
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 IfbS 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. 

[0004] This invention disclosure relates generally to compounds and pharmaceutical 

compositions suitable as allosteric modulators of hemoglobin. In some aspeetsembodiments, 

this invenlmn-disclosure relates to methods for treating disorders mediated by hemoglobin 

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

1 



[0004a] In one aspect, there is provided a compound of formula (TV. 

i A '• 

B 

2 

C 

CV1V2H 

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

L10 is optionally substituted methylene or. preferably, a bond; 

ring A is Cfi-Cin_aryl, a CVCx cvcloalkyl. a 5-10 membered heteroarvl or a 4-10 

membered heterocycle containing up to 5 ring hetcroatoms. wherein the 

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

forms of N and S. wherein each of the aryl. heteroarvl. cvcloalkyl. or 

heterocycle is optionally substituted with 1-4: halo. Cj-Q alkyl. Ci-CU alkoxy, 

and/or Cj-Cin cvcloalkyl. wherein the Cj_-Cg alkvl is optionally substituted 

with 1-5 halo. Cr-Cg, alkoxy. and/or Cv-Cm cvcloalkyl; 

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

up to 5 ring hetcroatoms. wherein the heteroatom is selected from the group 

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

heteroarvl and the heterocycle is optionally substituted with 1-4; halo. Ci-Cf, 

alkvl and/or -CO-Ci-C* alkvl. 

is a single or a double bond; 

each X and Y.is independently (CR20R2\. Q. S. SO. SO? or NR/U; e is 1 to 4 20. 

preferably 1; each R20 and RZ1 independently is hydrogen or Ci-Ci alkyl 

optionally substituted, with 1-3 halo. OH. or Ci-O, alkoxy, or CR20R21 is C=Q. 

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 hetcroatoms or oxidized forms thereof; 

ring C is Cfi-Cmarvl or a 5-10 membered heteroaryl containing up to 5 ring 

hcteroatoms. 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 

,21 
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substituted with 1 -4: halo, oxo, -OR1. Cj-Q alkvl. -COOR1. NRSR6, and/or 

Ci-Cg alkoxy, wherein the Ci-Cg alkvl is optionally substituted with 1-5 halo. 

Ci-Calkoxv and/or a 4-10 membered heterocycle containing up to 5 ring 

hetcroatoms. wherein the heteroatom is selected from the group consisting of 

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

R1 is a hydrogen, Cj-Cg alkyl or a prodrug moiety; wherein the alkvl is optionally 

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

hcteroatoms. 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 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 heteroarvl is optionally substituted with Cy-Cg 

alkyl; 

R5 and R6 are each independently hydrogen, optionally substituted Cy-Cg alkvl or 

-COOR3 ; 

R3 is hydrogen or optionally substituted Ci_-Cg alkvl; 
12 1 J V and V independently are Cr-Qs alkoxy; or V and V together with the carbon 

atom they are attached to form a ring of formula: 

3 A •> wherein each V and V are independently O. S. or NH. provided that when one of V 

and. V4 is S, the other is NH, and provided that V3 and V4 are both not NH; q is 

1 or 2; each V5 is independently Ci-Cg alkvl optionally substituted with 1 -3 

OH groups, or V5 is CQ2R60, where each R60 independently is C^-Cr, alkyl or 

hydrogen; t is 0, 1. 2, or 4; or CVV2 is Q=V. wherein V is O. NOR80, or 

NNR81R82; 

R80 is optionally substituted Ci-Q, alkvl; 

R81 and R82 independently are selected from the group consisting of hydrogen, 

optionally substituted Ci-Cg alkvl, COR83, or CQ?R84; 

R83 is hydrogen or optionally substituted Ci-Cis alkyl; and 

R84 is optionally substituted C^-Cg alkvl; 
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with the proviso that: 

(T) when ring C is Cg-Cm aryl optionally substituted with 1-4: halo, oxo, -OR1. 

Ci-q alkvl. -COOR1. NRSR6. and/or Ci_-C* alkoxv. wherein the C,-Q alkvl is 

optionally substituted with 1-5 halo. Ci-Q alkoxy and/or a 4-10 membered 

heterocycle containing up to 5 ring hetcroatoms. 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 hcterocvclvl containing up to 5 ring 

hetcroatoms. 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-Ci-Chalky!; 

then ring A is not 5-10 membered heteroarvl 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. Cj-

Cr,alkyl, C^-Cfialkoxv, and/or C^-Cu^cycloalkyl. wherein the C^-Cf, alkyl is 

optionally substituted with 1-5 halo. Ci-Cg alkoxy. and/or C^-Cincvcloalkyl; 

fii) when ring C is C^-Cio aryl optionally substituted with 1-4: halo, oxo. -OR1. 

Ci-Cft alkvl. -COOR1, NRSR6. and/or Ci-Crs alkoxy. wherein the Ci-Q, alkvl is 

optionally substituted with 1-5 halo. Ci-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 O, N. S, and oxidized forms of N and S; 

and ring 6 is 5-10 membered heteroarvl 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. CVC, alkvl and/or 

-CO-Ci-a 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 C). N. S, and 

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

with 1-4: halo, Ci-Q, alkyl Ci-Cg alkoxv. and/or C3-C1 n cvcloalkyl. wherein 

the Cj-Cfi alkvl is optionally substituted with 1-5 halo. Ci-G, alkoxy, and/or 

CrCjn cvcloalkyl: and 

fiii) when ring B is a 5-10 membered heteroarvl 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 S and optionally substituted with 1-4: 

halo. Cy-Cg alkyl and/or -CO-Ci-Cfi alkvl: 

then ring A is not 5-10 membered heteroarvl 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 S and optionally substituted with 1-4: halo. Cj-Qalkvl, Ci_-Cfi_alkoxy. and/or Cv-Oin 

cvcloalkyl. wherein the C1 -Q, alkyl is optionally substituted wdth 1-5 halo. Ci -C^alkoxy. 

and/or (VCincycloalkyl. 



[0005] In ccrtain; 

(I) is provided: 

_of the mvefrtiomiisclosure, a compound of formula 

L10^ /' 2 
I A 

B • 

Yv 
X 

c 
CVVH 

(I) 

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

L10 is optionally substituted methylene or, preferably, a bond; 

is a single or a double bond; 

each X and Y is independently (CR20R21)e, O, S, SO, SO2, or NR2U; e is 1 to 4, 

preferably 1; each R20 and R21 independently is hydrogen or C1-C3 alkyl 

optionally substituted with 1-3 halo, OH, or C1-C6 alkoxy, or CR20R21 is C=0, 

provided that if one of X and Y is O, S, SO, SO2, then the other is not CO, and 

X and Y are both not heteroatoms or oxidized forms thereof; 

V1 and V2 independently are C1-C6 alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

20. 

V3-

,(V5)t 

V4 

( 

wherein each V3 and V4 are independently O, S, or NH, provided that when one of V3 and V4 

is S, the other is NH, and provided that V3 and V4 are both not NH; q is 1 or 2; each 
V5 is independently Ci-C6 alkyl optionally substituted with 1-3 OH groups, or V5 is 
C02R60, where each R60 independently is C1-C6 alkyl or hydrogen; t is 0, 1,2, or 4; or 
CV1 V2 is C=V, wherein V is O, NOR80, or NNR81R82; 
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ring C is Cfj-Cio aryl or a 5-10 membered heteroarvl 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, preferably with 1-4: halo, oxo, -OR1, Ci-Cg alkyl, -COOR1, and/or 

Ci-Cf, alkoxy, wherein the C1-C6 alkyl is optionally substituted with 1-5 halo, 

Ci-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 

R1 is hydrogen or a prodrug moiety; 

provided that when ring C is Ce~C\o 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 is C6-C10 aryl; 

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

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

F0007a1 In another aspect, there is provided a compound of formula (X-D: 

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

ring A is phenyl optionally substituted with 1-3 halo and/or Ci-C^ alkoxv. 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 

B 

X 

(X-D 
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wherein R7 is Cj-Cg alkyl, optionally substituted with 3-5 fluoro groups, or is Cj-Q, 

cvcloalkyl; 

ring B is selected from the group consisting of 
R8 

v/W 
I 

wherein R8 is Ci-Cg alkvl -CO-Ci-Cg alkyl or a prodrug moiety; 

X is O, S, SO, or SO?; 

* 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, -OR1, Ci-Cg alkvl, and/or Cj-Cf, 

alkoxv. wherein the CrCg alkyl is optionally substituted with 1-5 halo, Ci-Cg 

alkoxy and/or 4-10 membered heterocycle 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 S: and 

each R1 is hydrogen or a prodrug moiety R: 

V1 and V2 independently are Cj-Q alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

( rtTX 
v3. 

(V5), 

V4 

wherein each V3 and V4 are independently O. S, or Nil, provided that when one of VJ 

and V4 is S. the other is NH. and provided that V3 and V4 are both not NH; q is 

1 or 2; each V5 is independently Ci_-Cg alkvl or CO?R60. where each R60 

independently is Cj-Cg alkyl or hydrogen; t is 1. 2. or 4: or CVV2 is C=V, 

wherein V is Q. NOR80, or NNRMR' 

wherein R80 is optionally substituted Ci_-Cg alkyl; 
81 82 R and R independently are selected from the group consisting of hydrogen, 

optionally substituted Ci-Cg alkyl. COR83, or CQ?R84; 

181n 82. 
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R83 is hydrogen or optionally substituted CVG, alkvl; 

R84 is optionally substituted Ci-Cg alkvl; 

provided that: 

(i) when ring C is phenyl optionally substituted with 1 -4: halo, oxo, -OR1. Ci-Cg 

alkyl. and/or Ci-Cg alkoxv, wherein the Ci-Cg alkyl is optionally substituted 

with 1-5 halo. Ci~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; 

R8 

is Ci -Cg alkyl, -CO-C^-Cg alkvl or a prodrug moiety; 

then ring A is not 

wherein R7 is C]_-Cg alkyl, optionally substituted with 3-5 fluoro groups, or is 

CyCfi cvcloalkyl; 

fii) when ring C is phenyl optionally substituted with 1-4: halo, oxo. -OR1. C^-Cg 

alkyl. and/or C^~Cg alkoxv. wherein the Cj-Cg alkyl is optionally substituted 

with 1-5 halo, Ci-Cg alkoxv and/or 4-10 membered heterocvcle 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 S; 

, . ~ . v/W and ring B is i 

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

and 
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(iii) when ring C is phenyl or a 6 membered nitrogen-containing heteroaryl. each of which 

is optionally substituted with 1-4: halo, oxo. -OR1. Ci-Cg alkvl. and/or Ci-C^ alkoxv. 

wherein the Ci-Cf, alkvl is optionally substituted with 1-5 halo. CrCft alkoxv 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-"%l 

1 I 
then ring A is not 

cvcloalkyl. 

[0008] In certain aspeets-embodiments of the inventioadisclosure, a compound of formula (X-I) is 

provided: 

(X-I) 

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 CrC6 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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R10 is hydrogen, hydroxy, halo or C |-C6 alkoxy; 

R11 is hydrogen or Ci-Cg alkyl; and 

R12 is -OR1; 

wherein R1 is hydrogen or the prodrug moiety R. 

[0013] In certain aspeets-embodiments of the iaveatteadisclosure, a compound of formula 

(I) is provided: 

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

L10 is optionally substituted methylene or, preferably, a bond; 

ring A is C6-C10 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 C1-C6 

alkyl and/or C1-C6 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 Ci-Cg alkyl groups; 

each X and Y is independently (CR20R21)e, O, S, SO, SO2, or NR20; e is 1 to 4, 

preferably 1; each R20 and R21 independently is hydrogen or CrC3 alkyl optionally 
substituted with 1-3 halo, OH, or CrC6 alkoxy, or CR20R21 is C=0, provided that if 
one of X and Y is O, S, SO, SO2, then the other is not CO, and X and Y are both not 
heteroatoms or oxidized forms thereof; 

ring C is Cg-Cio 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, -OR1, 
CrC6 alkyl, -COOR5, NR5R6, 
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and provided that when ring C is C6-C10 aryl; 

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

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

f0013a1 In one aspect, there is provided a compound selected from: 

O 

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

[0014] In father aspeets-e##te4B¥^feeaone aspect, there is .provided a composition is 

prevMed-comprising aay-of the-a compounds as described herein, and at least a 

pharmaceutically acceptable excipient. 

r0014a1 In one aspect, there is provided use of a compound as defined herein in the 

manufacture of a medicament for increasing oxygen affinity of hemoglobin S in a subject. 

[0015] In still further aspeets-embodiments of the im^nt-iond i sclosure, a method is provided 

for increasing oxygen affinity of hemoglobin S in a subject, the method comprising 
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administering to a subject in need thereof a therapeutically effective amount of any of the 

compounds or compositions described herein. 

f 0015a1 In one aspect, there is provided use of a compound as defined herein in the 

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

cell anemia in a subject in need thereof. 

[00161 In further aspects-embodiments of the inve.ntiondisclosu.re. 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 is: 

1. A compound of formula (I): 

(I) / 

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

L10 is optionally substituted methylene'or, preferably, a bond; 

ring A is Cf-Cso aryl, a Cs-Cg 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, wMerein each of the aryl, heteroaryl, cycloalkyl, or 

heterocycle is optionally substituted with 1-4: halo, Cj-Ce alkyl, Ci-Cg alkoxy, 

and/or C3-C10 cvcloalkyl, wherein the Q-Ce alkyl is optionally substituted 

with 1-5 halo/Ci-Cc, alkoxy; and/or C3-CK1 cycloalkyl; or 

ring A is Ce-Cioaiyl, or a 5-10 membered heteroaryl, wherein the heteroatom is 

selecteiMroni 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 CrCf, 

alkyl and/or CVCe alkoxy groups; 

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

/ tip 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 
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heteroaryl and the heterocycle is optionally substituted with 1-4: halo.. Cj-Q 

alkyl and/or -CO-Ci-Cg alkyl, or 

ring B is: 

v/VW> or 

wherein ring B' including the -N-CO- moiety is a 5-6 membejred 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 CrCg alkyl groups; 

S, 
<•'' is a single or a double bond; 

each X and Y is independently (CR*0R.il)e, Oj3, SO, SOi, or MR20; e is i to 4, 

preferably 1; each R/:0 and R21 independently is hydrogen or'Ci-C3 alkyl 

optionally substituted with 1-3 hafo, OH, or C|-C6 alkoxy, or CRi0R21 is C=0, 

provided that if one of X and Vis O, S, SO, SO?., then the other is not CO, and 

X and Y are both not hetenmoms or oxidized forms thereof; 

ring C is Q-Cioaryl 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 i/4: halo, oxo, -OR1, Ct-Q alkyl, -COOR', and/or C|-C6 

alkoxy, whereM the Ci-Cr, alkyl is optionally substituted with 1-5 halo, CpQ 

alkoxy and/of 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; or 

ring C is CetCioaryl or a 5-10 membered heteroaryl containing up to 5 ring 

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

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

substituted with 1-4; halo, oxo, -OR1, Ci-Cg alkyl, -COOR1, NR5R6, 

is a hydrogen, Cj-C$ alkyl or a prodrug moiety; wherein the alkyl is optionally 

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

4844-3854J5Q5ZJ-
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heteroatoms. wherein the heteroatom is selected from the group consisting/f 

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 heteroalomSj/wherein 

the heteroatom is selected from, the group consisting of (). N, S, and/oxidized 

forms of N and S, wherein the heteroaryl is optionally substitutefj/with Cj-Cg 
alky!: 

Rs and R'J are each independently hydrogen, optionally substituted jCi-Qj alkyl or 

-COOR3; 

RJ is hydrogen or optionally substituted Ci-Cg alkyi; 

V1 and V2 independently are alkoxy; or V® and V2 l^gether with the carbon 

atom they are attached to form a ring of formula 

wherein each V and V4 are independently O. S, or NH, provided that when one of VJ 

and V4 is S, the other is NH, and provided that VJ and V'1 are both not NH; q is 

1 or 2; each Vs is independently CpCg alkyl optionally substituted with 1-3 

OH groups, or V5 is CO.iIy, where each R60 independently is CI-CG alkyl or 

hydrogen; t is 0, 1,2, o$/4; or C-V1 V is OV, wherein V is O, NOR.80, or 

NNR^R82; 

Rso is optionally substituted CrC-6 alkyl; 

RSi and R82 independently are selected from the group consisting of hydrogen, 

optionally substituted Cj-Cg alkyl. COR8', or CO?R84; 

R" ' is hydrogen or Optionally substituted CrQ alkyl; and 

R84 is optionally/substituted Cj-Ce alkyl; 

with the proviso that when ring C is Cg-Cio aryl: 

and ring B/s optionally substituted 4-10 membered heterocyclvl; 

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

and/rovided that when ring C is Q-Cio aryl; 

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



WQ^M4/4-S«-mv —vexmrnwuaarm-y 
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then ring A is not optionally substituted 4-10 membered heterocycle. 

A compound of formula (X-I): 

B ; 

i A. : 

•CVVH 

(X-I) 

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 Ci-Cg alkoxy, or is a 4-10 

membered heterocycle containing up to A ring heteroatoms, wherein the 

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

forms of N and S, optionally substimted, or is 

-NR' 
R7N 

and 

wherein R' is Ci-Cg alkyl, optionally substituted with 3-5 fluoro groups, or is 
C3-Q, cycloalkyl; 

ring B is selected from theiroup consisting of 

/ V, 

%'y^. y' 

I 1 
i/w 

'*< 2S^r >r T 

,R8 

, and 1,2 
/ 

wherein R* is Cj-C-6 aJkyl, -CO-Ci-Cs alkyl or a prodrug moiety and wherein 

''the pyridyl ring is optionally substituted with a halo or an NR;*"(CH2)2N(R25)2 

group where each R23 is independently hydrogen or CpQ alkyl; 

'is O, S, SO, or SO2: 

4614-3854-0097.1 J3X-. 
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is a single or a double bond; 

ring € is phenyl or a 6 membered nitrogen-containing heteroaryl, each of which is 

optionally substituted with 1-4: halo, oxo, -OR5, Ci-Cg alkyl, -COOR1, and/or 

Ci-C6 alkoxy, wherein the CpCe alkyl is optionally substituted With 1-5 halo, 

Ci-Cg alkoxy and/or 4-10 membered heterocycle containing u/to 5 ring 

heteroatoms, wherein the heteroatom is selected from the g$oup consisting of 

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

each R! is hydrogen or a prodrug moiety R; 

V1 and V" independently are CpCV, alkoxy; or V1 and V'" together with the carbon 

atom they are attached to form a ring of formula: 

(Vs). 

wherein each VJ and V are independently OVS, or NH, provided that when one of VJ 

and V4 is S, the other is NH, and provided that V3 and V4 are both not NH; q is 

1 or 2; each V5 is independently fi^-Cg alkyl or CO^R6", where each R60 

independently is CpQ alkyl o/hydrogen; t is 1,2, or 4: or CV'V2 is C=V, 

wherein V is O, NOR8", or 1 

wherein R80 is optionally substituted Ci-Cg alkyl; 

RSI and Rs2 independently are selected from the group consisting of hydrogen, 

optionally substitutedrCrCg alkyl, CORSi, or CO2R.84; 

R83 is hydrogen or optionally substituted C.-C-6 alkyl; 

R84 is optionally substituted Ci-Cg alkyl; 

provided that when ring C is Q-Cio aryl; 

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

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

and provided mat when ring C is Cg-Cio aryl; 

and ring B j/optionally substituted 5-10 membered heteroaryl; 

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

4814-3854-0057.' -24-8-
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3. The compound of claim 2, wherein V1 and V" independently are Ci-C6 alkoxy; or 1 

and V2 together with the carbon atom they are attached to form a ring of formula: 

( 
;vJ), 

wherein each V3 and V4 are independently O, S, or NH, provided that wKen one or VJ and V 

is S the other is NH, and provided that V3 and V4 are both not NH; q is I or 2; each V3 is 

independently Ci-Cg alkvl or CQjR60, where each R60 independently is CrC« alkyl or 

hydrogen; t is 3, 2, or 4; or CV!V2 is OV, wherein V is O, and.ymerein the remaining 

variables are defined as in claim. 

4. The comDound. of claim 3, of formula 

,CHO 

4S14-3S54-00S7 

wherein the remaining variables are defined as in claim 2. 
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A compound of claim 3 or 4 selected from formulas (HA), (1IB) and (liC): 

! A 
2 «' A '• 

CHO 

O 

/ A 

_,CHQ 

N 

R11 

B N 

CHO 

HA IIB / IIC 

wherein 

R9 is hydrogen, -OR1, CpCf, alkoxy optionally'substitoted with 1-3 Ci-Cg alkoxy or 4-

10 membered heterocycle containing up to 5 ring heteroatoms selected from 

N, O, S or oxidized forms thereof 

Ri0 is hydrogen, halo, hydroxy, or alkoxy; 

R11 is hydrogen or C|-C6 alkyl; mty 

R12 is-OR1; 

wherein R1 is hydrogen or theyfjrodrug moiety R, 

6. The compound of claim wherein ring A is 

phenyl substituted wim'1-3 halo or C;~C6 alkoxy, or 

Cj-Cs heterocyclyl Containing 1-3 heteroatoms, wherein the heterocycle is optionally 

substituted with y-3 halo. 

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

„,CHO 

t, 

'is selected from the group consisting of: 

4344^SS*W»SZJ_ 230-

/ 



-CHO 

0 

XT* 

r^s, 

0. x"~*v 
\ ,/' 

N 

^PCT/'US201-4/022789~" 
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,.0 

CHO 

JVW 

iv one of claims 3-6. wherein 

JW\/ 

,CH0 

C 
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•J\f\/\P 

CHO 

9. A compound of claim 1 wherein: 

ring A is Q-Ctoaryl, or a 5-10 membered heteroaryl, wherein the/heteroatom is 

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

wherein each of the aryl, or heteroaryl is optionally substituted with 1-4: C\~ 

C6 alkyl and/or Ci-Cg alkoxy; 

ring B is: 

'L 

B' 

•jyjxrxr or 

wherein ring B' including the -N-CQ- 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<j alkyl groups; 

each X and Y is independently CR20R21, O, S, SO, S02, or NR20; each R20 and R21 

independently is hydrogen or C1-C3 alkyl optionally substituted with 1 -3 halo, 

OH, or C?-C6 alkoxy, or CR20Ril is C~0, provided that if one of X and Y is O, 

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

oxidized farms thereof; 

ring C is C^-Cio/rvl or a 5-10 membered heteroaryl containing up to 5 ring 

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

O, N, S, and oxidized forms of M and S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR1, Cf-C6 alkyl, -COOR5, NRSR6, 

R' is yhydrogen, Cj-Cg alkyl or a prodrug moiety; wherein the alkyl is optionally 

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

4814-3854-0057J. 
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heteroatoms, wherein the heteroatom is selected from the group consisting . 

0, 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,ywherein 

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

forms of N and S, wherein the heteroaryl is optionally substitufec^with Ct-C$ 

alkyl; 

R5 and R6 are each independently hydrogen, optionally substituted/! i-Q alkyl or 

-COOR3 ; 

R3 is hydrogen or optionally substituted Cj-Cg alkvl; 

V1 and V2 independently are Cj-C6 aikoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formulae 

\tK 

wherein each VJ and V4 are independency O, S, or NH, provided that when one of VJ 

and V4 is S, the other is NH, and provided that V3 and V4 are both not NH; q is 

1 or 2; each V3 is independently Ci-Cg alkyl optionally substituted with 1-3 

OH groups, or V° is CQJv, where each R60 independently is Cj-C& alkyl or 

hydrogen; t is 0. 1, 2, pc 4; or CV'V2 is C-V, wherein V is O, NOR80, or 

NNR81R82; 

R80 is optionally substituted Cj-Cs alkyl; 

R81 and R82 independently are selected from the group consisting of hydrogen, 

optionally substituted Cj-Cg alkyl, COR83, or COjR84; 

R8J is hydrogen or optionally substituted Cj-Q alkyl; and 

R8*1 is optionally substituted Ci-Cg alkyl; 

with the proviso that when ring C is CVQo aryl; 

and ringyC is optionally substituted 4-10 membered heterocyclyl; 

then/mg A excludes optionally substituted 5-10 membered heteroaryl; 

ana provided that when ring C is Cg-Cio aryl; 

and ring B is optionally substituted 5-10 membered heteroaryl; 
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then ring A is not optionally substituted 4-10 membered heterocycle. 

10. The compound of claim 9, wherein CV'V2 is C=V. wherein V is O, and wherein 

remaining variables are defined as in claim 10. 

11, The compound of claim 10, of formula: 

t A 
"7 

c 
CHO 

• (V) 

or a tautomer thereof, or a pharmaceutically acceptable sa|t of each thereof, wherein 

wherein the remaining variables are defined as in claim B. 

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

! A 

O / • •CHO 

: B - .• 2 N-* 

"O 

,v""N 

CHO 

(VI) (VII) 

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

ring A is C/Cio 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, 

4814-3354-0057.1 •324-



-WQ-2014/150276 -PGT/US20T4/O22789 

Atty. Dkt Mo.: 104592-0210 

13 

wherein each of the aryl, or heteroaryl is optionally substituted with 1-4 c/c6 

alkyl; 

ring B is Q-Cioaryl, CVCs cycloalkyl, a 5-10 membered heteroaryl containing up to 

5 ring heteroatoms or a 4-10 membered heterocycle containing up tp 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 awl, heteroaryl, 

cycloalkyl or heterocycle is optionally substituted with 1-4: mlo, Ci-Q alkyl, 

or Ci-Cg alkoxy, wherein the Cf-Cg alkyl is optionally substituted with 1-5 

halo, Ci-Cfi alkoxy, and/or C3-C10 cycloalkyl; 

R4is halo, oxo, -OR18, C,-C6 alkyl, C,-C6 alkoxy, -COOR5, ahd/or NRSR6; 

Risis hydrogen, subsitued Ci-Q alkyl, or a prodrug moiet/R; 

R5and R° are each independentiy hydrogen, optionally substituted Ct-Cs alkyl or 

-COOR3; and 

R3 is hydrogen, provided that the COOR3 is not jejfeed to a nitrogen atom, or 

optionally substituted Ci-Cg alkyl. 

The compound of claim 12, wherein, ring B «'selected from the group consisting of; 

4814-3854-0057.1 
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or a prodrug thereof, or a pharmaceuticlaly acceptable salt of each thereof. 

15. A compound of claim 1 selected from the group consisting of; 

4814-3854-0057 
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N 3 

OH . 
1 

0 o 
1 n 

N"" "NH, 
N N; 

•iY% 1 a 

j 
"o o 

OH and 

\\ -N ^ V" o o 

NT 

k, 1 /w 
VN" 

or N oxides -thereof, or a pharmaceutieally acceptable salt of each thereof. 

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

least on/pharmaceuticaliy acceptable excipient. 

14-3654-0057.1 





CLAIMS 

What is claimed is: 

1. A compound of formula (I): 

i A 

B 

2 

Yx 

•' C 
CV1V2H 

(I) 

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

L10 is optionally substituted methylene or, preferably, a bond; 

ring A is C6-C10 aryl, a C3-C8 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 ofN and S, wherein each of the aryl, heteroaryl, cycloalkyl, or 

heterocycle is optionally substituted with 1-4: halo, C1-C6 alkyl, C1-C6 alkoxy, 

and/or C3-C10 cycloalkyl, wherein the Ci-Cf, alkyl is optionally substituted 

with 1-5 halo, C1-C6 alkoxy, and/or C3-C10 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, Q-C6 

alkyl and/or -CO-C1-C6 alkyl, 

''' is a single or a double bond; 

each X and Y is independently (CR20R21)e, O, S, SO, S02. or NR20; e is 1 to 4, 

preferably 1; each R20 and R21 independently is hydrogen or C1-C3 alkyl 

optionally substituted with 1-3 halo, OH, or Ci-Cg alkoxy, or CR20R21 is C=0, 

provided that if one of X and Y is O, S, SO, SO2, then the other is not CO, and 

X and Y are both not heteroatoms or oxidized forms thereof; 

214 



ring C is CVCio 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, -OR1, Ci-C6 alkyl, -COOR1, NR5R6, and/or 

Ci-C6 alkoxy, wherein the Q-C6 alkyl is optionally substituted with 1-5 halo, 

Ci-C6 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; 

R1 is a hydrogen, C1-C6 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 Ci-Cg 

alkyl; 

R5 and R6 are each independently hydrogen, optionally substituted C]-Cg alkyl or 

wherein each V3 and V4 are independently O, S, or NH, provided that when one of V3 

and V4 is S, the other is NH, and provided that V3 and V4 are both not NH; q is 

1 or 2; each V5 is independently Ci-C6 alkyl optionally substituted with 1-3 

OH groups, or V5 is CO2R60, where each R60 independently is Q-C6 alkyl or 

hydrogen; t is 0, 1,2, or 4; or CV'V2 is C=V, wherein V is O, NOR80, or 

NNR8!R82; 
OA 

R is optionally substituted Ci-Cg alkyl; 

-COOR3; 
•2 

R is hydrogen or optionally substituted C1-C6 alkyl; 
12 12 V andV independently are CrQ, alkoxy; or V andV together with the carbon 

atom they are attached to form a ring of formula: 
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81 82 • R and R independently arc selected from the group consisting of hydrogen, 

optionally substituted C1-C6 alkyl, COR83, or CO2R84; 

R is hydrogen or optionally substituted C1-C6 alkyl; and 
84 R is optionally substituted C1-C6 alkyl; 

with the proviso that: 

(i) when ring C is C6-C10 aryl optionally substituted with 1-4: halo, oxo, -OR1, 

C1-C6 alkyl, -COOR1, NR5R6, and/or C-i-Cf, alkoxy, wherein the C1-C6 alkyl is 

optionally substituted with 1-5 halo, C1-C6 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, C1-C6 alkyl and/or -CO-Ci-C6alkyl; 

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, Cr 

C6alkyl, Ci-C'6 alkoxy, and/or C3-C10 cycloalkyl, wherein the C]-C6 alkyl is 

optionally substituted with 1-5 halo, Ci-Cg alkoxy, and/or C3-Ciocyeloalkyl; 

(ii) when ring C is C6-C10 aryl optionally substituted with 1-4: halo, oxo, -OR1, 

C1-C6 alkyl, -COOR1, NR5R6, and/or Q-C6 alkoxy, wherein the C1-C6 alkyl is 

optionally substituted with 1-5 halo, Ci-Ct 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, Ci-Q, alkyl and/or 

-CO-Ci-C6 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, C1-C6 alkyl C1-C6 alkoxy, and/or C3-C10 cycloalkyl, wherein 

the Ci-C() alkyl is optionally substituted with 1-5 halo, Cj-Ce alkoxy, and/or 

C3-C!0 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, C1-C6 alkyl and/or -CO-C1-C6 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, Cj-Cgalkyl, C1-C6 alkoxy, and/or C3-C10 cycloalkyl, wherein the Ci-Cg 

alkyl is optionally substituted with 1-5 halo, C1-C6 alkoxy, and/or C3-

Ciocycloalkyl. 

A compound of formula (X-I): 

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 Cj-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 

B 

x 

(X-I) 

217 



wherein R7 is C1-C6 alkyl, optionally substituted with 3-5 fluoro groups, or is 

C3-C6 cycloalkyl; 

ring B is selected from the group consisting of 

1 
JW 

wherein R is C1-C6 alkyl, -CO-C1-C6 alkyl or a prodrug moiety; 

X is O, S, SO, or S02; 

' 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, -OR1, C1-C6 alkyl, and/or C1-C6 

alkoxy, wherein the C1-C6 alkyl is optionally substituted with 1-5 halo, Ci-Ce 

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 R1 is hydrogen or a prodrug moiety R; 
12 12 V andV independently are C|-C6 alkoxy; or V andV together with the carbon 

atom they are attached to form a ring of formula: 

,(V5)t 

\ 

v3. 
V4 

-X 
f 

3 4 3 wherein each V and V are independently O, S, or NH, provided that when one of V 

and V4 is S, the other is NH, and provided that V3 and V4 are both not NH; q is 

1 or 2; each V5 is independently C1-C6 alkyl or CO2R60, where each R60 

independently is Ci-C'6 alkyl or hydrogen; t is 1, 2, or 4; or CV'V2 is C=V, 

wherein V is O, NOR80, or NNR81R82; 

218 



wherein R is optionally substituted CVQ, alkyl; 

R81 and R82 independently are selected from the group consisting of hydrogen, 

optionally substituted Ci-Q, alkyl, COR83, or CO2R84; 
0-5 

R is hydrogen or optionally substituted Ci-Cg alkyl; 

R84 is optionally substituted Ci-Cg alkyl; 

provided that: 

(i) when ring C is phenyl optionally substituted with 1-4: halo, oxo, -OR1, C1-C6 

alkyl, and/or Ci-Cg alkoxy, wherein the C|-C6 alkyl is optionally substituted 

with 1-5 halo, Ci-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; 

R8 

X2 

and ring B is 

CrC6 alkyl, -CO-Ci-C^ alkyl or a prodrug moiety; 

then ring A is not 

-NR7 

wherein R 

(ii) 

wherein R7 is C1-C6 alkyl, optionally substituted with 3-5 fluoro groups, or is 

C3-C6 cycloalkyl; 

when ring C is phenyl optionally substituted with 1-4: halo, oxo, -OR1, CrC6 

alkyl, and/or C1-C6 alkoxy, wherein the C1-C6 alkyl is optionally substituted 

with 1-5 halo, Cj-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 1 ; 

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 

(iii) when ring C is phenyl or a 6 membered nitrogen-containing heteroaryl, each 

of which is optionally substituted with 1-4: halo, oxo, -OR1, Ci-C(, alkyl, 

and/or C1-C6 alkoxy, wherein the Ci-Cg alkyl is optionally substituted with 1-5 

halo, Ci-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 

7 wherein R is Ci-Q, alkyl, optionally substituted with 3-5 fluoro groups, or is 

C3-C6 cycloalkyl. 

12 1 3. The compound of claim 2, wherein V and V independently are C )-C(, alkoxy; or V 

and V2 together with the carbon atom they are attached to form a ring of formula: 

wherein each V3 and V4 are independently O, S, or NH, provided that when one or V3 and V4 

is S the other is NH, and provided that V3 and V4 are both not NH; q is 1 or 2; each V5 is 

independently C1 -C6 alkyl or CO2R60, where each R60 independently is C1-C6 alkyl or 

hydrogen; t is 1, 2, or 4; or CV'V2 is C=V, wherein V is O. 
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The compound of claim 3, of formula: 

B 

* . * ^ -i A ; 

' c 
CHO 

(II). 

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

B 

A ; i A j 

B • 

2"-
1 

B \ 

A; 

CHO ,CHO .CHO 

R11 

IIA IIB IIC 

wherein 

R9 is hydrogen, -OR1, Ci-C(, alkoxy optionally substituted with 1-3 C1-C6 alkoxy orz 

10 membered heterocycle containing up to 5 ring heteroatoms selected from 

N, O, S or oxidized forms thereof; 

R10 is hydrogen, halo, or Ci-Cg alkoxy; 

R11 is hydrogen or C1-C6 alkyl; and 

R12 is -OR1; 

wherein R1 is hydrogen or the prodrug moiety R. 

The compound of claim 4, wherein ring A is 

phenyl substituted with 1-3 halo or Ci-C6 alkoxy, or 
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Cs-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 

vAAA, 
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8. The compound of any one of claims 3-6, wherein 

v/VW 

C 

CHO 

is 

CHO 

'OH . 

9. A compound of claim 1 wherein: 

ring A is C6-C10 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: Cj-C6 alkyl and/or Ci-C6 alkoxy; 

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 Ci-C6 alkyl groups; 

each X and Y is independently CR20R21, O, S, SO, S02, or NR20; each R20 and R21 

independently is hydrogen or C1-C3 alkyl optionally substituted with 1-3 halo, 

OH, or C1-C6 alkoxy, or CR20R21 is C=0, provided that if one of X and Y is O, 

S, SO, SO2, then the other is not CO, and X and Y are both not heteroatoms or 

oxidized forms thereof; 

ring C is C6-Cio aryl or a 5-10 membered heteroaryl containing up to 5 ring 

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

ring B is: 
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O, N, S, and oxidized forms of N and S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR1, C]-C6 alkyl, -COOR5, NR5R6, 

R1 is a hydrogen, CVCf, 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 C1-C6 

alkyl; 

R5 and R6 are each independently hydrogen, optionally substituted Q-C6 alkyl or 

-COOR3; 

R is hydrogen or optionally substituted C1-C6 alkyl; 
19 19 V and V independently are C1-C6 alkoxy; or V and V together with the carbon 

atom they are attached to form a ring of formula: 

1 or 2; each V5 is independently Ci-C() alkyl optionally substituted with 1-3 

OH groups, or V5 is CO2R60, where each R60 independently is C1-C6 alkyl or 

hydrogen; t is 0, 1,2, or 4; or CVV2 is C=V, wherein V is O, NOR80, or 

NNR81R82; 
OA 

R is optionally substituted C1-C6 alkyl; 
o r 00 

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

optionally substituted C1-C6 alkyl, COR83, or C02R84; 
00 

R is hydrogen or optionally substituted Ci-C() alkyl; and 
R4. R is optionally substituted Ci-C6 alkyl. 

The compound of claim 9, wherein CV'V2 is C=V, wherein V is O. 

wherein each V3 and V4 are independently O, S, or NH, provided that when one of V3 

and V4 is S, the other is NH, and provided that V3 and V4 are both not NH; q is 
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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): 

B B 

i A '• 

CHO CHO 

(VI) (VII) 

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

ring A is C6-C10 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 C1-C6 alkyl; 

R4is halo, oxo, -OR1, Ci-C6 alkyl, -COOR5, and/or NR5R6; 

R5 and R6 are each independently hydrogen, optionally substituted C]-Q, alkyl or 

-COOR3; and 

R is hydrogen. 

13. The compound of claim 12, wherein ring B is selected from the group consisting of: 
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O 

N 
yjxrjxr 

l 

14. A compound of claim 2 selected from the group consisting of: 

0\ 
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"Q 

// A 
0=^ 0 

N 

N -CN 

0. 

and 

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

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

xv*^ 

OH . OH. 

v0 

F 

N 
O O 

Ok 

N 

O O 

OH . 

-O 
V-N 

OH . 

227 



-0. 
V-N 

o o 
N 

OH . OH . and 

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

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

; and 

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

0 

vS 
O 0 

OH 

o o 

o 

o 0 

o 

0 0 

N 
o 

0 0 

OH , and 

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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