers to an aliphatic hydrocarbon group containing at least one
carbon-carbon double bond including straight-chain, branched-chain and cyclic alkenyl
groups. In some embodiments, the alkenyl group has 2-10 carbon atoms (a Cz-10 alkenyl). In
another embodiment, the alkenyl group has 2-4 carbon atoms in the chain (a Cz-4 alkenyl).
Exemplary alkenyl groups include, but are not limited to, ethenyl, propenyl, n-butenyl, i-
butenyl, 3-methylbut-2-enyl, n-pentenyl, heptenyl, octenyl, cyclohexyl-butenyl and decenyl.
An alkylalkenyl is an alkyl group as defined herein bonded to an alkenyl group as defined
herein. The alkenyl group can be unsubstituted or substituted through available carbon atoms
with one or more groups defined hereinabove for alkyl

[00166] The term “alkynyl” refers to straight or branched monovalent hydrocarbyl groups
having from 2 to 6 carbon atoms and preferably 2 to 3 carbon atoms and having at least 1 and
preferably from 1 to 2 sites of acetylenic (C=C-) unsaturation. Examples of such alkynyl
groups include, but are not limited to, acetylenyl (C=CH), and propargyl (CH2C=CH).
[00167] The term "aryl” refers to a monocyclic or polycyclic group having at least one
hydrocarbon aromatic ring, wherein all of the ring atoms of the at least one hydrocarbon
aromatic ring are carbon. Aryl may include groups with a single aromatic ring (e.g., phenyl)
and multiple fused aromatic rings (e.g., naphthyl, anthryl). Aryl may further include groups
with one or more aromatic hydrocarbon rings fused to one or more non-aromatic hydrocarbon
rings (e.g., fluorenyl; 2,3-dihydro-1H-indene; 1,2,3,4-tetrahydronaphthalene). In certain
embodiments, aryl includes groups with an aromatic hydrocarbon ring fused to a non-
aromatic ring, wherein the non-aromatic ring comprises at least one ring heteroatom
independently selected from the group consisting of N, O, and S. For example, in some
embodiments, aryl includes groups with a phenyl ring fused to a non-aromatic ring, wherein
the non-aromatic ring comprises at least one ring heteroatom independently selected from the
group consisting of N, O, and S (e.g., chromane; thiochromane; 2,3-dihydrobenzofuran;

indoline). In some embodiments, aryl as used herein has from 6 to 14 carbon atoms ((Cs-
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Cua)aryl), or 6 to 10 carbon atoms ((Cs-Cio)aryl). Where the aryl includes fused rings, the
aryl may connect to one or more substituents or moieties of the formulae described herein
through any atom of the fused ring for which valency permits.

[00168] The term “cycloalkyl” refers to a monocyclic or polycyclic saturated

hydrocarbon. In some embodiments, cycloalkyl has 3 to 20 carbon atoms ((Cs-
Cao)cycloalkyl), 3 to 8 carbon atoms ((Cs-Cs)cycloalkyl), 3 to 6 carbon atoms ((Cs-
Cs)cycloalkyl), or 3 to 5 carbon atoms ((C3-Cs)cycloalkyl). In some embodiments, cycloalkyl
has 3 to 8 carbon atoms having single or multiple cyclic rings including fused, bridged, and
spiro ring systems. Examples of suitable cycloalkyl groups include, but are not limited to,
adamantyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl, octahydropentalenyl, octahydro-
1H-indene, decahydronaphthalene, cubane, bicyclo[3.1.0]hexane, and bicyclo[1.1.1]pentane,
and the like.

[00169] The term “carbocycle” refers to a saturated, unsaturated or aromatic ring system in
which each atom of the ring system is carbon. Carbocycle includes 3- to 10-membered
monocyclic rings, 6- to 12-membered bicyclic rings, and 6- to 12-membered bridged rings.
Each ring of a bicyclic carbocycle may be selected from saturated, unsaturated, and aromatic
rings. In an exemplary embodiment, an aromatic ring, e.g., phenyl, may be fused to a
saturated or unsaturated ring, e.g., cyclohexane, cyclopentane, or cyclohexene. A bicyclic
carbocycle includes any combination of saturated, unsaturated and aromatic bicyclic rings, as
valence permits. A bicyclic carbocycle includes any combination of ring sizes such as 4-5
fused ring systems, 5-5 fused ring systems, 5-6 fused ring systems, 6-6 fused ring systems, 5-
7 fused ring systems, 6-7 fused ring systems, 5-8 fused ring systems, and 6-8 fused ring
systems. Exemplary carbocycles include cyclopentyl, cyclohexyl, cyclohexenyl, adamantyl,
phenyl, indanyl, and naphthyl.

[00170] The term “heterocycle” refers to a saturated, unsaturated or aromatic ring
comprising one or more heteroatoms. Exemplary heteroatoms include N, O, Si, P, B, and S
atoms. Heterocycles include 3- to 10-membered monocyclic rings, 6- to 12-membered
bicyclic rings, and 6- to 12-membered bridged rings. A bicyclic heterocycle includes any
combination of saturated, unsaturated and aromatic bicyclic rings, as valence permits. In an
exemplary embodiment, an aromatic ring, e.g., pyridyl, may be fused to a saturated or
unsaturated ring, e.g., cyclohexane, cyclopentane, morpholine, piperidine or cyclohexene. A
bicyclic heterocycle includes any combination of ring sizes such as 4-5 fused ring systems, 5-
5 fused ring systems, 5-6 fused ring systems, 6-6 fused ring systems, 5-7 fused ring systems,

6-7 fused ring systems, 5-8 fused ring systems, and 6-8 fused ring systems.
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[00171] The term “heteroaryl” refers to an aromatic group of from 4 to 10 carbon atoms
and 1 to 4 heteroatoms selected from the group consisting of oxygen, nitrogen and sulfur
within the ring. Such heteroaryl groups can have a single ring (i.e., pyridinyl or furyl) or
multiple condensed rings (i.e., indolizinyl or benzothienyl) wherein the condensed rings may
or may not be aromatic and/or contain a heteroatom provided that the point of attachment is
through an atom of the aromatic heteroaryl group. In one embodiment, the nitrogen and/or
the sulfur ring atom(s) of the heteroaryl group are optionally oxidized to provide for the N
oxide (N—O), sulfinyl, or sulfonyl moieties. Preferred heteroaryls include 5 or 6 membered
heteroaryls such as pyridinyl, pyrrolyl, indolyl, thiophenyl, and furanyl.

[00172] The term “heteroalkyl” refers to an alkyl substituent in which one or more of the
carbon atoms and any attached hydrogen atoms are independently replaced with the same or
different heteroatomic group. For example, 1, 2, or 3 carbon atoms may be independently
replaced with the same or different heteroatomic substituent.

[00173] The term “substituted” refers to moieties having substituents replacing a hydrogen
on one or more carbons or substitutable heteroatoms, e.g., NH or NH», of a compound. It will
be understood that “substitution” or “substituted with” includes the implicit proviso that such
substitution is in accordance with permitted valence of the substituted atom and the
substituent, and that the substitution results in a stable compound. For example, stable
compounds include, but is not limited to, compounds which do not spontaneously undergo
transformation such as by rearrangement, cyclization, elimination, etc. In certain
embodiments, substituted refers to moieties having substituents replacing two hydrogen
atoms on the same carbon atom, such as substituting the two hydrogen atoms on a single
carbon with an oxo, imino or thioxo group. The term “substituted” is contemplated to
include all permissible substituents of organic compounds. In a broad aspect, the permissible
substituents include acyclic and cyclic, branched and unbranched, carbocyclic and
heterocyclic, aromatic and non-aromatic substituents of organic compounds. The permissible
substituents can be one or more and the same or different for appropriate organic compounds.
[00174] It will be understood by those skilled in the art that substituents can themselves be
substituted, if appropriate. Unless specifically stated as “unsubstituted,” references to
chemical moieties herein are understood to include substituted variants. For example,
reference to a “heteroaryl” group or moiety implicitly includes both substituted and
unsubstituted variants, unless specified otherwise.

[00175] When referring to compound features, the phrase "optionally substituted" may be

used interchangeably with the phrase “unsubstituted or substituted” and refers to when a non-
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hydrogen substituent may or may not be present on a given atom or group, and, thus, the
description includes structures where a non-hydrogen substituent is present and structures
where a non-hydrogen substituent is not present. For example, “optionally substituted alkyl”
encompasses both “alkyl” and “substituted alkyl” as defined herein. It will be understood by
those skilled in the art, with respect to any group containing one or more substituents, that
such groups are not intended to introduce any substitution or substitution patterns that are
sterically impractical, synthetically non-feasible and/or inherently unstable.

[00176] It will also be understood by those skilled in the art that when “optionally
substituted” is used, any part of the following term can be substituted.

[00177] The terms “linker”, “linkage” and “linking group” are used interchangeably and
refer to a linking moiety that covalently connects two or more substituents. A linking moiety
may connect two groups where the linker may be linear, branched, cyclic or a single atom. In
some embodiments, the linker is divalent. In some embodiments, the linker is a branched
linker. In some embodiments, the two or more substituents that are covalently connected by
the linking moiety are optionally substituted alkyl or alkoxy groups. In some embodiments,
the linkers are selected from -COz-, -O-, -OCO-, -CONH-, -NHCO-, and -NH-.

[00178] In some embodiments, substituents may include any substituents described herein,
for example: halogen, hydroxy, oxo (=0), thioxo (=S), cyano (-CN), nitro (-NO2), imino (=N-
H), oximo (=N-OH), hydrazino (=N-NH>), -R*>-OR? -R*-OC(0)-R? -R*>-OC(0)-OR?, -R-
OC(0)-N(R%z, -RP-N(R?),, -R>-C(O)R?, -RP-C(0O)OR?, -RP-C(O)N(R?), -RP-O-R°-
C(O)N(R?)2, -RP>-N(R¥)C(O)OR?, -RP>-N(R¥)C(O)R?, -R°N (R*)S(O)R?*(where t is 1 or 2), -R°-
S(O)R?(where tis 1 or 2), -R>-S(O)OR? (where t is 1 or 2), and -RP-S(O)N(R?): (where tis 1
or 2). In another exemplary embodiment, substituents include alkyl, alkenyl, alkynyl, aryl,
aralkyl, aralkenyl, aralkynyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, and heteroarylalkyl, any of which may be optionally
substituted by alkyl, alkenyl, alkynyl, halogen, haloalkyl, haloalkenyl, haloalkynyl, oxo,
thioxo, cyano, nitro, imino, oximo, hydrazine, -R?°OR? -R*>-OC(0)-R? -R*-OC(0)-OR?, -R"-
OC(0)-N(R?z, -RP-N(R?),, -R>-C(O)R?, -RP-C(0O)OR?, -RP-C(O)N(R?), -RP-O-R°-
C(O)N(R?), -RP>-N(R¥)C(O)OR?, -RP>-N(R¥)C(O)R?, -R*-N (R¥)S(O)R?*(where t is 1 or 2), -
RP-S(O)R?(where tis 1 or 2), -R>-S(0)OR? (where t is 1 or 2) and -RP-S(O)N(R?)2 (where t
is 1 or 2); and wherein each R? R®, and R°are independently selected from hydrogen, alkyl,
cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl,
and heteroarylalkyl; and wherein each R? R®, and R°, valence permitting, may be optionally

substituted with alkyl, alkenyl, alkynyl, halogen, haloalkyl, haloalkenyl, haloalkynyl, oxo,
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thioxo, cyano, nitro, imino, oximo, hydrazine, -R°OR?, -RP-OC(0)-R?, -RP-OC(0)-OR?, -R-
OC(0)-N(R%z, -RP-N(R%), -R>-C(O)R?, -RP-C(0O)OR?, -R*-C(O)N(R?)y, -RP-O-R°-
C(O)N(Ry, -R>-N(R*)C(0O)OR?, -R*-N(R?)C(O)R?, -R*-N (RH)S(O)R? (where tis 1 or 2), -
R®-S(O)R?(where t is 1 or 2), -RP-S(O)OR?(where t is 1 or 2) and -R°-S(O)N(R?)2 (where t
is 1 or 2).

[00179] The term “isomers” refers to two or more compounds comprising the same numbers
and types of atoms, groups or components, but with different structural arrangement and
connectivity of the atoms.

[00180] The term “tautomer” refers to one of two or more structural isomers which readily
convert from one isomeric form to another and which exist in equilibrium.

[00181] A “stereoisomer” refers to a compound made up of the same atoms bonded by the
same bonds but having different three-dimensional structures, which are not
interchangeable. The present invention contemplates various sterecisomers and mixtures
thereof and includes “enantiomers”, which refers to two stereoisomers whose molecules are
non-superimposeable mirror images of one another.

[00182] Individual enantiomers and diastereomers of compounds of the present disclosure
can be prepared synthetically from commercially available starting materials that contain
asymmetric or stereogenic centers, or by preparation of racemic mixtures followed by
resolution methods well known to those of ordinary skill in the art. These methods of
resolution are exemplified by (1) attachment of a mixture of enantiomers to a chiral auxiliary,
separation of the resulting mixture of diastereomers by recrystallization or chromatography
and liberation of the optically pure product from the auxiliary, (2) salt formation employing
an optically active resolving agent, (3) direct separation of the mixture of optical enantiomers
on chiral liquid chromatographic columns, or (4) kinetic resolution using stereoselective
chemical or enzymatic reagents. Racemic mixtures also can be resolved into their respective
enantiomers by well-known methods, such as chiral-phase gas chromatography or
crystallizing the compound in a chiral solvent. Stereoselective syntheses, a chemical or
enzymatic reaction in which a single reactant forms an unequal mixture of stereoisomers
during the creation of a new stereocenter or during the transformation of a pre-existing one,
are well known in the art. Stereoselective syntheses encompass both enantio- and
diastereoselective transformations. See, for example, Carreira and Kvaerno, Classics in
Stereoselective Synthesis, Wiley-VCH: Weinheim, 2009.

[00183] The symbol = denotes a bond that may be a single, double or triple bond as

described herein. Substituents around a carbon-carbon double bond are designated as being in
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the “Z” or “E” configuration, where the terms “Z” and “E” are used in accordance with
IUPAC standards. Unless otherwise specified, structures depicting double bonds encompass
both the “E” and “Z” isomers.

[00184] Substituents around a carbon-carbon double bond alternatively can be referred to as
“cis” or “trans,” where “cis” represents substituents on the same side of the double bond and
“trans” represents substituent on opposite sides of the double bond. The arrangement of
substituents around a carbocyclic ring can also be designated as “cis” or “trans.” The term
“cis” represents substituents on the same side of the plane of the ring and the term “trans”
represents substituents on opposite sides of the plane of the ring. Mixtures of compound
wherein the substituents are disposed on both the same and opposite sides of the plane of the
ring are designated “cis/trans.”

EEIN3

[00185] Singular articles such as “a,” “an” and “the” and similar referents in the context of
describing the elements are to be construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context. Recitation of ranges of values
herein are merely intended to serve as a shorthand method of referring individually to each
separate value falling within the range, including the upper and lower bounds of the range,
unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (i.e., “such
as”) provided herein, is intended merely to better illuminate the embodiments and does not
pose a limitation on the scope of the claims unless otherwise stated.

[00186] In some embodiments, where the use of the term "about" is before a quantitative
value, the present disclosure also includes the specific quantitative value itself, unless
specifically stated otherwise. As used herein, the term "about" refers to a +10% variation
from the nominal value unless otherwise indicated or inferred. Where a percentage is
provided with respect to an amount of a component or material in a composition, the
percentage should be understood to be a percentage based on weight, unless otherwise stated
or understood from the context.

[00187] Where a molecular weight is provided and not an absolute value, for example, of a
polymer, then the molecular weight should be understood to be an average molecule weight,

unless otherwise stated or understood from the context.
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[00188] It should be understood that the order of steps or order for performing certain
actions is immaterial so long as the present disclosure remain operable. Moreover, two or
more steps or actions can be conducted simultaneously.

[00189] A dash (“—") symbol that is not between two letters or symbols refers to a point of
bonding or attachment for a substituent. For example, -NHz is attached through the nitrogen
atom.

[00190] The term “pharmaceutically acceptable salt” refers to a salt which is acceptable
for administration to a subject. It is understood that such salts, with counter ions, will have
acceptable mammalian safety for a given dosage regime. Such salts can also be derived from
pharmaceutically acceptable inorganic or organic bases and from pharmaceutically
acceptable inorganic or organic acids, and may comprise organic and inorganic counter ions.
The neutral forms of the compounds described herein may be converted to the corresponding
salt forms by contacting the compound with a base or acid and isolating the resulting salts.

2

[00191] The terms “pharmaceutically acceptable excipient,” “pharmaceutically

2

acceptable diluent,” “pharmaceutically acceptable carrier,” and “pharmaceutically
acceptable adjuvant” are used interchangeably and refer to an excipient, diluent, carrier, or
adjuvant that is useful in preparing a pharmaceutical composition that are generally safe, non-
toxic and neither biologically nor otherwise undesirable, and include an excipient, diluent,
carrier, and adjuvant that are acceptable for veterinary use as well as human pharmaceutical
use. The phrase “pharmaceutically acceptable excipient” includes both one and more than
one such excipient, diluent, carrier, and/or adjuvant.

[00192] The term “pharmaceutical composition” is meant to encompass a composition
suitable for administration to a subject, such as a mammal, especially a human. In general a
“pharmaceutical composition” is sterile, and preferably free of contaminants that are capable
of eliciting an undesirable response within the subject (i.e., the compound(s) in the
pharmaceutical composition is pharmaceutical grade). Pharmaceutical compositions can be
designed for administration to subjects or patients in need thereof via a number of different
routes of administration including oral, buccal, rectal, parenteral, intraperitoneal, intradermal,
intracheal, intramuscular, subcutaneous, and the like.

[00193] As described herein, the text refers to various embodiments of the present
compounds, compositions, and methods. The various embodiments described are meant to
provide a variety of illustrative examples and should not be construed as descriptions of

alternative species. Rather, it should be noted that the descriptions of various embodiments
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provided herein may be of overlapping scope. The embodiments discussed herein are merely

illustrative and are not meant to limit the scope of the present technology.

EXAMPLES
[00194] The following examples are offered to illustrate the present disclosure and are not to
be construed in any way as limiting the scope of the present technology. Any methods that
are functionally equivalent are within the scope of the present technology. Various
modifications of the present technology in addition to those described herein will become
apparent to those skilled in the art from the foregoing description and accompanying figures.
Such modifications fall within the scope of the appended claims.
[00195] Unless otherwise stated, all temperatures are in degrees Celsius. Efforts have been
made to ensure accuracy with respect to numbers used (e.g., amounts, temperatures, etc.), but
some experimental errors and deviation should be allowed for.

[00196] If an abbreviation is not defined, it has its generally accepted meaning.

General Synthetic Methods

[00197] Final compounds were confirmed by high-performance liquid chromatography/
mass spectrometry (HPLC/MS) analysis and determined to be >90% pure by weight. 'H and
13C nuclear magnetic resonance (NMR) spectra were recorded in CDCl3 (residual internal
standard CHCls = 6 7.26), dimethyl sulfoxide (DMSO)-ds (residual internal standard
CDs;SOCD:H = 6 2.50), methanol-d4 (residual internal standard CD2HOD = 6 3.20), or
acetone-do6 (residual internal standard CD3;COCD2H = 6 2.05). The chemical shifts ()
reported are given in parts per million (ppm) and the coupling constants (J) are in Hertz (Hz).
The spin multiplicities are reported as s = singlet, bs = broad singlet, bm = broad multiplet, d
= doublet, t = triplet, q = quartet, p = pentuplet, dd = doublet of doublet, ddd = doublet of
doublet of doublet, dt = doublet of triplet, td = triplet of doublet, tt = triplet of triplet, and m =
multiplet.

[00198] HPLC-MS analysis was carried out with gradient elution. Medium pressure liquid
chromatography (MPLC) was performed with silica gel columns in both the normal phase

and reverse phase.
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Example 1 — Preparation of substituted azetidine-linked dihydro-1H-pyrazolo[4.3-

dlpyrimidine compounds

General Scheme 1

Scheme 1
1
® e N
0 HN HoN O HN Optional further
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ST 2S<
0% ¢l 0 N\j\
Ra

Synthesis of Compound 1

s\
o)
8%

o* ¢l OH
Compound 1

[00199] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (350 mg,851.84 umol) and azetidin-
3-ol hydrochloride (139.98 mg,1.28 mmol) in MeCN (15 mL) was added K2COs (353.19 mg,
2.56 mmol), the reaction mixture was stirred at 25 °C for 16 h. Filtered and evaporated under
reduced pressure, the residue was purified by prep-HPLC to afford compound 1, 5-(2-
ethoxy-5-((3-hydroxyazetidin-1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-
pyrazolo[4,3-d] pyrimidin-7-one (350 mg, 91.81% yield) as a white solid. "H NMR (400
MHz, DMSO-ds) 6 12.23 (s, 1H), 7.92-7.88 (m, 2H), 7.41 (d, 1H), 5.77 (d, 1H), 4.31-4.20
(m, 3H), 4.16 (s, 3H), 3.90-3.86 (m, 2H), 3.38-3.35 (m, 2H), 2.78 (t, 2H), 1.77-1.71 (m, 2H),
1.34 (t, 3H), 0.93 (t, 3H); MS: (m/z) = 448.3 (M+1, ESI+); HRMS: 448.1652.

Synthesis of Compound 2
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Compound 2

Step 1:

[00200] A mixture of tert-butyl 3-(hydroxymethyl)azetidine-1-carboxylate (300 mg, 1.60
mmol) was dissolved in 3M HCl in EA (3M, 5 mL) was stirred at 25 °C for 2 h. The reaction
mixture was evaporated under reduced pressure to afford azetidin-3-ylmethanol

hydrochloride (195 mg, 98.48% yield) as a colorless oil. MS: m/z = 88.13(M+1, ESI+).

Step 2:

[00201] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (432.22 mg, 1.05 mmol) and
azetidin-3-ylmethanol hydrochloride (195 mg, 1.58 mmol) in MeCN (10 mL) was added
K2COs (436.15 mg, 3.16 mmol), the reaction mixture was stirred at 100 °C for 4 h. Filtered
and evaporated under reduced pressure, the residue was purified by prep-HPLC to afford
compound 2, 5-(2-ethoxy-5-((3-(hydroxymethyl)azetidin-1-yl)sulfonyl)phenyl)-1-methyl-3-
propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (125 mg, 25.75% yield) as a white
solid. 'TH NMR (400 MHz, DMSO-ds) § 12.23 (s, 1H), 7.93-7.89 (m, 2H), 7.40 (d, 1H), 4.68

(t, 1H), 4.22 (m, 2H), 4.16 (s, 3H), 3.72 (t, 2H), 3.47-3.44 (m, 2H), 3.31-3.28 (m, 3H), 2.79

(t, 2H), 1.77-1.71 (m, 2H), 1.34 (t, 3H), 0.93 (¢, 3H); MS: m/z = 462.3 (M+1, ESI+); HRMS:
462.1805.

Synthesis of Compound 3
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Step 1:

[00202] To a suspension of tert-butyl 3-(2-hydroxyethyl)azetidine-1-carboxylate (2.0 g, 9.94
mmol) in DCM (30 mL) was added trifluoroacetic acid (TFA) (5.67 g, 49.69 mmol), the
reaction mixture was stirred at 25 °C for 5 h. The resulting solution was evaporated to afford
2-(azetidin-3-yl)ethan-1-ol; 2,2,2-trifluoroacetate salt (2.0 g, 93.98% yield) as a yellow oil.
MS: m/z = 102.4 (M+1, ESI+).

Step 2:

[00203] To a solution of 4-ethoxy-3-(1-methyl-7-oxo0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (600.00 mg, 1.46 mmol) and 2-
(azetidin-3-yl)ethan-1-ol ; 2,2,2-trifluoroacetate salt (375.29 mg, 1.75 mmol) in MeCN (15
mL) was added K2COs3 (605.46 mg, 4.38 mmol), the reaction mixture was stirred at 80 °C for
3 h. Filtered and evaporated under reduced pressure, the residue was purified by prep-HPLC
to afford compound 3, 5-(2-ethoxy-5-((3-(2-hydroxyethyl)azetidin-1-yl)sulfonyl)phenyl)-1-
methyl-3-propyl -1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (380 mg, 54.72% yield) as
a white solid. 'H NMR (400 MHz, DMSO-ds) & 12.25 (s, 1H), 7.92-7.88 (m, 2H), 7.40 (d,
1H), 4.37 (bs, 1H), 4.24 (q, 2H), 4.16 (s, 3H), 3.80 (t, 2H), 3.38-3.34 (m, 2H), 3.29-3.26 (m,
2H), 2.78 (t, 2H), 2.49-2.46 (m, 1H), 1.77-1.71 (m, 2H), 1.43 (q, 2H), 1.35 (t, 3H), 0.93 (t,
3H); MS: m/z=476.2 (M+1, ESI+); HRMS: 476.1963.

Synthesis of Compound 4
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Step 1:

[00204] To a solution of tert-butyl 3-(3-hydroxypropyl)azetidine-1-carboxylate (382 mg,
1.70 mmol) in dichloromethane (DCM) (10 mL) was added TFA (2.17g, 19.04 mmol), the
reaction mixture was stirred at 25 °C for 3 h. The resulting solution was evaporated to afford
3-(azetidin-3-yl)propan-1-ol; 2,2, 2-trifluoroacetate salt (218 mg, crude) as a yellow oil. MS:
m/z=116.1 (M+1, ESI+).

Step 2:

[00205] To a solution of 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (500 mg, 1.22 mmol) and 3-
(azetidin-3-yl)propan-1-ol; 2,2, 2-trifluoroacetate salt (140 mg, 1.83 mmol) in MeCN (15 mL)
was added K2COs (505 mg, 3.65 mmol), the reaction mixture was stirred at 25 °C for 16 h.
Filtered and evaporated under reduced pressure, the residue was purified by prep-HPLC to
afford compound 4, 5-(2-ethoxy-5-((3-(3-hydroxypropyl)azetidin-1-yl)sulfonyl)phenyl)-1-
methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (450 mg, 75.5% yield) as a
white solid. "H NMR (400 MHz, DMSO- ds) 6 11.13 (bs, 1H), 7.92-7.89 (m, 2H), 7.40 (d,
1H), 4.23 (q, 2H), 4.16 (s, 3H), 3.79 (t, 2H), 3.32-3.27 (m, 4H), 2.78 (t, 2H), 2.41-2.34 (m,
1H), 1.77-1.69 (m, 2H), 1.36-1.19 (m, 7H), 0.93 (t, 3H); MS: m/z = 490.3 (M+1, ESI+);
HRMS: 490.2120.

Synthesis of Compound S
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Step 1:

[00206] To a solution of 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (492 mg, 1.20 mmol) and tert-butyl
(azetidin-3-ylmethyl)carbamate (186 mg, 999 umol) in MeCN (10 mL) was added K2COs3
(414 mg, 3.00 mmol), the resulting mixture was stirred at 100 °C for 4 h. Filtered and
evaporated under reduced pressure, the residue was purified by prep-HPLC to afford tert-
butyl ((1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d] pyrimidin-
5-yl)phenyl) sulfonyl)azetidin-3-yl)methyl)carbamate (400 mg, 71.44% yield) as a white
solid. MS: m/z = 561.2(M+1, ESI+).

Step 2:

[00207] A mixture of tert-butyl ((1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d] pyrimidin-5-yl)phenyl)sulfonyl)azetidin-3-yl)methyl)carbamate (400 mg,
713 umol) in DCM (5 mL) was added TFA (411 mg, 3.61 mmol), the reaction mixture was
stirred at 25 °C for 2 h. The reaction mixture was evaporated under reduced pressure, the
residue was purified by prep-HPLC to afford 5-(5-((3-(aminomethyl)azetidin-1-yl)sulfonyl)-
2-ethoxyphenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d] pyrimidin-7-one (207
mg, 63.00% yield) as a white solid. '"H NMR (400 MHz, DMSO-ds) § 7.92-7.89 (m, 2H),
7.41-7.39 (d, 1H), 5.62 (bs, 2H), 4.22 (q, 2H), 4.16 (s, 3H), 3.72 (t, 2H), 3.45-3.42 (m, 2H),
2.78 (t, 2H), 2.50-2.49 (m, 2H), 2.39-2.34 (m, 1H), 1.77-1.69 (m, 2H), 1.35 (t, 3H), 0.93 (t,
3H); MS: m/z = 462.1 (M+1, ESI+); HRMS: 461.1965.

Synthesis of Compound 9
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Step 1:

[00208] To a solution of tert-butyl 3-oxoazetidine-1-carboxylate (4.00 g, 23.37 mmol) and
2-aminoethan-1-ol (1.86 g, 30.38 mmol) in DCM (50 mL) was added NaBH(OAc); (7.43 g,
35.05 mmol), the reaction mixture was stirred at 25 °C for 16 h. The reaction mixture was
poured into water (100 mL) and extracted with DCM (20 mLx3). The combined organic
layers were dried over Na2SOu4 and concentrated under reduced pressure, the residue was
purified by column chromatography to afford tert-butyl 3-((2-hydroxyethyl)amino)azetidine-
1-carboxylate (4.00g, 79% yield) as a yellow oil. MS: m/z =217.2 (M+1, ESI+).

Step 2:

[00209] To a solution of tert-butyl 3-((2-hydroxyethyl)amino)azetidine-1-carboxylate (4.00
g, 18.49 mmol) in DCM (20 mL) was added TFA (21.09 g, 184.95 mmol), the reaction
mixture was stirred at 25 °C for 16 h. The reaction mixture was evaporated under

reduced pressure to afford 2-(azetidin-3-ylamino)ethan-1-ol; 2,2, 2-trifluoroacetate salt (2.15
g, crude) as a colorless oil. MS: m/z=117.3 (M+1, ESI+).

Step 3:

[00210] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (700 mg, 1.70 mmol) and 2-
(azetidin-3-ylamino)ethan-1-ol; 2,2,2-trifluoroacetate salt (836 mg, 7.20 mmol) in MeCN (20
mL) was added K2COs (2.35 g, 17.04 mmol), the reaction mixture was stirred at 25 °C for 16
h. Filtered and evaporated under reduced pressure, the residue was purified by prep-HPLC to
afford compound 9, 5-(2-ethoxy-5-((3-((2-hydroxyethyl)amino)azetidin-1-yl)sulfonyl)
phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (500 mg, 59%
yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 11.21 (bs, 1H), 7.93-7.89 (m, 2H),
7.40 (d, 1H), 4.44 (bs, 1H), 4.22 (q, 2H), 4.16 (s, 3H), 3.83-3.82 (m, 2H), 3.40-3.32 (m, 6H),
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2.78 (t, 2H), 2.39 (t, 2H), 1.77-1.71 (m, 2H), 1.35 (t, 3H), 0.94 (t, 3H); MS: m/z = 491.1
(M+1, ESI+); HRMS: 491.2072.

Synthesis of Compound 10

Boc<
oC N\k
@)

NaBH(OAc)s, DCM

2.) TFA, DCM 0 HN
HO—\_\ 0o N
. -

HN{)NHZ OJ\CF3 5
o”S/:N

K2003, MeCN \1

N/\/\OH
Step 3 H

Compound 10
Step 1:
[00211] To a solution of tert-butyl 3-oxoazetidine-1-carboxylate (2.5 g, 14.60 mmol) and 3-
aminopropan-1-ol (1.10 g, 14.60 mmol) in DCM (40 mL) was added NaBH(OAc)3 (4.64 g,
21.91 mmol), the reaction mixture was stirred at 25 °C for 16 h. The reaction mixture was
poured into water (200 mL) and extracted with DCM (50 mLx3). The combined organic
layers were dried over Na2SO4 and concentrated under reduced pressure, the residue was
purified by column chromatography to afford tert-butyl 3-((3-hydroxypropyl)amino)
azetidine-1-carboxylate (3.0 g, 89.20% yield) as a yellow oil. MS: m/z =231.2 (M+1, ESI+).
'H NMR (400 MHz, Methanol-ds) § 4.23-4.04 (m, 2H), 3.90-3.76 (m, 2H), 3.67-3.62 (m,
2H), 3.32-3.28 (m, 1H), 2.89-2.81 (m, 2H), 1.84-1.76 (m, 2H), 1.44 (s, 9H).
Step 2:
[00212] To a solution of tert-butyl 3-((3-hydroxypropyl)amino)azetidine-1-carboxylate (3.0
g, 13.03 mmol) in DCM (20 mL) was added TFA (7.43 g, 65.13 mmol), the reaction mixture
was stirred at 25 °C for 16 h. The resulting solution was evaporated to afford 3-(azetidin-3-
ylamino)propan-1-ol; 2,2 2-trifluoroacetate salt (2.8 g, 88.38% yield) as a yellow oil. MS:
m/z =131.2 (M+1, ESI+).
Step 3:
[00213] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (500 mg, 1.22 mmol) and 3-
(azetidin-3-ylamino)propan-1-ol; 2,2,2-trifluoroacetate salt (355 mg, 1.46 mmol) in MeCN
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(15 mL) was added K2COs (505 mg, 3.65 mmol), the reaction mixture was stirred at 80 °C
for 2 h. Filtered and evaporated under reduced pressure, the residue was purified by prep-
HPLC to afford compound 10, 5-(2-ethoxy-5-((3-((3-hydroxypropyl)amino)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (300
mg, 48.86% yield) as a white solid. "H NMR (400 MHz, DMSO-ds) § 12.22 (bs, 1H), 7.93-
7.88 (m, 2H), 7.40 (d, 1H), 4.34 (bs, 1H), 4.24 (q, 2H), 4.16 (s, 3H), 3.83-3.80 (m, 2H), 3.41-
3.34 (m, SH), 2.78 (t, 2H), 2.34 (t, 2H), 2.05 (bs, 1H), 1.77-1.71 (m, 2H), 1.43-1.38 (m, 2H),
1.35 (t, 3H), 0.93 (t, 3H); MS: m/z = 505.3 (M+1, ESI+); HRMS: 505.2228.

Synthesis of Compound 11

Boc\N\l
e}

1.) HoN \/\/\OH

NaBH(OAc);, DCM

2.) TFA, DCM

-0 HN \ )
/ + —
HN—<>NH2 OJ\CF3

EtsN, THF
Step 3

Compound 11

Step 1:

[00214] To a solution of tert-butyl 3-oxoazetidine-1-carboxylate (2.0 g, 11.68 mmol) and 4-
aminobutan-1-ol (1.25 g, 14.02 mmol) in DCM (20 mL) was added NaBH(OAc); (3.71 g,
17.52 mmol), the reaction mixture was stirred at 25 °C for 16 h. The reaction mixture was
poured into water (200 mL) and extracted with DCM (50 mLx3). The combined organic
layers were dried over Na2SO4 and concentrated under reduced pressure, the residue was
purified by column chromatography to afford tert-butyl 3-((4-hydroxybutyl)amino)azetidine-
1-carboxylate (2.3 g, 80.58% yield) as a yellow oil. MS: m/z =245.3 (M+1, ESI+).

Step 2:

[00215] To a solution of tert-butyl 3-((4-hydroxybutyl)amino)azetidine-1-carboxylate (2.3 g,
9.41 mmol) in DCM (5 mL) was added TFA (5 mL), the reaction mixture was stirred at 25
°C for 16 h. The resulting solution was evaporated to afford 4-(azetidin-3-ylamino)butan-1-
ol; 2,2 2-trifluoroacetate salt (1.3 g, 95.76% yield) as a yellow oil. MS: m/z= 1453 (M+1,
ESI+).
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Step 3:

[00216] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (500 mg, 1.22 mmol) and 4-
(azetidin-3-ylamino)butan-1-ol; 2,2 2-trifluoroacetate salt (351 mg, 2.43 mmol) in
tetrahydrofuran (THF) (10 mL) was added TEA (369 mg, 3.65 mmol), the reaction mixture
was stirred at 25 °C for 2 h. Filtered and evaporated under reduced pressure, the residue was
purified by prep-HPLC to afford compound 11, 5-(2-ethoxy-5-((3-((4-

hydroxybutyl )Jamino)azetidin-1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-
pyrazolo[4,3-d]pyrimidin-7-one (550 mg, 87.15% yield) as a white solid. 'H NMR (400
MHz, DMSO- ds) § 7.92-7.88 (m, 2H), 7.39 (d, 1H), 4.23 (q, 2H), 4.16 (s, 3H), 3.81-3.80 (m,
2H), 3.41-3.31 (m, SH), 2.77 (t, 2H), 2.29-2.26 (m, 2H), 2.05 (bs, 1H), 1.77-1.71 (m, 2H),
1.36-1.28 (m, 7H), 0.93 (t, 3H); MS: m/z = 519.3 (M+1, ESI+); HRMS: 519.2383.

Synthesis of Compound 12

Boc\N\k
O he
H
1) /N\/\OH
NaBH(OAc)s, DCM
2.)TFA, DCM
HO

— Q
/N{)GHZ C_))J\CF3
K,CO3, MeCN
Step 3

Compound 12

Step 1:

[00217] To a solution of 2-(methylamino)ethan-1-ol hydrochloride (830 mg, 11.05 mmol)
and tert-butyl 3-oxoazetidine-1-carboxylate (2.08 g, 12.16 mmol) in DCM (20 mL) was
added NaBH(OAc)3 (3.51 g, 16.58 mmol), the reaction mixture was stirred at 25 °C for 16 h.
The reaction mixture was poured into water (200 mL) and extracted with DCM (50 mLx3).
The combined organic layers were dried over Na2SO4 and concentrated under reduced
pressure, the residue was purified by column chromatography to afford tert-butyl 3-((2-
hydroxyethyl)(methyl)amino)azetidine-1-carboxylate (2 g, 78.74% yield) as a white solid.
MS: m/z = 231.3 (M+1, ESI+).

Step 2:
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[00218] To a solution of tert-butyl 3-((2-hydroxyethyl)(methyl)amino)azetidine-1-
carboxylate (2 g, 8.68 mmol) in DCM (40 mL) was added TFA (9.90 g, 86.84 mmol), the
reaction mixture was stirred at 25 °C for 16 h. The resulting solution was evaporated to afford
2-(azetidin-3-yl(methyl)amino)ethan-1-ol; 2,2,2-trifluoroacetate salt (1 g, 88.45% yield) as a
yellow oil. MS: m/z = 131.3 (M+1, ESI+).

Step 3:

[00219] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (316 mg, 768 umol) and 2-
(azetidin-3-yl(methyl)amino)ethan-1-ol; 2,2 2-trifluoroacetate salt (100 mg, 768 umol) in
MeCN (6 mL) was added K2COs (318 mg, 2.30 mmol), the reaction mixture was stirred at
100 °C for 6 h. Filtered and evaporated under reduced pressure, the residue was purified by
prep-HPLC to afford 5-(2-ethoxy-5-((3-((2-hydroxyethyl)(methyl)amino)azetidin-1-
yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (85
mg, 22.38% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 11.96 (bs, 1H), 7.94-
7.90 (m, 2H), 7.40 (d, 1H), 4.42 (bs, 1H), 4.24-4.20 (m, 2H), 4.17 (s, 3H), 3.75 (t, 2H), 3.49
(t, 2H), 3.35-3.34 (m, 2H), 3.25-3.21 (m, 1H), 2.78 (t, 2H), 2.20 (t, 2H), 1.95 (s, 3H), 1.77-
1.71 (m, 2H), 1.35 (t, 3H), 0.93 (t, 3H); MS: m/z = 505.4 (M+1, ESI+); HRMS: 505.2229.

Synthesis of Compound 13

Boc\N\1
6]

H
1) N~ OH
NaBH(OAc);, DCM
2.) TFA, DCM

SN )Ol\
+ -
/N{)NH2 0~ “CF,

HO

S/’O K,CO3, MeCN
omc Step 3

Compound 13

Step 1:

[00220] To a solution of 3-(methylamino)propan-1-ol (2 g, 22.44 mmol) and tert-butyl 3-
oxoazetidine-1-carboxylate (3.84 g, 22.44 mmol) in DCM (50 mL) was added NaBH(OACc)3
(4.76 g, 22.44 mmol), the reaction mixture was stirred at 25 °C for 16 h. The reaction mixture

was poured into water (200 mL) and extracted with DCM (50 mLx3). The combined organic
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layers were dried over Na2SO4 and concentrated under reduced pressure, the residue was
purified by column chromatography to afford tert-butyl 3-((3-
hydroxypropyl)(methyl)amino)azetidine-1-carboxylate (5 g, 91.20% yield) as a white solid.
MS: m/z = 2453 (M+1, ESI+).

Step 2:

[00221] To a solution of tert-butyl 3-((3-hydroxypropyl)(methyl)amino)azetidine-1-
carboxylate (5 g, 20.46 mmol) in DCM (50 mL) was added TFA (2.32 g, 20.46 mmol), the
reaction mixture was stirred at 25 °C for 16 h. The resulting solution was evaporated to afford
3-(azetidin-3-yl(methyl)Jamino)propan-1-ol; 2,2 2-trifluoroacetate salt2 g, 67.77% yield) as a
yellow oil. MS: m/z = 145.3 (M+1, ESI+).

Step 3:

[00222] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (712 mg, 1.73 mmol) and 3-
(azetidin-3-yl(methyl)amino)propan-1-ol; 2,2, 2-trifluoroacetate salt (500 mg, 3.47 mmol) in
MeCN (20 mL) was added K2CO3 (958 mg, 6.93 mmol), the reaction mixture was stirred at
80 °C for 4 h. Filtered and evaporated under reduced pressure, the residue was purified by
prep-HPLC to afford compound 13, 5-(2-ethoxy-5-((3-((3-
hydroxypropyl)(methyl)amino)azetidin-1-yl)sulfonyl) phenyl)-1-methyl-3-propyl-1,6-
dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (110 mg, 12.24% yield) as a white solid. 'H
NMR (400 MHz, DMSO-ds) & 12.25 (s, 1H), 7.95-7.90 (m, 2H), 7.41 (d, 1H), 4.37 (bs, 1H),
4.24 (q, 2H), 4.17 (s, 3H), 3.77 (t, 2H), 3.48 (t, 2H), 3.31-3.28 (m, 2H), 3.14-3.10 (m, 1H),
2.78 (t, 2H), 2.11 (t, 2H), 1.88 (s, 3H), 1.77-1.72 (m, 2H), 1.44-1.34 (m, 5H), 0.94 (t, 3H);
MS: m/z =519.3 (M+1, ESI+); HRMS: 519.2381.

Synthesis of Compound 14

68



WO 2021/094830 PCT/1B2020/000950

Boc\N\1
6]

H
1-) /N\/\/\OH

NaBH(OAc)s, DCM

2.) TFA, DCM -0 HN
0 HN )Ol\
. -
N{:NHZ 0~ “CF,
/ .0
0
O/’S/:gl EtsN, THF N OH
Step 3 |

Compound 14
Step 1:
[00223] To a solution of 4-(methylamino)butan-1-ol hydrochloride (400 mg, 3.88 mmol)
and tert-butyl 3-oxoazetidine-1-carboxylate (664 mg, 3.88 mmol) in DCM (20 mL) was
added NaBH(OAc)3 (1.23 g, 5.82 mmol), the reaction mixture was stirred at 25 °C for 16 h.
The reaction mixture was poured into water (200 mL) and extracted with DCM (50 mLx3).
The combined organic layers were dried over Na2SO4 and concentrated under reduced
pressure, the residue was purified by column chromatography to afford tert-butyl 3-((4-
hydroxybutyl)(methyl)amino)azetidine-1-carboxylate (700 mg, 69.88% yield) as a white
solid. MS: m/z = 259.2 (M+1, ESI+).
Step 2:
[00224] To a solution of tert-butyl 3-((4-hydroxybutyl)(methyl)amino)azetidine-1-
carboxylate (500 mg, 1.94 mmol) in DCM (40 mL) was added TFA (2.21 g, 19.35 mmol), the
reaction mixture was stirred at 25 °C for 16 h. The resulting solution was evaporated to afford
4-(azetidin-3-yl (methyl)amino)butan-1-ol; 2,2,2-trifluoroacetate salt (260 mg, 84.90% yield)
as a yellow oil. MS: m/z = 159.2 (M+1, ESI+).
Step 3:
[00225] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (300 mg, 730 umol) and 4-
(azetidin-3-yl(methyl)amino)butan-1-ol; 2,2,2-trifluoroacetate salt (116 mg, 730 umol) in
THF (6 mL) was added TEA (369 mg, 3.65 mmol), the reaction mixture was stirred at 25 °C
for 0.5 h. Filtered and evaporated under reduced pressure, the residue was purified by prep-
HPLC to afford compound 14, 5-(2-ethoxy-5-((3-((4-hydroxybutyl)(methyl)amino)azetidin-
1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d] pyrimidin-7-one
(135 mg, 34.71% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 12.24 (s, 1H),
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7.97-7.92 (m, 2H), 7.42 (d, 1H), 4.4 (bs, 1H), 4.25 (q, 2H), 4.17 (s, 3H), 3.91-3.90 (m, SH),
3.38-3.35 (m, 3H), 2.81-2.77 (m, 4H), 2.41-2.40 (m, 2H), 1.78-1.72 (m, 2H), 1.49-1.48 (m,
2H), 1.37-1.34 (m, SH), 0.94 (t, 3H), MS: m/z = 533.3 (M-+1, ESI+); HRMS: 533.2539.

Synthesis of Compound 15

~0 HN

HNO3, Ac,0
,s”o DCM P! /:o
o* \N\j\ step 1 o~ N\j\ NO,
OH O
Compound 1 Compound 15

[00226] To a solution of compound 1, 5-(2-ethoxy-5-((3-hydroxyazetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d] pyrimidin-7-one (180
mg,402 umol) in DCM (10 mL) was added HNO3 (117 mg,1.21 mmol) and Ac20 (213
mg,2.01 mmol), the reaction mixture was stirred at 25°C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 15, 1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-
1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl)sulfonyl) azetidin-3-yl nitrate (75 mg, 37.8%
yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) § 12.27 (s, 1H), 7.97-7.94 (m, 2H),
7.42-7.40 (m, 1H), 5.43-5.37 (m, 1H), 4.24 (q, 2H), 4.17-4,13 (m, 5H), 3.91-3.88 (m, 2H),
2.77 (t, 2H), 1.76-1.69 (m, 2H), 1.34 (t, 3H), 0.93 (t, 3H); MS: m/z = 493.1 (M+1, ESI+);
HRMS: 493.1503.

Synthesis of Compound 16

DCM

Compound 2 Compound 16
[00227] To a solution of compound 2, 5-(2-ethoxy-5-((3-(hydroxymethyl)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (461
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mg, 999 umol) in DCM (10 mL) was added HNOs (189 mg, 3 mmol) and Ac20 (318 mg, 3
mmol), the resulting mixture was stirred at 25 °C for 16 h. The resulting solution was poured
into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers were
dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 16, (1-((4-ethoxy-3-(1-methyl-7-o0x0-3-propyl-6,7-dihydro-
1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl) sulfonyl)azetidin-3-yl)methyl nitrate (220 mg,
43.31% yield) as a white solid. "H NMR (400 MHz, DMSO-ds) & 12.16 (bs, 1H), 7.94-7.91
(m, 2H), 7.41 (d, 1H), 4.50 (d, 2H), 4.24 (q, 2H), 4.16 (s, 3H), 3.82 (t, 2H), 3.61-3.57 (m,
2H), 2.81-2.76 (m, 3H), 1.76-1.71 (m, 2H), 1.35 (t, 3H), 0.93 (¢, 3H); MS: m/z = 507.1 (M+1,
ESI+); HRMS: 507.1659.

Synthesis of Compound 17

0 HN
HNOg, ACZO
DCM o
_S%
~ N\j\/\

_NO

o 2
Compound 3 Compound 17

[00228] To a solution of compound 3, 5-(2-ethoxy-5-((3-(2-hydroxyethyl)azetidin-1-
yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (210
mg, 442 umol) in DCM (8 mL) was added HNOs (83 mg, 1.32 mmol) and Ac20 (140 mg,
1.32 mmol), the resulting mixture was stirred at 25 °C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 17, 2-(1-((4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-
dihydro-1H-pyrazolo [4,3-d]pyrimidin-5-yl)phenyl) sulfonyl)azetidin-3-yl)ethyl nitrate (110
mg, 47.85% yield) as a white solid. '"H NMR (400 MHz, DMSO-ds) § 12.24 (s, 1H), 7.92-
7.89 (m, 2H), 7.41 (d, 1H), 4.42-4.39 (m, 2H), 4.22 (q, 2H), 4.16 (s, 3H), 3.81 (t, 2H), 3.40 (1,
2H), 2.77 (t, 2H), 2.61-2.54 (m, 1H), 1.76-1.72 (m, 4H), 1.34 (t, 3H), 0.93 (¢, 3H); MS: m/z =
521.4 (M+1, ESI+); HRMS: 521.1815.

Synthesis of Compound 18
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0 HN

HNO3, Ac,0
DCM
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ST
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OH

Compound 4 Compound 18

[00229] To a solution of compound 4, 5-(2-ethoxy-5-((3-(3-hydroxypropyl)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (260
mg, 531 umol) in DCM (10 mL) was added HNO3 (154 mg, 1.59 mmol) and Ac20 (102 mg,
1.59 mmol), the resulting mixture was stirred at 25 °C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 18, 3-(1-((4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-
dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl) phenyl)sulfonyl)azetidin-3-yl)propyl nitrate (80
mg, 28% yield) as a white solid. "H NMR (400 MHz, DMSO-ds) & 12.23 (s, 1H), 7.93-7.89
(m, 2H), 7.40 (d, 1H), 4.42 (t, 2H), 4.22 (q, 2H), 4.16 (s, 3H), 3.79 (t, 2H), 3.36-3.32 (m, 2H),
2.77 (t, 2H), 2.44-2.37 (m, 1H), 1.79-1.69 (m, 2H), 1.54-1.47 (m, 2H), 1.41-1.33 (m, SH),
0.93 (t, 3H); MS: m/z = 535.3 (M+1, ESI+); HRMS: 535.1972.

Svynthesis of Compound 21

<0 HN

HNO3, Ac,0
DCM o

_S%
O 'N
\j\H/\/O\NOZ

Compound 9 Compound 21

[00230] To a solution of 5-(2-ethoxy-5-((3-((2-hydroxyethyl)amino)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl -3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (250
mg, 509 umol) in DCM (10 mL) was added HNOs (142 mg, 1.53 mmol) and Ac20 (156 mg,
1.53 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 21, 2-((1-((4-ethoxy-3-(1-methyl-7-oxo0-3-propyl-6,7-
dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl) phenyl)sulfonyl)azetidin-3-yl)amino)ethyl nitrate
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(80 mg, 28% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) § 12.21 (bs, 1H), 7.94-
7.90 (m, 2H), 7.40 (d, 1H), 4.47-4.45 (m, 2H), 4.26-4.21 (m, 2H), 4.17 (s, 3H), 3.84-3.82 (m,
2H), 3.45-3.43 (m, 3H), 3.33 (bs, 1H), 2.80-2.71 (m, 4H), 1.77-1.72 (m, 2H), 1.35 (t, 3H),
0.94 (t, 3H); MS: m/z = 536.2 (M+1, ESI+); HRMS: 536.1923.

Synthesis of Compound 22

HNO3, Ac,0
DCM

-0
/Sl

~ \N\j\N/\/\O,NOZ

Compound 10 Compound 22

[00231] To a solution of 5-(2-ethoxy-5-((3-((3-hydroxypropyl)amino)azetidin-1-
yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (180
mg, 357 umol) in DCM (8 mL) was added HNO3 (104 mg, 1.07 mmol) and Ac2O (113 mg,
1.07 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 22, 3-((1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-
dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl) phenyl)sulfonyl)azetidin-3-yl)amino)propyl
nitrate (53 mg, 27.03% yield) as a white solid. "H NMR (400 MHz, DMSO-ds) & 12.27 (bs,
1H), 7.99-7.95 (m, 2H), 7.45 (d, 1H), 4.53 (t, 2H), 4.29 (q, 2H), 4.22 (s, 3H), 3.88-3.86 (m,
2H), 3.47-3.42 (m, 3H), 2.83 (t, 2H), 2.46-2.43 (m, 3H), 1.82-1.71 (m, 4H), 1.40 (t, 3H), 0.99
(t, 3H); MS: m/z = 550.3 (M+1, EST+); HRMS: 550.2081.

Synthesis of Compound 23

-0 HN -0 HN

HNO3, ACzo
_—

520 DCM 52
o* \N\j\ o~ N\j\
T/\/OH T/\/O\Noz
Compound 12 Compound 23
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[00232] To a solution of 5-(2-ethoxy-5-((3-((2-hydroxyethyl)(methyl)amino)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (400
mg, 817 umol) in DCM (10 mL) was added HNOs3 (257 mg, 4.09 mmol) and Ac20 (433 mg,
4.09 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 23, 2-((1-((4-ethoxy-3-(1-methyl-7-oxo0-3-propyl-6,7-
dihydro-1H-pyrazolo[4,3-d] pyrimidin-5-yl)phenyl)sulfonyl)azetidin-3-
yl)(methyl)amino)ethyl nitrate (35 mg, 8.01% yield) as a white solid. 'H NMR (400 MHz,
DMSO-ds) 6 11.44 (bs, 1H), 7.96-7.91 (m, 2H), 7.41 (d, 1H), 4.48-4.46 (m, 2H), 4.24-4.21
(m, 2H), 4.17 (s, 3H), 3.79-3.76 (m, 2H), 3.53-3.49 (m, 2H), 3.33-3.28 (m, 2H), 2.78 (t, 2H),
2.51-2.50 (m, 1H), 2.00 (s, 3H), 1.77-1.72 (m, 2H), 1.36 (t, 3H), 0.94 (t, 3H); MS: m/z =
550.3 (M+1, ESI+); HRMS: 550.2076.

Synthesis of Compound 24

0 HN

HNO3, Ac,0
—_—_—

_g° DCM _S?
O/ \N\j\ O/ N\j\ No
NTN"N0H ,il/\/\of 2
Compound 13 Compound 24

[00233] To a solution of 5-(2-ethoxy-5-((3-((3-hydroxypropyl)(methyl)amino)azetidin-1-
yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (400
mg, 771 umol) in DCM (20 mL) was added HNO3 (583 mg, 9.26 mmol) and Ac20 (236 mg,
2.31 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 24, 3-((1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-
dihydro-1H-pyrazolo[4,3-d] pyrimidin-5-yl)phenyl)sulfonyl)azetidin-3-
yl)(methyl)amino)propyl nitrate (100 mg, 23% yield) as a white solid. "H NMR (400 MHz,
DMSO-ds) 6 12.24 (bs, 1H), 7.97 (d, 1H), 7.92 (dd, 1H), 7.41 (d, 1H), 4.40 (t, 2H), 4.24 (q,
2H), 4.17 (t, 3H), 3.80 (t, 2H), 3.47 (t, 2H), 3.17-3.14 (m, 1H), 2.78 (t, 2H), 2.51 (t, 2H), 1.91
(s, 3H), 1.78-1.65 (m, 4H), 1.36 (t, 3H), 0.94 (t, 3H); MS: m/z = 564.3 (M+1, ESI+); HRMS:
564.2233
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Svynthesis of Compound 25

1.) NaH, DMF
Boc, 2.} Pd/C, MeOH

N
TS0 ~ogy + ||  3)TFA DCM
OH

l <0 HN

N +
O HN 0
JORS§ )\
HO\/\O 0~ “CF,
//O
& K>COs, MeCN N
0% Step 4 \lo/\,OH

Compound 25
Step 1:
[00234] To a solution of tert-butyl 3-hydroxyazetidine-1-carboxylate (1.13 g, 6.53 mmol) in
DMF (20 mL) was added NaH (203.65 mg, 8.49 mmol) at O °C in portions, the reaction
mixture was stirred at 25 °C for 1 h. Then 2-(benzyloxy)ethyl 4-methylbenzenesulfonate (2 g,
6.53 mmol) was added and stirred at 25 °C for 16 h. The resulting solution was quenched by
saturated NH4Cl (50 mL), extracted with EA (50 mLx3), washed with water (50 mL) and
brine (50 mL), dried over Na2SOa4 and concentrated. The residue was purified by column
chromatography to afford tert-butyl 3-(2-(benzyloxy)ethoxy)azetidine-1-carboxylate (1.3 g,
64.79% yield) as a yellow oil. MS: m/z = 330.2 (M+23, ESI+).
Step 2:
[00235] To a solution of tert-butyl 3-(2-(benzyloxy)ethoxy)azetidine-1-carboxylate (1.3 g,
4.23 mmol) in MeOH (20 mL) was added Pd/C (300 mg), the reaction mixture was stirred at
25 °C for 16 h under Ha. The resulting solution was filtered and evaporated to afford tert-
butyl 3-(2-hydroxyethoxy) azetidine-1-carboxylate (700 mg, 76.18% yield) as a yellow oil.
MS: m/z = 218.2 (M+23, ESI+). '"H NMR (400 MHz, DMSO- ds) & 4.65 (t, 1H), 4.24 (tt,
1H), 4.03-3.93 (m, 2H), 3.65 (dd, 2H), 3.48 (q, 2H), 3.36 (dd, 2H), 1.37 (s, 9H).
Step 3:
[00236] To a solution of tert-butyl 3-(2-hydroxyethoxy)azetidine-1-carboxylate (700 mg,
3.22 mmol) in DCM (10 mL) was added TFA (1.84 g, 16.11 mmol), the reaction mixture was
stirred at 25 °C for 5 h. The resulting solution was evaporated to afford 2-(azetidin-3-
yloxy)ethan-1-ol; 2,2,2-trifluoroacetate salt (650 mg, 87.65% yield) as a yellow oil. MS:
m/z= 118.3 (M+1, ESI+).
Step 4:
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[00237] To a solution of 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-y1) benzenesulfonyl chloride (572.62 mg, 1.39 mmol) and 2-
(azetidin-3-yloxy)ethan-1-ol; 2,2 2-trifluoroacetate salt (400 mg, 1.74 mmol) in MeCN (20
mL) was added K2COs3 (720.57 mg, 5.21 mmol), the reaction mixture was stirred at 80 °C for
2 h. The resulting solution was evaporated and purified by prep-HPLC to afford compound
25, 5-(2-ethoxy-5-((3-(2-hydroxyethoxy)azetidin-1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-
1,6-dihydro-7H-pyrazolo[4,3-d] pyrimidin-7-one (500 mg, 58.41% yield) as a white solid. '"H
NMR (400 MHz, DMSO-ds) & 12.14 (bs, 1H), 7.92-7.87 (m, 2H), 7.39 (d, 1H), 4.24-4.16 (m,
6H), 3.92 (t, 2H), 3.50-3.47 (m, 2H), 3.41-3.38 (m, 2H), 3.31-3.29 (m, 2H), 2.77 (¢, 2H),
1.77-1.71 (m, 2H), 1.34 (t, 3H), 0.94 (¢, 3H); MS: m/z = 492.3 (M+1, ESI+); HRMS:
492.1913.

Synthesis of Compound 26

1.) NaH, DMF
Boc, 2.) Pd/C, MeOH

0 ~"0p + N| 3.) TFA, DCM
OH

0
N/ 0 HN

AN +
¢ HN N /C/NHz_j\ N
s?°
/S/(O K2003, MeCN O/, \N\j\
(6] Cl Step 4 O/\/\OH

Compound 26
Step 1:
[00238] To a solution of tert-butyl 3-hydroxyazetidine-1-carboxylate (703 mg, 4.06 mmol)
in DMF (20 mL) was added NaH (243 .42 mg, 6.09 mmol) at 0 °C in portions, the reaction
mixture was stirred at 25 °C for 1 h. Then 3-(benzyloxy)propyl 4-methylbenzenesulfonate
(1.3 g, 4.06 mmol) was added and stirred at 25 °C for 16 h. The resulting solution was
quenched by saturated NH4Cl (50 mL), extracted with EA (50 mL x 3), washed with water
(50 mL) and brine (50 mL), dried over Na2SO4 and concentrated. The residue was purified by
column chromatography to afford tert-butyl 3-(3-(benzyloxy)propoxy)azetidine-1-
carboxylate (0.9 g, 69.01% yield) as a yellow oil. MS: m/z =322.2 (M+1, ESI+).
Step 2:
[00239] To a solution of tert-butyl 3-(3-(benzyloxy)propoxy )azetidine-1-carboxylate (900
mg, 2.80 mmol) in MeOH (20 mL) was added Pd/C (400 mg), the reaction mixture was
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stirred at 25 °C for 16 h under Hz. The resulting solution was filtered and evaporated to
afford tert-butyl 3-(3-hydroxypropoxy)azetidine-1-carboxylate (500 mg, 77.20% yield) as a
yellow oil. MS: m/z=272.1 (M+41, ESI+).

Step 3:

[00240] To a solution of tert-butyl 3-(3-hydroxypropoxy)azetidine-1-carboxylate (500 mg,
2.16 mmol) in DCM (10 mL) was added TFA (2.46 g, 21.62 mmol), the reaction mixture was
stirred at 25 °C for 16 h. The resulting solution was evaporated to afford 3-(azetidin-3-
yloxy)propan-1-ol; 2,2 2-trifluoroacetate salt (240 mg, 84.64% yield) as a yellow oil. MS:
m/z=132.3 (M+1, ESI+).

Step 4:

[00241] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-y1) benzenesulfonyl chloride (500 mg, 1.22 mmol) and 3-
(azetidin-3-yloxy)propan-1-ol; 2,2,2-trifluoroacetate salt (240 mg, 1.83 mmol) in MeCN (20
mL) was added K2COs (2.52 g, 18.25 mmol), the reaction mixture was stirred at 80 °C for 2
h. The resulting solution was evaporated and purified by prep-HPLC to afford compound 26,
5-(2-ethoxy-5-((3-(3-hydroxypropoxy)azetidin-1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-
dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (400 mg, 65.01% yield) as a white solid. 'H
NMR (400 MHz, DMSO-ds) & 7.91-7.88 (m, 2H), 7.39 (d, 1H), 4.24-4.08 (m, 6H), 3.95-3.91
(m, 2H), 3.48-3.45 (m, 2H), 3.31-3.27 (m, 4H), 2.79-2.73 (m, 2H), 1.76-1.71 (m, 2H), 1.53-
1.50 (m, 2H), 1.35-1.32 (m, 3H), 0.93 (t, 3H); MS: m/z = 506.1 (M+1, ESI+); HRMS:
506.2071.

Synthesis of Compound 27

1.) NaH, DMF
Boc, 2.) Pd/C, MeOH

N
TO~~ogy + 3.) TFA, DCM
o

H
l <0 HN

AN +
! /CINHZ _j)J\ S
HO\/\/\O 0~ “CF,
//O
S/,O K2C03, MeCN O//S\N
0“7 cl Step 4 \3\0/\/\/OH

Compound 27

Step 1:
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[00242] To a solution of tert-butyl 3-hydroxyazetidine-1-carboxylate (800 mg, 4.62 mmol)
in DMF (20 mL) was added NaH (276 mg, 6.91 mmol) at 0 °C in portions, the reaction
mixture was stirred at 25 °C for 1 h. Then 4-(benzyloxy)butyl 4-methylbenzenesulfonate
(1.54 g, 4.60 mmol) was added and stirred at 25 °C for 16 h. The resulting solution was
quenched by saturated NH4Cl (50 mL), extracted with EA (50 mL x 3), washed with water
(50 mL) and brine (50 mL), dried over Na2SOs and concentrated. The residue was purified by
column chromatography to afford tert-butyl 3-(4-(benzyloxy)butoxy)azetidine-1-carboxylate
(1.1 g, 71.21% yield) as a yellow oil. MS: m/z =358.1 (M+23, ESI+).

Step 2:

[00243] To a solution of tert-butyl 3-(4-(benzyloxy)butoxy)azetidine-1-carboxylate (1.1 g,
3.28 mmol) in MeOH (20 mL) was added Pd/C (400 mg), the reaction mixture was stirred at
25 °C for 16 h under H2. The resulting solution was filtered and evaporated to afford tert-
butyl 3-(4-hydroxybutoxy)azetidine-1-carboxylate (800 mg, 91.16% yield) as a yellow oil.
MS: m/z =268.2 (M+23, ESI+).

Step 3:

[00244] To a solution of tert-butyl 3-(4-hydroxybutoxy)azetidine-1-carboxylate (800 mg,
3.26 mmol) in DCM (20 mL) was added TFA (3.72 g, 32.61 mmol), the reaction mixture was
stirred at 25 °C for 16 h. The resulting solution was evaporated to afford 4-(azetidin-3-
yloxy)butan-1-ol; 2,2 2-trifluoroacetate salt (370 mg, 78.14% yield) as a yellow oil. MS:
m/z=146.1 (M+1, ESI+).

Step 4:

[00245] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (500 mg, 1.22 mmol) and 4-
(azetidin-3-yloxy)butan-1-ol; 2,2,2-trifluoroacetate salt (265 mg, 1.83 mmol 1) in MeCN (20
mL) was added K2COs (2.52 g, 18.25 mmol), the reaction mixture was stirred at 80 °C for 2
h. The resulting solution was evaporated and purified by prep-HPLC to afford compound 27,
5-(2-ethoxy-5-((3-(4-hydroxybutoxy )azetidin-1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-
dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (580 mg, 91.72% yield) as a white solid. 'H
NMR (400 MHz, DMSO-ds) & 12.23 (bs, 1H), 7.91-7.87 (m, 2H), 7.39 (d, 1H), 4.4 (bs, 1H),
4.22 (q, 2H), 4.17 (s, 3H), 4.15-4.08 (m, 1H), 3.93 (t, 2H), 3.46-3.43 (m, 2H), 3.31-3.28 (m,
2H), 3.21 (t, 2H), 2.76 (t, 2H), 1.76-1.69 (m, 2H), 1.40-1.26 (m, 7H), 0.93 (t, 3H); MS: m/z =
520.2 (M+1, ESI+); HRMS: 520.2227.

Synthesis of Compound 28
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HCI
Boc. HN
N\:\\/O + OH
=

1.) NaBH(OAc)s, DCM

2.) TFA, DCM

Ho\/C/N/\C\QAHZ - j\

07 CF,4

K2CO3, MeCN
step 3

Compound 28

Step 1:

[00246] To a solution of tert-butyl 3-formylazetidine-1-carboxylate (380 mg, 2.05

mmol) and azetidin-3-ylmethanol hydrochloride (233 mg, 2.67 mmol) in DCM (10 mL) was
added NaBH(OAc)3 (521 mg, 2.46 mmol), the reaction mixture was stirred at 25 °C for 16 h.
The reaction mixture was poured into water (100 mL) and extracted with DCM (20 mLx3).
The combined organic layers were dried over Na2SO4 and concentrated under reduced
pressure, the residue was purified by column chromatography to afford tert-butyl 3-((3-
(hydroxymethyl)azetidin-1-yl)methyl)azetidine-1-carboxylate (400 mg, 60%yield) as a white
solid. MS: m/z = 257.3 (M+1, ESI+).

Step 2:

[00247] To a solution of tert-butyl 3-((3-(hydroxymethyl)azetidin-1-yl)methyl)azetidine-1-
carboxylate (400 mg, 1.56 mmol) in DCM (5 mL) was added TFA (1.78 g, 15.6 mmol), the
reaction mixture was stirred at 25 °C for 4 h. The reaction mixture was evaporated under
reduced pressure to afford (1-(azetidin-3-ylmethyl)azetidin-3-yl)methanol; 2,2,2-
trifluoroacetate salt (273 mg, crude) as a colorless oil. MS: m/z=157.4 (M+1, ESI+).

Step 3:

[00248] To a solution of 4-ethoxy-3-(1-methyl-7-oxo0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (600 mg, 1.46 mmol) and (1-
(azetidin-3-ylmethyl)azetidin-3-yl) methanol; 2,2 2-trifluoroacetate salt (273 mg, 1.75 mmol)
in MeCN (10 mL) was added K2CO3 (2.02 g, 14.6 mmol), the reaction mixture was stirred at
25 °C for 2 h. Filtered and evaporated under reduced pressure, the residue was purified by
prep-HPLC to afford compound 28, 5-(2-ethoxy-5-((3-((3-(hydroxymethyl)azetidin-1-
yDmethyl)azetidin-1-yl) sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]
pyrimidin-7-one (400 mg, 76% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) &
12.17 (bs, 1H), 7.93-7.89 (m, 2H), 7.41 (d, 1H), 4.52 (bs, 1H), 4.25 (q, 2H), 4.17 (s, 3H), 3.74
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(t, 2H), 3.38 (d, 2H), 3.35-3.32 (m, 2H), 3.05 (t, 2H), 2.79 (t, 2H), 2.71 (t, 2H), 2.37-2.32 (m,
2H), 2.24 (d, 2H), 1.77-1.72 (m, 2H), 1.35 (t, 3H), 0.94 (t, 3H); MS: m/z = 531.3 (M+1,
ESI+); HRMS: 531.2388.

Synthesis of Compound 29

HCI
Boc.
N + HN\j\/\
Y OH

1.) NaBH(OAc);, DCM

2.) TFA, DCM
o) o)
/ /\/C/N/\C\ )OI\
N N NH, =
o HN 'y Ho + 207 CF,
X /
K,CO3, MeCN Lo on
step 3 0”7 N /3/\/
_s7° N

Compound 29
Step 1:
[00249] To a solution of tert-butyl 3-formylazetidine-1-carboxylate (350 mg, 1.89
mmol) and 2-(azetidin-3-yl)than-1-ol; 2,2 2-trifluoroacetate salt (248 mg, 2.46 mmol) in
DCM (10 mL) was added NaBH(OAc)3 (480 mg, 2.27 mmol), the reaction mixture was
stirred at 25 °C for 16 h. The reaction mixture was poured into water (100 mL) and extracted
with DCM (20 mLx3). The combined organic layers were dried over Na2SO4 and
concentrated under reduced pressure, the residue was purified by column chromatography to
afford tert-butyl 3-((3-(2-hydroxyethyl)azetidin-1-yl)methyl)azetidine-1-carboxylate (285
mg, 48%yield) as a white solid. MS: m/z =271.3 (M+1, ESI+).

Step 2:

[00250] To a solution of tert-butyl 3-((3-(2-hydroxyethyl)azetidin-1-yl)methyl)azetidine-1-
carboxylate (280 mg, 1.04 mmol) in DCM (5 mL) was added TFA (1.18 g, 10.36 mmol), the
reaction mixture was stirred at 25 °C for 4 h. The reaction mixture was evaporated under
reduced pressure to afford 2-(1-(azetidin-3-ylmethyl)azetidin-3-yl)ethan-1-ol; 2,2,2-
trifluoroacetate salt (199 mg, crude) as a colorless oil. MS: m/z=171.4 (M+1, ESI+).

Step 3:

[00251] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (400 mg, 974 umol) and 2-(1-
(azetidin-3-ylmethyl)azetidin-3-yl)ethan-1-ol; 2,2 2-trifluoroacetate salt (199 mg, 1.17 mmol)
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in MeCN (10 mL) was added K2COs (1.34 g, 9.73 mmol), the reaction mixture was stirred at
25 °C for 2 h. Filtered and evaporated under reduced pressure, the residue was purified by
prep-HPLC to atford compound 29, 5-(2-ethoxy-5-((3-((3-(2-hydroxyethyl)azetidin-1-
yl)methyl)azetidin-1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-
d]pyrimidin-7-one (190 mg, 28% yield) as a white solid. '"H NMR (400 MHz, DMSO-ds) &
12.22 (bs, 1H), 7.93-7.88 (m, 2H), 7.41 (d, 1H), 4.37 (bs, 1H), 424 (q, 2H), 4.17 (s, 3H), 3.74
(t, 2H), 3.36-3.32 (m, 2H), 3.26 (t, 2H), 3.18 (t, 2H), 2.78 (1, 2H), 2.57 (t, 2H), 2.35-2.22 (m,
4H), 1.77-1.72 (m, 2H), 1.54 (q, 2H), 1.35 (t, 3H), 0.94 (t, 3H); MS: m/z = 545.4 (M+1,
ESI+); HRMS: 545.2544.

Synthesis of Compound 30

1) HNNoH

OH
NaBH(OAc);, DCM
2.) TFA, DCM

K,COj3, MeCN _&2°
step 3 o \N\j\
NTN"oH

OH

Compound 30
Step 1:
[00252] A mixture of tert-butyl 3-oxoazetidine-1-carboxylate (5.78 g, 33.79 mmol) and 3,3'-
azanediylbis(propan-1-ol) (1.8 g, 13.51 mmol) in DCM (40 mL) was stirred at 25 °C for 3 h,
then NaBH(OAc)s (5.73 g, 27.03 mmo) was added to the above solution and stirred at 25 °C
for 72 h. The reaction mixture was poured into water (100 mL) and extracted with DCM (20
mLx3). The combined organic layers were dried over Na2SOs and concentrated under
reduced pressure, the residue was purified by column chromatography to afford tert-butyl 3-
(bis(3-hydroxypropyl)amino)azetidine-1-carboxylate (370 mg, 7.70%yield) as a yellow oil.
MS: m/z = 289.3 (M+1, ESI+).

Step 2:
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[00253] To a solution of tert-butyl 3-(bis(3-hydroxypropyl)amino)azetidine-1-carboxylate
(370 mg, 1.28 mmol) in DCM (8 mL) was added TFA (1.46 g, 12.83 mmol), the reaction
mixture was stirred at 25 °C for 16 h. The reaction mixture was evaporated under

reduced pressure to afford 3,3'-(azetidin-3-ylazanediyl) bis(propan-1-ol); 2,2,2-
trifluoroacetate salt (170 mg, crude) as a colorless oil. MS: m/z = 189.3 (M+1, ESI+).

Step 3:

[00254] To a solution of 4-ethoxy-3-(1-methyl-7-oxo0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (550 mg, 1.34 mmol) and 3,3'-
(azetidin-3-ylazanediyl)bis(propan-1-ol); 2,2 2-trifluoroacetate salt (252 mg, 1.34 mmol) in
MeCN (20 mL) was added K2CO3 (1.85 g, 13.39 mmol), the reaction mixture was stirred at
70 °C for 2 h. Filtered and evaporated under reduced pressure, the residue was purified by
prep-HPLC to afford compound 30, 5-(5-((3-(bis(3-hydroxypropyl)amino)azetidin-1-
yl)sulfonyl)-2-ethoxyphenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-
7-one (400 mg, 53.11% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) § 12.21 (bs,
1H), 7.93-7.90 (m, 2H), 7.41 (d, 1H), 4.36 (bs, 2H), 4.26-4.21 (m, 2H), 4.17 (s, 3H), 3.80-
3.76 (m, 2H), 3.53-3.41 (m, 3H), 3.29-3.26 (m, 4H), 2.78 (t, 2H), 2.25-2.21 (m, 4H), 1.77-
1.71 (m, 2H), 1.37-1.34 (m, 7H), 0.94 (t, 3H); MS: m/z = 563.2 (M+1, ESI+); HRMS:
563.2649.

Svynthesis of Compound 31

1.) NaBH(OAc)z, DCM

2.) Pd/C, MeOH

HN\j\ 0 HN
(8§

OH

KzCOa, MeCN _0O

Step 3 0* ‘N\l

Compound 31

Step 1:
[00255] To a solution of benzyl 3-oxoazetidine-1-carboxylate (2.5 g, 12.18 mmol) and
azetidin-3-ol hydrochloride (1.20 g, 10.96 mmol) in DCM (10 mL) was added NaBH(OAc)3
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(3.87 g, 18.27 mmol), the reaction mixture was stirred at 25 °C for 24 h. The reaction mixture
was poured into water (100 mL) and extracted with DCM (20 mLx3). The combined organic
layers were dried over Na2SOu4 and concentrated under reduced pressure, the residue was
purified by column chromatography to afford benzyl 3-hydroxy-[1,3'-biazetidine]-1'-
carboxylate (1.8 g, 56.33%yield) as a yellow oil. MS: m/z = 263.2 (M+1, ESI+). 'H NMR
(400 MHz, CDCl5) 6 7.38-7.30 (m, SH), 5.30 (s, 1H), 5.09 (s, 2H), 4.53-4.47 (m, 1H), 4.11-
4.04 (m, 2H), 3.92-3.86 (m, 2H), 3.79-3.59 (m, SH).

Step 2:

[00256] To a solution of benzyl 3-hydroxy-[1,3'-biazetidine]-1'-carboxylate (1.8 g, 6.86
mmol) in MeOH (30 mL) was added Pd/C (500 mg) and stirred at 25 °C for 16 h under Ha.
Filtered and concentrated to afford [1,3'-biazetidin]-3-ol (700 mg, 79.61% yield) as a yellow
oil. MS: m/z = 129.3 (M+1, ESI+).

Step 3:

[00257] To a solution of 4-ethoxy-3-(1-methyl-7-oxo0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (770 mg, 1.87 mmol) and [1,3'-
biazetidin]-3-ol (300 mg, 2.34 mmol) in MeCN (15 mL) was added K2CO3 (970 mg, 7.02
mmol), the reaction mixture was stirred at 80 °C for 2 h. Filtered and evaporated under
reduced pressure, the residue was purified by prep-HPLC to afford compound 31, 5-(2-
ethoxy-5-((3-hydroxy-[1,3'-biazetidin]-1'-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-
dihydro-7H-pyrazolo [4,3-d]pyrimidin-7-one (480 mg, 40.80% yield) as a white solid. 'H
NMR (400 MHz, DMSO-ds) § 12.25 (bs, 1H), 7.92-7.88 (m, 2H), 7.40 (d, 1H), 5.32 (bs, 1H),
4.25-4.20 (m, 2H), 4.17 (s, 3H), 4.10-4.07 (m, 1H), 3.71 (t, 2H), 3.49-3.46 (m, 2H), 3.31-3.25
(m, 3H), 2.77 (t, 2H), 2.63-2.61 (m, 2H), 1.77-1.72 (m, 2H), 1.35 (t, 3H), 0.94 (t, 3H); MS:
m/z = 503.2 (M+1, ESI+); HRMS: 503.2073.

Synthesis of Compound 32
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1) NaBH(OAG), DCM
2.) TFA, DCM
.
o MNT\ ~0 HN
CFg)J\(_) \ OH N

chO3, MeCN e}
ST

Step 3 o* \N\l
N
\X/OH

Compound 32

N

Step 1:

[00258] To a solution of tert-butyl 3-oxoazetidine-1-carboxylate (1.5 g, 8.76 mmol) and
azetidin-3-ylmethanol; 2,2, 2-trifluoroacetate salt (332 mg, 3.81 mmol) in DCM (30 mL) was
added NaBH(OACc)3 (1.86 g, 8.76 mmol), the reaction mixture was stirred at 25 °C for 24 h.
The reaction mixture was poured into water (100 mL) and extracted with DCM (20 mLx3).
The combined organic layers were dried over Na2SO4 and concentrated under reduced
pressure, the residue was purified by column chromatography to afford tert-butyl 3-
(hydroxymethyl)-[1,3'-biazetidine]-1'-carboxylate (1.1 g, 51.81% yield) as a yellow oil. MS:
m/z = 243.3 (M+1, ESI+). 'H NMR (400 MHz, Methanol-ds) § 4.16-4.04 (m, 3H), 3.96-3.86
(m, 2H), 3.85-3.78 (m, 2H), 3.74-3.62 (m, 4H), 2.96-2.78 (m, 1H), 1.43 (s, 9H).

Step 2:

[00259] To a solution of tert-butyl 3-(hydroxymethyl)-[1,3'-biazetidine]-1'-carboxylate (1.1
g, 4.54 mmol) in DCM (20 mL) was added TFA (2.59 g, 22.70 mmol), the reaction mixture
was stirred at 25 °C for 16 h. The resulting solution was evaporated to afford [1,3'-
biazetidin]-3-ylmethanol; 2,2 2-trifluoroacetate salt (950 mg, 82% yield) as a yellow oil. MS:
m/z=143.3 (M+1, ESI+).

Step 3:

[00260] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-y1) benzenesulfonyl chloride (500 mg, 1.22 mmol) and [1,3'-
biazetidin]-3-ylmethanol; 2,2,2-trifluoroacetate salt (373 mg, 1.46 mmol) in MeCN (10 mL)
was added K2COs (505 mg, 3.65 mmol), the reaction mixture was stirred at 80 °C for 2 h.

Filtered and evaporated under reduced pressure, the residue was purified by prep-HPLC to
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afford compound 32, 5-(2-ethoxy-5-((3-(hydroxymethyl)-[1,3'-biazetidin]-1'-yl)sulfonyl)
phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (300 mg,
47.72% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 12.26 (bs, 1H), 7.94-7.90
(m, 2H), 7.41 (d, 1H), 4.58 (bs, 1H), 4.24 (q, 2H), 4.17 (s, 3H), 3.70 (t, 2H), 3.51-3.47 (m,
2H), 3.79-3.75 (m, 2H), 3.28-3.25 (m, 1H), 3.00 (t, 2H), 2.78 (t, 2H), 2.67 (t, 2H), 2.35-2.32
(m, 1H), 1.77-1.72 (m, 2H), 1.35 (t, 3H), 0.94 (t, 3H); MS: m/z = 517.4 (M+1, ESI+),
HRMS: 517.2230.

Synthesis of Compound 33

Cbz

Her,
1.) NaBH(OAc);, DCM

2.) Pd/C, MeOH

HZN\j\ \l/\ N0 HN

K,CO3, MeCN

%
Step ? o \N\j\

Compound 33

Step 1:

[00261] To a solution of benzyl 3-oxoazetidine-1-carboxylate (1.5 g, 7.31 mmol) and 2-
(azetidin-3-yl)ethan-1-ol; 2,2, 2-trifluoroacetate salt (1.25 g, 5.85 mmol) in DCM (30

mL) was added NaBH(OAc)s (1.86 g, 8.77 mmol), the reaction mixture was stirred at 25 °C
for 24 h. The reaction mixture was poured into water (100 mL) and extracted with DCM (20
mLx3). The combined organic layers were dried over Na2SO4 and concentrated under
reduced pressure, the residue was purified by column chromatography to afford benzyl 3-(2-
hydroxyethyl)-[1,3'-biazetidine]-1'-carboxylate (1.0 g, 47.12%yield) as a yellow oil. MS: m/z
=291.3 (M+1, ESI+). 'H NMR (400 MHz, CDCl3) § 7.38-7.31 (m, SH), 5.09 (s, 2H), 4.10-
4.05 (m, 2H), 3.92-3.89 (m, 2H), 3.74-3.58 (m, 7H), 2.84-2.75 (m, 1H), 1.85-1.80 (m, 2H).

Step 2:
[00262] To a solution of benzyl 3-(2-hydroxyethyl)-[1,3'-biazetidine]-1'-carboxylate (1.0 g,
3.44 mmol) in MeOH (20 mL) was added Pd/C (300 mg) and stirred at 25 °C for 16 h under
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Ha. Filtered and concentrated to afford 2-([1,3'-biazetidin]-3-yl)ethan-1-ol (450 mg, 83.64%
yield) as a yellow oil. MS: m/z = 157.2 (M+1, ESI+).

Step 3:

[00263] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-y1) benzenesulfonyl chloride (630 mg, 1.54 mmol) and 2-([1,3'-
biazetidin]-3-yl)ethan-1-ol (300 mg, 1.92 mmol) in MeCN (15 mL) was added K2COs3 (796
mg, 5.76 mmol), the reaction mixture was stirred at 80 °C for 2 h. Filtered and evaporated
under reduced pressure, the residue was purified by prep-HPLC to afford compound 33, 5-
(2-ethoxy-5-((3-(2-hydroxyethyl)-[ 1,3'-biazetidin]-1'-yl)sulfonyl)phenyl)-1-methyl-3-propyl-
1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (410 mg, 40.24% yield) as a white solid. 'H
NMR (400 MHz, DMSO-ds) 6 12.28 (bs, 1H), 7.95-7.89 (m, 2H), 7.41 (d, 1H), 4.39 (bs, 1H),
4.24 (q, 2H), 4.17 (s, 3H), 3.70 (t, 2H), 3.47-3.44 (m, 2H), 3.28-3.24 (m, 3H), 3.06 (t, 2H),
2.78 (t, 2H), 2.49-2.46 (m, 2H), 2.32-2.27 (m, 1H), 1.77-1.70 (m, 2H), 1.52-1.47 (m, 2H),
1.35 (1, 3H), 0.94 (t, 3H); MS: m/z = 531.2 (M+1, ESI+); HRMS: 531.2387.

Synthesis of Compound 34

0 HN -0 HN

HNO3;, Ac,O

.0 DCM -0
O/,S\N\j\ O’/S\N\j\
O/\/OH O/\/O\NOZ
Compound 25 Compound 34

[00264] To a solution of compound 25, 5-(2-ethoxy-5-((3-(2-hydroxyethoxy)azetidin-1-
yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (250
mg, 508 umol) in DCM (10 mL) was added HNO3 (141 mg, 1.52 mmol) and Ac20 (161 mg,
1.52 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over NazSO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 34, 2-((1-((4-ethoxy-3-(1-methyl-7-oxo0-3-propyl-6,7-
dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl) sulfonyl)azetidin-3-yl)oxy) ethyl nitrate
(120 mg, 43.98% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 12.24 (bs, 1H),
7.92-7.87 (m, 2H), 7.40 (d, 1H), 4.59-4.56 (m, 2H), 4.24-4.19 (m, 3H), 4.17 (s, 3H), 3.95-

86



WO 2021/094830 PCT/1B2020/000950

3.92 (m, 2H), 3.62-3.60 (m, 2H), 3.54-3.50 (m, 2H), 2.78 (t, 2H), 1.79-1.70 (m, 2H), 1.35 (t,
3H), 0.94 (t, 3H); MS: m/z = 537.1 (M+1, ESI+); HRMS: 537.1766.

Synthesis of Compound 35

0 HN N0 HN

HNO3, Ac,0O

.0 DCM -0
O’IS\N\j\ o//S\N\j\
_NO
O/\/\OH O/\/\o 2
Compound 26 Compound 35

[00265] To a solution of compound 26, 5-(2-ethoxy-5-((3-(3-hydroxypropoxy )azetidin-1-
yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (200
mg, 407 umol) in DCM (20 mL) was added HNO3 (77 mg, 1.22 mmol) and Ac2O (125 mg,
1.22 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 35, 3-((1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-
dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl) sulfonyl)azetidin-3-yl)oxy)propyl nitrate
(140 mg, 62.5% yield) as a white solid. '"H NMR (400 MHz, DMSO-ds) & 12.02 (bs, 1H),
7.94-7.90 (m, 2H), 7.40 (d, 1H), 4.45 (t, 2H), 4.24 (q, 2H), 4.16 (s, 3H), 4.14-4.12 (m, 1H),
3.96-3.93 (m, 2H), 3.51-3.47 (m, 2H), 3.34-3.32 (m, 2H), 2.78 (t, 2H), 1.84-1.70 (m, 4H),
1.35 (t, 3H), 0.93 (¢, 3H); MS: m/z = 551.3 (M+1, ESI+); HRMS: 551.1920.

Synthesis of Compound 36

~N0 HN 0 HN

HNO;, Ac,0
DCM

S//O S//O
0*°N 0N
\j\o/\/\/OH \10/\/\/O\N02
Compound 27 Compound 36
[00266] To a solution of compound 27, 5-(2-ethoxy-5-((3-(4-hydroxybutoxy)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (400

mg, 791 umol) in DCM (20 mL) was added HNOs3 (150 mg, 2.37 mmol) and Ac20 (242 mg,
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2.37 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 36, 4-((1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-
dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl) sulfonyl)azetidin-3-yl)oxy)butyl nitrate
(220 mg, 39.4% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 11.95 (bs, 1H),
7.94-7.89 (m, 2H), 7.40 (d, 1H), 4.44 (t, 2H), 4.23 (q, 2H), 4.16 (s, 3H), 4.14-4.11 (m, 1H),
3.96-3.93 (m, 2H), 3.49-3.46 (m, 2H), 3.26 (t, 2H), 2.77 (t, 2H), 1.77-1.71 (m, 2H), 1.59-1.54
(m, 2H), 1.49-1.44 (m, 2H), 1.34 (t, 3H), 0.93 (t, 3H); MS: m/z = 565.1 (M+1, ESI+);
HRMS: 565.2078.

Synthesis of Compound 37

HNO3, Ac,0
DCM

-0
O”S\N\j\/N/]/\OH
Compound 28 Compound 37

[00267] To a solution of compound 28, 5-(2-ethoxy-5-((3-((3-(hydroxymethyl)azetidin-1-
yl)methyl)azetidin-1-yl)sulfonyl) phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-
d]pyrimidin-7-one (300 mg, 565 umol) in DCM (10 mL) was added HNOs (164 mg, 1.70
mmol) and Ac20 (173 mg, 1.70 mmol), the reaction mixture was stirred at 25 °C for 16 h.
The resulting solution was poured into water (50 mL) and extracted with DCM (20 mLx3).
The combined organic layers were dried over Na2SO4 and concentrated under reduced
pressure, the residue was purified by Prep-HPLC to afford compound 37, (1-((1-((4-ethoxy-
3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl)
sulfonyl)azetidin-3-yl)methyl)azetidin-3-yl)methyl nitrate (80 mg, 28% yield) as a white
solid. 'H NMR (400 MHz, DMSO-ds) & 12.24 (bs, 1H), 7.92-7.87 (m, 2H), 7.40 (d, 1H), 4.56
(d, 2H), 4.24 (q, 2H), 4.16 (s, 3H), 3.74 (t, 2H), 3.36-3.33 (m, 2H), 3.15 (t, 2H), 2.83-2.75 (m,
4H), 2.65-2.59 (m, 1H), 2.40-2.32 (m, 1H), 2.29-2.27 (m, 2H), 1.79-1.69 (m, 2H), 1.35 (t,
3H), 0.93 (t, 3H); MS: m/z = 576.5 (M+1, ESI+); HRMS: 576.2238.

Synthesis of Compound 38
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Compound 30 Compound 38

[00268] To a solution of compound 30, 5-(5-((3-(bis(3-hydroxypropyl)amino)azetidin-1-
yl)sulfonyl)-2-ethoxy phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-
7-one (200 mg, 355 umol) in DCM (10 mL) was added HNO3 (224 mg, 3.55 mmol) and
Ac20 (363 mg, 3.55 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting
solution was poured into water (50 mL) and extracted with DCM (20 mLx3). The combined
organic layers were dried over Na2SO4 and concentrated under reduced pressure, the residue
was purified by Prep-HPLC to afford compound 38, ((1-((4-ethoxy-3-(1-methyl-7-ox0-3-
propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl)sulfonyl)azetidin-3-
yl)azanediyl)bis(propane-3,1-diyl)dinitrate (150 mg, 64.66% yield) as a white solid. 'H NMR
(400 MHz, DMSO-ds) § 12.23 (bs, 1H), 7.97 (d, 1H), 7.92 (dd, 2H), 7.40 (d, 1H), 4.40-4.37
(m, 4H), 4.25-4.20 (m, 2H), 4.16 (s, 3H), 3.82-3.80 (m, 2H), 3.49-3.46 (m, 3H), 2.77 (t, 2H),
2.30-2.26 (m, 4H), 1.77-1.62 (m, 6H), 1.36 (t, 3H), 0.93 (t, 3H); MS: m/z = 653.3 (M+1,
ESI+); HRMS: 653.2347.

Synthesis of Compound 39

<0 HN

HNO;, Ac,0 0

- 2
- >

O//S\ﬁ\j\ DCM O’S\N\j\
N\j\OH N\lo,No2
Compound 31 Compound 39
[00269] To a solution of compound 31, 5-(2-ethoxy-5-((3-hydroxy-[1,3'-biazetidin]-1'-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (310
mg, 617 umol) in DCM (10 mL) was added HNOs3 (117 mg, 1.85 mmol) and Ac20 (196 mg,
1.85 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was

poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers

were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
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Prep-HPLC to afford compound 39, 1'-((4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-
1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl)sulfonyl)-[1,3'-biazetidin]-3-y] nitrate (76 mg,
22.50% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 12.25 (bs, 1H), 7.94-7.90
(m, 2H), 7.41 (d, 1H), 5.29-5.27 (m, 1H), 4.25-4.20 (m, 2H), 4.17 (s, 3H), 3.75-3.72 (m, 2H),
3.51-3.36 (m, SH), 3.07-3.04 (m, 2H), 2.78 (t, 2H), 1.77-1.72 (m, 2H), 1.35 (t, 3H), 0.93 (t,
3H); MS: m/z = 548.2 (M+1, ESI+); HRMS: 548.1923.

Svynthesis of Compound 40

HNO3, ACZO
DCM S

Compound 32 Compound 40
[00270] To a solution of compound 32, 5-(2-ethoxy-5-((3-(hydroxymethyl)-[1,3'-
biazetidin]-1'-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-
d]pyrimidin-7-one (200 mg, 387 umol) in DCM (8 mL) was added HNOs (73 mg, 1.16
mmol) and Ac20 (123 mg, 1.16 mmol), the reaction mixture was stirred at 25°C for 16 h. The
resulting solution was poured into water (50 mL) and extracted with DCM (20 mLx3). The
combined organic layers were dried over Na2S04 and concentrated under reduced pressure,
the residue was purified by Prep-HPLC to afford compound 40, (1'-((4-ethoxy-3-(1-methyl-
7-0x0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl)sulfonyl)-[1,3'-
biazetidin]-3-yl)methyl nitrate (55 mg, 25.30% yield) as a white solid. 'H NMR (400 MHz,
DMSO- ds) & 12.28 (bs, 1H), 7.93-7.90 (m, 2H), 7.41 (d, 1H), 4.55 (d, 2H), 4.25-4.17 (m,
5H), 3.71 (t, 2H), 3.51-3.48 (m, 2H), 3.31-3.28 (m, 1H), 3.08 (t, 2H), 2.79-2.73 (m, 4H),
2.65-2.60 (m, 1H), 1.77-1.69 (m, 2H), 1.35 (t, 3H), 0.95-0.91 (m, 3H); MS: m/z = 562.2
(M+1, ESI+); HRMS: 562.2081.

Synthesis of Compound 65
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Compound 4

Compound 65

Step 1:

[00271] To a solution of 6-bromohexanoic acid (4 g, 20.51 mmol) in MeCN (150 mL) was
added AgNOs (13.93 g, 82.03 mmol), the reaction mixture was stirred at 90°C for 16 h.
Cooled to room temperature and filtered, the filtrate was evaporated under reduce pressure
and the residue was purified by column chromatography to afford 6-(nitrooxy)hexanoic acid
(2.8 g, 77.07% yield) as a light yellow oil. MS: m/z=178.1 (M+1, ESI+)

Step 2:

[00272] To a solution of compound 4, 5-(2-ethoxy-5-((3-(3-hydroxypropyl)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (200
mg, 408.51 umol) and 6-(nitrooxy) hexanoic acid (109 mg, 613 umol) in DCM (15 mL) was
added DCC (101 mg, 490 umol) and DMAP (50 mg, 409 umol), the reaction mixture was
stirred at 25 °C for 16 h. The reaction mixture was poured into water (100mL) and extracted
with DCM (20 mLx3). The organic layer was washed with brine (100 mLx2), dried over
Na2S04 and concentrated. The residue was purified by prep-HPLC to afford compound 65,
3-(1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d] pyrimidin-5-
yl)phenyl)sulfonyl)azetidin-3-yl)propyl 6-(nitrooxy)hexanoate (120 mg, 45.28% yield) as a
white solid. MS: m/z = 649.3(M+1, ESI+). 'H NMR (400 MHz, DMSO-ds) & 12.24 (bs, 1H),
7.93-7.89 (m, 2H), 7.41 (d, 1H), 4.47 (t, 2H), 4.24 (q, 2H), 4.16 (s, 3H), 3.90 (t, 2H), 3.80 (t,
2H), 3.34-3.31 (m, 1H), 2.77 (t, 2H), 2.42-2.35 (m, 1H), 2.23 (t, 2H), 1.79-1.69 (m, 2H),
1.65-1.57 (m, 2H), 1.52-1.47 (m, 2H), 1.45-1.23 (m, 10H), 0.93 (t, 3H); MS: m/z = 649.3
(M+1, ESI+); HRMS: 649.2654.

Synthesis of Compound 66
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Compound 3

Compound 66
Step 1:
[00273] To a solution of 5-bromopentanoic acid (3 g, 16.57 mmol) in MeCN (30 mL) was
added AgNOs (4.22 g, 24.86 mmol), the reaction mixture was stirred at 70°C for 16 h.
Cooled to room temperature and filtered, the filtrate was evaporated under reduce pressure
and the residue was purified by column chromatography to afford 5-(nitrooxy)pentanoic acid
(2.6 g, 96.18% yield) as a light-yellow oil. MS: m/z =164.1(M+1, ESI+).
Step 2:
[00274] To a solution of compound 3, 5-(2-ethoxy-5-((3-((2-hydroxyethyl)amino)azetidin-
1-yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one
(1.1 g, 2.24 mmol) and 5-(nitrooxy) pentanoic acid (549 mg, 3.36 mmol) in DCM (20 mL)
was added DCC (555 mg, 2.69 mmol) and DMAP (274 mg, 2.24 mmol), the reaction mixture
was stirred at 25 °C for 16 h. The reaction mixture was poured into water (100mL) and
extracted with DCM (20 mLx3). The organic layer was washed with brine (100 mLx2), dried
over Na2SO4 and concentrated. The residue was purified by prep-HPLC to afford compound
66, 2-((1-((4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-
5-yl)phenyl)sulfonyl)azetidin-3-yl)amino)ethyl 5-(nitrooxy)pentanoate (187 mg, 13.07%
yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 12.21 (bs, 1H), 7.94-7.89 (m, 2H),
7.40 (d, 1H), 4.48 (t, 2H), 4.24 (q, 2H), 4.16 (s, 3H), 3.92 (t, 2H), 3.84-3.82 (m, 2H), 3.41-
3.38 (m, 3H), 2.78 (t, 2H), 2.57 (t, 2H), 2.31 (t, 2H), 1.77-1.71 (m, 2H), 1.66-1.53 (m, 4H),
1.35 (t, 3H), 0.93 (t, 3H); MS: m/z = 636.3 (M+1, ESI+); HRMS: 636.2451.

Synthesis of Compound 67
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[00276] To a solution of hept-6-enoic acid (1 g, 7.80 mmol) and AgNOs (3.98 g, 23.41
mmol) in MeCN (70 mL) was added 12 (1.98 g, 7.80 mmol), the reaction mixture was stirred
at 80 °C for 16 h. The resulting mixture was filtered and the filtrate was concentrated under
reduced pressure, the residue was dissolved in EA (30 mL), washed with brine (20 mLx3),
dried over Na2SO4 and concentrated under reduced pressure to afford 6,7-
bis(nitrooxy)heptanoic acid (1.75 g, 88.94% yield) as a light yellow oil. MS: m/z = 253.1
(M+1, ESI+)

Step 2:

[00277] To a solution of compound 4, 5-(2-ethoxy-5-((3-(3-hydroxypropyl)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (400
mg, 817.02 umol) and 6,7-bis(nitrooxy)heptanoic acid (309 mg, 1.23 mmol) in DCM (20 mL)
was added DCC (202 mg, 980 umol) and DMAP (100 mg, 817 umol), the reaction mixture
was stirred at 25 °C for 16 h. The reaction mixture was poured into water (100mL) and
extracted with DCM (20 mLx3). The organic layer was washed with brine (100 mLx2), dried
over NazSO4 and concentrated. The residue was purified by prep-HPLC to afford compound
68, 3-(1-((4-ethoxy-3-(1-methyl-7-oxo0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-
yl)phenyl)sulfonyl)azetidin-3-yl)propyl 6,7-bis(nitrooxy)heptanoate (170 mg, 28.75%

yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 12.24 (bs, 1H), 7.94-7.89 (m, 2H),
7.41 (d, 1H), 5.39-5.37 (m, 1H), 4.90 (dd, 1H), 4.68 (dd, 1H), 4.23 (q, 2H), 4.17 (s, 3H), 3.90
(t, 2H), 3.80 (t, 2H), 3.35-3.32 (m, 2H), 2.78 (t, 2H), 2.41-2.37 (m, 1H), 2.25 (t, 2H), 1.77-
1.65 (m, 4H), 1.53-1.49 (m, 2H), 1.46-1.30 (m, 9H), 0.93 (t, 3H); MS: m/z = 724.2 (M+1,
ESI+); HRMS: 724.2604.

Synthesis of Compound 69

0 HN 0 HN

ONO,
HO ONO,

0
Lo DCC, DMAP Lo
0* ‘N\l DCM o ‘N\j\ ONO;
N/\/OH N/\/O ONO,
H H g
Compound 3

Compound 69

[00278] To a solution of compound 3, 5-(2-ethoxy-5-((3-((2-hydroxyethyl)amino)azetidin-
1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (1
g, 2.04 mmol) and 6,7-bis(nitrooxy) heptanoic acid (515 mg, 2.04 mmol) in DCM (20 mL)
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was added DCC (421 mg, 2.04 mmol) and DMAP (249 mg, 2.04 mmol), the reaction mixture
was stirred at 25 °C for 16 h. The reaction mixture was poured into water (100mL) and
extracted with DCM (20 mLx3). The organic layer was washed with brine (100 mLx2), dried
over Na2SO4 and concentrated. The residue was purified by prep-HPLC to afford compound
69, 2-((1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-
5-yD)phenyl)sulfonyl)azetidin-3-yl)amino)ethyl 6,7-bis(nitrooxy) heptanoate (580 mg,
39.19% yield) as a white solid. "H NMR (400 MHz, DMSO-ds) & 12.21 (bs, 1H), 7.93-7.88
(m, 2H), 7.40 (d, 1H), 5.39-5.36 (m, 1H), 4.91 (dd, 1H), 4.67 (dd, 1H), 4.23 (q, 2H), 4.16 (s,
3H), 3.91 (t, 2H), 3.84-3.81 (m, 2H), 3.41-3.38 (m, 3H), 2.78 (t, 2H), 2.57-2.55 (m, 2H), 2.26
(t, 2H), 1.77-1.65 (m, 4H), 1.53-1.46 (m, 2H), 1.38-1.23 (m, 5H), 0.93 (t, 3H); MS: m/z =
725.3 (M+1, ESI+); HRMS: 725.2557.

Synthesis of Compound 70

N0 HN 0 HN
« ONO, <
HO ONO,
Lo O  pcc, DMAP Lo
o* \N\j\ DCM 0* ‘N\j\ ONO;,
N/\/OH NNOMONOZ
| | o

Compound 12 Compound 70

[00279] To a solution of compound 12, 5-(2-ethoxy-5-((3-((2-
hydroxyethyl)(methyl)amino)azetidin-1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-
7H-pyrazolo[4,3-d]pyrimidin-7-one (400 mg, 793 umol) and 6,7-bis(nitrooxy) heptanoic acid
(300 mg, 1.19 mmol) in DCM (20 mL) was added DCC(196 mg, 951 umol) and DMAP (97
mg, 793 umol), the reaction mixture was stirred at 25 °C for 16 h. The reaction mixture was
poured into water (100mL) and extracted with DCM (20 mL x3). The organic layer was
washed with brine (100 mLx2), dried over Na2SO4 and concentrated. The residue was
purified by prep-HPLC to afford compound 70, 2-((1-((4-ethoxy-3-(1-methyl-7-ox0-3-
propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl)sulfonyl)azetidin-3-
yl)(methyl)amino)ethyl 6,7-bis(nitrooxy) heptanoate (200 mg, 34.15% yield) as a white solid.
'H NMR (400 MHz, DMSO-ds) 8 12.24 (bs, 1H), 7.95-7.90 (m, 2H), 7.40 (d, 1H), 5.39-5.36
(m, 1H), 4.90 (dd, 1H), 4.67 (dd, 1H), 4.23 (q, 2H), 4.16 (s, 3H), 3.96 (t, 2H), 3.77 (t, 2H),
3.49 (t, 2H), 3.27-3.24 (m, 1H), 2.78 (t, 2H), 2.38 (t, 2H), 2.24 (t, 2H), 1.97 (s, 3H), 1.77-1.64
(m, 4H), 1.50-1.44 (m, 2H), 1.37-131 (m, SH), 0.93 (t, 3H); MS: m/z = 739.2 (M+1, ESI+);
HRMS: 739.2718.
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Synthesis of Compound 71

HO. ONO, ~ O HN
\n/\/\/ o
o}
DCC, DMAP
DCM o)
,s?
O*7N
O\"/\/\/ONOZ
Compound 4 o

Compound 71
[00280] To a solution of compound 4, 5-(2-ethoxy-5-((3-(3-hydroxypropyl)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (300
mg, 613 umol) and 5-(nitrooxy) pentanoic acid (200 mg, 1.23 mmol) in DCM (20 mL) was
added DCC (152 mg, 735 umol) and DMAP (75 mg, 613 umol), the reaction mixture was
stirred at 25°C for 16 h. The reaction mixture was poured into water (100mL) and extracted
with DCM (20 mLx3). The organic layer was washed with brine (100 mLx2), dried over
NazS04 and concentrated. The residue was purified by prep-HPLC to afford compound 71,
3-(1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d] pyrimidin-5-
yl)phenyl)sulfonyl)azetidin-3-yl)propyl 5-(nitrooxy)pentanoate (200 mg, 34.15% yield) as a
white solid. 'H NMR (400 MHz, DMSO-ds) & 12.24 (bs, 1H), 7.94-7.89 (m, 2H), 7.41 (d,
1H), 4.48 (t, 2H), 4.23 (q, 2H), 4.17 (s, 3H), 3.91 (t, 2H), 3.80 (t, 2H), 3.35-3.31 (m, 1H),
2.78 (t, 2H), 2.41-2.27 (m, 3H), 1.77-1.67 (m, 2H), 1.63-1.52 (m, 5H), 1.42-1.30 (m, 7H),
0.93 (t, 3H); MS: m/z = 635.3 (M+1, ESI+); HRMS: 635.2491.

Synthesis of Compound 72

S
o]
\ 1.) AGNO3, MeCN

2.) LiOH, MeOH/H,0

HO\H/\/\ON 0,

(6]
DCC, DMAP, DCM

Step 3

Compound 4 Compound 72 o

Step 1:
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[00281] To a solution of methyl 4-bromobutanoate (1.7 g, 9.39 mmol) in MeCN (80 mL)
was added AgNOs (3.19 g, 18.78 mmol), the reaction mixture was stirred at 85 °C for 16 h.
The resulting mixture was filtered and the filtrate was concentrated under reduced pressure to
afford methyl 4-(nitrooxy) butanoate (1.25 g, 81.60% yield) as a light yellow oil.

Step 2:

[00282] To a solution of methyl 4-(nitrooxy )butanoate (1.25 g, 7.66 mmol) in MeOH(10
mL) and H20 (5 mL) was added LiOH (966 mg, 23 mmol), the reaction mixture was stirred
at 25 °C for 16 h. After the reaction was completely finished, 2N HCI was added to adjust pH
to 5~6 and the excess of solvent was removed under reduced pressure to afford 4-
(nitrooxy)butanoic acid (800 mg, crude) as a light yellow oil. MS: m/z = 150.1 (M+1, ESI+).
Step 3:

[00283] To a solution of compound 4, 5-(2-ethoxy-5-((3-(3-hydroxypropyl)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (200
mg, 409 umol) and 4-(nitrooxy) butanoic acid (91 mg, 613 umol) in DCM (15 mL) was
added DCC (101 mg, 490 umol) and DMAP (50 mg, 409 umol), the reaction mixture was
stirred at 25°C for 16 h. The reaction mixture was poured into water (100 mL) and extracted
with DCM (20 mLx3). The organic layer was washed with brine (100 mLx2), dried over
NazS04 and concentrated. The residue was purified by prep-HPLC to afford compound 72,
3-(1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d] pyrimidin-5-
yl)phenyl)sulfonyl)azetidin-3-yl)propyl 4-(nitrooxy)butanoate (110 mg, 43.38% yield) as a
white solid. 'H NMR (400 MHz, DMSO-ds) & 12.25 (bs, 1H), 7.95-7.90 (m, 2H), 7.41 (d,
1H), 4.50 (t, 2H), 4.24 (q, 2H), 4.17 (s, 3H), 3.93 (t, 2H), 3.81 (t, 2H), 3.36-3.32 (m, 2H),
2.78 (t, 2H), 2.39-2.35 (m, 3H), 1.92-1.87 (m, 2H), 1.77-1.72 (m, 2H), 1.43-1.33 (m, 7H),
0.94 (t, 3H); MS: m/z=621.1 (M+1, ESI+); HRMS: 621.2341.

Synthesis of Compound 73

HO
e]
DCC, DMAP, DCM
2.) AgNQg, |5, MeCN N ONO,
OMONOQ

o
Compound 73

Compound 4

Step 1:
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[00284] To a solution of compound 4, 5-(2-ethoxy-5-((3-(3-hydroxypropyl)azetidin-1-
yD)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (1 g,
2.04 mmol) and pent-4-enoic acid (245 mg, 2.45 mmol) in DCM (20 mL) was added DCC
(506 mg, 2.45 mmol) and DMAP (250 mg, 2.04 mmol), the reaction mixture was stirred at 25
°C for 16 h. The reaction mixture was poured into water (100 mL) and extracted with DCM
(20 mLx3). The organic layer was washed with brine (100 mLx2), dried over Na2SOs and
concentrated. The residue was purified by column chromatography to afford 3-(1-((4-ethoxy-
3-(1-methyl-7-0x0-3-propyl-6,7-dihydro-1H-pyrazolo [4,3-d]pyrimidin-5-
yl)phenyl)sulfonyl)azetidin-3-yl)propyl pent-4-enoate (1.1 g, 60.2% purity) as a white solid.
MS: m/z = 572.3 (M+1, ESI+)

Step 2:

[00285] To a solution of 3-(1-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d] pyrimidin-5-yl)phenyl)sulfonyl)azetidin-3-yl)propyl pent-4-enoate (1.1 g,
1.92 mmol) and AgNOs (1.96 g, 11.52 mmol,) in MeCN (40 mL) was added I (488 mg, 1.92
mmol), the reaction mixture was stirred at 80 °C for 16 h. Cooled to room temperature, the
resulting mixture was filtered and the filtrate was concentrated under reduced pressure. The
residue was purified by prep-HPLC to afford compound 73, 3-(1-((4-ethoxy-3-(1-methyl-7-
ox0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl) phenyl)sulfonyl)azetidin-3-
yD)propyl 4,5-bis(nitrooxy)pentanoate (107 mg, 7.99% yield) as a white solid. 'H NMR (400
MHz, DMSO-ds) § 12.25 (bs, 1H), 7.92-7.89 (m, 2H), 7.41 (d, 1H), 5.45-5.43 (m, 1H), 4.92
(dd, 1H), 4.70 (dd, 1H), 4.23 (q, 2H), 4.16 (s, 3H), 3.92 (t, 2H), 3.80 (t, 2H), 3.35-3.32 (m,
2H), 2.77 (t, 2H), 2.47-2.37 (m, 3H), 2.00-1.89 (m, 2H), 1.77-1.71 (m, 2H), 1.43-1.33 (m,
7H), 0.93 (¢, 3H); MS: m/z = 696.2 (M+1, ESI+); HRMS: 696.2291.

Example 2 — Preparation of substituted amino-azetidine-linked dihydro-1H-

pyrazolo[4.3-d]pyrimidine compounds

General Scheme 2
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Scheme 2

Boc,
N
QL 0 HN
NH,

NS

1) N
Ko,CO3, MeCN 3.) Alkylation

2.) Deprotection 0=8=0 i 4.) optional 0=5=0
(':I HN\C\ 6 CF, nitration step HN\\j\
NH, Nego

Compound 74; 2,2,2-trifluoroacetate salt

Synthesis of Compound 6

NH,  K,COs, MeCN
2.) TFA, DCM
3) Ho B EtN, THF

Compound 6

Step 1:

[00286] To a solution of 4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonyl chloride (4.29 g, 10.45 mmol) and tert-butyl
3-aminoazetidine-1-carboxylate (2 g, 11.61 mmol) in MeCN (100 mL) was added K2CO3
(4.81 g, 34.84 mmol), the reaction mixture was stirred at 100 °C for 5 h. The reaction mixture
was poured into water (200 mL), extracted with EA (50 mLx3), washed by brine (50 mLx3),
dried over Na2SO4 and concentrated, the residue was purified by column chromatography to
afford tert-butyl 3-((4-ethoxy-3-(1-methyl-7-o0x0-3-propyl-6,7-dihydro-1H-pyrazolo [4,3-
d]pyrimidin-5-yl)phenyl)sulfonamido)azetidine-1-carboxylate (5 g, 78.77% yield) as a white
solid. MS: m/z = 547.6 (M+1, ESI+).

Step 2:

[00287] A mixture of tert-butyl 3-((4-ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-
pyrazolo[4,3-d] pyrimidin-5-yl)phenyl)sulfonamido)azetidine-1-carboxylate (5 g, 9.15 mmol)
in DCM (100 mL) was added TFA (10.43 g, 91.47 mmol) and stirred at 25 °C for 16 h. The
reaction mixture was evaporated under reduced pressure to afford compound 74; 2,2,2-
trifluoroacetate salt, N-(azetidin-3-yl)-4-ethoxy-3-(1-methyl-7-o0x0-3-propyl-6,7-dihydro-
1H-pyrazolo[4,3-d]pyrimidin-5-yl)benzenesulfonamide; 2,2,2-trifluoroacetate salt (4 g,
97.94% yield) as a yellow oil. MS: m/z = 447.5 (M+1, ESI+).

Step 3:
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[00288] To a solution of compound 74; 2,2,2-trifluoroacetate salt, N-(azetidin-3-yl)-4-
ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-pyrazolo [4,3-d] pyrimidin-5-
yl)benzenesulfonamide; 2,2 2-trifluoroacetate salt (500 mg, 1.12 mmol) and 2-bromoethan-1-
ol (420 mg, 3.36 mmol) in THF (10 mL) was added TEA (567 mg, 5.60 mmol), the reaction
mixture was stirred at 80 °C for 24 h. The reaction mixture was poured into water (50 mL),
extracted with EA (20 mLx3), washed by brine (30 mLx3), dried over Na2SO4 and
concentrated, the residue was purified by prep-HPLC to afford compound 6, 4-ethoxy-N-(1-
(2-hydroxyethyl)azetidin-3-y1)-3-(1-methyl-7-0x0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]
pyrimidin-5-yl)benzenesulfonamide (95 mg, 17.29% yield) as a white solid. 'H NMR (400
MHz, DMSO-d6) § 12.20 (bs, 1H), 8.22-8.20 (m, 1H), 7.93-7.86 (m, 2H), 7.32 (d, 1H), 4.41
(bs, 1H), 4.22-4.16 (m, 5H), 3.77-3.76 (m, 1H), 3.43-3.40 (m, 2H), 3.28-3.27 (m, 2H), 2.80-
2.77 (m, 4H), 2.43-2.41 (m, 2H), 1.79-1.72 (m, 2H), 1.33 (t, 3H), 0.94 (t, 3H); MS: m/z=
491.5 (M+1, ESI+); HRMS: 491.2072.

Synthesis of Compound 7

0 HN -0 HN
N HO_~_Br
TEA
0=8=0 TmE . 0=8=0
HI{I 0 H[{j
\C\NHZ 6)]\0’:3 \E\N\/\/OH

Compound 7
Compound 74 TFA

[00289] To a solution of compound 74; 2,2,2-trifluoroacetate salt, N-(azetidin-3-yl)-4-
ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-pyrazolo [4,3-d] pyrimidin-5-
yl)benzenesulfonamide; 2,2, 2-trifluoroacetate salt (500 mg, 1.12 mmol) and 3-bromopropan-
1-ol (467 mg, 3.36 mmol) in THF (10 mL) was added TEA (567 mg, 5.60 mmol), the
reaction mixture was stirred at 80 °C for 24 h. The reaction mixture was poured into water
(50 mL), extracted with EA (20 mLx3), washed by brine (30 mLx3), dried over Na2SO4 and
concentrated, the residue was purified by prep-HPLC to afford compound 7, 4-ethoxy-N-(1-
(3-hydroxypropyl)azetidin-3-yl)-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-
d]pyrimidin-5-yl)benzenesulfonamide (200 mg, 35.4% yield) as a white solid. 'H NMR (400
MHz, DMSO-ds) § 12.20 (bs, 1H), 8.16 (bs, 1H), 7.94-7.86 (m, 2H), 7.32 (d, 1H), 4.38 (bs,
1H), 4.22-4.17 (m, SH), 3.73-3.72 (m, 1H), 3.34-3.32 (m, 4H), 2.78 (t, 2H), 2.63-2.60 (m,
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2H), 2.33-2.30 (m, 2H), 1.78-1.72 (m, 2H), 1.36-1.32 (m, SH), 0.94 (t, 3H); MS: m/z = 506.6
(M+1, ESI+); HRMS: 505.2228.

Synthesis of Compound 8

0 HN -0 HN
NS
B
HO/\/\/ r
TEA
—— -
0=$=0 THF 0=8=0
|
HNT\ fo) HN
NH, - \C\
¥ e o)j\cF3 Na™~~"on
Compound 74 TFA Compound 8

[00290] To a solution of compound 74; 2,2,2-trifluoroacetate salt, N-(azetidin-3-yl)-4-
ethoxy-3-(1-methyl-7-ox0-3-propyl-6,7-dihydro-1H-pyrazolo [4,3-d] pyrimidin-5-
yl)benzenesulfonamide; 2,2, 2-trifluoroacetate salt (500 mg, 1.12 mmol) and 4-bromobutan-1-
ol (514 mg, 3.36 mmol) in THF (10 mL) was added TEA (567 mg, 5.60 mmol), the reaction
mixture was stirred at 80°C for 24 h. The reaction mixture was poured into water (50 mL),
extracted with EA (20 mLx3), washed by brine (30 mLx3), dried over Na2SO4 and
concentrated, the residue was purified by prep-HPLC to afford compound 8, 4-ethoxy-N-(1-
(4-hydroxybutyl)azetidin-3-yl)-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]
pyrimidin-5-yl)benzenesulfonamide (53 mg, 9.13% yield) as a white solid. "'H NMR (400
MHz, DMSO-ds) § 12.20 (bs, 1H), 8.16 (bs, 1H), 7.94 (d, 1H), 7.86 (dd, 1H), 7.32 (d, 1H),
438 (bs, 1H), 4.22-4.17 (m, SH), 3.73-3.71 (m, 1H), 3.34-3.31 (m, 4H), 2.78 (t, 2H), 2.73-
2.65 (m, 2H), 2.33-2.30 (m, 2H), 1.78-1.72 (m, 2H), 1.36-1.32 (m, SH), 1.25-1.20 (m, 2H),
0.94 (t, 3H); MS: m/z =519.6 (M+1, ESI+); HRMS: 519.2385.

Synthesis of Compound 19

HNOj3, Ac,O
DCM 0=%=0
HN\C\
N _NO.
\/\O 2
Compound 6 Compound 19
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[00291] To a solution compound 6, of 4-ethoxy-N-(1-(2-hydroxyethyl)azetidin-3-yl)-3-(1-
methyl-7-oxo0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)benzenesulfonamide
(300 mg, 611 umol) in DCM (6 mL) was added HNO3 (193 mg, 3.06 mmol) and Ac20 (324
mg, 3.06 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution
was poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic
layers were dried over Na2SO4 and concentrated under reduced pressure, the residue was
purified by Prep-HPLC to afford compound 19, 2-(3-((4-ethoxy-3-(1-methyl-7-ox0-3-
propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl) phenyl)sulfonamido)azetidin-1-
yl)ethyl nitrate (22 mg, 6.54% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) &
12.04 (bs, 1H), 7.93 (bs, 1H), 7.93 (d, 1H), 7.85 (dd, 1H), 7.32 (d, 1H), 4.41-4.39 (m, 2H),
4.21-4.16 (m, 5H), 3.77-3.73 (m, 1H), 3.39 (t, 2H), 2.80-2.73 (m, 4H), 2.63-2.61 (m, 2H),
1.77-1.71 (m, 2H), 1.33 (t, 3H), 0.94 (¢, 3H); MS: m/z = 536.5 (M+1, ESI+); HRMS:
536.19109.

Svynthesis of Compound 20

HNO3, Ac,0

0=$=0 DCM 0=$=0
e e
N OH N O.
NN ~N NO,
Compound 7

Compound 20

[00292] To a solution compound 7, of 4-ethoxy-N-(1-(3-hydroxypropyl)azetidin-3-yl)-3-(1-
methyl-7-oxo-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)benzenesulfonamide
(245 mg, 486 umol) in DCM (10 mL) was added HNO3 (153 mg, 2.43 mmol) and Ac20 (248
mg, 2.43 mmol), the reaction mixture was stirred at 25°C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 20, 3-(3-((4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-
dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl) phenyl)sulfonamido)azetidin-1-yl)propyl nitrate
(40 mg, 14.7% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 12.21 (bs, 1H),
8.19-8.17 (m, 1H), 7.93-7.85 (m, 2H), 7.32 (d, 1H), 4.46 (t, 2H), 4.21-4.16 (m, 5H), 3.77-
3.72 (m, 1H), 3.34-3.32 (m, 2H), 2.78 (t, 2H), 2.63-2.61 (m, 2H), 2.35-2.33 (m, 2H), 1.77-

102



WO 2021/094830 PCT/1B2020/000950

1.71 (m, 2H), 1.60-1.57 (m, 2H), 1.33 (t, 3H), 0.93 (t, 3H); MS: m/z = 550.6 (M+1, ESI+);
HRMS: 550.2083.

Example 3 — Preparation of substituted azetidine-linked imidazo[5,1-f]]1.2.4]triazin-

4(3H)-one compounds

General Scheme 3
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Synthesis of Compound 41
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Compound 41
[00293] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (500 mg, 1.22 umol) and azetidin-3-ol
hydrochloride (200 mg,1.83 mmol) in MeCN (40 mL) was added K2COs (589 mg, 4.26
mmol), the reaction mixture was stirred at 25 °C for 16 h. Filtered and evaporated under
reduced pressure, the residue was purified by prep-HPLC to afford compound 41, 2-(2-
ethoxy-5-((3-hydroxyazetidin-1-yl)sulfonyl)phenyl)-5-methyl-7-propylimidazo[5, 1-
f][1,2,4]triazin-4 (3H)-one (400 mg, 73.45% yield) as a white solid. "H NMR (400 MHz,
DMSO-ds) 5 11.73 (bs, 1H), 7.95-7.90 (m, 2H), 7.42 (d, 1H), 5.79 (bd, 1H), 4.31-4.28 (m,
1H), 4.24 (q, 2H), 3.91-3.87 (m, 2H), 3.39-3.35 (m, 2H), 2.83 (t, 2H), 2.48 (s, 3H), 1.76-1.71
(m, 2H), 1.34 (t, 3H), 0.92 (t, 3H); MS: m/z = 448.3 (M+1, ESI+); HRMS: 448.1650.

Synthesis of Compound 42
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Compound 42

[00294] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (656 mg, 1.60 mmol) and azetidin-3-
ylmethanol hydrochloride (139 mg, 1.60 mmol) in MeCN (10 mL) was added K2COs (662
mg, 4.79 mmol), the reaction mixture was stirred at 100 °C for 4 h. Filtered and evaporated
under reduced pressure, the residue was purified by prep-HPLC to afford compound 42, 2-
(2-ethoxy-5-((3-(hydroxymethyl)azetidin-1-yl)sulfonyl)phenyl)-5-methyl-7-
propylimidazo[5,1-f][1,2,4]triazin-4(3H)-one (320 mg, 43.46% yield) as a white solid. 'H
NMR (400 MHz, DMSO-ds) 6 11.57 (bs, 1H), 7.95-7.91 (m, 2H), 7.41 (d, 1H), 4.69 (bs, 1H),
4.23 (q, 2H), 3.73 (t, 2H), 3.48-3.44 (m, 2H), 3.31-3.29 (m, 2H), 2.83 (t, 2H), 2.48 (s, 3H),
1.78-1.69 (m, 2H), 1.34 (t, 3H), 0.92 (t, 3H); MS: m/z = 462.3 (M+1, ESI+); HRMS:
462.1805.

Svynthesis of Compound 43
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Compound 43

[00295] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (800 mg, 1.95 mmol) and 2-(azetidin-3-
yl)ethan-1-ol; 2,2,2-trifluoroacetate salt (1.25 g, 5.84 mmol) in MeCN (20 mL) was added
K2COs (807 mg, 5.84 mmol), the reaction mixture was stirred at 100 °C for 3 h. Filtered and
evaporated under reduced pressure, the residue was purified by prep-HPLC to afford
compound 43, 2-(2-ethoxy-5-((3-(2-hydroxyethyl)azetidin-1-yl)sulfonyl)phenyl)-5-methyl-
7-propylimidazo[5,1-f][1,2,4]triazin-4(3H)-one (425 mg, 45.90% yield) as a white solid. 'H
NMR (400 MHz, DMSO-de)  11.43 (bs, 1H), 7.94-7.91 (m, 2H), 7.41 (d, 1H), 4.37 (bs, 1H),
4.23 (q, 2H), 3.80 (t, 2H), 3.38-3.35 (m, 2H), 3.29-3.25 (m, 2H), 2.82 (t, 2H), 2.48 (s, 3H),
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1.77-1.68 (m, 2H), 1.45-1.38 (m, 2H), 1.34 (t, 3H), 0.92 (t, 3H); MS: m/z = 476.2 (M+1,
ESI+); HRMS: 476.1964.

Synthesis of Compound 44
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Compound 44

[00296] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (600 mg, 1.46 mmol) and 3-(azetidin-3-
yl)propan-1-ol; 2,2,2-trifluoroacetate salt (202 mg, 1.75 mmol) in MeCN (10 mL) was added
K2COs (2.02 g, 14.60 mmol), the reaction mixture was stirred at 25 °C for 3 h. Filtered and
evaporated under reduced pressure, the residue was purified by prep-HPLC to afford
compound 44, 2-(2-ethoxy-5-((3-(3-hydroxypropyl)azetidin-1-yl)sulfonyl)phenyl)-5-methyl-
7-propylimidazo [5,1-f][1,2,4]triazin-4(3H)-one (400 mg, 55% yield) as a white solid. 'H
NMR (400 MHz, DMSO-ds) 6 11.42 (bs, 1H), 7.95-7.92 (m, 2H), 7.42 (d, 1H), 4.23 (q, 2H),
3.80 (t, 2H), 3.32-3.27 (m, 4H), 2.83 (t, 2H), 2.48 (s, 3H), 2.39-2.36 (m, 1H), 1.76-1.69 (m,
2H), 1.36-1.21 (m, 7H), 0.92 (t, 3H); MS: m/z = 490.3 (M+1, ESI+); HRMS: 490.2121.

Svynthesis of Compound 45
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Compound 45
Step 1:
[00297] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (492 mg, 1.20 mmol) and tert-butyl (azetidin-
3-ylmethyl)carbamate (186 mg, 999 umol) in MeCN (10 mL) was added K2COs (414 mg,
3.00 mmol), the resulting mixture was stirred at 100 °C for 4 h. Filtered and evaporated under
reduced pressure, the residue was purified by prep-HPLC to afford tert-butyl ((1-((4-ethoxy-
3-(5-methyl-4-oxo-7-propyl-3,4-dihydro imidazo[5,1-f][1,2,4] triazin-2-
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yl)phenyl)sulfonyl)azetidin-3-yl)methyl)carbamate (450 mg, 80.37% yield) as a white solid.
MS: m/z =561.3(M+1, ESI+).

Step 2:

[00298] A mixture of tert-butyl ((1-((4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-
dihydroimidazol[$5,1-f][1,2,4] triazin-2-yl)phenyl)sulfonyl)azetidin-3-yl)methyl)carbamate
(450 mg, 713 umol) in DCM (5 mL) was added TFA (411 mg, 3.61 mmol), the reaction
mixture was stirred at 25 °C for 2 h. The reaction mixture was evaporated under reduced
pressure, the residue was purified by prep-HPLC to afford compound 45, 2-(5-((3-
(aminomethyl)azetidin-1-yl)sulfonyl)-2-ethoxyphenyl)-5-methyl-7-propylimidazo[5,1-
f][1,2,4]triazin-4 (3H)-one (181 mg, 49.05% yield) as a white solid. "H NMR (400 MHz,
DMSO-ds) & 7.95-7.90 (m, 2H), 7.41 (d, 1H), 4.23 (q, 2H), 4.08 (bs, 2H), 3.73 (t, 2H), 3.47-
3.43 (m, 2H), 2.83 (t, 2H), 2.53-2.48 (m, 5H), 2.40-2.33 (m, 1H), 1.78-1.69 (m, 2H), 1.34 (t,
3H), 0.92 (t, 3H); MS: m/z = 462.2 (M+1, ESI+); HRMS: 461.1968.

Synthesis of Compound 49
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Compound 49

[00299] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[ 5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (1.00 g, 2.43 mmol) and 2-(azetidin-3-
ylamino)ethan-1-ol; 2,2,2-trifluoroacetate salt (1.13 g, 9.74 mmol) in MeCN (30 mL) was
added K2COs (3.32 g, 24 .3 mmol), the reaction mixture was stirred at 25 °C for 2 h. Filtered
and evaporated under reduced pressure, the residue was purified by prep-HPLC to afford
compound 49, 2-(2-ethoxy-5-((3-((2-hydroxyethyl)amino)azetidin-1-yl)sulfonyl) phenyl)-5-
methyl-7-propylimidazo[5,1-f][ 1,2,4]triazin-4(3H)-one (600 mg, 50% yield) as a white solid.
'H NMR (400 MHz, DMSO-ds) § 11.74 (bs, 1H), 7.95-7.93 (m, 2H), 7.41 (d, 1H), 4.46 (bs,
1H), 4.24 (q, 2H), 3.83-3.82 (m, 2H), 3.41-3.40 (m, 3H), 3.34-3.31 (m, 3H), 2.83 (t, 2H), 2.49
(s, 3H), 2.440 (t, 2H), 1.77-1.71 (m, 2H), 1.34 (t, 3H), 0.92 (t, 3H); MS: m/z = 491.1 (M+1,
ESI+); HRMS: 491.2074.

Synthesis of Compound 50
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Compound 50
[00300] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (500 mg, 1.22 mmol) and 3-(azetidin-3-
ylamino)propan-1-ol ; 2,2,2-trifluoroacetate salt (355 mg, 1.46 mmol) in MeCN (15 mL) was
added K2COs (505 mg, 3.65 mmol), the reaction mixture was stirred at 80 °C for 2 h. Filtered
and evaporated under reduced pressure, the residue was purified by prep-HPLC to afford
compound 50, 2-(2-ethoxy-5-((3-((3-hydroxypropyl)amino)azetidin-1-yl) sulfonyl)phenyl)-
5-methyl-7-propylimidazo[5,1-f][1,2,4]triazin-4(3H)-one (310 mg, 50.48% yield) as a white
solid. '"H NMR (400 MHz, DMSO-ds) § 11.74 (bs, 1H), 7.95-7.92 (m, 2H), 7.41 (d, 1H), 4.24
(q, 2H), 3.83 (t, 2H), 3.44-3.35 (m, SH), 2.83 (1, 2H), 2.49 (s, 3H), 2.35 (1, 2H), 1.76-1.71 (m,
2H), 1.44-1.41(m, 2H), 1.34 (s, 3H), 0.92 (t, 3H); MS: m/z = 505.3 (M+1, ESI+); HRMS:
505.2231.

Synthesis of Compound 51
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Compound 51

[00301] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (500 mg, 1.22 mmol) and 4-(azetidin-3-
ylamino)butan-1-ol; 2,2 2-trifluoroacetate salt (351 mg, 2.43 mmol) in MeCN (10 mL) was
added K2COs3 (505 mg, 3.65 mmol), the reaction mixture was stirred at 25 °C for 2 h. Filtered
and evaporated under reduced pressure, the residue was purified by prep-HPLC to afford
compound 51, 2-(2-ethoxy-5-((3-((4-hydroxybutyl)amino)azetidin-1-yl)sulfonyl)phenyl)-5-
methyl-7-propylimidazo[5,1-f][ 1,2,4]triazin-4(3H)-one (500 mg, 79.22% yield) as a white
solid. 'H NMR (400 MHz, DMSO-ds) § 11.63 (bs, 1H), 7.94-7.91 (m, 2H), 7.41 (d, 1H),
4.25-4.20 (m, 2H), 3.82-3.80 (m, 2H), 3.42-3.30 (m, 6H), 2.82 (t, 2H), 2.48 (s, 3H), 2.29-2.25
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(m, 2H), 1.76-1.70 (m, 2H), 1.35-1.28 (m, 7H), 0.92 (t, 3H); MS: m/z = 519.3 (M+1, ESI+);
HRMS: 519.2382.

Synthesis of Compound 52
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Compound 52

[00302] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (945 mg, 2.30 mmol) and 2-(azetidin-3-
yl(methyl)amino)ethan-1-ol ; 2,2,2-trifluoroacetate salt (300 mg, 2.30 mmol) in MeCN (20
mL) was added K2CO3 (955 mg, 6.91 mmol), the reaction mixture was stirred at 100 °C for 6
h. Filtered and evaporated under reduced pressure, the residue was purified by prep-HPLC to
afford compound 52, 2-(2-ethoxy-5-((3-((2-hydroxyethyl)(methyl)amino)azetidin-1-
yl)sulfonyl)phenyl)-5-methyl-7-propylimidazo[5,1-f][1,2,4]triazin-4(3H)-one (158 mg,
13.61% yield) as a white solid. '"H NMR (400 MHz, DMSO-ds) § 11.73 (bs, 1H), 7.96-7.93
(m, 2H), 7.42 (d, 1H), 4.39 (bs, 1H), 4.24 (q, 2H), 3.76 (t, 2H), 3.50 (t, 2H), 3.33-3.31 (m,
2H), 3.25-3.22 (m, 1H), 2.83 (1, 2H), 2.49 (s, 3H), 2.21 (t, 2H), 1.95 (s, 3H), 1.76-1.71 (m,
2H), 1.34 (t, 3H), 0.92 (t, 3H); MS: m/z = 505.1 (M+1, ESI+); HRMS: 505.2226.

Synthesis of Compound 53
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[00303] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-y1) benzenesulfonyl chloride (712 mg, 1.73 mmol) and 3-(azetidin-3-
yl(methyl)amino)propan-1-ol; 2,2 2-trifluoroacetate salt (500 mg, 3.47 mmol) in MeCN (20
mL) was added K2COs3 (958 mg, 6.93 mmol), the reaction mixture was stirred at 80 °C for 4
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h. Filtered and evaporated under reduced pressure, the residue was purified by prep-HPLC to
afford compound 53, 2-(2-ethoxy-5-((3-((3-hydroxypropyl)(methyl)amino)azetidin-1-
yl)sulfonyl)phenyl)-5-methyl-7-propylimidazo[5,1-f][ 1,2,4]triazin-4(3H)-one (63 mg, 7.01%
yield) as a white solid. "H NMR (400 MHz, DMSO-ds) & 11.73 (bs, 1H), 7.97-7.94 (m, 2H),
7.42 (d, 1H), 4.34 (bs, 1H), 4.24 (q, 2H), 3.77 (t, 2H), 3.49 (t, 2H), 3.33-3.30 (m, 2H), 3.15-
3.11 (m, 1H), 2.83 (t, 2H), 2.49 (s, 3H), 2.12 (t, 2H), 1.89 (s, 3H), 1.76-1.71 (m, 2H), 1.44-
1.39 (m, 2H), 1.35 (t, 3H), 0.92 (t, 3H); MS: m/z = 519.3 (M+1, ESI+); HRMS: 519.2385.

Synthesis of Compound 54
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[00304] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (300 mg, 730 umol) and 4-(azetidin-3-
yl(methyl)amino)butan-1-ol; 2,2 2-trifluoroacetate salt (116 mg, 730 umol) in THF (30 mL)
was added TEA (369 mg, 3.65 mmol), the reaction mixture was stirred at 25 °C for 0.5 h.
Filtered and evaporated under reduced pressure, the residue was purified by prep-HPLC to
afford compound 54, 2-(2-ethoxy-5-((3-((4-hydroxybutyl)(methyl)amino) azetidin-1-
yl)sulfonyl)phenyl)-5-methyl-7-propylimidazo[5,1-f][1,2,4]triazin-4(3H)-one (135 mg,
34.71% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 11.74 (bs, 1H), 7.96-7.92
(m, 2H), 7.42 (d, 1H), 4.38 (bs, 1H), 4.24 (q, 2H), 3.78 (t, 2H), 3.48-3.46 (m, 2H), 3.32-3.31
(m, 2H), 3.14-3.12 (m, 1H), 2.83 (t, 2H), 2.48 (s, 3H), 2.04-2.02 (m, 2H), 1.89-1.87 (m, 3H),
1.78-1.69 (m, 2H), 1.36-1.27 (m, 7H), 0.92 (t, 3H); MS: m/z = 533.3 (M+1, ESI+); HRMS:
533.2544.

Synthesis of Compond 55
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[00305] To a solution of compound 41, 2-(2-ethoxy-5-((3-hydroxyazetidin-1-
yl)sulfonyl)phenyl)-5-methyl-7-propylimidazo [5,1-f][1,2,4]triazin-4(3H)-one (250 mg, 559
umol) in DCM (10 mL) was added HNO3 (162 mg,1.68 mmol) and Ac20 (296 mg, 2.79
mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was poured
into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers were
dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 55, 1-((4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-
dihydroimidazo[5,1-f][1,2,4]triazin-2-y1l)phenyl) sulfonyl)azetidin-3-yl nitrate (130 mg,
47.25% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds)  11.75 (bs, 1H), 8.01-7.96
(m, 2H), 7.42 (d, 1H), 5.40-5.36 (m, 1H), 4.24 (q, 2H), 4.18-4.14 (m, 2H), 3.92-3.88 (dd,
2H), 2.82 (t, 2H), 2.48 (s, 3H), 1.76-1.68 (m, 2H), 1.34 (t, 3H), 0.92 (t, 3H); MS: m/z = 493.1
(M+1, ESI+); HRMS: 493.1501.

Synthesis of Compound 56

-0 HNJ\% o HN
\<\\ HNo3 ACZO
.0
%

Compound 42 Compound 56

[00306] To a solution of compound 42, 2-(2-ethoxy-5-((3-(hydroxymethyl)azetidin-1-
yl)sulfonyl)phenyl)-5-methyl-7-propyl imidazo[5,1-f][1,2,4]triazin-4(3H)-one (220 mg, 477
umol) in DCM (10 mL) was added HNO3 (90 mg,1.43 mmol) and Ac20 (152 mg, 1.43
mmol), the reaction mixture was stirred at 25°C for 16 h. The resulting solution was poured
into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers were
dried over Na2SOs and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 56, (1-((4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-
dihydroimidazo[5,1-f][1,2,4]triazin-2-y1l)phenyl)sulfonyl)azetidin-3-yl)methyl nitrate (97 mg,
40.17% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) § 11.56 (bs, 1H), 7.97-7.93
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(m, 2H), 7.42 (d, 1H), 4.49 (d, 2H), 4.24 (q, 2H), 3.83 (t, 2H), 3.61-3.58 (m, 2H), 2.84-2.77
(m, 3H), 2.48 (s, 3H), 1.76-1.70 (m, 2H), 1.34 (t, 3H), 0.92 (t, 3H); MS: m/z = 507.1 (M+1,
ESI+); HRMS: 507.1659.

Synthesis of Compound 57
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[00307] To a solution of compound 43, 2-(2-ethoxy-5-((3-(2-hydroxyethyl)azetidin-1-
yl)sulfonyl)phenyl)-5-methyl-7-propyl imidazo[5,1-f][1,2,4]triazin-4(3H)-one (220 mg, 463
umol) in DCM (8 mL) was added HNOs (63 mg,1.39 mmol) and Ac20 (147 mg, 1.39 mmol),
the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was poured into
water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers were dried
over Na2SOs and concentrated under reduced pressure, the residue was purified by Prep-
HPLC to afford compound 57, 2-(1-((4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-
dihydroimidazo[5,1-f][1,2,4]triazin-2-yl)phenyl)sulfonyl)azetidin-3-yl)ethyl nitrate (108 mg,
44 85% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) § 10.53 (bs, 1H), 7.95-7.92
(m, 2H), 7.42 (d, 1H), 4.41 (t, 2H), 4.24 (q, 2H), 3.82 (t, 2H), 3.43-3.39 (m, 2H), 2.82 (t, 2H),
2.48 (s, 3H), 1.78-1.68 (m, 4H), 1.34 (t, 3H), 0.91 (t, 3H); MS: m/z=521.3 (M+1, ESI+);
HRMS: 521.1815.

Synthesis of Compound 58

Compound 44 Compound 58

[00308] To a solution of compound 44, 2-(2-ethoxy-5-((3-(3-hydroxypropyl)azetidin-1-
yl)sulfonyl)phenyl)-5-methyl-7-propyl imidazo[5,1-f][1,2,4]triazin-4(3H)-one (260 mg, 531
umol) in DCM (10 mL) was added HNOs (154 mg,1.59 mmol) and Ac20 (102 mg, 1.59

mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was poured
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into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers were
dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 58, 3-(1-((4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-
dihydroimidazo[5,1-f] [1,2,4]triazin-2-yl)phenyl)sulfonyl)azetidin-3-yl)propyl nitrate (80 mg,
28% yield) as a white solid. '"H NMR (400 MHz, DMSO-d6) § 11.41 (bs, 1H), 7.95-7.92 (m,
2H), 7.42 (d, 1H), 4.42 (t, 2H), 4.24 (q, 2H), 3.80 (t, 2H), 3.37-3.32 (m, 2H), 2.82 (t, 2H),
2.48 (s, 3H), 2.44-2.36 (m, 1H), 1.78-1.69 (m, 2H), 1.54-1.47 (m, 2H), 1.40-1.32 (m, SH),
0.92 (t, 3H); MS: m/z =535.3 (M+1, ESI+); HRMS: 535.1972.

Synthesis of Compound 61

(@] (0]
0 HNT N Y o HN/U\%N
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/,O HNO3, ACZO /S//O
ON
N/\/OH N NO,
H H
Compound 49 Compound 61

[00309] To a solution of compound 49, 2-(2-ethoxy-5-((3-((2-hydroxyethyl)amino)azetidin-
1-yl)sulfonyl)phenyl)-5-methyl-7-propylimidazo[5,1-f][1,2,4]triazin-4(3H)-one (200 mg, 408
umol) in DCM (10 mL) was added HNO3 (77 mg, 1.22 mol) and Ac20 (124 mg, 1.22 mol),
the reaction mixture was stirred at 25°C for 16 h. The resulting solution was poured into
water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers were dried
over Na2SO4 and concentrated under reduced pressure, the residue was purified by Prep-
HPLC to afford compound 61, 2-((1-((4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-
dihydroimidazo[5,1-f] [1,2,4]triazin-2-yl)phenyl)sulfonyl)azetidin-3-yl)amino)ethyl nitrate
(50 mg, 22% yield) as a white solid. '"H NMR (400 MHz, DMSO-de) § 11.74 (bs, 1H), 7.95-
7.93 (m, 2H), 7.42 (d, 1H), 4.48-4.45 (m, 2H), 4.24 (q, 2H), 3.84-3.82 (m, 2H), 3.46-3.44 (m,
3H), 3.32-3.31 (m, 1H), 2.85-2.82 (m, 2H), 2.73-2.72 (m, 2H), 2.49 (s, 3H), 1.77-1.71 (m,
2H), 1.36-1.33 (m, 3H), 0.92 (t, 3H); MS: m/z =536.1 (M+1, ESI+); HRMS: 536.1920.

Synthesis of Compound 62
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520 52
Compound 50 Compound 62

[00310] To a solution of compound 50, 2-(2-ethoxy-5-((3-((3-
hydroxypropyl)amino)azetidin-1-yl)sulfonyl)phenyl)-5-methyl-7-propylimidazo[5,1-
f][1,2,4]triazin-4(3H)-one (200 mg, 396 umol) in DCM (8 mL) was added HNO3 (115 mg,
1.19 mol) and Ac20 (126 mg, 1.19 mol), the reaction mixture was stirred at 25°C for 16 h.
The resulting solution was poured into water (50 mL) and extracted with DCM (20 mLx3).
The combined organic layers were dried over Na2SO4 and concentrated under reduced
pressure, the residue was purified by Prep-HPLC to afford compound 62, 3-((1-((4-ethoxy-3-
(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-f] [1,2,4]triazin-2-
yl)phenyl)sulfonyl)azetidin-3-yl)amino) propyl nitrate (95 mg, 43.61% yield) as a white
solid. 'H NMR (400 MHz, DMSO-ds) & 11.79 (bs, 1H), 8.00-7.95 (m, 2H), 7.47-7.45 (m,
1H), 4.55-4.50 (m, 2H), 4.36-4.20 (m, 2H), 3.90-3.87 (m, 2H), 3.49-3.43 (m, 4H), 2.90-2.86
(m, 2H), 2.55-2.42 (m, 5H), 1.81-1.71 (m, 4H), 1.41-1.36 (m, 3H), 0.99-0.94 (m, 3H); MS:
m/z =550.3 (M+1, ESI+); HRMS: 550.2081.

Synthesis of Compound 63
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[00311] To a solution of compound 52, 2-(2-ethoxy-5-((3-((2-
hydroxyethyl)(methyl)amino)azetidin-1-yl)sulfonyl)phenyl)-5-methyl-7-propylimidazo[5,1-
f][1,2,4]triazin-4(3H)-one (300 mg, 596 umol) in DCM (6 mL) was added HNO3 (188 mg,
2.98 mol) and Ac20 (316 mg, 2.98 mol), the reaction mixture was stirred at 25 °C for 16 h.
The resulting solution was poured into water (50 mL) and extracted with DCM (20 mLx3).

113



WO 2021/094830 PCT/1B2020/000950

The combined organic layers were dried over Na2SO4 and concentrated under reduced
pressure, the residue was purified by Prep-HPLC to afford compound 63, 2-((1-((4-ethoxy-3-
(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-f][ 1,2,4 ]triazin-2-
yl)phenyl)sulfonyl)azetidin-3-yl)(methyl)amino)ethyl nitrate (40 mg, 12.12% yield) as a
white solid. "H NMR (400 MHz, DMSO-ds) § 11.74 (bs, 1H), 7.97-7.94 (m, 2H), 7.42 (d,
1H), 4.49 (t, 2H), 4.24 (q, 2H), 3.78 (t, 2H), 3.52 (t, 2H), 3.34-3.29 (m, 1H), 2.83 (t, 2H),
2.54-2.51 (m, 2H), 2.49 (s, 3H), 2.00 (s, 3H), 1.76-1.71 (m, 2H), 1.35 (t, 3H), 0.92 (t, 3H);
MS: m/z = 550.2 (M+1, ESI+); HRMS: 550.2075.

Synthesis of Compound 64
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Compound 53 Compound 64

[00312] To a solution of compound 53, 2-(2-ethoxy-5-((3-((3-
hydroxypropyl)(methyl)amino)azetidin-1-yl)sulfonyl)phenyl)-5-methyl-7-propylimidazol[5,1-
f][1,2,4]triazin-4(3H)-one (300 mg, 578 umol) in DCM (20 mL) was added HNOs (109 mg,
1.74 mol) and Ac20 (177 mg, 1.74 mol), the reaction mixture was stirred at 25°C for 16 h.
The resulting solution was poured into water (50 mL) and extracted with DCM (20 mLx3).
The combined organic layers were dried over Na2SO4 and concentrated under reduced
pressure, the residue was purified by Prep-HPLC to afford compound 64, 3-((1-((4-ethoxy-3-
(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-f][ 1,2,4 ]triazin-2-
yl)phenyl)sulfonyl)azetidin-3-yl)(methyl) amino)propyl nitrate (200 mg, 61.34% yield) as a
white solid. "H NMR (400 MHz, DMSO-ds) & 11.74 (bs, 1H), 7.93-7.91 (m, 2H), 7.41 (d,
1H), 4.41-4.38 (m, 2H), 4.25-4.22 (m, 2H), 3.81-3.78 (m, 2H), 3.49-3.46 (m, 2H), 3.17-3.14
(m, 1H), 2.85-2.81 (m, 2H), 2.48 (s, 3H), 2.16-2.13 (m, 2H), 1.91 (s, 3H), 1.76-1.671 (m,
4H), 1.35 (t, 3H), 0.93 (t, 3H); MS: m/z = 564.0 (M+1, ESI+); HRMS: 564.2233.

Example 4 — Preparation of substituted amino-azetidine-linked imidazo|S.1-

f111,2.4]triazin-4(3H)-one compounds
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General Scheme 4

Scheme 4
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Synthesis of Compound 46
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Step 1:

[00313] To a solution of 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-
f][1,2,4]triazin-2-yl) benzenesulfonyl chloride (2 g, 4.87 mmol) and tert-butyl 3-
aminoazetidine-1-carboxylate (1.26 g, 7.30 mmol) in MeCN (20 mL) was added K2COs (2.02
g, 14.60 mmol), the reaction mixture was stirred at 100°C for 4 h. The reaction mixture was
poured into water (200 mL), extracted with EA (50 mLx3), washed by brine (50 mLx3),
dried over Na2SO4 and concentrated, the residue was purified by column chromatography to
afford tert-butyl 3-((4-ethoxy-3-(5-methyl-4-ox0-7-propyl-3,4-dihydroimidazo[ 5,1-f]
[1,2,4]triazin-2-yl)phenyl)sulfonamido)azetidine-1-carboxylate (2.5 g, 93.95% yield) as a
white solid. MS: m/z = 547.4 (M+1, ESI+).

Step 2:

[00314] A mixture of tert-butyl 3-((4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-
dihydroimidazo[5,1-f][1,2,4] triazin-2-yl)phenyl)sulfonamido)azetidine-1-carboxylate (2.5 g,
4.57 mmol) in DCM (10 mL) was added TFA (5 mL) and stirred at 25 °C for 4 h. The
reaction mixture was evaporated under reduced pressure to afford compound 75; 2,2,2-

trifluoroacetate salt, N-(azetidin-3-yl)-4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-
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dihydroimidazo[5,1-f][1,2,4]triazin-2-yl) benzenesulfonamide; 2,2,2-trifluoroacetate salt (1.9
g, 93.04% yield) as a yellow oil. MS: m/z = 447.1 (M+1, ESI+).

Step 3:

[00315] To a solution of compound 75; 2,2,2-trifluoroacetate salt, N-(azetidin-3-yl)-4-
ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-f] [1,2,4] triazin-2-
yl)benzenesulfonamide; 2,2 2-trifluoroacetate salt (500 mg, 1.12 mmol) and 2-bromoethan-1-
ol (280 mg, 2.24 mmol) in THF (10 mL) was added TEA (340 mg, 3.36 mmol), the reaction
mixture was stirred at 80 °C for 16 h. The reaction mixture was poured into water (50 mL),
extracted with EA (20 mLx3), washed by brine (30 mLx3), dried over Na2SOa and
concentrated, the residue was purified by prep-HPLC to afford compound 46, 4-ethoxy-N-
(1-(2-hydroxyethyl)azetidin-3-yl)-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-f]
[1,2,4]triazin-2-yl)benzenesulfonamide (230 mg, 41.87% yield) as a white solid. '"H NMR
(400 MHz, DMSO-ds) & 11.70 (bs, 1H), 8.16 (bs, 1H), 7.91-7.89 (m, 2H), 7.34 (d, 1H), 4.34
(bs, 1H), 4.20 (q, 2H), 3.76-3.73 (m, 1H), 3.37-3.34 (m, 2H), 3.38-3.24 (m, 2H), 2.84 (t, 2H),
2.70-2.66 (m, 2H), 2.49 (s, 3H), 2.36-2.34 (m, 2H), 1.79-1.70 (m, 2H), 1.33 (t, 3H), 0.93 (1,
3H); MS: m/z =491.2 (M+1, ESI+); HRMS: 491.2073.

Synthesis of Compound 47
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[00316] To a solution of compound 75; 2,2,2-trifluoroacetate salt, N-(azetidin-3-yl)-4-
ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-f] [1,2,4]triazin-2-
yl)benzenesulfonamide; 2,2, 2-trifluoroacetate salt (500 mg, 1.12 mmol) and 3-bromopropan-
1-ol (311 mg, 2.24 mmol) in THF (10 mL) was added TEA (340 mg, 3.36 mmol), the
reaction mixture was stirred at 80 °C for 16 h. The reaction mixture was poured into water
(50 mL), extracted with EA (20 mLx3), washed by brine (30 mLx3), dried over Na2SO4 and
concentrated, the residue was purified by prep-HPLC to afford compound 47, 4-ethoxy-N-
(1-(3-hydroxypropyl)azetidin-3-y1)-3-(5-methyl-4-oxo-7-propyl-3,4-dihydro imidazo[5,1-
f][1,2,4]triazin-2-yl)benzenesulfonamide (270 mg, 47.78% yield) as a white solid. 'H NMR
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(400 MHz, DMSO-ds) & 11.71 (bs, 1H), 8.15 (bs, 1H), 7.91-7.89 (m, 2H), 7.34 (d, 1H), 4.34
(bs, 1H), 4.20 (q, 2H), 3.76-3.72 (m, 1H), 3.35-3.30 (m, 4H), 2.84 (t, 2H), 2.58 (t, 2H), 2.48
(s, 3H), 2.30 (t, 2H), 1.77-1.70 (m, 2H), 1.34-1.31 (m, 5H), 0.93 (t, 3H); MS: m/z = 505.2
(M+1, ESI+); HRMS: 505.2230

Synthesis of Compound 48
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[00317] To a solution of compound 75; 2,2,2-trifluoroacetate salt, N-(azetidin-3-yl)-4-
ethoxy-3-(5-methyl-4-ox0-7-propyl-3,4-dihydroimidazo[5,1-f] [1,2,4] triazin-2-
yl)benzenesulfonamide; 2,2, 2-trifluoroacetate salt (800 mg, 1.79 mmol) and 4-bromobutan-1-
ol (549 mg, 3.59 mmol) in THF (10 mL) was added TEA (544 mg, 5.37 mmol), the reaction
mixture was stirred at 80°C for 16 h. The reaction mixture was poured into water (50 mL),
extracted with EA (20 mLx3), washed by brine (30 mLx3), dried over Na2SOu and
concentrated, the residue was purified by prep-HPLC to afford compound 48, 4-ethoxy-N-
(1-(4-hydroxybutyl)azetidin-3-y1)-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo[5,1-f]
[1,2,4]triazin-2-yl)benzenesulfonamide (420 mg, 45.20% yield) as a white solid. 'H NMR
(400 MHz, DMSO-ds) 6 11.71 (bs, 1H), 8.15 (bs, 1H), 7.91-7.89 (m, 2H), 7.34 (d, 1H), 4.34
(bs, 1H), 4.22-4.17 (m, 2H), 3.76-3.72 (m, 1H), 3.35-3.30 (m, 4H), 2.85-2.82 (m, 2H), 2.60-
2.56 (m, 2H), 2.48 (s, 3H), 2.32-2.29 (m, 2H), 1.77-1.70 (m, 2H), 1.34-1.18 (m, 7H), 0.95-
0.91 (m, 3H); MS: m/z=519.2 (M+1, ESI+); HRMS: 519.2388.

Synthesis of Compound 59

O e}

o HNMN ~0 HNMN
- o
HNQOj3;, Ac,0O

=S= _— =S=
0=$=0 DCM 0=$=0
HN\E\ HN\E\
N _NO.
Compound 46 Compound 59

117



WO 2021/094830 PCT/1B2020/000950

[00318] To a solution of compound 46, 4-ethoxy-N-(1-(2-hydroxyethyl)azetidin-3-yl)-3-(5-
methyl-4-oxo-7-propyl-3,4-dihydro imidazo[ 5,1-f][ 1,2,4]triazin-2-yl)benzenesulfonamide
(250 mg, 510 umol) in DCM (10 mL) was added HNO3 (96 mg, 1.53 mmol) and Ac20 (162
mg, 1.53 mmol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution
was poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic
layers were dried over Na2SO4 and concentrated under reduced pressure, the residue was
purified by Prep-HPLC to afford compound 59, 2-(3-((4-ethoxy-3-(5-methyl-4-ox0-7-
propyl-3,4-dihydro imidazo[5,1-f][1,2,4]triazin-2-yl)phenyl)sulfonamido)azetidin-1-yl)ethyl
nitrate (84 mg, 30.78% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) § 11.66 (bs,
1H), 8.18 (bs, 1H), 7.91-7.89 (m, 2H), 7.34 (d, 1H), 4.42-4.40 (m, 2H), 4.22-4.17 (m, 2H),
3.79-3.75 (m, 1H), 3.42-3.34 (m, 5H), 2.85-2.82 (m, 2H), 2.77-2.74 (m, 2H), 2.64-2.62 (m,
2H), 1.77-1.70 (m, 2H), 1.35-1.31 (m, 3H), 0.93 (t, 3H); MS: m/z = 536.3 (M+1, ESI+);
HRMS: 536.1923.

Synthesis of Compound 60
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[00319] To a solution of compound 47, 4-ethoxy-N-(1-(3-hydroxypropyl)azetidin-3-yl)-3-
(5-methyl-4-oxo-7-propyl-3,4-dihydro imidazo[5,1-f][1,2,4]triazin-2-y])benzenesulfonamide
(140 mg, 277 umol) in DCM (10 mL) was added HNO3 (52 mg, 832 umol) and Ac20 (88 mg,
832 umol), the reaction mixture was stirred at 25 °C for 16 h. The resulting solution was
poured into water (50 mL) and extracted with DCM (20 mLx3). The combined organic layers
were dried over Na2SO4 and concentrated under reduced pressure, the residue was purified by
Prep-HPLC to afford compound 60, 3-(3-((4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-
dihydroimidazo[5,1-f][1,2,4]triazin-2-yl)phenyl)sulfonamido)azetidin-1-yl) propyl nitrate (62
mg, 40.66% yield) as a white solid. '"H NMR (400 MHz, DMSO-ds) § 7.92-7.90 (m, 2H),
7.34 (d, 1H), 4.46 (t, 2H), 4.20 (q, 2H), 3.77-3.74 (m, 1H), 3.38-3.34 (m, 2H), 2.84 (t, 2H),
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2.63 (t, 2H), 2.49 (s, 3H), 2.35 (t, 2H), 1.77-1.71 (m, 2H), 1.62-1.56 (m, 2H), 1.33 (t, 3H),
0.93 (t, 3H); MS: m/z = 550.2 (M+1, ESI+); HRMS: 550.2081.

Example 5 — Human PDE-5A1 and/or -6C Inhibition Assay
[00320] This example illustrates the in vitro inhibition of human PDE-5A1 and/or -6C by the

compounds as described herein.

Materials

[00321] Sildenafil citrate (Catalog no. LKT-S3313, Axxora, San Diego, CA), Vardenafil
hydrochloride trihydrate (Catalog no. SML2103, Sigma-Aldrich, St. Louis, MO), PDE Assay
Buffer (Catalog no. 60393, BPS bioscience, San Diego, CA), PDE Binding Agent (Catalog
no. 60390, BPS bioscience, San Diego, CA) and PDE Binding Agent Diluent (¢cGMP,
Catalog no. 60392, BPS bioscience, San Diego, CA) were used for assays. Test compounds

were supplied by Ildong Pharmaceuticals Co., Ltd.

Experimental protocols

[00322] The enzymes and substrates used in this experiment are summarized in Table 2.

Table 2 — Enzymes and Substrates
Assay | Catalog # Enzyme Enzyme Used Substrate
Lot# (ng/ reaction)
PDESA1 60050 170404-G 0.2 100 nM FAM-cGMP
and
181008-G
PDE6C 60060 160928-AC 0.5 100 nM FAM-cGMP
and
190912-A

[00323] The serial dilution of the compounds was first performed in 100% DMSO with the
highest concentration at 1 mM and 0.1 mM. Each intermediate compound dilution (in 100%
DMSO) will then get directly diluted 10x fold into assay buffer for 10% DMSO and 5 pL of
the dilution was added to a 50 L reaction so that the final concentration of DMSO is 1% in

all reactions.
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[00324] The enzymatic reactions were conducted at room temperature for 60 minutes in a 50
uL mixture containing PDE assay buffer, 100 nM FAM-cGMP, a PDE enzyme (Table 2) and
the test compounds.

[00325] After enzymatic reaction, 100 pL of a binding solution (1:100 dilution of the
binding agent with the binding agent diluent) was added to each reaction and the reaction was
performed at room temperature for 60 minutes.

[00326] Fluorescence intensity was measured at excitation of 485 nm and an emission of

528 nm using a Tecan Infinite M1000 microplate reader.

Data Analysis
[00327] PDE activity assays were performed in duplicate at each concentration.

Fluorescence intensity is converted to fluorescence polarization using the Tecan Magellan6
software. The fluorescence polarization (FPy) in absence of the compound in each data set
was defined as 100% activity. In the absence of PDE and the compound, the value
fluorescent polarization (FPyv) in each data set was defined as 0% activity. The percent

activity in the presence of compound was calculated according to Equation 1:

FP—FPy
m) X 100 (eqn. 1)

% activity = (
where FP = the fluorescence polarization in the presence of the compound.
[00328] The values of % activity versus a series of compound concentrations were then
plotted using non-linear regression analysis of Sigmoidal dose-response curve generated with
Equation 2:

T-B
1+10LogEC50-X)xHill Slope

Y:B+( )x1oo (eqn. 2)

where Y = percent activity, B = minimum percent activity, T = maximum percent activity, X
= logarithm of compound, and Hill Slope = slope factor or Hill coefficient. The ICso value

was determined by the concentration causing a half-maximal percent activity.

Results

[00329] The results are tabulated in Table 3 with ICso values shown as ranges.
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Table 3 — In Vitro Inhibition of PDE-5A1 and/or -6C Activities

Cmpd No. ICso (nM) Cmpd No. ICso (M)
A:ICs50 <0.010 uM A: ICs <0.010 uM
B: 0.010 uM < ICs0 <0.1 uM B: 0.010 uM < ICsp <0.1 uM
C: 0.1 uM < ICso C: 0.1 pM <ICsp
PDESA1 PDE6C PDESA1 PDE6C

1 B B 2 B B
3 A A 4 A A
S C B 6 B B
7 B B 8 B B
9 B B 10 A A
11 B B 12 A A
13 A B 14 A A
15 B B 16 A B
17 A A 18 A A
19 A A 20 B A
21 A A 22 A A
23 A A 24 B A
25 B B 26 B B
27 B A 28 B B
29 B B 30 A A
31 B A 32 A B
33 A A 34 B A
35 B A 36 B B
37 B B 38 B B
39 A A 40 B A
41 A - 42 A -
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Table 3 — In Vitro Inhibition of PDE-5A1 and/or -6C Activities

Cmpd No. ICso (nM) Cmpd No. ICso (M)
A:1Cs50<0.010 pM A:1Cs5 <0.010 pM
B: 0.010 uM <ICsy <0.1 yM B: 0.010 uM <ICs) <0.1 M
C: 0.1 pM < ICs C: 0.1 uM <ICsp
PDE5A1 PDEGC PDE5SA1 PDE6C
43 A - 44 A -
45 A - 46 A -
47 A - 48 - -
49 A - 50 A -
51 - - 52 A -
53 A - 54 - -
55 A - 56 A -
57 A - 58 A -
59 A - 60 A -
61 A - 62 A -
63 A - 64 A -
65 A A 66 A A
67 A A 68 B A
69 A A 70 A A
71 A A 72 A A
73 A A Sildenafil A B
Vardenafil A -

[00330] Sildenafil and Vardenafil were used as reference compounds in the human PDE-

5A1 and/or -6C assays.

[00331] The chemical structure of Sildenafil is:
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Sildenafil

[00332] The chemical structure of Vardenafil is:

Vardenafil

Conclusion
[00333] The PDE-5A1 and/or -6C inhibitory activities of the tested compounds were

comparable, and in some cases superior, to those of Sildenafil and Vardenafil.

Example 6 — Metabolic Stability Assays in Human Liver Microsomes

[00334] This example illustrates the metabolic stability of selected compounds in human

liver microsomes samples.

Materials

[00335] Both test and control compound solutions were prepared by diluting 5 uL of the
respective stock solutions (10 mM in DMSO) containing either the test or control compound
with 495 uL of acetonitrile (ACN) to give intermediate solutions with concentrations of 100
uM (99% ACN).

[00336] B-Nicotinamide adenine dinucleotide phosphate tetrasodium salt (NADPH-4Na)
was purchased from BONTAC (cat. No. BT04). The NADPH working solution (10 unit/mL)
was prepared by combining the appropriate amount of NADPH powder and a MgCl: solution
(10 mM) to give final concentration in the reaction system of 1 unit/mL.

[00337] The appropriate concentrations of the microsome working solutions were prepared

in 100 mM potassium phosphate buffer.
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[00338] Cold (4 °C) acetonitrile solution containing 200 ng/mL tolbutamide and 200 ng/mL

labetalol (internal standard) was used as the stop solution.

Experimental Protocols

[00339] Liver microsomes solution was diluted to 0.56 mg/mL in 100 mM phosphate buffer,
and 445 pL of this solution was transferred into pre-warmed (10 minutes) “incubation” plates
T60 and NCF60; the “incubation” plates T60 and NCF60 were pre-warmed for 10 minutes at
37 °C with constant shaking.

[00340] 54 uL of the liver microsome solutions was transferred to the blank plate, followed
by addition of 6 UL of the NAPDH cofactor solution and 180 pL of the quenching solution to
the same blank plate.

[00341] 5 uL of the compound working solution (100 uM concentration) was next added to
into the “incubation” plates (T60 and NCF60) containing microsomes and mixed 3 times
thoroughly. For the NCF60 plate, 50 uL. of the buffer solution was added, mixed 3 times
thoroughly, and incubated at 37 °C for 60 minutes under constant shaking.

[00342] In the “Quenching” plate at TO (T=0 min), 180 pL of quenching solution and 6 puL.
of the NAPDH cofactor solution were added, and the resulting plate was chilled to prevent
evaporation.

[00343] In the T60 plate, after it was thoroughly mixed, 54 uL of the mixture was
immediately transferred to the “quenching” plate for the O-minute time point, followed by
addition of 44 L of NAPDH cofactor solution to the incubation plate (T60). The resulting
mixture was then incubated at 37 °C for 60 minutes under constant shaking. At time points of
5, 10, 20, 30 and 60 minutes, 180 uL of the quenching solution was added to the “quenching”
plates, followed by serial transfer of 60 uL of the mixture (per time point) from the T60 plate
to the “Quenching” plates.

[00344] For the NCF60 plates, 60 pL of the sample solution was transferred from the
NCF60 incubation plate to the “Quenching” plate containing quenching solution at T=60 min
time point.

[00345] All sampling plates were shaken for 10 minutes and then centrifuged at 4,000 rpm
for 20 minutes at 4 °C, followed by the transfer of 60 pL of the supernatant into 180 pL of
High-Pressure Liquid Chromatography (HPLC) water and mixed for 10 minutes by a plate
shaker. Each bioanalysis plate was then sealed and shaken for 10 minutes prior to liquid

chromatography-mass spectrometry (LC-MS)/ mass spectrometry (MS) analysis.
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Results
[00346] The metabolic stability assay data for compounds 4, 10, 18 and 22 in human liver

microsomes are shown in Table 4.

Table 4 — Metabolic Stability in Human

Liver Microsomes

Compound No. Clintgivery (mL/min/kg)
4 357.0
10 55.0
18 9343
22 3578

Conclusion
[00347] The high clearance observed in human liver microsomes of the tested compounds
demonstrated reduction in off-target effect of the tested compounds and reduction in the

compounds’ effects for other targets other than PDE-5 and/or -6.

Example 7 — Plasma Binding Assay

[00348] This example shows the procedures and results of the plasma protein binding assays

of selected compounds.

Equipment

[00349] The dialysis device used in this example is a 96-well equilibrium dialysis plate (Cat
#1006, HT Dialysis LLC, Gales Gerry, CT), and HTD 96 a/b dialysis membrane strips (Cat
#1101, MWCO 12-14 kDa, HT Dialysis LLC). The dialysis device was assembled following

the manufacturer’s instructions.

Materials

[00350] The dialysis membrane strips were soaked in ultra-pure water at room temperature
for approximately 1 hour. Each membrane strip containing 2 membranes was separated and
soaked in 20:80 ethanol/water (v/v) for approximately 20 minutes, after which they were
ready for used or were stored in the solution at 2-8 °C for up to a month. Prior to experiment,

the membrane was rinsed and soaked for 20 minutes in ultra-pure water.
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[00351] On the day of the experiment, the plasma was thawed by running under col tap
water and centrifuged at 3220 rpm for 5 minutes to remove any clos. The pH value of the
resulting plasma was checked. Only plasma with pH value with 7.0-8.0 could be used.
[00352] Both test and control compounds were dissolved in DMSO to achieve 10 mM stock
solutions. Working solutions (400 uM) if test and control compounds were prepared by
diluting 10 p of stock solutions with 240 pL. of DMSO. Loading matrix solutions (2 uM) of
both test and control compounds were prepared by diluting 5 puL. of working solutions with

995 uL of blank matrix.

Dialysis Protocols

[00353] To prepare the loading matrix containing the test compound or control compounds,
aliquots of either test compound working solutions or control compound working solution
were spiked into blank matrix to achieve final test concentrations. The concentration of
organic solvent in the final solutions were no more than 1% (normally 0.5%). The samples
were mixture thoroughly before being used.

[00354] To prepare the time zero (TO) samples to be used for recovery determinations. 50
uL aliquots of loading matrix solution were transferred in triplicate to the sample collection
plate. The samples were immediately matched with opposite blank buffer to obtain a final
volume of 100 pL of 1:1 matrix/dialysis buffer (v/v) in each well. 500 uL of stop solution
were added to these TO samples. They were then stored at 2-8 °C pending further processes
along with other post-dialysis samples.

[00355] To load the dialysis device, an aliquot of 150 pL of the loading matrix was
transferred to the donor side of each dialysis well in triplicate, and 150 pL of the dialysis
buffer was loaded to the received side of the well. The dialysis was placed in humidified
incubator at 37 °C with 5% COz on a shaking platform that rated slowly (about 100 rpm) for
4 hours.

[00356] At the end of the dialysis, aliquots of 50 puL of samples were taken from both the
buffer side and the matrix side of the dialysis deice. These samples were transferred into new
96-well plates (the sample collection plates). Each sample was mixed with an equal volume
of opposite blank matrix (buffer or matrix) to reach a final volume of 100 uL of 1:1
matrix/dialysis buffer (v/v) in each well. All samples were further processed by adding 500
uL of stop solution containing internal standards. The mixture was vortexed and centrifuged
at 4000 rpm for about 20 minutes. An aliquot of 100 pL. of supernatant of all the samples
were then removed for LC-MS/MS analysis.
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[00357] The single blank samples were prepared by transferring 50 uL. of blank matrix to a
96 well plate and adding 50 uL of blank PBS buffer to each well. The blank plasma must
match the species of plasma used in the plasma side of the well. Then the matrix-matched
samples were further processed by adding 500 pL of stop solution containing internal

standards, following the same sample processing method as the dialysis samples.

Results
[00358] The results of the human plasma protein binding assay of selected compounds are

shown in Table 5.

Table S — Plasma Protein Binding
Cmpd No. % Unbound % Bound
4 3.99 96.01
10 13.81 86.19
18 0.48 99.52
22 2.47 97.53

Conclusion
[00359] The tested compounds exhibited moderate to high binding to human plasma proteins
and the results demonstrated that the tested compounds were acting in a localized fashion and

are amenable to localized applications and administrations.

Example 8 — In Vivo Intraocular Pressure (IOP) Lowering Effect in Rabbit Subjects

[00360] This example illustrates the procedures and results of the intraocular pressure (IOP)
lowering effect of compound 18 as compared to Latanoprostene bunod and latanoprost at

different concentrations in ocular normotensive rabbits.
Materials
[00361] Forty (40) male New Zealand white rabbits were divided into 4 groups with 10

animals per group. Animals were then randomly assigned to groups based on body weight.

FExperimental Procedures
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[00362] Latanoprostene bunod ophthalmic solution (LBN, 0.024%) and latanoprost eye
drops (0.005%) were used as positive controls and dosed with the same volumes into the right
eyes of the tested animals in groups 1 and 2 once.

[00363] Compound 18 was instilled into the right eyes of the tested animals in groups 3 (10
mg/mL) and 4 (20 mg/mL) at 50 pL per eye once.

[00364] All left eyes of the tested animals in each group were dosed with vehicle solution at
50 uL per eye.

[00365] The intraocular pressures (IOPs) were measured once at pre-dose and then once at
1,2,4,6, 8, and 10 hours post dose for each group of animals. FIGs 1 to 4 show the results
from the IOP lowering studies for all four tested groups.

[00366] FIG. 1 shows the results from control group 1 of the intraocular pressure (IOP)
lowering effect study (mean IOP +/-SEM) with Latanoprostene bunod (0.024%) in ocular
normotensive rabbits at various time points after instillation of ophthalmic solutions (control
solutions into left eyes and treatment solution into right eyes).

[00367] FIG. 2 shows the results from control group 2 of the IOP lowering effect (mean IOP
+/-SEM) study with latanoprost (0.005%) in rabbits at various time points after instillation of
ophthalmic solutions (control solutions into left eyes and treatment solution into right eyes).
[00368] FIG. 3 shows the results from test group 3 of the IOP lowering effect study (mean
IOP +/-SEM) with compound 18 (10 mg/mL) in rabbits at various time points after
instillation of ophthalmic solutions (control solutions into left eyes and treatment solution
into right eyes).

[00369] FIG. 4 shows the results from test group 4 of the IOP lowering effect study (mean
IOP +/-SEM) with compound 18 (20 mg/mL) in rabbits at various time points after
instillation of ophthalmic solutions (control solutions into left eyes and treatment solution

into right eyes).

Conclusion
[00370] Compound 18 was demonstrated to significantly lower the IOP after its
administration at both 10 mg/mL and 20 mg/mL doses.

EQUIVALENTS AND INCORPORATION BY REFERENCE

[00371] While the invention has been particularly shown and described with reference to a

preferred embodiment and various alternate embodiments, it will be understood by persons
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skilled in the relevant art that various changes in form and details can be made therein
without departing from the spirit and scope of the invention.
[00372] All references, issued patents and patent applications cited within the body of the

instant specification, are herein incorporated by reference in their entirety for all purposes.
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CLAIMS
1. A compound of formula (I):
0 R’
4
HNT N
0L .0 r
R4 N7 ~ '1 /
\NIS X ~<
| R2
R® R3
(D

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof, wherein:

X! and X? are independently selected from N and C and at least one of X' and X? is
N;

R!is -H, or optionally substituted (C1-Cs)alkyl;

R? is optionally substituted (C1-Cs)alkyl;

R’ is optionally substituted (C1-Cs)alkoxy;

R*is -H or optionally substituted (Ci-Cs)alkyl, and R’is a 4-membered carbocycle or
heterocycle ring that is substituted with one or more RS,

or R* and R’ together with the nitrogen atom to which they are attached are cyclically
linked to form a 4-membered heterocycle that is substituted with one or more R¢; and

and each R® is independently selected from -OH, -O-NO2, optionally substituted (C1-
Cs)alkyl, optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio) alkenyl,
optionally substituted (C2-Cio)alkynyl, optionally substituted (Ci-Cs)alkoxy, optionally
substituted (Cs-Cs)heterocycle, optionally substituted (C1-Cs)alkyl-(Cs -Cs)heterocycle-,
optionally substituted (Cs -Cs)heterocycle -(C1-Cs)alkyl-, optionally substituted (Ci-Cs)alkyl-
Z'-(C1-Cs)alkyl-, optionally substituted (C1-Cs)alkyl-Z'-(C1-Cs)alkoxy-, optionally
substituted (C1-C1o)alkyl-NR!-, optionally substituted (C1-Co)alkyl-Z'-(C1-Cs)alkyl-NR!-,
optionally substituted (C1-Cio)alkoxy-Z'-(C1-Cs)alkyl-NR!- substituted (C1-Cs)alkyl-(Cs-
Cs)heterocycle-(C1-Cs)alkyl-, substituted linear linker, and substituted branched linker,
wherein Z! is -CO2-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-, and the substituents of each
R® are independently selected from -O-NOz, -ONO, -OH, -NHz, -COOH, halogen, (Ci-
Cs)alkoxy and (C1-Cs)alkyl,

wherein at least one R® is substituted with —O-NO2, -ONO, -OH or -NHo.
2. The compound of claim 1, or a pharmaceutically acceptable salt, a solvate, a hydrate,

a prodrug, or stereoisomer thereof, wherein at least one R® is substituted with -O-NOx.
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3. The compound of claim 1 or 2, or a pharmaceutically acceptable salt, a solvate, a
hydrate, a prodrug, or a stereoisomer thereof, wherein R! is (C1-Cs)alkyl.

4. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt, a
solvate, a hydrate, a prodrug, or a stereoisomer thereof, wherein R! is methyl.

5. The compound of any one of claims 1 to 4, or a pharmaceutically acceptable salt, a
solvate, a hydrate, a prodrug, or a stereoisomer thereof, wherein R? is n-propyl.

6. The compound of any one of claims 1 to 5, or a pharmaceutically acceptable salt, a

solvate, a hydrate, a prodrug, or a stereoisomer thereof, wherein R? is ethoxy.

7. The compound of claim 6, wherein the compound is of formula (Ia):
0O
I
HN \
O. O v
R4 \\S’/ ~ X'] /
\hll/ Nz
R® o
(Ia)
or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.
8. The compound of any one of claims 1 to 7, or a pharmaceutically acceptable salt, a

solvate, a hydrate, a prodrug, or a stereoisomer thereof, wherein R* is -H and R? is substituted
azetidine.

9. The compound of any one of claims 1 to 7, or a pharmaceutically acceptable salt, a
solvate, a hydrate, a prodrug, or a stereoisomer thereof, wherein R* and R’ together with the
nitrogen atom to which they are attached are cyclically linked to form substituted azetidine.
10. The compound of any one of claims 1 to 9, or a pharmaceutically acceptable salt, a
solvate, a hydrate, a prodrug, or a stereoisomer thereof, wherein X' is N and X? is C.

11. The compound of any one of claims 1 to 9, or a pharmaceutically acceptable salt, a
solvate, a hydrate, a prodrug, or a stereoisomer thereof, wherein X' is C and X? is N.

12. The compound of claim 8, or a pharmaceutically acceptable salt, a solvate, a hydrate,

a prodrug, or a stereoisomer thereof, wherein the compound is of formula (II):
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(IT)

wherein:R” is selected from -H, R”, and R7!-Z2-R"%;

R’ R7! and R7* are independently selected from optionally substituted (C1-Cs)alkyl,
optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio)alkenyl, optionally
substituted (C2-Cio)alkynyl, and optionally substituted (C1-Cs)alkoxy, wherein the optional
substituent is selected from -OH, -NHz, and -O-NOz; and

7% is -COz-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-.

13. The compound of claim 12, wherein the compound is of formula (ITa):

(Ila)

>

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof.

14. The compound of claim 13, or a pharmaceutically acceptable salt, a solvate, a hydrate,

a prodrug, or a stereoisomer thereof, wherein:

)
8
R7isRO ;

R®is -H or -NO2; and
nis1,2,3,4,or5.

15.  The compound of claim 14 selected from:
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or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.
16. The compound of claim 12, wherein the compound is of formula (IIb):

0

(ITb)

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof, wherein:

R’ is selected from -H, R”’, and R7'-Z2-R7?;

R’ R7! and R7? are independently selected from optionally substituted (C1-Cs)alkyl,
optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio)alkenyl, optionally
substituted (C2-Cio)alkynyl, and optionally substituted (C1-Cs)alkoxy, wherein the optional
substituent is selected from -OH, -NHz, and -O-NO2; and

7*is -COz-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-.

17. The compound of claim 16, or a pharmaceutically acceptable salt, a solvate, a hydrate,

a prodrug, or a stereoisomer thereof, wherein:
n
R’ is ;
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R®is -H or -NO2; and
nis1,2,3,4,0r5.
18. The compound of claim 17 selected from:
(0] (0] (0]

o HN)HJN o HN’“\(( o HN)H%N

N
X N X N X, N~
U

0=S=0 0=S=0
HN

[
HN\C\ \C\
N\/\O,NOZ and N\/\/O\NO2

or a pharmaceutically acceptable salt thereof, a solvate, a hydrate, a prodrug, or a
stereoisomer.
19. The compound of claim 9, wherein the compound is of formula (III):

0

)H/X/Z

HN roo

0.0 i

:\S’/ ~ ,X1 /N
e

R? OK

(111

>

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof, wherein:

R’ is selected from -O-NO2, -NR''R! -OR!2, R%, and R°!-Z3-R?%;

R R’! and R?? are independently selected from optionally substituted (C1-Cs)alkyl,
optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio)alkenyl, optionally
substituted (C2-Cio)alkynyl, optionally substituted (C1-Cs)alkoxy, optionally substituted (Cs-
Cs)heterocycle-(C1-Cs)alkyl-, and optionally substituted (C1-Cs)alkyl-(Cs-Cs)heterocycle-
(C1-Cs)alkyl-, wherein the optional substituent is selected from -OH, -NHz, and -O-NOz;

73 is -CO»-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-; and
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R!° R and R'? are independently H, optionally substituted (C1-Cs)alkyl, or
optionally substituted (C1-Cs)alkyl-Z'-(C1-Cs)alkyl, wherein the optional substituent is
selected from -OH, -NH3, and -O-NOg;

or R!% and R!! together with the nitrogen atom to which they are attached are
cyclically linked to form an optionally substituted heterocycle, wherein the optional
substituent is selected from -OH, -O-NOz2, -CH20H, -CH2CH20H, and -CH20NO:.

20. The compound of claim 19, wherein the compound is of formula (ITa):

(Illa)

>

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.
21. The compound of claim 20, or a pharmaceutically acceptable salt, a solvate, a hydrate,
a prodrug, or a stereoisomer thereof, wherein R’ is

a) My

b) R"“ n 07/.

>

RM
|
0 Rw/\n(/)N?/; o

R17

T

m
N
d) R']G n Y )
and wherein:
R'!is H or methyl;
R RY RY R!S and R' are independently selected from -OH, -NHa, and -O-NO»;
and

n and m are independently selected from 0, 1, 2, 3, 4, or 5.
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22. The compound of claim 21, or a pharmaceutically acceptable salt, a solvate, a hydrate,
R'13

n

a prodrug, or a stereoisomer thereof, wherein R’ is selected from:

HO>\ HO/\)\ HO Y Ho Y ozN\O>\
OZN‘O/Y OZN‘O/\)\ OZN‘O/\/V and HZN/Y

23. The compound of claim 22 selected from:

,S’
o~
O

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof.

24, The compound of claim 21, or a pharmaceutically acceptable salt, a solvate, a hydrate,

O
a prodrug, or a stereoisomer thereof, wherein R% is R /\H Y

H O/\/OY o /\/\O)\ HO/\/\/OY

selected from:

OZN\O/\/\OA OZN‘O/\/OY and OZN‘O/\/\/OY
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25. The compound of claim 24 selected from:

O/\/\O,Noz and

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.

26. The compound of claim 21, or a pharmaceutically acceptable salt, a solvate, a hydrate

>

R11

|
R15An(’)N7/
H

H I

a prodrug, or a stereoisomer thereof, wherein R’ is selected from:

| H

I
HO/\/\/NY OZN\O/\/NY OZN\O/\/\MX OZN\O/\/\NX OZN‘O/\/NV
I and
27.  The compound of claim 26 selected from:
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20
25
0*7™N
\j\N/\/O‘NOZ
I and
or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.

28. The compound of claim 21, or a pharmaceutically acceptable salt, a solvate, a hydrate

>

R17

m
= Y

HO/\/\N>\ OZN‘O/\/\NX

a prodrug, or a stereoisomer thereof, wherein R’ is selected from:

OZN\O

HO and

29.  The compound of claim 28 selected from:
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or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.
30. The compound of claim 20, or a pharmaceutically acceptable salt, a solvate, a hydrate,

a prodrug, or a stereoisomer thereof, wherein R’ is

m
RTS/@\C\
a) N(\%‘\;

/\Hﬁ\ ’
b) R m ;or
2 n
Rzo/\HJ\O(A)'NX
m |
C) R'I’I

wherein:

>

R!is -H or -methyl;
R' is selected from -OH, -NHa, and -O-NOz;
R'” and R?® are independently selected from -OH, -NHz, -O-NO2, and

O,NO
ONOZ; and
n and m are independently selected from 0, 1, 2, 3, 4, 5 or 6.
31. The compound of claim 30, or a pharmaceutically acceptable salt, a solvate, a hydrate,

Rw/th\N(\a\

n selected from:

HO/\C\N\)\ HOV\C\N\)\ \C\NY HO/\C\NY \/\C\NY

a prodrug, or a stereoisomer thereof, wherein R’ is

OZN,O\C\N OzN\O/\C\ OZNso
7/ NY and /\C\N\)\

32.  The compound of claim 31 selected from:
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)
P

(o}
T
N\j\/
O‘Noz

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof.

33. The compound of claim 30, or a pharmaceutically acceptable salt, a solvate, a hydrate,

0]
n
. . 9. R'Ig/\e%JLOHY
a prodrug, or a stereoisomer thereof, wherein R” is m
OZN‘O/\/\/\H/O\/\)\ OQN'O\/\/\H’O\/\)\ 02N~O/\/\n/0\/\)\
(0] 6] O

selected from:

ONO, ONO;

OZNOMOV\A OZNO\)\/\[rO\/\)\
and
o) 0

34. The compound of claim 33 selected from:
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ONO,

ONO,
ONO,

ONO,

and o}

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer

thereof.
35. The compound of claim 30, or a pharmaceutically acceptable salt, a solvate, a hydrate,
Q n
AP
a prodrug, or a stereoisomer thereof, wherein R’ is R™  selected from:
SN ONO, A0
N \n/\/\/ N \n/W\ONOz
6] I O
ONO, ONO,
OZNO\)\/\/ﬁrO\/\Nk OZNO\/K/\/\"/O\/\NX
e} H and e} | .

36. The compound of claim 35 selected from:
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Z

o)
ONO, 253 ONO,
o” N
ONO, N/\/O\n/\/\)\/ONoz
|

and

(0]

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.

37. The compound of claim 19, or a pharmaceutically acceptable salt, a solvate, a hydrate,
a prodrug, or a stereoisomer thereof, wherein the compound is of formula (I1Ib):

o)

HN =
o J\r(
X7 X N N
L0
RY Ok

(I1Ib)

wherein:

R’ is selected from -O-NO», -NR'’R!| -OR!2, R”, and R°!-Z3-R?%;

R? R’! and R?? are independently selected from optionally substituted (C1-Cs)alkyl,
optionally substituted (C1-Cio)alkylene, optionally substituted (C2-Cio)alkenyl, optionally
substituted (C2-Cio)alkynyl, optionally substituted (C1-Cs)alkoxy, and optionally substituted
(Cs-Cs)heterocycle-(Ci-Cs)alkyl, wherein the optional substituent is selected from -OH, -
NH3, and -O-NO: ;

Z3 is -COz-, -O-, -OCO-, -CONH-, -NHCO-, or -NH-; and
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R!° R and R'? are independently H, optionally substituted (C1-Cs)alkyl, or
optionally substituted (C1-Cs)alkyl-Z'-(C1-Cs)alkyl, wherein the optional substituent is
selected from -OH, -NH3, and -O-NOg;

or R!% and R!! together with the nitrogen atom to which they are attached are
cyclically linked to form an optionally substituted heterocycle, wherein the optional
substituent is selected from -OH, -O-NOz2, -CH20H, -CH2CH20H, and -CH20-NOz.

38. The compound of claim 37, or a pharmaceutically acceptable salt, a solvate, a hydrate,

R
A
a prodrug, or a stereoisomer thereof, wherein R’is " or Rw/\”(/) Y;
and wherein:
R'!'is H or methyl;
R!? and R are independently selected from -OH, -NHa, and -O-NOz; and
nis0,1,2,3,4,0r5.
39. The compound of claim 38, or a pharmaceutically acceptable salt, a solvate, a hydrate,
R13

n

a prodrug, or a stereoisomer thereof, wherein R’ is selected from:

HO>\ HO Y HO/\)\ HO Y HNTY
OZN\OX OzN\O/y OZN\O/\A o OzN\O/\/y‘

40.  The compound of claim 39 selected from:

143



WO 2021/094830 PCT/1B2020/000950

0
o HNJLTle o HNJLTﬁiN o HNJLT’(N

N / X N
N ©/RN'N\<\\ ©/kN 1\
8% 20 20

OH OH OH

i/

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.
41. The compound of claim 37, or a pharmaceutically acceptable salt, a solvate, a hydrate,

R11

PN

H H I
HO/\/NY HO/\/\”X HO/\/\/NY HO/\/NY Ho/\/\,ij>\

a prodrug, or a stereoisomer thereof, wherein R? is selected from:

| N, ON A |
HO/\/\/NY OZN‘O/\/NY 2 so/\/\H OzN\O/\/\TA OZN‘O/\/NY
and

42. The compound of claim 41 selected from:
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% 20

and

or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof.
43, The compound of claim 1, wherein the compound is any one of the compounds of
Table 1, or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a
stereoisomer thereof.
44. A pharmaceutical composition comprising:

a compound or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a
stereoisomer thereof according to any one of claims 1 to 43; and

a pharmaceutically acceptable excipient.
45.  An ophthalmic composition comprising:

a therapeutically effective amount of a compound or a pharmaceutically acceptable
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salt, a solvate, a hydrate, a prodrug, or a stereoisomer thereof according to any one of claims
1 to 43; and

a physiologically compatible ophthalmic vehicle.
46. The composition of claim 45, wherein the ophthalmic composition is an eye drop
composition.
47. A compound for use in modulating the PKG signaling pathway via inhibiting PDE-5
and/or -6, wherein the compound is a compound or a pharmaceutically acceptable salt, a
solvate, a hydrate, a prodrug, or a stereoisomer thereof according to any one of claims 1 to
43.
48. A pharmaceutical composition for use in modulating the PKG signaling pathway via
inhibiting PDE-5 and/or -6, wherein the pharmaceutical composition is according to claim 44
or 45.
49. A method of inhibiting PDE-5 and/or -6, the method comprising contacting a
biological system comprising PDE-5 and/or -6 with an effective amount of a compound, or a
pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a sterecisomer thereof,

according to any one of claims 1 to 43.

50. The method of claim 49, wherein the biological system is comprised in a sample in
Vitro.
51. The method of claim 49, wherein the biological system is in vivo.

52. The method of claim 49, wherein the method comprises activating PKG.

53. A method of treating an eye disease, the method comprising administering to an eye
of a subject a therapeutically effective amount of an ophthalmic composition according to
claim 45.

54. The method of claim 53, wherein the eye disease is selected from glaucoma, age-
related macular degeneration (AMD), diabetic retinopathy (DR), xerophthalmia, cataracts,
uveitis, ischemic retinopathy, optic neuropathy, diabetic macular edema (DME), senile
cataracts, conjunctivitis, Stevens-Johnson Syndrome, Sjogren’s Syndrome, dry eye
syndrome, trauma, and trauma of the eye due to eye surgery.

55. The method of claim 53, wherein the eye disease is glaucoma.

56. The method of claim 53, wherein the eye disease is AMD.

57. The method of claim 53, wherein the eye disease is dry AMD.

58. The method of claim 55 or 56, further comprising identifying the subject as suffering
from glaucoma or AMD.

59.  The method of any one of claims 53 to 58, wherein the ophthalmic solution is
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topically administered to the eye daily or as needed.

60. The method of claim 59, wherein the ophthalmic solution is topically administered to
the eye once a day.

61. The method of claim 59, wherein the ophthalmic solution is topically administered to
the eye two times or more daily.

62. An ophthalmic composition comprising a compound according to any one of claims 1
to 43, or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a stereoisomer
thereof, for use in treating an eye disease.

63.  Use of an ophthalmic composition comprising a compound according to any one of
claims 1 to 43, or a pharmaceutically acceptable salt, a solvate, a hydrate, a prodrug, or a

stereoisomer thereof, in the manufacture of a medicament for treating an eye disease.
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