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CLAIMS

What is claimed is:
1. A method for increasing lifetime of the red blood cells (RBCs) in need thereo
comprising contacting blood an effective amount of (1) a compound of
formula I or a pharmaceutically acceptable salt thereof; (2) a compositi

comprising a compound of formula [ or a salt thereof, and a carrier of(3) a

acceptable carrier:

formula (I):

or a pharmaceutically acceptable salt ther VA f, wherein:
W, X, Y and Z are each independently g€lected from CH or N;
D and D' are independently selecte rom a bond or NR";

A is optionally substituted aryl oy/optionally substituted heteroaryl;

L is a bond, -C(O)-, -(CR"R)f, -OC(O)-, -(CR°R*);,-OC(O)-, -(CRR) ;-
C(0)-, -NRC(S)-, or -NR"C(0)- (fherein the point of the attachment to R is on the
ieft—hand side);

R' is selected from aljf§l, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each
of which is substituted with 0-5 occurrences of Rd;

each R? is inde ndently selected from halo, haloalkyl, alkyl, hydroxyl and
-OR?, or two adjacepf R’ taken together with the carbon atoms to which they are
attached form an #ptionally substituted heterocyclyl;each R* is independently selected
from alkyl, acy, hydroxyalkyl and haloalkyl;
each/R® is independently selected from hydrogen and alkyl;
efch R is independently selected from hydrogen, halo, alkyl, alkoxy and halo
or two R°® taken together with the carbon atoms to which they are attached

an optionally substituted cycloalkyl;
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each R® is independently selected from halo, haloalkyl, haloalkoxy, alkyl,
alkynyl, nitro, cyano, hydroxyl, -C(O)R?, -OC(O)R?, -C(O)OR?, -SR? -NR°R" and -
OR?, or two R® taken together with the carbon atoms to which they are attached for ‘
an optionally substituted heterocyclyl;

nis0, 1, or 2;

mis1,2Zor3;

his 0, 1,2; and

gis0, 1or2.

2. The method of claim 1, wherein the compound is added direftly to whole
blood or packed cells extracorporeally.

3. The method of claim 1, wherein the pharmaceutical cgfnposition is
administered to a subject in need thereof.

4. A method for regulating 2,3-diphosphoglycerateflevels in blood in need
thereof comprising contacting blood an effecgve amount of (1) a compound of
formula I.- or a pharmaceutically acceptablA salt thereof; (2) a composition
comprising a compound of formula I oy/a salt thereof, and a carrier or (3) a
pharmaceutically acceptable compogftion comprising a compound of formula I
or a pharmaceutically acceptable £alt thereof, and a pharmaceutically

.acceptable carrier; wherein fophula I is as defined in claim 1.

5. A method for treating heregftary non-spherocytic hemolytic anemia
comprising administering to a subject in need thereof a therapeutically
effective amount of ayf effective amount of (1) a compound of formula Il or a
pharmaceutically g€ceptable salt thereof; or (2) a pharmaceutically acceptable
composition copiprising a compound of formula II or a pharmaceutically

acceptable sgft thereof, and a pharmaceutically acceptable carrier; wherein

6. A meth0d for treating sickle cell anemia comprising administering to a subject
in nged thereof a therapeutically effective amount of an effective amount of
a compound of formula I or a pharmaceutically acceptable salt thereof; or

(2) a pharmaceutically acceptable composition comprising a compound of
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formula T or a pharmaceutically acceptable salt thereof, and a pharmaceutically |
acceptable carrier; wherein formula I is as defined in claim 1.
7. The method of any one of claims 1-6, wherein the compound is represented b

formula (I):

Ra)n

o @
“wherein:
W, X, Y and Z are each independently selected from CHr N;
D and D' are independently selected from a bond or ;
A is optionally substituted bicyclic heteroaryl;
L is a bond, -C(0)-, -(CR°R) -, -OC(O)-, -(CR° -OC(O)-, -(CR°R®) -
C(0)-, -NRbC(S) or -NR°C(0)-;
! is selected from alkyl, cyc]oalkyl, aryl A eteroaryl, and heterocyclyl; each
of which is substituted with 0-5 occurrences ofR";
each R? is independently selected fr halo, haloalkyl, alkyl, hydroxyl and
-OR? or two adj acent R? taken together with the carbon atoms to which they are
attached form an optionally substituted cyclyl; ‘
each R is independently sefected from alkyl, acyl, hydroxyalkyl and
.haloalkylg
each R is independepfly selected from hydrogen and alkyl;
each R® is independently selected from hydrogen, halo, alkyl, alkoxy and halo
alkoxy or two R° takenfogether with the carbon atoms to which they are attached
form an optionally gfbstituted cycloalkyl;
each R? igfindependently selected from halo, haloalkyl, haloalkoxy, alkyl,
alkynyl, nitro,£yano, hydroxyl, -C(O)R?, -OC(O)R?, -C(O)OR?, -SR?, -NR°R" and -
OR?, or twg/R? taken together with the carbon atoms to which they are attached form
an optiofally substituted heterocyclyl;
nis 0, 1, or2;

misl, 2or3;
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his0, 1, 2; and
gis0,1or2.

8. The method of claim 7, wherein his 1 and g is 1.

9. The method of claim 8, wherein W, X, Y and Z are CH.

10. The method of claim 9, wherein D is NR® and D' is a bond.

11. The method of claim 10, wherein R” is H, methyl or ethyl.

12. The method of any one of claims 7-11, wherein L is a bond, ~(CHR)y-, -
NR’C(0)-,~(CR'R*)-C(0)-, -C(O)-, or -O(CO)-.

13. The method of claim 12, wherein L is a bond.

14. The method of claim 13, wherein R is alkyl, aryl or hetgfoaryl substituted
with 0-5 occurrences of R®.

15. The method of claim 12, wherein L is ~(CR°R®)p-

16. The method of claim 15, wherein R’ is cycloallfl, aryl, heteroaryl or
heterocyclyl substituted with 0-5 occurrencegof RY,

17. The method of claim 12, wherein L is N} C(0)- and R" is hydrogen.

18. The method of claim 17, wherein R isAryl substituted with 0-5 occurrences of
R, '

19. The method of claim 12, wherei/L is -(CR°R%)-C(O)-. .

20. The method of claim 19,whergfn R’ is cycloalkyl, aryl or heteroaryl
substituted with 0-5 occurrghics of R,

21. The method of claim 12 /wherein L is -C(O)-,

22. The method of claim Z1, wherein R’ is aryl, alkyl, or heteroaryl substituted
with 0-5 occurrencf of R%.

23. The method of glaim 12, wherein L is ~OC(O)-.

24. The method gf claim 23, wherein R! is alkyl, aryl or heterocyclyl substituted

25. The mefhod of claim 12, wherein L is <(CR°R%),,-OC(O)-.
26. The fnethod of claim 25, wherein R’ is heterocyclyl or cycloalkyl substituted
th 0-5 occurrences of R®.,

¢ The method of any one of claims 12-26, wherein n is (.
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28. The method of any one of claims 12-26, wherein nis 1 and R%is CH;,
CH,CH;, OCHs, OCH,CH;, OH, F, CL, or CF.

29. The method of any one of claims 1-6, wherein the compound is represented
formula (Id):

dd.
30. The method of any one of claims 1-6, wherein the compound is selected from

Figure 1.




What is claimed is:

1. Use of (1) a compound of formula I or a pharmaceutically acceptable salt thereof; (2) a
composition comprising a compound of formula I or a salt thereof, and a carrier or (3) a
pharmaceutically acceptable composition comprising a compound of formulaI or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier:

formula (I):

O @)

or a pharmaceutically acceptable salt thereof, wherein:

W, X, Y and Z are each independently selected from CH or N;

D and D' are independently selected from a bond or NR%

A is optionally substituted aryl or optionally substituted heteroaryl;

L is a bond, -C(0)-, -(CRR®)y-, -OC(0)-, (CRR®)-OC(O)-, (CRR®);n-C(0)-, -
NR®C(S)-, or -NRC(O)- (wherein the point of the attachment to R! is on the left-hand side);

R! is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each of which is
substituted with 0-5 occurrences of Rd;

each R? is independently selected from halo, haloalkyl, alkyl, hydroxyl and -OR? or two
adjacent R taken together with the carbon atoms to which they are attached form an optionally
substituted cyclyl;

each R? is independently selected from alkyl, acyl, hydroxyalkyl and haloalkyl,

each R” is independently selected from hydrogen and alkyl;

each R°® is independently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or
two R° taken together with the carbon atoms to which they are attached form an optionally
substituted cycloalkyl;

each RY is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro,
cyano, hydroxyl, -C(O)R%, -OC(O)R?, -C(O)OR?, -SR?, -NR*R” and ~OR?, or two R taken together
with the carbon atoms to which they are attached form an optionally substituted heterocyclyl;

nis0, 1,or2;

mis 1,2 or3;
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his0,1,2; and

gis0,1or2,

in the manufacture of a medicament for increasing the lifetime of red blood cells (RBCs) in
need thereof.

The use of claim 1, wherein the compound is added directly to whole blood or packed cells
extracorporeally.

The use of claim 1, wherein the pharmaceutical composition is to be administered to a subject
in need thereof.

Use of (1) a compound of formula I or a pharmaceutically acceptable salt thereof; (2) a
composition comprising a compound of formula I or a salt thereof, and a carrier or (3) a
pharmaceutically acceptable composition comprising a compound of formula I or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier; wherein
formula I is as defined in claim 1, in the manufacture of a medicament for regulating 2,3-
diphosphoglycerate levels in blood in need thereof.

Use of (1) a compound of formula I or a pharmaceutically acceptable salt thereof: or (2) a
pharmaceutically acceptable composition comprising a compound of formula I or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier; wherein
formula I is as defined in claim 1, in the manufacture of a medicament for treating hereditary
non-spherocytic hemolytic anemia.

Use of (1) a compound of formula I or a pharmaceutically acceptable salt thereof; or (2) a
pharmaceutically acceptable composition comprising a compound of formula I or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier;
wherein formula I is as defined in claim 1, in the manufacture of a medicament for
treating sickle cell anemia.

Use of (1) a compound of formula I or a pharmaceutically acceptable salt thereof; or (2) a
pharmaceutical composition comprising a compound of formula I or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier; wherein formula I is as
defined in claim 1, in the manufacture of a medicament for treating thalassemia, e.g.,
beta-thalassemia; hereditary spherocytosis; hereditary elliptocytosis;
abetalipoproteinemia or Bassen-Kornzweig syndrome; paroxysmal nocturnal
hemoglobinuria; acquired hemolytic anemia, e.g., congenital anemias, e.g.,

enzymopathies; or anemia of chronic diseases.
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8. The use of any one of claims 1-7, wherein the compound is represented by formula (I):

(R
R1\L\ r;( Do //O
NV 7, wW \\( S
[ 7D
K@Nw/kv,z 0 Pwa
g
O D

wherein:

W, X, Y and Z are each independently selected from CH or N;

D and D' are independently selected from a bond or NR®;

A is optionally substituted bicyclic heteroaryl;

L is a bond, -C(0)-, -(CR°R%)y-, -OC(O)-, -(CR°R®)n-OC(O)-, -(CR°R®),-C(O)-, -
NRPC(S)-, or -NRC(O)- (wherein the point of the attachment to R’ is on the left-hand side);

R' is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each of which is
substituted with 0-5 occurrences of R%;

each R’ is independently selected from halo, haloalkyl, alkyl, hydroxyl and -OR? or two
adjacent R’ taken together with the carbon atoms to which they are attached form an optionally
substituted cyclyl;

each R* is independently selected from alkyl, acyl, hydroxyalkyl and haloalkyl;

each R” is independently selected from hydrogen and alkyl;

each R° is independently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or
two R° taken together with the carbon atoms to which they are attached form an optionally
substituted cycloalkyl;

each R%is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro,
cyano, hydroxyl, -C(O)R?, -OC(O)R?, -C(O)OR?, -SR? -NR*R® and —OR?, or two R taken
together with the carbon atoms to which they are attached form an optionally substituted
heterocyclyl;

nis 0, 1, or 2;

mis 1, 2 or3;

his0, 1, 2; and

gis0,1 or2.

9. The use of claim 8, wherein his 1 and gis 1.

10. The use of claim 9, wherein W, X, Y and Z are CH.
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1.
12.
13.
14,
15,
16.
17.
18.
19.

20.

21.
22.

23.

24,

25.
26.

The use of claim 10, wherein D is NR® and D' is a bond.

The use of claim 11, wherein R” is H, methyl or ethyl.

The use of any one of claims 8-12, wherein L is a bond, —(CR°R®),z-, - NR*C(O)-,~
(CR°R®)-C(O)-, -C(0)-, or -O(CO)-.

The use of claim 13, wherein L is a bond and R' is alkyl, aryl or heteroaryl substituted
with 0-5 occurrences of R

The use of claim 13, wherein L is <(CR°R®),- and R' is cycloalkyl, aryl, heteroaryl or
heterocyclyl substituted with 0-5 occurrences of R

The use of claim 13, wherein L is -NR°C(0)-, R® is hydrogen and R' is aryl substituted
with 0-5 occurrences of R%.

The use of claim 13, wherein L is (CR°R%),-C(O)- and R is cycloalkyl, aryl or
heteroaryl substituted with 0-5 occurrences of R%.

The use of claim 13, wherein L is -C(O)- and R' is aryl, alkyl, or heteroaryl substituted
with 0-5 occurrencs of RY,

The use of claim 13, wherein L is —OC(O)- and R! is alkyl, aryl or heterocyclyl
substituted with 0-5 occurrences of R%.

The use of claim 13, wherein L is <(CR°R®),,-OC(O)- and R is heterocyclyl or cycloalkyl
substituted with 0-5 occurrences of R%.

The use of any one of claims 13-20, wherein n is 0.

The use of any one of claims 13-20, wherein n is 1 and R%is CH;, CH,CHs, OCHa,
OCH,CHj3, OH, F, Cl, or CFs.

The use of any one of claims 1-7, wherein the compound is represented by formula (1d):

R3 Rb

(Id).

The use of any one of claims 8-23, wherein A is optionally substituted quinolinyl.
N/

The use of any one of claims 8-23, wherein A is X .

The use of any one of claims 1-7, wherein the compound is selected from:
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27.  The use of any one of claims 1-7 or a pharmaceutically acceptable salt thereof, wherein
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