COMPOUNDS AND USES THEREOF FOR THE MODULATION OF
' HEMOGLOBIN

FIELD OF THE INVENTION

[0001] This invention provides compounds and pharmaceutical compositions suitable as
allosteric modulators of hemoglobin, methods and intermediates for their preparation, and
methods for their use in treating disorders mediated by hemoglobin and disorders that would

benefit from tissue and/or cellular oxygenation.

STATE OF THE ART

[0002] Sickle cell disease is a disorder of the red blood cells, found particularly among
those of African and Mediterranean descent. The basis for sickle cell disease is found in
sickle hemoglobin (HbS), which contains a point mutation relative to the prevalent peptide

sequence of hemoglobin (Hb).

[0003] Hemoglobin (Hb) transports oxygen molecules from the lungs to various tissues
and organs throughout the body. Hemoglobin binds and releases oxygen through
conformational changes. Sickle hemoglobin (HbS) contains a point mutation where
glutamic acid is replaced with valine, allowing HbS to become susceptible to polymerization
to give the HbS containing red blood cells their characteristic sickle shape. The sickled
cells are also more rigid than normal red blood cells, and their lack of flexibility can lead to
blockage of blood vessels. U.S. 7,160,910 discloses compounds that are allosteric
modulators of hemoglobin. However, a need exists for additional therapeutics that can treat

disorders that are mediated by Hb or by abnormal Hb such as HbS.
SUMMARY OFTHEINVENTION

[0004] This invention-disclosure relates generally to compounds and pharmaceutical
compositions suitable as allosteric modulators of hemoglobin. In some aspeetsembodiments,
this inventien-disclosure relates to methods for treating disorders mediated by hemoglobin

and disorders that would benefit from tissue and/or cellular oxygenation.



[0004a] In one aspect, there is provided a compound of formula (I):
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or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein

LYis optionally substituted methvlene or, preferably, a bond;

ring A is Ce-Cjparyl, a C3-Cs cycloalkyl, a 5-10 membered heteroaryl or a 4-10

membered heterocycele containing up to S ring heteroatoms, wherein the

heteroatom is selected from the sroup consisting of O, N, S. and oxidized

forms of N and S, wherein each of the arvl, heteroarvl, cveloalkvl, or

heterocycle is optionally substituted with 1-4: halo. C;-Cs alkyl, C;-C¢_alkoxy,

and/or C5-Cjg eycloalkyl, wherein the C;-Cq alkyl is optionally substituted

with 1-5 halo, C-Cy alkoxy, and/or C3-Co cycloalkyl;

ring B is a 5-10 membered heteroarvl or a 4-10 membered heterocvele containing

up to 5 ring heteroatoms, wherein the heteroatom is selected from the group

consisting of O. N. S. and oxidized forms of N and S, wherein each of the

heteroaryl and the heterocycle is optionally substituted with 1-4: halo, C,-Cs

alkyl and/or ~CO-C;-Cg alkyl,

-
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-
-
g

4 is a single or a double bond:

each X and Y is independently (CR*R*", O, S, SO, SO, or NR*: e is 1 to 4,

preferably 1: each R?® and R?' independently is hvdrogen or C;-Cs alkyl
optionally substituted with 1-3 halo, OH, or C;-Cy alkoxy, or CR*R? is C=0,
provided that if one of X and Y is O, S, SO, SO,, then the other is not CO, and

X and Y are both not heterocatoms or oxidized forms thereof:

ring C is C¢-Cjp aryl or a 5-10 membered heteroaryl containing up to S ring

heteroatoms, wherein the heteroatom is selected from the group consisting of

0. N, S, and oxidized forms of N and S, each of which is optionally




substituted with 1-4: halo, oxo. -OR", C;-Cy alkyl, -COOR'. NR’R®, and/or

C:-Cs alkoxy, wherein the C-Cq alkyl is optionally substituted with 1-5 halo,

C-C¢ alkoxy and/or a 4-10 membered heterocycle containing up to 5 ring

heteroatoms, wherein the heteroatom is selected from the eroup consisting of

0. N. S, and oxidized forms of N and S:

R'is a hydrogen, C;-Cg alkyl or a prodrug moiety; wherein the alkyl is optionally

substituted with a 5-10 membered heteroaryl containing up to 5 ring

heteroatoms, wherein the heteroatom is selected from the group consisting of

O, N. S. and oxidized forms of N and S, which is optionally substituted with

with a 5-10 membered heteroarvl containing up o 5 ring heteroatoms. wherein

the heteroatom is selected from the group consisting of O, N, S, and oxidized

forms of N and S, wherein the heteroaryl is optionally substituted with C;-Cq

alkyl;
R’ and R® are each independently hydrogen, optionally substituted C;-Cg alkyl or

-COOR’ ;
R’ is hydrogen or optionally substituted C;-Cg alkyl;

V' and V? independently are C;-C, alkoxy: or V' and V? together with the carbon

atom they are attached to form a ring of formula:

(V)
A
LA
V3
P

wherein each V° and V* are independently O, S, or NH, provided that when one of V>

and V* is S. the other is NH, and provided that V° and V* are both not NH: g is

1 or 2: each V” is independently C,-C alkyl optionally substituted with 1-3

-OH groups, or V” is CO.RY, where each R* independently is Cy-Coalkvl or
hydrogen: tis 0, 1, 2. or 4; or CV'V? is C=V, wherein V is O, NOR®, or
RY is optionally substituted C;-Cy alkyl;

R* and R* independently are selected from the group consisting of hydrogen

R* is hydrogen or optionally substituted C,-Cq alkyl: and

R is optionally substituted C;-Cs alkyl;
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with the proviso that:

()

when ring C is C4-Cyq aryl optionally substituted with 1-4: halo, oxo, -OR',

C -Gy alkyl. -COOR', NR’R®, and/or C;-Cy alkoxy, wherein the C;-Cy alkyl is

optionally substituted with 1-5 halo, C;-Cs alkoxy and/or a 4-10 membered

heterocvele containing up to 5 ring heteroatoms, wherein the heteroatom is

selected from the group consisting of O, N. S, and oxidized forms of N and S:

and ring B is 4-10 membered heterocvelyl containing up to 5 ring

heteroatoms, wherein the heteroatom is selected from the group consisting of O,

N, S, and oxidized forms of N and S, wherein the heterocvcle is optionally

substituted with 1-4: halo, C-Cq alkyl and/or -CO-C;-Cealkyl;

then ring A is not 5-10 membered heteroaryl containing up to 5 ring heteroatoms,

(ii)

wherein the heterocatom is selected from the group consisting of Q. N, S, and

oxidized forms of N and S and optionally substituted with 1-4: halo, C-

Cealkyl, Ci-Cg alkoxy, and/or Cs-C;q cycloalkyl, wherein the C,-Cg alkyl is

optionally substituted with 1-5 halo, C;-Cs alkoxy, and/or C3-Cpcycloalkyl;

when ring C is C-Cjq aryl optionally substituted with 1-4: halo, oxo, -OR’

C-Cg alkyl, -COOR', NR’R®, and/or C,-Cg alkoxy, wherein the C;-Cg alkyl is
optionally substituted with 1-5 halo, C,-Cg alkoxy and/or a 4-10 membered

heterocyele containing up to 5 ring heteroatoms, wherein the heteroatom is

selected from the group consisting of O, N, S, and oxidized forms of N and S:

and ring B is 5-10 membered heteroaryl containing up to 5 ring heteroatoms, wherein

the heteroatom is selected from the group consisting of O, N. S, and oxidized

forms of N and S and optionally substituted with 1-4: halo. C;-Cq alkvl and/or
~CO-C,;-Ce_alkyl;




then ring A is not 4-10 membered heterocycle containing up to 5 ring heteroatoms,

wherein the heteroatom is selected from the group consisting of O, N, S, and

oxidized forms of N and S, wherein the heterocycle is optionally substituted

with 1-4: halo, C;-Cq alkyl C,-Cg alkoxy, and/or C3-Cyo_cycloalkyl, wherein

the C-Cq alkvi is optionally substituted with 1-5 halo. C,-Cq alkoxy, and/or

C;-Cyg cyeloalkyl; and

(ii1)  when ring B is a 5-10 membered heteroaryl containing up to 5 ring

heteroatoms. wherein the heteroatom is selected from the eroup consisting of

O, N. S, and oxidized forms of N and S and optionally substituted with 1-4:
halo, C1-Cg alkyl and/or —CO-C,-Cq alkyl;

then ring A is not 5-10 membered heteroaryl containing up to 5 ring heteroatoms,

wherein the heteroatom is selected from the group consisting of O, N, S, and oxidized forms

of N and S and optionally substituted with 1-4: halo, C;-Cgalkyl, C;-Cg alkoxy, and/or C3-Cyg

cycloalkyl, wherein the C;-Cs alkyl is optionally substituted with 1-5 halo, C;-C¢ alkoxy,

and/or C3-Cocycloalkyl.

1d



[0005] In certain aspeets-embodiments of the inventiondisclosure, a compound of formula
(1) is provided:

@)

or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein

1'% is optionally substituted methylene or, preferably, a bond;

/// is a single or a double bond;

each X and Y is independently (CR*R*),, O, S, SO, SO, or NR*; e is 1 to 4,
preferably 1; each R*® and R*! independently is hydrogen or C;-Cs alkyl
optionally substituted with 1-3 halo, OH, or C;-Cs alkoxy, or CR*’R*! is C=0,
provided that if one of X and Y is O, S, SO, SO, then the other is not CO, and
X and Y are both not heteroatoms or oxidized forms thereof;

V' and V? independently are C;-Cg alkoxy; or V' and V* together with the carbon

atom they are attached to form a ring of formula:

wherein each V* and V* are independently O, S, or NH, provided that when one of V? and V*
is S, the other is NH, and provided that V?* and V* are both not NH; qis 1 or 2; each
V? is independently C,-Cy alkyl optionally substituted with 1-3 OH groups, or V" is
CO,R%, where each R® independently is C;-Cg alkyl or hydrogen; tis 0, 1, 2, or 4; or
CV'V?is C=V, wherein V is O, NOR®, or NNR*R¥;



ring C is C¢-Cyparyl ora 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and S, each of which is optibnally
substituted, preferably with 1-4: halo, oxo, -OR!, C,-Cs alkyl, -COOR', and/or
C;-C¢ alkoxy, wherein the C;-Cg¢ alkyl is optionally substituted with 1-5 halo,
C-Cg alkoxy and/or a 4-10 membered heterocycle containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
0O, N, S, and oxidized forms of N and S; and

R'is hydrogen or a prodrug moiety;

provided that when ring C is C¢-Cyg aryl;

and ring B is optionally substituted 4-10 membered heterocyclyl;

then ring A excludes optionally substituted 5-10 membered heteroaryl;

and provided that when ring C 1s C¢-Cyg aryl;

and ring B is optionally substituted 5-10 membered heteroaryl;

then ring A is not optionally substituted 4-10 membered heterocycle.

[0007al In another aspect, there is provided a compound of formula -1}
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or a tautomer thereof, or a pharmaceutically accentable salt of each thereof, wherein

ring A is phenyl optionally substituted with 1-3 halo and/or C;-C¢ alkoxy, or is a 4-10

membered heterocyele containing up to 5 ring heteroatoms, wherein the

heteroatom is selected from the group consisting of O. N. S. and oxidized

forms of N and S, optionallv substituted, or is

_—NR7 _N

Was

N

and ;




wherein R’ is C;-Cs alkyl, optionally substituted with 3-5 fluoro groups, or is C3-Cs

cveloalkvl:

ring B is selected from the group consisting of

RS

p—

wherein R® is C,-Cy alkyl, —CO-C;-Cg alkyl or a prodrug moiety;
Xis O, 8, SO, or SO; |

-
g
-,
-
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7 is a single or a double bond;

ring C is phenvl or a 6 membered nitrogen-containing heteroarvl, each of which is

optionally substituted with 1-4: halo, oxo, -OR', C; -Cg alkyl, and/or C;-Cq

alkoxy, wherein the C;-Cq alkyl is optionally substituted with 1-5 halo, C,-C¢

alkoxy and/or 4-10 membered heterécvcle containing up to 5 ring

heteroatoms, wherein the heteroatom is selected from the group consisting of

O. N, S, and oxidized forms of N and S; and

each R'is hvdrogen or a prodrug moiety R;

V! and V? independently are C;-Cg alkoxy; or V' and V* together with the carbon

atom thev are attached to form a ring of formula:

(Vo)
A
( ) q \V4
V3
xS

wherein each V° and V* are independently O, S. or NH. provided that when one of v’

and V* is S. the other is NH. and provided that V* and V* are both not NH: ¢ is

1 or 2: each V° is independently C;-Cs alkyl or CO,R%, where each R%

independently is C,-Cy alkyl or hydrogen: tis 1. 2, or 4; or CV'V? is C=V,
wherein V is O, NOR™, or NNR*'R*;

wherein R* is optionally substituted C;-Cg_alkyl;
R* and R®? independently are selected from the sroup consisting of hydrogen,

optionally substituted C;-Cg alkyl, COR®, or COzRﬁ;




R¥ is hydrogen or optionally substituted C;-Cs_alkyl;
R* is optionally substituted C;-Cg alkyl;

provided that:
(i) when ring C is phenyl optionally substituted with 1-4: halo, oxo, -OR', C1-C¢

alkyl, and/or Ci-Cg alkoxy, wherein the C;-Cq alkyl is optionally substituted

with 1-5 halo, C,-Cy alkoxy and/or 4-10 membered heterocycle containing up

to 5 ring heteroatoms, wherein the heteroatom is selected from the group

consisting of O, N, S, and oxidized forms of N and S;

and ring B is wherein R®

1s C-Cy_alkyl, —CO-C;-Cs alkyl or a prodrug moiety;

then ring A is not

/NR7

L+, O+

A

wherein R” is C,-Cg alkyl. optionally substituted with 3-5 fluoro groups. or is

C3-Cg cycloalkyl;

(ii) _ when ring C is phenyl optionally substituted with 1-4: halo, oxo0, -OR", C;-C¢

alkyl, and/or C;-C¢ alkoxy. wherein the C-Cg alkyl is optionally substituted

with 1-5 halo, C-Cs alkoxy and/or 4-10 membered heterocycle containing up

to 5 ring heteroatoms, wherein the heteroatom is selected from the group

consisting of O, N, 8. and oxidized forms of N and S;

NI X
S
and ring B is o

then ring A is not optionally substituted 4-10 membered heterocycle containing up to

5 ring heteroatoms, wherein the heteroatom is selected from the group

consisting of O, N, S. and oxidized forms of N and S. optionallv substituted;

and
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(iii)  whenring C is phenyl or a 6 membered nitrogen-containing heteroaryl, each of which

is optionally substituted with 1-4: halo, oxo, -OR', C,-C; alkyl, and/or C,-C, alkoxy,

wherein the C,-Cq alkyl is optionally substituted with 1-5 halo, C,-C, alkoxy and/or

4-10 membered heterocyele containing up to 5 ring heteroatoms, wherein the

heteroatom is selected from the group consisting of Q. N, S, and oxidized forms of N
and §; |

and ring B is

then ring A is not

N‘ / g_ RN \ é——

wherein R is C,-C, alkyl, optionally substituted with 3-5 fluoro groups, or is Cs-C¢

and = ;

cycloalleyl.
[0008] In certain aspeets-embodiments of the inventiondisclosure, a compound of formula (X-I) is
provided:

X

- \ cV'VH
X-D
an N-oxide thereof, or a tautomer or each thereof, or a pharmaceutically acceptable salt of each of the

preceding, wherein
ring A is phenyl optionally substituted with 1-3 halo and/or C;-Cs alkoxy, or is a 4-10
membered heterocycle containing up to 5 ring heteroatoms, wherein the heteroatom is

selected from the group consisting of O, N, S, and oxidized forms of N and S,

optionally substituted, or is



RIO is hydrogen, hydroxy, halo or C;-Cg¢ alkoxy;
R is hydrogen or C;-Cg alkyl; and
R is -OR';

wherein R' is hydrogen or the prodrug moiety R.

[0013] In certain aspeets-embodiments of the inventiendisclosure, a compound of formula
(1) is provided:

~or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein
L' is optionally substituted methylene or, preferably, a bond;

ring A is C¢-Cyg aryl, or a 5-10 membered heteroaryl, wherein the heteroatom is
selected from the group consisting of O, N, S, and oxidized forms of N and S,
wherein each of the aryl, or heteroaryl is optionally substituted with 1-4 C;-Cs
alkyl and/or C;-C¢ alkoxy groups;

ring B is:

wherein ring B’ including the -N-CO- moiety is a 5-6 membered heterocycle
containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and
oxidized forms of N and S, wherein each of the heteroaryl and the heterocycle

is optionally substituted with 1-4 C;-C¢ alkyl groups;

each X and Y is independently (CRZOR2 Ne 0, S, SO, SO,, or NR*: eis 1 to 4,

’ preferably 1; each R* and R*' independently is hydrogen or C;-Cs alkyl optionally
substituted with 1-3 halo, OH, or C,-Cs alkoxy, or CR*R*! is C=0, provided that if
one of X and Y is O, S, SO, SO,, then the other is not CO, and X and Y are both not
heteroatoms or oxidized forms thereof;

ring C is C4-Cyg afyl or a 5-10 membered heteroaryl containing up to 5 ring heteroatoms,
wherein the heteroatom is selected from the group consisting of O, N, S, and oxidized
forms of N and S, each of which is optionally substituted with 1-4: halo, oxo, -OR',
C;-Cs alkyl, -COOR® NR°R®,



and provided that when ring C is C¢-Cy aryl;
and ring B is optionally substituted 5-10 membered heteroaryl;
then ring A is not optionally substituted 4-10 membered heterocycle.

[0013a] In one aspect, there is provided a compound selected from:

OH

or N oxides thereof, or a pharmaceutically acceptable salt of each thereof.

[0014] In furtheraspects-ofthe-inventionone aspect, there is provided a composition is
provided-comprising any-ofthe-a compounds _as described herein, and at least a

pharmaceutically acceptable excipient.

[0014a] In one aspect, there is provided use of a compound as defined herein in the

manufacture of a medicament for increasing oxvgen affinitv of hemoglobin S in a subject.

[0015] In still further aspeets-embodiments of the inventiondisclosure, a method is provided

for increasing oxygen affinity of hemoglobin S in a subject, the method comprising

11



administering to a subject in need thereof a therapeutically effective amount of any of the

compounds or compositions described herein.

[0015a] In one aspect, there is provided use of a compound as defined herein in the

manufacture of a medicament for the treatment of oxveen deficiency associated with sickle

cell anemia in a subject in need thereof.

[0016] In further aspects-embodiments of the inventiendisclosure, a method is provided for
treating oxygen deficiency associated with sickle cell anemia, the method comprising
administering to a subject in need thereof a therapeutically effective amount of any of the

compounds or compositions described herein.
DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0017] It must be noted that as used herein and in the appended claims, the singular forms

a”, “an”, and “the” include plural referents unless the context clearly dictates otherwise.

Thus, for example, reference to “a solvent” includes a plurality of such solvents.

[0018] As used herein, the term “comprising” or “comprises™ is intended to mean that the
compositions and methods include the recited elements, but not excluding others.
“Consisting essentially of”” when used to define compositions and methods, shall mean
excluding other elements of any essential significance to the combination for the stated
purpose. Thus, a composition or process consisting essentially of the elements as defined
herein would not exclude other materials or steps that do not materially affect the basic and
novel characteristic(s) of the claimed invention. “Consisting of” shall mean excluding more
than trace elements of other ingredients and substantial method steps. Embodiments defined

by each of these transition terms are within the scope of this invention.

[0019] Unless otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accordingly, unless indicated to the

contrary, the numerical parameters set forth in the following specification and attached
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CLAIMS
What is claimed 1s:

i, A compound of formula (I):

. L CVIVAH

ar a tautomer thereof, or a pharmaceuticgly acceptable salt of each thereof, wherein

L'% s optionally substituted methylend/or, preferably, a bond;

ring A is Ce-Crparyi, a C5-Cs cyeloglkyl, a 3-10 membered hetercarvi or a 4-10
membered hoterocycle cofitaining up 1o S ring hetercatoms, wherein the
heteroatom is selected from the group consisting of O, N, 8§, and oxidized
forms of N and 8, whierein each of the aryl, heteroaryl, cycloalkyl, or
heterocycle is optibnally substituted with 1-4: halo, C-Cq alkyl, C-Cs alkoxy,
and/or C3-Cyg ofcloalkyl, wherein the Ci-Cs alkyl is optionally substituied

with 1-8 halo/C-Cq alkoxy, and/or C3-Chg cycloalkyl; or

ring A is Cs-Crpagyl, or a 5-10 membered heteroaryl, wherein the heteroaton: is

allefl and/or C-Cg alkoxy groups;

s

ring/B is a 5-10 membered heteroaryl or 2 4-10 membered heterocycle containing
up to 5 ring heteroatoms, wherein the hetercatom is selected from the group

consisting of O, N, 8, and oxidized forms of N and 8, wherein each of the

4814-3854-0057/1 ; 214
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heteroaryl and the heterocycle is optionally substituted with 1-4: halo, C;-C

alkyl and/or ~CO-C,-Cq allivl, or

z v
“y o N T
e P / 2:' \ i
[
“YVV“ or VA
|

wherein ring B’ including the -N-CO- moiety is a 5-6 membeyed heterocyele
containing up to 3 heteroatoms selected from nitrogén, oxvgen, and sulfur and
oxidizéd forms of N and S, wherein each of the Iteroaryl and the heterocycle
is optionally substituted with 1-4 C,-Cs alkyl groups;

e
is a single or a double hond;

o
-

cach X and Y is independently {CRZO sz)e’ 8, 80, 80, or NR¥: eis 1 to 4,
preferably 1; each R* and R* indepéndently is hydrogen or C-Cy alkyl
optionally substituted with 1-3 hglo, OH, or C;-Cs alkoxy, or CRR? is C=0,
provided that if one of X and ¥is O, S, 80, S0,, then the other is not CO, and
X and Y are both not heterogtoms or oxidized forms thereof;

ring C is C4-Crparyl or a 5-10 mgmmbered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
G, N, S, and oxidized forms of N and 8, each of which is optionally
substituted with 1LA4: halo, oxo, -OR}, C-Ce alkyl, ~COOR“, and/or Ci-Cs
alkoxy, whereill the C-Cq alkyl is optionally substituted with 1-5 halo, C-Cs
alkoxy and/of a 4-10 membered heteroeycle contaiming up to 5 ring
heteroatops, wherein the heteroatom is selected from the group consﬁtimg of
O, N, & and oxidized forms of N and 8; or

ring C is CeCrparyl or a 5-10 membered heteroaryl containing up to 5 ring
heferoatoms, wherein the heteroatom is selected from the group consisting of

3, N, 8, and oxidized forms of W and 8, each of which is optionally

substituted with 1-4: halo, oxo, -OR!, C-C¢ alkyl, COORY NRPRS,

is a hydrogen, Cy-C¢ alkvl or a prodrug moiety; wherein the alkyl is optionally

substituted with a 5-10 membered heteroaryl containing up to 5 ving

4834385400571
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alkyl;

N 5 . s
R’ and R°® are each independently hydrogen, optionally s

-COORY;

~,

s hydrogen or optionally substituted C-Cy alkyl;

boog s ~ , 2 :
V' and V* independently are C;-Cy alkoxy; or V' and V* yfgether with the carbon

atom they are attached to form a ring of formulay

. 3 (4 . . “ ' . ; 3
wherein each V7 and V7 are independent)f O, S, or NH, provided that when one of V7

and V¥ is S, the other is NH, a

provided that V° and V* are both not NH; q is

1 or 2; each V* is independeplly C,-Cg alkyl optionally substituted with 1-3

OH groups, or V7 is COR, where each R independently is Cy-Cg alkyl or
hydrogen; tis 0, 1, 2, or/4; or CV/ V*is C=V, wherein V is O, NOR®, or
NNRSRY: '

R¥ is optionally substituted C-Ce alkyl;

R and R® independengly are selected from the group consisting of hydrogen,

dtituted Ci-Cs alkyl, COR®, or CORM;

ptionally substituted C-Cg alkyl; and

optionaily su
R* is hydrogen or

R¥ is optionally/Aubstituted C1-Cg alkyl;

.

with the provido that when ring C is Ce-Cyp aryh;

and ring B/s optionally substituted 4-10 membered heterocvelyvl;
then ring A excludes optionally substituted 5-10 membered heteroaryi;
and provided that when ring C is Ce-C g aryl;

d ring B is optionally substituted 5-10 membered hetercaryl;

fy S
PN

S
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then ring A is not optionally substituted 4-10 membered heterocycle,

b2

A compound of formula (X-1):

or a tautomer thereof, or a pharmaceutically acceptaffle salt of each thereof, wherein

ring A is phenyl optionally substituted with 1-3 hglo and/or C,-C; alkoxy, orisa 4-10
membered heterocycle containing up 105 ring heteroatoms, wherein the
hetercatom is selected from the growy/consisting of O, N, S, and oxidized

forms of N and §, optionally substifuted, or is

NR7 N
Nl/ : RVT: \é
- and \"\“\\1/

C3-Cy cycloalkyl;

ring B is selected from the group consisting of

=32
| :
e '// O \\'\ /‘/’ N \\ ////\\ /// R e
N 1 } { N
< ,
< . N /
o TN <TNG - . PR
:}a P ')\\t(fl/ ~ 2\\~ 7 ) ,/L?" 2 N ; _and a,/“1"?“ '< ]
{ T i o
v A NV 3

1-Cs alkyl, “CO-C-Cy alkyl or a prodrug modety and wherein
" . . . : . R . I T . s B
the pyridyl ring is optionally substituted with a halo or an NRT{CH L NR™ ),
group where sach R? is independently hydrogen or Cy-Cy alloyl;

is 0, 8, SO, or 80y

4814-3864-009/7.1
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4 is a single or a double bond;

ring C is phenyl or 2 6 membered nitrogen-containing heteroaryl, each of wiy
optionally substituted with 1-4: halo, oxo, -OR, Cy-Cy alkyl, -COG R}, and/or
C4-Ce alkoxy, wherein the C,-Cy alkyl is optionally substituted with 1-5 halo,

Cy-Ce alkoxy and/or 4-10 membered heterocycle containing ug to 3 ring

heteroatoms, wherein the heteroatom is selected from the grdup consisting of

O, N, S, and oxidized forms of N and $; and

each R'is hydrogen or a prodrug motety R,
V! and V? independently are C;-Cg alkoxy; or V band V? togéther with the carbon
atom they are attached to form a ring of formula:

~ 5
Vh

A

wherein each V° and V* are independently O/, or NH, provided that when one of V°
and VVis S, the other 1s NH, and prévided that V2 and V7 are both not NH; g 18
f-Co alkyl or CO,RY, where cach R
independently is C-Cy alky!l oy'hydrogen; tis 1, 2, or4: or CV'V? is C=V,

tor 2; each V7 is independenty

“wherein ¥V is O, NORY, or
wherein R* is optionally substityfed C;-Cs alkyl;
R¥ and R¥ independently are gelected from the group consisting of hydrogen,

optionally substituted/ Ci-Cy alkyl, CORY o CO,R™M,
R is hydrogen or optionglly substituted C,-Cy alkyl;
R¥ is optionatly substitgied C-Cy atkyl;
provided that when rifdg C is Ce-Cig aryls
and ring B is optiogally substituted 4-10 membered heterocyelyl,
then ring A exclydes optionally substituted 5-10 membered heteroaryl;
and provided that when ring C is Cg-Cig aryl;
and ring B 1f optionally substituted 5-10 membered heteroaryl;

then ring A is not optionally substituted 4-10 membered heterocycle,

4814-3854-0087 % ) . o)
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wherein each V* and V* are independently O, S, or NH, provided that wien one or V° and v*
is 8 the other is NH, and provided that V¥ and V* are both not NH; q j6 1 or 2; cach V7 is
independently C;-Cg alkyl or CO,RY, where each R® independently is C-Cy alkyl or
hydrogen; tis 1,2, or4; 0r CV W is C=V, wherein V is O, and \ém'ein the remaining

varizbles are defined as in claim.

wherein the remaining variablgs are defined as in claim 2.

4514-3554-0087,
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5. A compound of claim 3 or 4 selected from formulas (TTA), (Y1B) and (HO):
; B
N §
- "“V/’//E\\ e R
P A ! i A
\G
ﬁ CHO
e /\\ //
s
{ |
i -
N o
I/’// \'RTD
R®
A
wherein
o e | ~ N ¥ 3 : -~ ~ 1
R ishydrogen, ~OR, C;-Cy alkoxy optionally substituted with 1-3 C,~Cs alkoxy or 4-
10 membered heterocyele containing up 1o 5 ring heteroatoms selecied from
N, O, § or oxidized forms thereof,
R is hydrogen, halo, hydroxy, or Cp,Cs alkoxy;
R'! is hydrogen or C-Cg atkyl; ang
3.
R s -OR';
wherein R' is hydrogen or thefrodrug mojety R,
6. The compound of claim £, whereln ring A is
P g
pheny! substituted with 1-3 halo or C~Cg alkoxy, or
(3-Cg heterocycelvl dontaining 1-3 heteroatoms, wherein the heteroeycle is optionally
substituted with -3 halo
7. The compound of any one of claims 3-6, whercin
¥ 3

(ARAVAN]

H
!
.- L\ -CHO
~ \:\\\»\\yr’//
1

i

is selected from the group consisting of!

4814-3854.0067.1 e
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O
S
T
ijﬂ
A CHO

8. The compound of agly one of claims 3-6, wherein
[VAVAY 4 W)

1\ _ACHO

[y
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9. A compound of claim 1 wherein:

ring A is C¢-Croaryl, or 2 5-10 membered heteroaryl, wherein the/hetercatom is
selected from the group consisting of O, N, S, and oxidfzed forms of Nand S,
wherein each of the aryl, or heteroaryl is optionally gubstituted with 1-4: C-

Ce¢ alkyl and/or C,-Cy alkoxy;

ring B is:

[Fava¥ave or

wherein ring B’ including the -N-CO- gloicty is a 5-6 membered heterocyele

coutaining up to 3 heteroatorys selected from nitrogen, oxygen, and sulfur and
oxidized forms of N and S/wherein each of the heteroaryl and the heterocycle

is optionally substituted vith 1-4 C-Cy alkyl groups;

CR¥R?, 0,8, 80, SOy, 0r NR*: each R® and R*!

independently is hydrogen or C1-C3 alkyl optionally substituted with 1-3 halo,
OH, or C-Cy allloxy, or CRPR s =03, provided that if one of X and Y is O,
8, 80O, 80, t

each X and Y is independenyly

on thﬁ; other is not CO, and X and Y are both not heteroatoms or
oxidized fofms thereof;

ring C is Ce=C o Aryl or a 5-10 membered heteroaryl containing up to § ring’

toms, wherein the hetercatom is selected from the group consisting of

8, and oxidized forms of N and 3, each of which is optionally

tstituted with 1-4: halo, oxa, -OR', C1-Cs alkyl, -COOR, NR°RS,

"is o/hvdrogen, C;-Cg alkyl or a prodrug moiety; wherein the alky! is optionally

sebstituted with a 5-10 membered heteroaryl containing up to 5 ring

4814-3854-0057 1




the heteroatom is selected from the group consisting of O, N, 8, and/xidized

forms of N and S, wherein the heteroaryl is optionally substituted/with C1-Cg
-Cg alkyl or

alkvl;
R’ and R® are each independemiy hydrogen, optionally substituted

CCOOR? ;

R%is hydrogen or optionally substituted C;-Cg alkyl;
gether with the carbon

2. N s 2
V! and V* independently are C;-Cg alkoxy; or V' and V75
atom they are attached to form a ring of formuly

(Vo)

(“

wherein each V* and V' are independenyly O, S, or NH, provided that when one of V°
. . ¥l .
d provided that V" and V* are both not NH; q is

&

7‘1 M K4 M 3
arkdl V' is 8, the other is NH,
1 or 2; each V7 is independphtly Ci-Cy alkyl optionally substituted with 1-3
rd,or CV W2 is =V, wherein V i3 (3, NORY, or

OH groups, or V3 is CO 0, where each R” independently is C;-Cs alkvl or
hydrogen; tis 0, 1, 2, ¢
NNRYR¥:

R¥ g optionally substityfed C;-Cg alkyl;

R and R* independehtly are sclected from the group consisting of hydrogen
optionally sybstituted C;-Cy alkyl, CORY, or CO,RY,

R¥ is hydrogen of optionally substituted C1-Ce alkyl; and

4 . . . —~
R is optionally substituted C,-Cs alkyl;
iso that when ring C is Ce-Cyp aryls

with the protis
is optionally substituted 4-10 membered heterocyclyl;

and 1ing
then zing A excludes optionally substituted 5-10 membered heteroaryl;

aptl provided that when ring C 1s Cg-Cio aryl
and ring B is optionally substituted 5-10 membered heteroaryl;

4814-3854.-0057 1




=W O-2014 15027 6= PCT/US2014/022789
Atty. Dkt No.: 1045920210

then ring A is not optionally substituted 4-10 membered heterocycle.

p + o~ » N . - H YA ~__X 7T . - .
113 The compound of claim 9, wherein CV'V* iz C=V, wherein V is O, and wherein (hé

remainng variables are defined as in claim 10,

11, The compound of claim 10, of formula:

14 n
’ .
N !
r B ;
¢ s
® :
., .
""“\/’/'?’\\\T"I
* \ -
POA 1
t 7 E
Y ’
. E
\\\
X
Pl
;" :\}r’/
[ ST
' :
t i
N p
. .

V)
or a tautomer thereof, or a pharmaceutically acceptable sajf of each thereot, wherein
wherein the remaining variables are defined as in claim £.

12, A compound of claim 10 or 11 of formula (VD) or (VI

-
l‘ .’,
P .
o .
"“,,_,n///\\\ ..u\'/f 2\‘\\\_"‘,
A A [
“~
o
CHO
)‘t\\l\ ///
I Z
S,
N
R4
(ViD

4814.3854-0057.1 44
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wherein each of the aryl, or heteroaryl s optionally substituted with 1-4 C£Cs
alkyl;

ring B is Cge-Uiparyl, C3-Cp cycloalkyl, a 5410 membered hetercaryl containi

5 ring heteroatoms or a 4-10 membered heterocyele containing up 16
hetercatoms, wherein the heteroatom is sclected from the group ¢dnsisting of
O, N, §, and oxidized forms of N and S, wherein each of the apyl, heieroaryl,
cycloatkyl or heterocycle is optionally substituted with 1-4: Kalo, C-Cs alkyl,
or C-Cg alkoxy, wherein the Ci-Cy alkyl is optionally substituted with 1-5
halo, C-Cq alkoxy, and/or Cs-Cyp cycloalkyi;

Rfis halo, oxo, -OR'®, €-Cg alkyl, C1-Cs alkoxy, -COOR’, ghd/or NR*R®;

R'%is bydrogen, subsitued C-Cy alkyl, or a prodrug moiety R,

R’ and R® are each independently hydrogen, optionally shbstituted C;-Cg alkyl or

COOR?; and

R® is hydrogen, provided that the COOR® is not joined to a nitrogen atom, or

- optionally substituted C;-Cg alkyl.

13, The compound of claim 12, whereln ring B i¢'selected from the group consisting of:

Oxp -
XS
%;LN ~ ;%“N ~

s OF by
i

14, fed from the group consisting of:

4814-3854-0057 1
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Yy
Y N Az .
= N |

5

or a prodrug thereof, or a pharmaceuticlaly acceptable salt of each thereof.

4814-3854-0057.3
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or N oxides theteof, or a pharmaceutically acceptable salt of each thereof.

16. A gomposition comprising a compound of any one of claims 3-8 and 10-15, and at

least on¢ pharmaceutically acceptable excipient.

4814-3854.0057 1 ol




17 A method for increasing oxygen affinity of bemoglobin § in a subject, the me
comprising administering o a subject in need thereof a therapentically effective ambunt of a

compound of any one of claims 3-8 and 10-15 or the composition of claim 16.

18, A method for treating oxygen deficiency associated with sickle cell ghemia, the
method comprising administering to a subject in need thereof a therapeutidally effective

amount of a compound of any one of clatms 3-8 and 10-15 or the compdsition of claim 16.
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CLAIMS

What is claimed is:

1. A compound of formula (I):

X
- CVV2H

@)

or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein

L' is optionally substituted methylene or, preferably, a bond;

ring A is C¢-Cyp aryl, a C3-Cs cycloalkyl, a 5-10 membered heteroaryl or a 4-10
membered heterocycle containing up to 5 ring heteroatoms, wherein the
heteroatom is selected from the group consisting of O, N, S, and oxidized
forms of N and S, wherein each of the aryl, heteroaryl, cycloalkyl, or
heterocycle is optionally substituted with 1-4: halo, C;-Cs alkyl, C;-Cg alkoxy,
and/or C;-Cyg cycloalkyl, wherein the C;-C¢ alkyl is optionally substituted
with’l—S halo, C;-Cg alkoxy, and/or C3-Cyq cycloalkyl;

ring B is a 5-10 membered heteroaryl or a 4-10 membered heterocycle containing

up to 5 ring heteroatoms, wherein the heteroatom is selected from the group
consisting of O, N, S, and oxidized forms of N and S, wherein each of the
heteroaryl and the heterocycle is optionally substituted with 1-4: halo, C{-Cs
alkyl and/or —CO-C;-Cg alkyl,

-
I
-
-
g

. 1s a single or a double bond;

each X and Y is independently (CR*R?"),, O, S, SO, SO, or NR*; ¢ is 1 to 4,
preferably 1; each R* and R* independently is hydrogen or C;-Cs alkyl
optionally substituted with 1-3 halo, OH, or C;-Cy alkoxy, or CR**R?! is C=0,
provided that if one of X and Y is O, S, SO, SO,, then the other is not CO, and

X and Y are both not heteroatoms or oxidized forms thereof;
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ring C is Cg-Cjg aryl or a 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, -OR, C;-Cg alkyl, -COOR!, NR°R®, and/or
C;-Cs alkoxy, wherein the Cy-Cg alkyl is optionally substituted with 1-5 halo,
C;-C¢ alkoxy and/or a 4-10 membered heterocycle containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and S;

R'is a hydrogen, C;-Cs alkyl or a prodrug moiety; wherein the alkyl is optionally
substituted with a 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and S, which is optionally substituted with
with a 5-10 membered heteroaryl containing up to 5 ring heteroatoms, wherein
the heteroatom is selected from the group consisting of O, N, S, and oxidized
forms of N and S, wherein the heteroaryl is optionally substituted with C;-C¢
alkyl;

R’ and R® are each independently hydrogen, optionally substituted C;-C alkyl or
-COOR’;

R’ is hydrogen or optionally substituted C;-C alkyl;

V! and V? independently are C;-Cs alkoxy; or V! and V? to gether with the carbon

atom they are attached to form a ring of formula:

(Vo)
( Pf«w
v3%
0
wherein each V° and V* are independently O, S, or NH, provided that when one of V2
and V* is S, the other is NH, and provided that V* and V* are both not NH; qis
1 or 2; each V° is independently C;-Cs alkyl optionally substituted with 1-3
OH groups, or V° is CO,R®, where each R® independently is C;-Cg alkyl or
hydrogen; tis 0, 1, 2, or 4; or CV'V? is C=V, wherein V is 0, NOR¥, or
NNR®'RE:
R¥ is optionally substituted C;-Cy alkyl;
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R and R* independently are selected from the group consisting of hydrogen,
optionally substituted C,-Cs alkyl, COR®, or CO,R¥:

R® is hydrogen or optionally substituted C;-C alkyl; and

R¥is optionally substituted C;-Cg alkyl;

with the proviso that:

@ when ring C is C¢-Cjg aryl optionally substituted with 1-4: halo, oxo, -OR’,
C;-Cg alkyl, -COOR', NR’R®, and/or C-Cs alkoxy, wherein the C;-Cg alkyl is
optionally substituted with 1-5 halo, C;-C¢ alkoxy and/or a 4-10 membered
heterocycle containing up to 5 ring heteroatoms, wherein the heteroatom is
selected from the group consisting of O, N, S, and oxidized forms of N and S;

and ring B is 4-10 membered heterocyclyl containing up to 5 ring

heteroatoms, wherein the heteroatom is selected from the group consisting of O,

N, S, and oxidized forms of N and S, wherein the heterocycle is optionally
substituted with 1-4: halo, C;-Cg alkyl and/or ~CO-C;-Cgalkyl;

then ring A is not 5-10 membered heteroaryl containing up to 5 ring heteroatoms,
wherein the heteroatom is selected from the group consisting of O, N, S, and
oxidized forms of N and S and optionally substituted with 1-4: halo, C;-
Cealkyl, C;-Cs alkoxy, and/or C3-Cy cycloalkyl, wherein the C;-Cg alkyl is
optionally substituted with 1-5 halo, C,-C¢ alkoxy, and/or Cs-Cjgcycloalkyl;

(i1) when ring C is C¢-C)o aryl optionally substituted with 1-4: halo, oxo, -OR’,
C,-Cg alkyl, -COOR', NR’R®, and/or C,-Cg alkoxy, wherein the C-Cy alkyl is
optionally substituted with 1-5 halo, C;-Cs alkoxy and/or a 4-10 membered
heterocycle containing up to 5 ring heteroatoms, wherein the heteroatom is
selected from the group consisting of O, N, S, and oxidized forms of N and S;

and ring B is 5-10 membered heteroaryl containing up to 5 ring heteroatoms, wherein
the heteroatom is selected from the group consisting of O, N, S, and oxidized
forms of N and S and optionally substituted with 1-4: halo, C-C¢ alkyl and/or
—CO-C;-Cq alkyl;
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then ring A is not 4-10 membered heterocycle containing up to 5 ring heteroatoms,
wherein the heteroatom is selected from the group consisting of O, N, S, and
oxidized forms of N and S, wherein the heterocycle is optionally substituted
with 1-4: halo, C;-Cs alkyl C;-Cs alkoxy, and/or C;-Cjg cycloalkyl, wherein
the C;-Cg alkyl is optionally substituted with 1-5 halo, C;-Cg4 alkoxy, and/or
Cs-Cyp cycloalkyl; and

(iii)  when ring B is a 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and S and optionally substituted with 1-4:
halo, C;-Cg alkyl and/or ~CO-C;-Cy alkyl;
then ring A is not 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and S and optionally substituted with 1-4:
halo, C;-Csalkyl, C;-Cg alkoxy, and/or C3-Cyg cycloalkyl, wherein the C;-Cq
alkyl is optionally substituted with 1-5 halo, C,-C¢ alkoxy, and/or Cs-
Cjocycloalkyl.

A compound of formula (X-I):

l,,rl\vcvwzH

e
) (X-D)
or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein
ring A is phenyl optionally substituted with 1-3 halo and/or C;-C¢ alkoxy, or is a 4-10
membered heterocycle containing up to 5 ring heteroatoms, wherein the
heteroatom is selected from the group consisting of O, N, S, and oxidized

forms of N and S, optionally substituted, or is
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7 _—N

\g_

and ;

_—NR

Wan

wherein R’ is C;-Cg alkyl, optionally substituted with 3-5 fluoro groups, or is

RN

C;-Cs cycloalkyl;

ring B is selected from the group consisting of

R8

wherein R® is C;-Cy alkyl, -CO-C;-Cy alkyl or a prodrug moiety;
Xis O, S, SO, or SO;

-
e
-
-’
’

- is a single or a double bond;

ring C is phenyl or a 6 membered nitrogen-containing heteroaryl, each of which is
optionally substituted with 1-4: halo, oxo, -ORI, C;-Cs alkyl, and/or C;-C
alkoxy, wherein the C;-Cg alkyl is optionally substituted with 1-5 halo, C;-Cs
alkoxy and/or 4-10 membered heterocycle containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and S; and

each R' is hydrogen or a prodrug moiety R;

V! and V2 independently are C;-Cq alkoxy; or V! and V? together with the carbon

atom they are attached to form a ring of formula:

wherein each V> and V* are independently O, S, or NH, provided that when one of V°
and V*is S, the other is NH, and provided that V* and V* are both not NH; qis
1 or 2; each V° is independently C,-Cs alkyl or CO,R®®, where each R*
independently is C;-Cs alkyl or hydrogen; tis 1, 2, or 4; or CV'V? is C=V,
wherein V is O, NOR*, or NNR*'R¥;
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wherein R® is optionally substituted C;-Cg alkyl;

R* and R* independently are selected from the group consisting of hydrogen,
optionally substituted C;-C alkyl, COR®, or CO,R*;

R is hydro gen or optionally substituted C;-Cg alkyl;

R¥is optionally substituted C;-Cs alkyl;

provided that:

@) when ring C is phenyl optionally substituted with 1-4: halo, oxo, -OR", C;-Cs
alkyl, and/or C;-C¢ alkoxy, wherein the C;-C¢ alkyl is optionally substituted
with 1-5 halo, C;-Cs alkoxy and/or 4-10 membered heterocycle containing up
to 5 ring heteroatoms, wherein the heteroatom is selected from the group

consisting of O, N, S, and oxidized forms of N and S;

and ring B is wherein R®
is C;-Cs alkyl, -CO-C;-Cg alkyl or a prodrug moiety;
then ring A is not

_—NR’ N

L)+ O+

b

wherein R” is C-Cg alkyl, optionally substituted with 3-5 fluoro groups, or is
C;5-Cg cycloalkyl;

(i)  when ring C is phenyl optionally substituted with 1-4: halo, oxo, -OR', C;-Cg
alkyl, and/or C;-Cs alkoxy, wherein the C;-Cg alkyl is optionally substituted
with 1-5 halo, C;-Cs alkoxy‘ and/or 4-10 membered heterocycle containing up
to 5 ring heteroatoms, wherein the heteroatom is selected from the group

consisting of O, N, S, and oxidized forms of N and S;

N( A
SE
and ring B is M

then ring A is not optionally substituted 4-10 membered heterocycle containing up to

5_ring heteroatoms, wherein the heteroatom is selected from the group
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consisting of O, N, S, and oxidized forms of N and S, optionally substituted;
and
(iti)  when ring C is phenyl or a 6 membered nitrogen-containing heteroaryl, each
of which is optionally substituted with 1-4: halo, oxo, -OR!, C-Cs alkyl,
and/or C,-Cg alkoxy, wherein the C;-Cg alkyl is optionally substituted with 1-5
halo, C;-Cg alkoxy and/or 4-10 membered heterocycle containing up to 5 ring
. heteroatoms, wherein the heteroatom is selected from the group consisting of

O, N, S, and oxidized forms of N and S;

and ring B is
N’ S
K INF

then ring A is not

wherein R is C;-Cs alkyl, optionally substituted with 3-5 fluoro groups, or is
C;-Cs cycloalkyl.

3. The compound of claim 2, wherein V! and V? independently are C;-Cg alkoxy; or V'

‘and V? together with the carbon atom they are attached to form a ring of formula:

wherein each V? and V* are independently O, S, or NH, provided that when one or V? and V*
is S the other is NH, and provided that V* and V* are both not NH; qis 1 or2; each V°is
independently C;-C¢ alkyl or CO-R®, where each R* independently is C;-Cs alkyl or
hydrogen; tis 1, 2, or 4; or CV'V?is C=V, wherein V is O.
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4.

The compound of claim 3, of formula:

(ID).

A compound of claim 3 or 4 selected from formulas (I1A), (IIB) and (IIC):

CHO CHO
l \ CHQO \
N N
./ R10 = R12
RQ R’]1
IIA 11B 1ic

wherein

R’ is hydrogen, -OR, C,-Cy alkoxy optionally substituted with 1-3 C;-Cs alkoxy or 4-
10 membered heterocycle containing up to 5 ring heteroatoms selected from
N, O, S or oxidized forms thereof;

R" is hydrogen, halo, or C;-Cy alkoxy;

R is hydrogen or C;-Cg alkyl; and

R'?is -OR';

wherein R' is hydrogen or the prodrug moiety R.

The compound of claim 4, wherein ring A is

phenyl substituted with 1-3 halo or C;-Cs alkoxy, or
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C;-Cg heterocyclyl containing 1-3 heteroatoms, wherein the heterocycle is optionally

substituted with 1-3 halo.

The compound of any one of claims 3-6, wherein

is selected from the group consisting of:

I | [VaVAVAV A
N CHO N CHO / CHO
| |
N F
N / O/; HN
AN . 0 ;
s A
‘ N S N CHO
|
N F N~ NI _
c

\/\Q O\/\o/;

N CHO AN CHO
N
N . =
and
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8. The compound of any one of claims 3-6, wherein
J\f‘\/\a
e 'l\vc HO

is

CHO
OH .

9. A compound of claim 1 wherein:
ring A is C¢-Cyg aryl, or a 5-10 membered heteroaryl containing up to 5 ring

heteroatoms, wherein the heteroatom is selected from the group consisting of

O, N, S, and oxidized forms of N and S, wherein each of the aryl, or heteroaryl

is optionally substituted with 1-4: C;-C¢ alkyl and/or C,-C¢ alkoxy;

ring B is:

wherein ring B’ including the -N-CO- moiety is a 5-6 membered heterocycle
containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and
oxidized forms of N and S, wherein each of the pyridyl and ring B’ is
optionally substituted with 1-4 C;-C¢ alkyl groups;

each X and Y is independently CR*R?! 0, S, SO, SO,, or NR?: each R* and R*
independently is hydrogen or C,-Cj; alkyl optionally substituted with 1-3 halo,
OH, or C;-C¢ alkoxy, or CR™R?*! is C=0, provided that if one of X and Y is O,

S, SO, SO,, then the other is not CO, and X and Y are both not heteroatoms or

oxidized forms thereof;
ring C is C¢-Cyg aryl or a 5-10 membered heteroaryl containing up to 5 ring

heteroatoms, wherein the heteroatom is selected from the group consisting of
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10.

O, N, S, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, -OR!, C,-Cs alkyl, -COOR®, NRR®,

R' is a hydrogen, C;-Cs alkyl or a prodrug moiety; wherein the alkyl is optionally
substituted with a 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and S, which is optionally substituted with
with a 5-10 membered heteroaryl containing up to 5 ring heteroatoms, wherein
the heteroatom is selected from the group consisting of O, N, S, and oxidized

~ forms of N and S, wherein the heteroaryl is optionally substituted with C;-Cs
alkyl;

R’ and R® are each independently hydrogen, optionally substituted Cy-Cy alkyl or
-COOR’;

R? is hydrogen or optionally substituted C;-C alkyl;

V! and V? independently are C;-Cs alkoxy; or V! and V? together with the carbon

atom they are attached to form a ring of formula:

wherein each V° and V* are independently O, S, or NH, provided that when one of V3
and V* is S, the other is NH, and provided that v?* and V* are both not NH; qis
1 or 2; each V’ is independently C,-Cy alkyl optionally substituted with 1-3
OH groups, or V° is CO,R®, where each R independently is C;-Cs alkyl or
hydrogen; tis 0, 1, 2, or 4; or CV'V? is C=V, wherein V is O, NOR*’, or
NNRSR®:

R¥ is optionally substituted C;-Cy alkyl;

R and R¥ independently are selected from the group consisting of hydrogen,
optionally substituted C;-Cg alkyl, COR®, or CO,R®;

R® is hydrogen or optionally substituted C;-C¢ alkyl; and

R* is optionally substituted C;-Cs alkyl.

The compound of claim 9, wherein CV'V? is C=V, wherein V is O.
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11.  The compound of claim 10, of formula:

CHO

V)

or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof.

12. A compound of claim 10 or 11 of formula (VI) or (VII):

| A/Z\\\1 'A/z\t
)
N CHO N CHO
R* R*
(VD (VID)

or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein
ring A is C¢-Cyg aryl, or a 5-10 membered heteroaryl containing up to 5 ring
| heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and S, wherein each of the aryl or heteroaryl
is optionally substituted with 1-4 C;-Cg alkyl;
R*is halo, oxo, -OR', C1-Cg alkyl, -COOR’, and/or NR°R®;
R’ and R® are each independently hydrogen, optionally substituted C;-Cs alkyl or
~ -COOR?; and
R® is hydrogen.

13.  The compound of claim 12, wherein ring B is selected from the group consisting of:
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14. A compound of claim 2 selected from the group consisﬁng of:

N

| Cl ‘/

Pz
Cl
/‘ ~0 /l \O
N Nx
O~
N E

Y
Zz
/

L

0
|
OH;

\ N N
0= 0 o)
o |
e ‘ \O 74 \ Y
Ny — ’ x IN
o<
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5
and

or a prodrug thereof, or a pharmaceutically acceptable salt of each thereof.

A compound of claim 1 selected from the group consisting of:

RO

OH.

. ;

F N
AU /O
O “ o
| N
O O O O O O
O T ,

OH OH .

3 5

15.

—

/lluu-

OH .
O
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or a prodrug thereof, or a pharmaceutically acceptable salt of each thereof.

b

16. A compound of claim 1 selected from the group consisting of:

o) N
R 0O

=
=z_~0
A

OH . OH . OH.

OH

or N oxides thereof, or a pharmaceutically acceptable salt of each thereof.
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17. A compound selected from:

or N oxides thereof, or a pharmaceutically acceptable salt of each thereof.

18. A composition comprising a compound of any one of claims 3-8 and 10-17, and at

least one pharmaceutically acceptable excipient.

19.  Use of a compound of any one of claims 3-8 and 10-16 or the composition of claim
18 in the manufacture of a medicament for increasing oxygen affinity of hemoglobin S in a

~ subject.
20.  Use of a compound of any one of claims 3-8 and 10-16 or the composition of claim

18 in the manufacture of a medicament for the treatment of oxygen deficiency associated

with sickle cell anemia in a subject in need thereof.
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