COMPQUNDS AND USES THEREOF FOR THE MODULATION OF HEMOGLOBIK

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 banefit 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}.

[c003] Hemoglobin (Hb) transports oxygen molecules from the fungs to various tissues
and organs throughout the body. Hemoglobin binds and releases oxygen through
conformational changes. Sickle hemoglobin (HbS) contains a paint mutation where
glutamic acid is replaced with valine, allowing HbS to become susceptible to polymerization
fo give the HbS containing red blood cells their characteristic sickle shape. The sickled cells
are alsa more rigid than normal red blood cells, and their fack of flexibility can lead to
‘blockage of blood vessels. US 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

[0004] This disclosure relates generally to compounds and pharmaceuticat compositions
suitable as allosteric modulators of hemoglobin. In some embodiments, this disclosure
relates to methods for treating disorders mediated by hemoglobin and disorders that waould

henefit from tissue and/or cellular oxygenation.

[0004a] Disclosed is a compound of Formula (1)
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or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein
R3 is C1-Cg alkyl, C3-Cg cycloalkyl, C3-Cg cycloatkoxy, or —N R'R%

each R* and R? independently is hydrogen, C3-Cg alfkyl, C3-Cg cycloalkyl, Cs-Cygaryl, 4-

10 membered heterocycle or 5-10 membered heteroaryl, each containing up
. to 5 ring heteroatoms, wherein the heteroatom is selected from the group

consisting of 0, N, S, and oxidized forms of N and 5, wherein each atkyl,
cycloalkyl, heterocycle, aryl or heteroaryl is optionally substituted, or R* and
R? together with the nitrogen atom they are attached to form an optionally
substituted 4-7 membered heterocycle; or

R®is Cs-Cao 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
the aryl or heteroaryl is optionally substituted with 1-4 C;-Cg alkyl;

L'isabond oris O, S, or {CR'R7*)d; wherein each R™, and R’ independently are
hydrogen or €;-Cs aikyl;

disl, 2,01 3;

L?is C=0 or SOy;

ring B.is Cs-Cyparyl, 5-10 membered heteroaryl having 1-3 nitrogen atoms or oxidized
forms of N, or4-10 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 wherein the Cs-Cyparyl, 5-10
membered heteroaryl, or 4-10 membered heterocycle is optionally
substituted with 1-3 halo, C;-Cg alky! optionally substituted with 1-5 halo, C;-
Ce alkoxy, hydroxyl, oxo, COR™, or COOR™; or

la



R™ is C;-Cs alkyl, Cs-Croary!, 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 the alkyl, aryl, heteroaryl or heterocycle is optionally substituted;

each Y and Z is independently CR'R™, 0, S, S0, SO5, or NR*®: each R%® and R**
independently is hydrogen or ;-Cs alkyl optionally suhstituted with 1-3 halo,
OH, or C5-Cs alkoxy, or CR'R™ is C=0, provided that if one of Yand Zis O, S,
50, or SOy, then the other is-not CO, and Y and Z are not both heteroatoms or
oxidized forms thereof;

wherein Y is aor B substituted relative to the ~L*L*R?;

wherein Z and —CV*V’H are joined to adjacent atoms on ring C;

ring Cis a optionally substituted Cs-Cigaryl or optionally substituted 5-10 membered
heteroaryl containing 1-3 nitrogen atoms, or an oxidized form of N; or

ring Cis Cg-Cyoaryl 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 members independently selected from halo, oxo, -OR™,
Ci-Ce alkyl, and C1-Cs alkoxy, wherein the C;-Cs alkyl is optionally substituted
with 1-5 members independently selected from halo, C;-Cs alkoxy and 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

RYis hydrogen;

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 formuia:

(Vo)

A
L X,
V3
A

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 not both NH; g is

1or2; eachV’is independently C4-Cg alkyl or CO,R®®, where each R®®
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independently is C,-Cg alkyl or hydrogen; tis @, 1, 2, or 4; or CV1V2 is C=V,
wherein V is O, NOR™, or NNR¥'R™;

R% is optionally substituted C;-Cg alkyl;

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

R s hydrogen or optionally substituted C1-C6 alkyl; and

R* is optionally substituted C1-C6 alkyl; _

R*is OH, halo, C;1-Cg alkoxy, or C3-Cg cycloalkoxy, wherein the C;-Cg alkoxy is
optionally substituted with 1-5 halo;

wherein R*and —CV*V?H are joined to adjacent atoms on ring C.

lc



[0005] In certain embodiments of the disclosure, a compound of Formula (A) is provided:
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or a tautomer thereof, or pharmaceutically acceptable salt of each of thereof ora
pharmaceutically acceptable salt thereof, wherein

L*is a bond or is NR™, 0, S, or {CR"R")4; wherein each R”®, R™, and R” independently are
hydrogen or C;-Cg alkyl;

disi, 2,0r3;

L% is C=0 or SO

each Y and Z is independently CR™R", O, S, 50O, SO, or NR™; each R' and R™ independently
is hydrogen or C;-C; alkyl optionally substituted with 1-3 hale, OH, or C;-C; alkoxy, or
CR™R™ is C=0, provided that if one of Y and Zis 0, S, SO, SO,, then the other is not
€O, and Y and Z are both net heteroatoms or oxidized forms thereof;

wherein Y is a or B substituted relative to the —L'L?R?;

wherein Z and =CV'V?H are joined to adjacent atoms on ring C;

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 vV® 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; aliyl or CO,R*, where each R
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independently is T3-Cg alkyl or hydrogen; tis 0, 1, 2, or &; or CV'V7 is C=v,
wharein V is 0, NORY, or NNR¥ R,

R™ is optionally substituted C;-Ce atkyl;

R and R¥ independently are selected from the group consisting of hydrogen;
optionally substituted C,-Cs alkyl, COR™ and CO,R*"

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

R™ is optionally substituted C;-Cy alkyl.

and &Y, B, and C are defined as follows.

[0006]  In one instance,

RYis C,-Ce alkyl, Co-Cy cycloalkyl, C-Cp alkaxy, C3-Ci cycloalkoxy, or ~NRR%:

each R and Rz.mdependentiy_is hydrogen, C;-Cs aikyl, C5-Cq cycloalhyl, Co-Cyparyl, 4-
10 membered heterocycle or 5-10 membered hetercaryl, each containing up
to 5 ring hetercatoms, wherein the heteroatom is sefected from the group
consisting 0f O, N, 5, and oxidized forms of N and 5, wherein each atkyl,
cycloalkyl, heterocycle, aryl o heteroaryl is optionally substituted, or R' and
R? together with the nitrogen atom they are attached to form an optionally
substituted 4-7 membered heterocycle;

ring B is a optionally substituted Cs-Ciparvl, optionally substituted 5-10 membered
heteroaryl having 1-3 nitrogen atoms or oxidized forms of N, or 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 §; and

ring C is a optionaliy substituted Cs-Capary! or optionally substituted 5-10 membered
ieteroaryl containing 1-3 nitrogen atoms, or an oxidized form of N, wherein
certain preferred substituents include OH, halo, C-Ce alkoxy, Co-Gs
cycloatkoxy or O-R, where R is a prodrug molety, wherein the (;-Cg atkoxy is
optionally substituted with 1-5 halg;,

{0007} In another instance,

R%is Co-Cyparyi, or 3 5-10 mambered heteroaryl, wherein the heteroatom is selected

fromrthe group consisting of O, N, 5, and oxidized forms of N and §, wherein

each of the aryl, or hetercaryl is optionally substituted with 1-2 Cy-Cy afkyi;



ring B is a 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, anci oxidized forms of N and §; '

ring Cis Cg-Cagaryl or a 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting
of 0, N, 5, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, -OR™, C,-Cs alkyl, and/or C1-Cg alkoxy,
wherein the C4-Cg alkyl is optionally substituted with 1-5 halo, C;-Cg alkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring hetercatoms,
wherein the heteroatom is selected from the group consisting of O, N, S, and
oxidized forms of N and S, wherein certain preferred substituents include OH,
hélo, C1-Cg alkoxy, C3-Cs cycloalkoxy or O-R, where R'is 2 prodrug moiety,
wherein the C;-Cg alkoxy is optionally substituted with 1-5 halo;; and

R“is hydrogen or a prodrug moiety R.

[0008] In one embodiment, there is provided a compound of Formula (1) is provided:

-——

(i)
or-a tautomer thereof, or pharmaceutically acceptable salt of each of thereof, wherein
R?is C1-Cs alkyl, Ca-Cg cycloalkyl, C;-Cg atkoxy, C3-Cg cycloalkoxy, or ~NR*R%;
each R* and R independently is hydrogen, C;-Cs alkyl, Cs-Cs cycloalkyl, Cs-Ciparyl, 4-10
membered heterocycle or 5-10 membered heteroaryl, each containingup 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 alkyl,
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cycloatkyl, heterocyce, aryl or heteroaryl is optionally substituted, or R* and
R? together with the nitrogen atom they are atiached to form an optionally
substituted 4-7 membered heterocycle;

Lisabond or Is NR™, 0,'S, or {CR'R™)g; wherein each R™, R™, and B7 independently
are hydrogen or (;-Cs alkyl;

disd, 2, 0r3;

ring B is a optionally substituted Cq-Cyp aryl, optionally substituted 5-10 membered
heteroary! having 1-3 nitrogen atoms or oxidized forms of N, or aptionally
substituted 4-10 membered heterocycle containing up to 5 ring heteroatoms,
wherein the heteroatom is selected from the group consisting of O, N, $, and
oxidized forms of N and S;

each ¥ and Z s independentiy CRYRYM, (3, 5, 50,50, or NRED; each R™ and R™
independently is hydrogen or €;-C; alkyl optionally substituted with 1-3 halg,
OH, ar C-Cg atkoxy, or CR*R s (=0, provided thatifone osf Yand Zis G, 5,
503, 5O, then the other is not €O, and ¥ and 7 are both not heteroatoms or
oxidized forms thereof;

wherein Y is o or § substituted relative to the ~LCORY;

ring Cis a optionally subsiituted Ce-Csp ary! or optionally substituted 5-10 membered
heteroaryl containing 1-3 nitrogen atoms, or an oxidized form of N;

wherein 2 and ~CV'V’H are joined to adjacent atoms on ring C;

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 formuia:

Y "

wherein.each V> and V* are independently 0, 5, or NH, provided that when one of V*
and V' is 5, the other is NH, and provided that v* and v* are both not MNH; g is
1 or 2; each V is independently C1-Cs alky! or COR®, where each R
independently is C;-Cg alkyl or hydragen; tis 0, 1, 2, or4; or OV is =V,

wherein Vis O, NOR“}, or NNRE]'Rgz;



R¥ is optionally substituted C1-Cg alkyl;

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

R® is hydrogen or optionally substituted C1-Ce atkyl; and

R* is optionally substituted C,-Cg alkyl;

R*is OH, halo, C4-Cg alkoxy, Cs-Cg cycloalkoxy or O-R, where R is a prodrug moiety,

wherein the C1-Cg alkoxy is optionally substituted with 1-5 halo.

[0009] In certain embodiments of the disclosure, a compound of formula {IV) is provided:

H B! !
L
a
L
| Y-
R® \X

(v}

wherein

R®is Ce-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, wherein
each of the aryl, or heteroaryl is optionally substituted with 1-4: C;-Cs alkyl;

Yis a bond oris NRm, 0,S, or (CR71R72)d; wherein each Rm, R and R
independently are hydrogen or C;-Cg alkyl;

dis1,2,0r3;

1*is C=0 or $0y;



ring B is a 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;

each Y and Z is independently (CR™°R™),, O, S, SO, SO, or NR™; eis 1to 4, preferably
1; each R* and R' independently is hydrogen or C;-C; alkyl optionally
substituted with 1-3 halo, OH, or C;-Cs alkoxy, or CR™R™ is C=0, provided

6a



that if one of Y and Z is G, 5, SO, SO;, then the-other is not COQ, and Y and Z are both
not hetercatoms or oxidized forms thereof:

wherein Y is a or § substituted relative to the -L'L2R%;

ring C is Cg-Ciparyl or a 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting
of O, N, §, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, -OR%, Cs-Cg atkyl, and/or C1-Cs alkoxy, wherein
the C3-Cq alkyl is optionally substituted with 1-5 halo, €1-Cs alkoxy and/or a 4-
10 membered heterocycle containing up to 5 ring heteroatotmns, wherein the
heteroatom is selectad from the group consisting of O, N, §, and oxidized
forms of N and S;

R%is hydrogen or a prodfug moiety R; and

wherein Z and — W2H are attached to adjacent atoms on ring C;

V! and V* independently are C1-Cs alkoxy; or V* and V* together with the carbon
atom they are attached to form a ring of formula:

( [)q/\/{\:)i
V;?,‘é‘-

wherein each V® and V* are independently O, S, or NH, provided that when.one of V3
and V*is 5, the other is NH, and provided that V* and V* are both not NH; g is
1 or 2; each V* is independently Cy-Cg alkvl or CO,R®, where each R™
independently is C3-Cy alkyl or hydrogen; tis 0, 1, 2, or 4; or cviv? is C=V,
wherein V is 0, NOR®, or NNRFR3Z;

R® is aptionally substituted C,-Cg alicyl;

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

8% is hydrogen or optionally substituted Cy-Cg alkyl; and

R* is optionally substituted Ci-Cg alkyl.

[0010] [n one embodiment, ring b is joined to L or L% via & nitrogen atom. in-another

embodiment, R® is joined to L via a nitrogen atom.

[0010a] Disclosed is a compound or a tautomer thereof, or pharmaceutically acceptable salt.

of each thereof, wherein the compound is selected from the group consisting of



or an N oxide thereof, wherein

each P and Q is independently selected from CHRY, NCOR™, NCO,R™; N-0, O, S, 50,
and 50,;

-each R* and R? independently is hydrogen, C;-Cg alkyl, 2 Ce-Cyoaryl, 5-10 membered
heteroaryl or a 4-10 membered heterocycle containing up to 5 ring

is a single or a double bond;

heteroatoms, wherein the heteroatom is selected from the group consisting
of O, N, S, and oxidized forms of N and S, wherein the alkyl, ary!, heteroaryl or
heterocyclyl is optionally substituted;

R is C-Cs alkyl, Cs-Cigaryl, 5-10 membered heteroaryl or a 4-10 membered
heterocycle containing up to 5 ring heteroatoms, wherein the hetercatom is
selected from the group consisting of O, N, 5, and oxidized forms of N and §,
wherein the-alkyl, aryl, heteroaryl or heterocyclyl is optionally substituted;

RY is C4-Cs alkyl, Ce-Caparyl, 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 the alkyl, aryl, heteroaryl or heterocyclyl is optionally substituted;

andrisQ,1,or2. '

Ta



[0010b] In one aspect, there is provided a compound of Formula {Vl):

By r
/ Y

i\

or a tautomer thereof, or a pharmaceutically acceptahle salt of each thereof,

wherein
Ris
N AN N _N
, = = N._~ or L(N‘<
"YW “'V!"‘-" AT , Py «Ni\N

each of which is optionally substituted with 1-4 C3-Ce alkyi;
Y15 a bond;
L% is C=0 ar $0y;

ring Bis

1 1 or b

each of which is optionally substituted with 1-3 halo, C,-Cg alkyl aptionally
substituted with 1-5 hale, C-Cg alkoxy, hydroxyl, oxo, CORY, or COORY:;
R*is -OR" or €,-Cs alkoxy and is. located on a carbon adjacent to the carbon

substituted with -CHO; and
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R is. hydrogen.
[o010c] In one aspect, there is provided a compound of formula:
3

o
°Y“? T ° f
~.-0
e T Y"
! CHO @cr—qo @CHO
OH X Ok ; or OH
or a pharmaceutically acceptable salt of each thereof.

[0010d] In one aspect, there is provided a compound of formula:
f__N
QL
N N
{
O

OS"N

t: &
@ sVoliede
Y X, X

ora pharmaceuhcally acceptable salt of each thereof.
[0010e] in-one aspect, there is provided a
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[001.0f] in one aspect, there is provided a compound of foimula:
N )
QJYN
|
O
O 0O
I

OH

or & pharmaceutically acceptable salt thereof.
[8010g] In one aspect, there is provided a compound of formula:

/N['
S N
Q o ?
f OH

or a.pbarmaceutically acceptable-salt thereof.

[0010h] In one aspect, there is provided a compound of formula:
I W |
{
o .
O O
|
OH
or a pharmaceutically acceptable salt.thereof:
10010i] In one aspect, there is provided a compound of formula:
N
1
0]
O 0
|
CH

or 8 pharmaceutically acceptable salt thereofl
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{0010j] In one aspect, there is provided a compound of formula:

fN
Q?
N
I
O
g O
I

OH
or a pharmaceutically acceptable salt thereof.
[001.0k] tn one-aspect, there is provided a componnd of formula:
O Q
|
oH
or a pharmaceutically aceeptable salt thereof.
[on101] In one aspect, there is provided a compound of formula:
el
et
W”
/
0
O G
|
QOH

or a pharmaceutically acceptable salt thereof.
[0010m] in one aspect, there is pravided a compound of formula

K
&

Te



or a pharmaceutically acceptable salt thereof.

[0010n] In one aspect, there is provided a compound of formula:

C‘:;f

or a pharmaceutically acceptable salt thereof.

[001D0] In one aspect, there is provided a compound of formula:

or a phaimaceutically acceptable salt thereof,

[0010p] in one aspect, there is provided a compound of fermula:

oyt
"-.,

N\/

Q
O 0 ?
i OH

or a pharmaceutically acceptable salt thereof.
{oo10q] In one aspect, there is provided a compound of formula:

CL,

or g pharmaceutically acceptable salt thereof.
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[0011] In one aspect, there is provided a pharmaceutical composition comprising any of the
compounds as described herein, and at least one pharmaceutically acceptable excipient.

[0012] In still further embodiments of the disclosure, a method is provided for increasing
oxygen affinity of hemoglobin S in a subject, the method comprising administering to a
subject in need thereof a therapeutically effective amount of any of the compounds or
compositions described harein.

[0012a} In one aspect, there is provided the use of a compound as defined herein or the
composition as defined herein in the manufacture of a medicament for increasing oxygen
affinity of hemoglobin S in ‘a subject.

[0013] In further embodiments of the disclosure, a methed 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
compasitions described herein.

[0013a] In one aspect, there is provided the use of a compound as defined hereiror the
composition as defined herein in the manufacture of a medicament for treating a condition
associated with oxygen deficiency in a subject in need thereof, wherein the condition is

sickle cell disease or-a cancer.

[0013b] In one aspect, there is provided the use of a compaund as defined herein.or the
composition as defined herein in the manufacture of a medicament for the treatment of

sickle cell disease,
DETAILED BESCRIPTION OF THE INVENTION
Definitions

[0014] 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 ta “a solvent” includes a plurality of such solvents,

[0015]} 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 essentiatly- of” when used to define compuositions and methods, shall mean



excluding other elements of any essenilal significance to the combination for the statad
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.

[0016] 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
claims are approximations. Each numerical parameter should at least be construed in light

of the number of reported significant digits and by applying ordinary rounding technigues.

8a
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The term “sbout” when used before a numerical dasignation, e.g., temperature, time,
amoelnt, and toncentration, including range, indicates approximations which may vary by [ +

bor{-)10%, 5% or 1 %.

[0017] As used herein, UGy, such as C:-Cua, C1-Cy, or Ci-Cg when used before a group

refers to.that group comtaining m to n carbon atoms.

[00381 Theterm “alkoxy” refers to —O-alkyl. Cycloalkoxy refers to —O-cycloaliyl

s

[001%] The term “aikyi” refers to monovalent saturated aliphatic hydrocarby! groups
having from 1 to 30 carhon atoms {f.e., (;-Cyp alkyl} or 1 to 22 carbon atoms {ke,, C-Cpy
alkyll, 1 to 8 carban atoms (Le., C1-Cy atkyl), or 1 to 4 carbon atoms. This term includes, by
way of example, linear and branched hydrocarbyl groups such as methyl {CH3-), ethyl
{CHaCH3-), n-propyl {CH CHLCHo-), Isopropy ({CH2),CH-), n-butyl {CH3CHCHACH,-), Isobutyl
{(CH3 ), CHCH-), sec-butyl ({CH3){CHaCHR)CH-), t-butyl {{CHa)3C-), nepentyl {CHyCHCH,CHACH -
], and neopentyl ((CHy)aCCHz-L

[GO20} The term “aryl” refers to a monovalent, aromatic mono- or bicyclic ring having 6-10
ring carbon atoms. Examples of aryl include phenyl and naphthyl, The condensed ring may
or may not be aromatic provided that the point of attachment is at an aromatic carbon

atorm. For example, and without imitation, the following is an aryl group:

[0021] The term "“-CO.H ester” refers to an ester formed between the —-COH group and an
aicohol, preferably an aliphatic alcohol. A preferred example included —CO,RY, wherein R is

atiyl or aryl group optionally substituted with an amina group.

[6022] The term "chiral moiety” refers to a molety that is chiral. Such a moiety can
pOSSEss one or more asymmetric centers. Preferably, the chiral molety is enantiomerically
enriched, and more preferably a single enantiomer. Non fimiting examples of chiral
moieties inciude chiral carboxylic acids, chiral amines, chiral amino acids, such as the.

naturally occurring aming acids, chiral alcohols including chiral steroids, and the tikes.

{00231 The term "cycloalkyt” refers to a monovalent, preferably saturated, hydrocasbyl

maono-, hi-, or tricyclic ring having 3-12 ring carbon atoms. While cydoalkyl, refers

9
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preferably to saturated hydrocarbybrings, as used herein, it also includes rings containing 1-
2 carbon-carbon double bonds. Nonlimiting examples of cycloalkyl include eyclogropyl,
cyclobutyl, cyclopantyl, cyclohexyl, cycloheptyl, adamentyl, and the fike. The condensed
rings.may or may not be non-aramatic hydrocarbyl rings provided that the peint of
attachment is at a cycloalkyl carbor atom. For example, and without limitation, the

following is a cycloatkyl group:

/f“\ - Q\\\\

PP

IS

[0024] The term “hale” refers to F, Ci, Br, and/or L

{00251 The term “heteroarvi” refers to @ monovalent, aromatic mono-, b, or tricyclic ring
having 2-16 ring carbon atoms and 1-8 ring heteroatoms selected preferabiy from 8, 0, S,
and P and oxidized forms of N, 5, and P, provided that the ring contains at least 5 ring
atoms. Nonlimiting examples of heteroaryl include furan, imidazole, oxadiazaole, oxazole,
pyridine, quinaline, and the fike. The condensed rings may or may not be a heterpatom
containing aromatic ring provided that the point of attachment is a heteroaryt atom. For

example, and without limitation, the following is a hetercaryl group:

[B026] The term “heterocychyl” or heterocycle refers to a nan-arematic, mono-, bi-, or
tricyclic ring containing 2-12 ring carbon atoms and 1-8 ring heteroatoms selected
preferably from N, 0, §, and P and oxidized forms of N, §, and P, provided that the ring
contains at least 3 ring atoms. While heterocyclyl preferably reférs to saturated ring
systems, it also ncludes ring systems containing 1-3 double bonds, provided that the ring is
non-aromatic. Nonlimiting examples of heterocyclyl include, azalactories, oxazoline,
piperidinyl, piperazinyl, pyrrolidinyl, tetrahydrofuranyl, and tetrahydropyranyl. The
condensad rings may or may not contain a non-aromatic heteroatom containing ring
provided that the point of attachment is a hetarccyclyl group. For example, and without

fimitation, the following is a heterocyclyl group:

10
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)
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[0027] The term “hydrolyzing” refers to breaking an RM-0-C0-, B™-0-C5-, or an R'-0-50,-
moiety to an R"-0H, preferably by adding water across the broken bond. A hydrolyzing is
performed using various methods well known to the skilled artisan, non limiting examples of

which include acidic and basic hydrolysis.

{0028] The term “oxo” refers to a C=0 group, and to a substitution of 2 geminal hydrogen

atens with a2 C=0 group.

[0029] The term “optichally substituted” refars to a substituted or Unsubstituted group.
The group may be substituted with one or more substituents, suchaseg., 1,2,3,40r5
substituents. Preferably, the substituents are selected from the group consisting of oxo,
halo, -CN, NO;, -Ngz#, -COR™™, -OR™, .5R™, .SOR*® .90,R™®, .NRRI? _CONROR'?, -
SONRIRM?, C4-Cg alkyt, C1-Cg alkoxy, -CR¥™P=C(R™),, -CCR™®, C3-Cyq cycloalkyt, C3-Cip

19 independently is hydrogen

heterocyelyl, Ce-Ciparyl and Cp-Cy; heteroaryl, wherein each R
or C;-Cy atlyh; $5-Ty; oydloaliyl; G-Chp heterocyolyl; Co-Caa aryls or C-Cy; heteroaryl; whergin
each alkyi, cycloalkyl, heteracyclyl, aryl, or hetsroary is optionally substituted with 1-3 halo,
1-3 C-C; alkyl, 1-3 C;-C haloatkyl or 1-3 C-Cg atkoxy groups. Preferably, the substituents
are selected from the group consisting of chioro, Auoro, -OCH., methyl, ethyl, iso-propyi,

cyclopropyl, vinyl, ethynyl, -CO;H, -COzCH;, -GCF3, -CF; and -OCHF,.

[0030] R™ and R™ independently is hydrogen; C;-Ca alkyl, optionally substituted with -
CORH or an ester thareof, U-Cg alkoxy, oxo, SCRMEC(RY™),, -COR, C3-Cog cycioalkyl, C3-Cip
heterocyelyi, Ce-Cqparyl, or Cp-0yp heteroaryl, wherein each R'o independently is hydrogen
or Cy-Cg alkyl; $3-Co oycloalkyl; C3-Cig heterocyelyl; Co-Craryl; or $3-Cy; heteroaryl; whergin
each cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 atkyl
groups or 1-3 halo groups, or 8% and R* together with the nitrogen atom they are

attached to form a 3-7 membered heterocycle.

[0031] The term “pharmaceutically acceptabie” refers 1o safe and non-toxic for in vivo,

preferably, human administration.
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[0032] The term “pharmaceutically acceptable salt” refers to a salt that is

pharmaceuticaily acceptable.

[0033] The term “salt” refers to an fonic compound formed between an acid and 3 base.
When the compound provided herein contains an acidic functionality, such saitsinclude,
without limitation, atkali metal, alkaline earth metal, and ammoniun salts. As used herein,
arnmonium salts include, saits containing protonated nitrogen bases and alkylated nitrogan
bases. Exempiary, and non-limiting cations useful in pharnaceutically acceptable salts
include Na, K, Rly, Cs, NHa, Ca, Ba, imidazolium, and ammonium cations based on naturally
cccurring amino acids. When the compounds utilized herein contain basic functionality,
such salts include, without imitation, salts of organic acids, such as carhoxylic acids and
sulfonic acids, and mineral acids, such as hydrogen halides, sulfuric acid, phosphoric acid,
and the likes. Exemplary and non-limiting anions useful in pharmaceutically acceptable salts
include oxalate, maleate, acatate, propionate, succinatg, tarirate, chioride, sulfate,

bisalfate, mono-, di-, and tribasic phosnhate, mesylate, tosylate, and the fikes.

f034] The terms “treat”, “traating” or “treatment”, as usad herein, include alleviating,
abating or ameliorating a disease or condition or one or more symptoims thereof, preventing
additional symptoms, ameliorating or preventing the underlying metabolic causes of
symptoms, inhibiting the disease or condition, e.g., arresting or supgressing the
deveiopment of the disease or condition, relisving the disease or condition, causing
regression of the disease or condition, relieving a-condition caused by the disease or
condition, or suppressing the symptoms.of the disease or condition, and are intended to
include prophylaxis, The terms also include relieving the disease or conditions, e.g., causing
the regression of clinical symptoms. The terms further include achieving a therapeutic
benefit and/or a prophylactic benefit, By therapeutic benefit is meant eradication or
amelioration of the underlying disorder being treated. Also, a therapeutic benefit is
achieved with the eradication or amelioration of one or more of the physiological symptorms
associated with the underlying disorder such that an improvement is observad in the
individual, notwithstanding that the individual is still be afflicted with the underlying
disorder. For prophylactic benefit, the compuositions are administered to an individual at

risk of developing a particular disease, or to an individual reporting one or more of the

12
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physiological symptoms of a disease, even though a diggnosis of this disease has not been

made.

[0035] The terms “preventing” or “prevention” refer toa reduction in risk of acquiring a
disease or disorder (e, causing at least one of tha clinical symptoms of the disease not to
develop in a subject that may be exposed to or predisposed to the disease hut does not yet
experience or display symptoms of the disease}. The terms further include causing the
clinical symptoms not to develop, for example in a subject at risk of suffering from such a

disease or disorter, thershy substantially averting onsat of the disease or disorder.

[0036] The term "effective amount” refers to an amount that is effective for the treatmant
of a condition or disorder by an intranasal administration of a compound or composition
described herein. In some embodiments, an effective amount of any of the compositions or
dosage forms described herein is the amount used to treat a disorder mediated by
hemoglobin or & disorder that would Yenefit from tissue andfor celiular oxygenation of any

of the compositions or dosage forms described herein to a subject in need thereof.

[0037] The term “carrier” as used herein, refers to relatively nontoxic chemical
compounds or agents that facilitate the incorporation of a compound into cells, e.g., rad

blood cells, or tissues.

[0038] As used herein, a “prodrug” is a compound that, after administration, is
metabolized or otherwise converted to an active or more active form with respect to at
least one property. To produce a prodrug, a pharmaceutically active compound can be
modifted chemically to render it less active or inactive, but the chemical modification is such
that an active form of the compound is generated by metabolic or other biclogical
processas, A prodrug may have, relative to the drug, altered metabolic stability or transport
characteristics, fewer side effects or lower toxicity. For example, see the reference Nogrady,
1885, Medicingl Chemistry A Blochemical Approach, Oxford University Press, New York,

pages 388-392. Prodrugs can also be prapared using cormpounds that are not drugs.
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Compounds

[003%] in certain aspects of the invention, a compound of Formuia (1} is provided:

(B
T
A
12 ;
| .
R £ .
i 2
AN
e G
PR
boC
\‘\"‘_'\\\de

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

tYis a bond or is NR™®, O, 5, or (CR7*R73); wherein each R™, %, and R”?
independentiy are hydrogen or C-C; alkyl;

disi, 2, 0or3;

2 is C=0or SOy;

each Y and Z is independently CR¥R™, 0, S, S0, S0g, or NR': each R'® and RY
independently is hydrogen or C;-C; alkyl optionally substituted with 1-3 hale,
OH, or C1-Cg atkony, or CRYR™ s C=0, provided thetifoneof¥Yand 2is O, 5,
50, S0O,, then the other is not €O, and Y and Z are bath not hetercatoms or
oxidized forms thereof;

wherein Y is o or B substituted relativa to the ~L*1°R?;

wherein Z anid ~CV'V’H are joined to adjacent atoms on ring C;

v* and V* independentiy are C;-Cg alkoxy; or v and V? together with the carbon

atom they are attached to form a ring of farmula:
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wherein each V* and V* are independently O, S, or NH, provided that when one of v
and V' iz S, the other is NH, and provided that V2 and V* are hoth not NH; qis
1 or 2; each V° is independently C-Cg alkyl or CO;R%, where each R™
independenthy is C-Cg atkyl or hydrogen; tis 0, 1, 2, or 4; or ViV is C=v,
wherein Vis O, NORS"_, or NNRMRM;

R*is OH, halg, C;-C; alkexy, G3-Cs cycloalkoxy or O-R, where R is a prodrug moigty,
wherein the C,;-C, allkoxy is optionally substituted with 1-5 hajo;

R¥ is optionally substituted C,-Cg alkyh;

R¥ and R* independently are selected from the group consisting of hydrogen;
optionally substituted C;-Cs alkyl, COR™ and CO.R:

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

R™ is optionally substituted C;-Cg afkyl.

and R°, B, and € are defined as follows,
{0040] In one instance,

RY is Co-Cg atkyl, C5-Cg oycloalkyl, C1-Cq alkoxy, C3-Cg cycioatkoxy, or N RYR7;

each R* and R? independently is hydrogen, Ci-C alkyl, $a-Cz cycloalkyl, Ce-Cparyl, 4-
10 membered heterocycle or 5-10 mambered heteroaryi, each containing up
t0-5 ring heteroatoms, wherein the heteroatom is selected from the group
consisting of 0, N, 5, and oxidized forms of N and §, wherein each alkyl,
evcloalkyl, heterocycle, aryl or heteroaryl is optionally substituted, or Rt and
R? together with the nitrogen atom they are attached to form an optionaily
substituted 4-7 membered heterocycle;

ring B is a optionally substituted Ce-Cyg aryl, optionally substituted 5-10 membered
heteroaryl having 1-3 nitrogen atoms or oxidized forms of N, or optionally
substituted 4-10 membered heterocycle containing up to 5 ring heteroatoms,
wherein the heteroatom is selected from the group consisting of O, N, 5, and
oxidized forms of N and 5; and

ring C is a optienally substituted Co-Cyparyi or optionally substituted 5-10 membered
heteroaryl containing 1-3 nitrogen atoms, or an oxidized form of N;

[6041] Inanother instance,

15
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R® i5 Cg-Croaryl, or a 5-10 membered heteroary!, wherain the heteroatom is selected
from the group consisting of O, N, S, and oxidized forms of M and S, wherein
each of the aryi, or heteroaryt is optionally substituted with 1:4 C,-Cy atkyl;

ring 8 is a optionaliy substituted 4-10 membered-heterocycle containing up 10 5 ring
heteroatoms, wherein the hetersatom is sefected from the group consisting
of O, N, §, and oxidized forms of Nand &

ring Cis Ce-Cioaryi or & 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom Is selected from the group consisting
of O, N, 5, and oxidized forms of N and 5, each of which is cotionally
substituted with 1-4: halo, oxe, -OR*, C;-Cy alkyl, and/or C,-Cg atkoxy,
wherein the Cy-Cg alkyl is optionally substituted with 1-5 halo, Cy-Cy alkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring hetsroatoms,
wherein the heteroatom is selected from the group consisting of G, N, §, and
oxidized forms of N and §; and

£ is hydrogen or a prodrug moiety R.
f0042] n certain embodiments, L* is a hand,
{0043] In certain embodiments, L2 is C=0. In certain embodiments, 1% is SO5.

[0044] In one embodiment, ring C Is pheny! which is optionally substituted with 1-4: halo,

oxo, -OR%, C3-Cy atkyt and/or =€y alkony,
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[0035]  In certain aspects of the invention, a compound of Formula (1} is provided:

o
Ny
Can [
Y\\
R Tz
[ Vi
“
PR "c\
P Ny
T C o
4 Al
.. \R"
{n

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

R¥is €,-Cs alievl, C3-Cq cycloalkyl, Ci-Cs atkoxy, C:-Cg cycloalkoxy, or—N R*R%

each R* and R” independently is hydrogen, C;-Cs alkyl, C3-Cy cychoalkyl, Cs-Cagaryl, 4-
10 membered heterocycle or 5-10 membered heteroaryl, each containing up
ta 5 ring heteroatoms, wherein the hetercatom Is selected from the group
consisting of O, N, 5, and oxidized forms of N and S, wherein each alkyl,
cycloalkyl, heterocycle, aryl or heteroaryl is optionally substituted, or R and
R® together with the nitrogen atom they are attached to form an optionally
substituted 4-7 membered heterocycle;

Yisaband or s NR™® 0, S, or (CR™'R}); wherein each R, R, and &”?
independently are hydrogen or Cy-Cs alkyi;

dis 1,2, 0r3;

ring B is a optionally substituted Ce-Cyp aryl, optionatly substituted 5-10 memberad
hateroaryl having 1-3 nitrogen atoms or odidized forms of N, or optionally
substitutad 4-10 membered heterocycle containing up to 5 ring heteroatoms,
wherein the hetercatom is selected from the group consisting of G, N, $, and
oxidized formsof Nand §;

each ¥ and Z is independently CRUR*, 0, 5, 50, $0», or MR each R and R
independently is hydragen or C-Cs alkyl optionally substituted with 1-3 haic,

OH, or C-Ce alkoxy, or CR1PRM is C=0, provided that ifone of Y and 215 0, 5,

17
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50, 505, then the other is not CO, and Y and Z are both not heteroatoms or
oxidized forms thereof;

wherein Y is o or § substituted relative to the ~LCOR®:

ring C is 2 optionally substituted Ce-Cigaryl or optionally substituted 5-10 membered
heteroaryl containing 1-3 nitrogen atoms, or an oxidized form of N;

whergin Z and ~CV'V*H are joined to adjacent atoms on fing ;

v and v indepandently are C,-Cg alkoxy; or V2 and V* together with the carbon

atom they are attached to form a ring of formuia:

oy
¢ LW
{ (ﬂ/ A

H V4
V3

4% -

e Sf

wherein each V° and V' are independently 0, S, or NH, provided that when one of V3
and V' is 5, the other is NH, and provided that ¥° and V* are both not NH; g is
1 or Z; each V" is independently C4-Cs alkyl or COR™, where each RY
independently is C;-Cs alkyl or hydrogen; tis 0, 1, 2, or 4; or CVV* is C=V,
wherein Vis O, NOREQ, or NNRSIRBZ;

R* 15 OH, halo, €4-Cz alkoxy, C1-Cs cycloatkoxy or O-R, where R is a prodrug mowety,
wherein the Ci-Cs atkoxy is optionally substituted with 1-5 halo;

A% s optionally substituted C:-Cg alkyl;

7% and R® independentiy are selected from the group consisting of hydrogen;
optionally substituted C,-C; atkyl, COR® and CO.R™;

R® is hydrogen or optionally substituted C,-Ce alky!; and

R* is optionally substituted C1-Cs alkyl.

[0046] In certain embodiments, tis 0. in certain embodiments, tis 1. in certain

embodiments, tis 2. In certain embodiments, tis 3.

[0047] As used herein, R can be hydrogen, provided that the COOR™ is not joined to a

nitrogen atam.

[0048] Preferably, in cartain embodiments, Y and Z are both not a hetercatom or a

heteroatom containing moiety. Preferably, onz of ¥ and Z is a methylene or substituted

18
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methylene and the other is a heteroatom or a heterostom containing moiety, Mare
preferably, Y is an alkvlene, and 2 is a heteroatom or z heteroatom containing moiety,
which, yet miore preferably is oxygen,
{0048] Preferably, V' and V? together with the carbon atom they are attached to form a
ring of formula:
CO,RE
‘ -\ Wﬁ)! !
X
i o s
NH N
O\,/___;SS’_ S~.._.__>/ \':1_\.
/" - e 5—:1_ \.‘L‘ - —— e

2P,
S
v

[0050] in some embodiments, V' and V¥ independently are Cy-Cg alkoxy: ar v! and ¥
together with the carion atom they are attached to form aring of formula:

(

VO

Ty A

/4
W3
y ;m ?é&

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

4

is 5 the other is NH, and provided that V and V* are both not NH; g is 1 or 2; each V7 is

independently C1-C; alkyl or CO:R™, where each R® independently is C;-Cg alkyl or

hydrogen: tis 0, 1, 2, or4; or CV'V* is C=V, wherein Vis 0.

[0051]  In certain aspects of the invention, the compound of Formula (1) is of Formuta {1ih

C B
O’-\\\Qr//\ N]'».
nd Y‘\\
&
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(ny
wherein Y-Z is ~CHO- or ~CH:CHa- and the remaining substituents are as defined

hereain,
[0052} In some embiodimants, R* and ~CHO are joined to adjacent atoms on ring C.

[0053] In certain aspacts of the invention, the compound of Formula (it} is of Formuia

HIA):

I: B
O\\ /"‘_“',f'
T |
i, Y
Rr? (\\Z
CHQ
S
(R%), .
= \GRS ;

i

A
wherein ring B is a aptionally substituted Ce-Cygaryl, optionaily substituted 5-310
membered heteroaryl having 1-3 nitrogen atoms or oxidized forms of N;,
R® is hydrogen, C-Cs alkyl or & prodrug moiety R;
RC is halo, C;-Cs alkyl, C3-Cg cycloalkyl, €-Cg alkoxy, C5-Cs cycioalkoxy, wherein the

,-Cg alkyl is optionaliy substituted with 1-5 halo; and

pis0,1,20r3.

20
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{0054} In some embodiments, the compound is of Formula HIB, {HIC, or HID:

O T O
71 w - i
| H
R v R? Y.
™~
7 \T
]
CHO SHO
i/l\‘ K%b//
i
R, i\i\ iRﬁ)nm—E
—
S~ \ORS; \// \Qﬁﬁ’
iHiB Hie
o B
\\\\[,/’f? \N i"
|
. i
R Y\\‘-
&,
f
/L\ CHOD
<.
) N
"
/-
\\;,/\\ .
ORS
I
wherein
g - !
; I LR

:?_{‘/gs\\ e :22” 2\\\“.‘ [}2‘/;\\ L
‘l ! i ,and - il 1

RAATAN s W S

i

i i |

are opticnally substituted 4-10 membered heterocycle as defined herain;
R is hydrogen, Ci-Cq alkyl or a prodrug moiety;

R%is halo, Cy-Cq atkyd, Cp-Cy alkoxy, wherein the C-C, atkyl is optionally substituted

with 1-5 halo; and
pis, 1, 2or 3.

[0055] In some embodiments, ring B is substituted with 1-3: hale, (;-Cg alkyl, CORY, or

COOR™: and

-3



WO 2014/150268 PCT/US2014/022769

R* is C3-Cg alkyl, C3-Cg cycloalkyl, Co-Craaryl, 5-10 mambered heteroaryl or a 4-10
membered haterocycle 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 §, wharein the alkyl, aryl, heteroaryl or heterocyciyl is

optionally substituted.

[6056] In certain aspects of the invention. a compound of formula (1V) is provided:

o3 ’:
./Lw‘"i"‘
2 _
Lo
LC\\\ o
"

or 3 tautomer thereof, or a pharmaceutically acceptable salt of each thereof,
wherein

R® is Ce-Cyparyl, 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 5, wherein
each of the aryl, or heteroaryt is optionally substituted with 1-4 C-Cs atkyl;

Llisa bond oris NR™ 0,5, or (CR7'R™)y; wherein each R, R, and R
mndependently are hydrogen or C-Cg alkyl;

disl, 2,0r3;

t%is C=0 or 50;;

ring B8 Is 2 optionally substituted 4-10 membered heterocycle containing up to S ring
heterpatoms, wherein the heteroatom is selectad from the group consisting
of O, N, §, and oxidized forms of N and §;

each ¥ and Z is independentiy CRYRM, 0, 5, 50, 50 or NR*® each R and R
independently is hydrogen or C3-Cy alkyi optionally substituted with 1-3 hala,

OH, or C1-Cq alkoxy, or crYRM s c=0, provided thatiforeof Yand Zis O, 5,
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50, 80, then the other is not CO, and Y and 7 are both not heteroatoms or
oxidized forms thereof;
wherein Y is ot or B substituted relative to the -L*°RY:
ring (s Ce-Cyg aryt ora 5-10 membered heteroaryt containing up to 5ring
heteroatoms, wherein the hetercatom is selected from the group consisting
of 3, N, 5, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, uORm, C1-Cg alkyl, and/or C,-Cg atkoxy,
wharein the €;-C; alkyl is optionally substituted with 1-5 halo, C-Cg alkeoxy
and/or a 4-10 membered hetarocycle containing up to 5 ring heteroatoms,
whergin the heteroatom is selected from the group consisting of O, N, 5, and
oxidized forms of N and §;
R*is hydrogen or a prodrug moiety R; and
wherein 7 and —-Cv'V?H are attached to adjacent atoms on ring C;
v and V7 independently are C;-Cy, atkoxy; or V* and v together with the carbon
atom they.are attached to form a ring of formula;
(g fcvﬁ'n
{ g \V"
Ve )4
ks
wherein each V* and V* are independently 0, S, or NH, provided that when one of V°
and V'is S, the other is NH, and provided that V7 and V* are both not NH; q is
1 or 2; each V" is independently Cy-Cq alkyt or CO:R®, where sach R™
independentiy is C;-Cq alkyl or hydrogen; 1150, 1, 2, or 4; o v i C=v,
wherein Vis 0, NORSG, or NMRRY
R¥ s optionally substituted C;-C alkyl;
?™ and R*? independently are selected from the groun consisting of hydrogeny;
optionally substituted C,-Cq alleyl, COR™ and CO;R8%;
R™ is hydrogen or optionaily substituted Ci-Cg alkyl; and
R* is opticnally substituted C,-Cg afkyl.
[00577  In certain embodiments, Zis CHy, O, §, 50, SO, or NH. In certain embodiments, Zis

(G, §, 830 or SQ,. Preferabiy, Z is O, and wherein the remalning variables are defined herein.

b
)
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[0058] In certain embodiments, Y is cRPRM 0,5, 50, 8O, or NR'E_: wherein each R and
R independently is hydrogen or C,-Cs alkyl. In certain embodiments, ¥ is CRYR™ wherein
each B* and R™ independently is hydrogen or Cu-C3 alkyl. Preferably, Y is CHa, and wherein

the remaining variables are defined herein.

[0058]  incertain embodiments, tis 0. I certain embodiments, tis 1. In certain
ambodiments, tis 2. In certain embodiments, tis 3.

[0080] Preferably, TV is C=V, wherein V is O, and wherein the remaining variables are
defined herein,

{0061] in certain embodiments, a compound of formula (V] is provided:

¢ B
fel S
ST
12 i
| S
R3 <
j
f\\, _ACHO
foey
{v}

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

RYis Ce-Cigaryl, or a 5-10 membered heteroaryl, wherein the hetercatom is sefected
from the group consisting 0of O, N, §, and oxidized forms of N and 5, wherein
gach of the aryl, or heteroaryl is optionally substituted with 1-4 C-Cs alkyi;

Yisabondoris NRVU, Q, 5 or (CRHR;E)-ﬁ; wherein each.Rm, Rn, and R7?
independently are hydrogen or C1-Cq alleyd;

disl, 2, 0r3;

%15 C=0 or SOy;

ring B is a optionally substituted 4-10 membered heterocycle containing up to 5 ring
hatercatoms, wherein the beteroatom is selected from the group consisting
of G, N, 5, and oxidized forms of N and S:

Zis G, 5,50 or 50

b
-
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ring Cis Cg-Ciparyl or 2 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting
of 0, N, 5, and oxidized forms of N and §, sach of which is optionally
substituiad with 1-4; halo, oxo, —ORB, Cy-Cy alkyl, and/or C3-Cs alkoxy,
wherein the Ci-Csaltkyl is optionally substituted with 1-5 halo, C-Cy, aikoxy
and/or a 4-10 membered heterocycle containing up to 5 ring heteroatoms,
wherein the hetergatom is selected from the group consisting of O, N, S, and
oxidized forms of N and S; and

%% is hydrogen or a prodrug moiety R.

{0062} In certain embodiments, a compound of formula (Vi) is provided:

R -
/ N
LZ
.Ra O
/J\\\"Q CHO
I
RN
X
R.-‘r
(Vi)

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

R”is Ce-Croaryl, or a 5-10 memberad heteroaryl, wherein the heteroatom is selected
fram the group consisting of G, N, §, and oxidized forms of § and §, wherein
each of the aryl, or heteroary! s optionally substituted with 1-4 C4-Cy alkyi;

tYisabond oris NR™, O, 5, or (CRHRH)G; wherein each R7°, B2, and R™
independently are hydrogen or C;-Cg atkykh

disl,2,0r3

1*isC=0or S0,;

jxe
L



WO 2014/150268 PCT/US2014/022769

ring 8 is 2 optionally substituted 4-10 membered heterocycle containing up to 5ring
heteroatoms, wherein the heteroatom is selected from the group consisting
of O, N, 5, and oxidized forms of Nand 5;
RYis -ORY or C4-Cy alkoxy: and
s hydrogen or a prodrug moigty R.
[0063] In one embodiment, R'is ~OH.
[0064]  In certain emhodiments, R’ is optionally substituted phenyl. In other
embodiments, R® is optionally substituted pyridine. In certain embodiments, RYis

optionally substituted pyrazole.

[0065] In certain embodiments, R® is selected from the group consisting of:
AN N
YTy Iy rf“ (
i |
e o N = \:/
f ! ’ :
v S

10066} In certain embodiments, compounds of formulas {IV) and {V) are provided, wherein

’/l\/,cao

LA

[00671 In one embodiment, ring B is a 5-6 membered heterocycle containing a hetercatom
selected from N, 5, or 0. In ohe embodiment, ring B is a 5-6 membered heterocycle

cantaining a N as the heteroatom.
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{0068] In certain embodiments, ring B is selected from the group consisting of:

e lNs
N AN

Y or AR
[0069] In certain embodiments, L' is a bond.

[0079] In certain embodiments, L* is C=0. In certain embodiments, 1? is SO,.

{0071] inone embadiment, ring C is phenyvl which is optionally substituted with 1-4: halo,
oxo, -OR?, C-Cs alkyt and/or C1-Cg alkaxy,

{0072] In some embodiments, the compound is selected from the group consisting of

/\\] P [,./‘\~P P/ \ ‘
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7
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Y ( S Y »
~Fan o ~on; \4 “oH;
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e P . P._\ T p /T\ /‘\\l
£ ¢ \' e E ] i ‘ ) - = -
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NR'R? \l NRRZ [j\ MR'R? ﬁ NR'R? “g
“/ ':-.}..’CH f/ T/CH li/\ CH | ‘n\j/cH
NN P o
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;( ('\\P
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"o
_An CHO
!‘E'\ /}’ ~
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or an N oxide thereof, wherein

// is a single or a double bond;

each P and Q. Is independently selected from CHRY, NCOR™, NCG-RY; N-0, 0, . SO,
and S0y

each R and R’ independently is hydrogen, C-Cs alkyl, a Ce-Cyparyl, 5-10 membered
heteroaryl or 3 4-10 membered heterocycle containing up to 5 ring

heteroatoms, wherein the hetesoatom is selected from the group consisting

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

heterocyclyl is optionally substituted, 1ogether Rand R®can forma 3-7
membered ring, preferably a 4-7 membered ring with 1-2 hetero atoms ;

R is C;-Cg alkyl, Co-Ciparyl, 5-10 membered heteroaryl or a 4-10 membered
heterooycle containing up to 5 ring heteroatoms, wherein the heteroatorn is
selecied from the group consisting of O, N, §, and gxidized forms of Nand 5,
wherein the alkyl, arvi, heteroaryl or heterocyclyl is optionally substituted;

RY is C-Cg alkyl, Cg-Ciparyl, 5-10 membered heteroaryl or a 4-10 membered
heterocycle containing up to 5 ring heteroatoms, wherein the hetercatom i$
selacted from the group consisting of O, N, S, and oxidized forms of N and §,

wherein tha alkyl, aryl, heteroaryl or heterocyclyl is optionally substituted;

andris0, 1, or 2.

[0073] In certain embodiments of the invention, a compound is provided of formula;

NS NS N
S > »
OQ\ \‘4" OY b a \f/
i i §
Ly N L . L
o (" o ™ o
A CHo =’\I/CHO A\ CHO
i . H H _/.;i‘
~ L\OH ~on Nodogy
P A2 P o
N Ny N NN
H -] % ,J'\l/ O N«.‘_/'
0{7/ j’/ L\? > ’j/ R‘\
L N MU AN
N SN ‘vl Q o i L/ i i
A GHO @C“O ‘ \TvHC l \j/ “H
N! "-._‘,// . . K; \DH r \\}’//\OH £ !\7/ \Orl
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or an N oxide thereo!, or a pharmaceutically acceptable salt of each thereof.

[0074]

[

H/ 1
-

0

ﬂ"\
-

4

J

OH |
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in certain embodimeants of the invention, a compound is provided of formula:
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O . OH and Ok

or an N oxide thereof, ar a pharmaceutically acceptablé salt of each thereof.

[0075] Compounds provided herein include those in the Exampies section.

Frodrug Moiety

{06076} In one aspect, R is hydrogen, a phosphaté or a diphosphate containing moiety, or
another promoiety or prodrug moiety. Preferably the prodrug molety imparts at leasta 2
fold, more preferably a 4 fold, enhanced solubility and/or bioavallability to the active moiety
{where R is hydrogen), and more preferably is hydrolyzed in vive. The promoieties are

structurally and functionally defined herein.

[0077] in one embodiments, Ris ~COR™, CO.R™, or CONRYR™ wherein
B™ and r* independently are C;-Cg altkyl, C3-Cq cycloalkyl, 4-5 membered heterocycle, or a

5-10 mambered heteroaryl, each containing at least I basic nitrogen moiety; and
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R** and R* independently are C3-C, atkyl; C3-Cg cycioalkyl, 4-9 membered heterocycle, or a 5-
10 membered heteroaryl, each containing at least 1 basic nitrogen moiety; or R* and g™
together with the nitrogen atom they are bonded to for a 4-8 member heterocycle
substituted with at least 1 amino, C1-Cg atkyl amino, or di C-Cs alkylaming group.
[6078] in certain embaodiments, R is ~C{OJR™, C{OJOR™, or CON(R™);,

each R* is independently a C-Cg atkyl; Ca-Cy cycloalkyl, 4-9 membered heterocycle,
or a 5-10 membered heteroaryl, containing at least 1 basic nitrogen moiety; and

each R* independently is C1-Cy atkyl; Ca-Cg cycioalkyl, 4-9 membered heterocycle, or
a 5-10 membered hetaroaryl, containing at least 1 basic nitrogen moiety; or 2 R* together
with the nitrogen atom they are bonded to for a 4-8 member heterooycle substituted with

at least 1 aminn, €;-Cs alkyl amino, or di -Gy alkylamine group.

[0075] 1n one aspect, R is CLOJOR™, CIS)OR™, CLO)SR™ or COR™, wherein R™ is as defined

herein,

{0080] !n one embodiment, R™ is a groun of the formuta (CR¥R™).NR¥R™, wherein

each R** and R*? is independently H, a €;-Cy alkyl, Ca-Cyheteroeyciyl, C3-Cp cycloaliyl,
Cs-Cag aryl, Ca-Cy heteroaryl or R_32 and B together with the carbon atom they are bond to
form a C5-Cg cycloalkyl, Ce-Cyp aryl,. C3-Cg heterocyclyl or Co-Cy heteroaryl ring system, or 2
adjacent 8%? moieties or 7 adjacent R moieties together with the carbon atom they are
bond to form.a Cy-Cg tycloalkyl, Ce-Cip aryl, C3-Co heterscyclyl or C3-Co heteroaryl ring
system;

cach R*' and R7 is a C1-Cg alkyl, Ci-Cs heterocoycivl, Cy-Cg cvcloalkyl, or R* and R
together with the nitrogen atem they are bond to form a Cy-Cy cycloalkyl or GG
hetarocyely! ring system;

each hetarocyclic and heterparyl ring system is optionally substituted with C-Cy
alleyl, -OH, aming and carboxyl groups; and

e is an integer of from 1t 4.
10081} In some less preferred embodiments 8 and R* can be hydrogen.

[@082] inone embodiment, the subscript e is preferably 2 and each R¥ and R s

preferably independently selectad from the group, H, Chs, and a member in which R* and

31
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R* are joined together to form a cyciopropyl, cyclabutyi; cyclopentyl, cyclohexyl, or

1,1-disxo-hexa hydro-ii\s‘thiapyra n-4-yl or tetrahydropyran-4-yl groug.

[6083] with regard to the prodrug group, preferred embodiments are compounds wherein

NR¥R® s morpholino.

[0084] W one embodiment, Ris:

O

wherein
each R* and R* is independently H, T,-Cz alkyl, or optionally, if both present on the
same substituent, may be joined together to form a Co-Cy cycloalkyl, Co-Cyp aryl, Go-Co

heterocyclyl or C3-Co heteroaryl ring system.

[0085] Within this embodiment, each R*? and R* is independently, H, CHj, or are joined
tegether to form a cyclopropyl, cyclopbutyl, cyclopentyl, cyclohexyi, 1,1-dioxo- hexahydro-

11C-thiopyran-4-ylor tetrahydropyran-4-y! group.

f0086] Ina preferred embodiment, linkage of the prodrug moiaty 10 the rest of the active
melecule is stabie enough so that the serum half fife of the prodrug is from about 8 to about

24 hours,

[00B?] i an embodiment of the invention, the prodrug maoiety comprises a tertiary amine
having a pKa near the physiological pi of 7.5, Any amines having a pKa within I unit of 7.5
are suitable alternatives amines for this purpose. The amine may be provided by the amine
of a morpholine group. This pKa range of 6.5 to 8.5 atlows for significant concantrations of
the basic neutral amine to be present in the mildly alkaline small intestine. The basic,
neutral form of the amine prodrug Is lipophilic and is absorbed through the wall of the small

intestine into the blecd. Following absorption into the bloodstream, the prodrug molety is

Lad
[R]
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cleaved by esterases which are naturally present in the serum to release an active

compound.
[0088] Fxamples of R include, without Emitation:

A o 7 -
I PN P G

: e R G
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B M %‘3} e \9\/ N
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3 5 Y
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{0001] In another embodiment; R is as tabulated below;

R m RS:J RE%'.« NRSRRSE
C{ONCH. ). NRMRF 1 Me Me
C{ONCH,),-NR¥R™ 2 Me Me'
C{ONCH, ) wNR*R™ 3 Me Me
ClONCHnNR R T Ve Ne
C{ONCH, ), MRV R™ 1 /SN
-N O
C{ONCHa)mNRP R 2 ' TN,
—o- o}
gN\ /
| C{O){CHZ)mNRYR™ 3 ¢ /e
—2-N &
N4
| ClONCHNRTRS 4 /TN
SN b
2 \\_.,._1/
COPOICHSNRTR® 12 7 ime T Me
| C{O)0{CH)NRMR™ | 3 Me Me
C{OV1O{CH ) NRZ R 1 4 Me Mie
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an N oxide thereof, or & pharmaceutically acceptable salt of each thereof.

[0088] In another aspect, Ris,
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R¥ is lower alkyl (e.g. C1-Cs aikyi),

{80990] In vet another aspect, Ris:

AN

X! X?

wherein X, Y* and X7 are as definad herein.

[0091]  In one embodiment, X' is selected from the group consisting of O, § and NRY”
wherein R* is hydrogen or C;-Cg alkyl;

¥ is -CR™); or a sugar moiety, wherein each R™ is independently hydrogen or £;-Cq
alkyl, C5-Cg cychoaikyl, C3-C5 heterocyclyl, Ca-Cay arvi, or C3-Cs heteroaryl;

%2 is selected from the group consisting of halogen, (4-Cs alkoxy, diacylglyceral,
amino, £1-C¢ aikylamino, C,-C dialiylamino, Ci-Cg alkylthio, a PEG moiety, a bile acid moiaty,
a sugar moiety, an amino acid moiety, a di-or tri-peptide, a PEG carboxvlic acid, and -L-V
wherein

UisQorS;and

V is selacted from the group consisting of Ci-Cq alkyl, Co-Tp cycioalkyi, C3-Cq
heterocyelyl, Cs-Cyp aryl, C5-Cy heteroaryl, COWNE, 2O0C),, and $O,X%;

whergin W is O or NR

wherein R is hydrogen or Cp~Cs alkyl, C3-Ca cycloalkyl, Ca-Co hetrocyciyi, Cs-Cig aryl,
ar C3-Cy heteroary!; and

each X* is independently amino, hydroxyl, mercapto, C-Cs alkyl, heteroalkyl,
cycioadicyl, hetrocyclyl, aryl, or heteroaryl, 0i-Cg alkoxy, £1-Cq, alkylamino, Cp-Cg dialiylaming,
C1-Cs alkyithio, a bile acid based alkoxy group, a sugar moigty, a PEG moiety, and
-O-CH, CHIOR™)CH,X'RY,

wherein:

X* is selected from the group consisting of O, S, $=0, and 50,; and

each R s independently Cio-Caa alkyl, C-Cg cycioalkyl, C3-Co hetarocyalyl, Ca-Cip aryl,

or C5-C; heteroaryl, C,-Cg alkylene, or (;-Cy heteroatkylene,

36
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[0092] Eachheterocyclic and heteroaryl ring system is optionaliy substituted with C,-G5

atkyl, -OH, aming and carboxy! groups.

[0093] in one embodiment, the present invention utilizes the following Y* groups: CHy,

CHIvie, CH{Isopropyl), CHitertiarybutyl), C(Me)z, T{Et),, Clisopropyll, and Clpropyh)a.

[0094] in another embodiment, the present invention utilizes the following x? groups:

4] ; (4] s R
“\\\\ "
o) e \| \%
AN |
S5
_.3_0 4

-OMe, -QEt, -O-isopropyl, O-iscbutyi, O-tertiarybutyl, -0-COMe, -0-C(=0}{isopropyl),
-0-Ci=0}isobutyl), -0-C{=0}{tertiarybutyl), -0-C(=0}-NMes, -0-C(=0)-NHMe, -0-C{=0}-NH.,
-0-C{=0)-N[H)-CH{R™)-CO,Et wherein R™ is a side chain C;-Cs alkyl, or G-Co heterocyciyi
groun selected from the side chain groups present’in essential amino acids; -0-P{=0}{OMaea},,
-G-P{=0}C-isopropyl}y, and ~0-P{(=0}{O-isobutyl),. Each heterocyclic is optionally
substituted with one or more, preferably, 1-3, C;-Ca alkyl, -OH, amina and/or carboxyi

Eroups.

[00951  In another embodiment, In one embodiment, R is:

wherein

Wis independently C1-Cg alkyl, C3-Ce oyeloalky!, Ci-Cq heteracyelyl, Co-Cig aryl, or C3-_
(g heteroary!; and

R* is independently hydrogen or C1-Cg alkyl, Go-Ca cycloalkyl, Co-Co heterocyclyl,

Cs-Cig aryl, or C3-Cg heteroaryl,

37
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[0096] Fach heterocyclic is optionally substituted with one or more, preferably, 1-3, C-Cs

alkyt, -OH, amino and/or carboxy! groups.

{0097} inone embodiment, Ris:

S {I\o)l\ x°

, D

Réa
L L

-

wherein

each X is independently amino, hydroxy!, mercapto, C3-Cs atkyl, C4-Cy cvcloalkyl, Cs-
Co heterocycivl, Cs-Cop aryl, or C3-Co heteroaryl, Ci-Cs alkoxny, C1-Cq alkylamino, (;-Cy
dialkylamino, Ci-C; alkylthio, a bile acid based alkoxy group, a sugar moiety, a PEG molety,
and -0-CHy-CH{OR™)CHACR™Y,

whareim

%* is selected from the group consisting of @, §, $=0, and SO5; and

each R is independently Cio-Cay alkyl, C3-Ca cycioalkyl, Ta-Cs heterocyclyl, Ce-Cyp aryl,
C3-Co heteroaryl, C;-Cy alkylene, or £4-Cs heteroaikylene; and

A" s independently hydrogen or C1-Ce allyl, Cs-Cg cycloaikyl, C5-Cy heterocyclyi,

Cs-Cap aryl, or Cs-Cy heteroaryl.

[00Y8] in some embodiments, B**is independently hydrogen or Ci-Cq alkyl, C3-Cg
cycloalkyl, (3-Cq heterocyelyl, Ce-Cip aryl, or C3-Ca heteroaryl; and each X independently is
3-Cp alkyl, Co-Cy cyeloalkyl, C3-Cy heterocycelyl, Ce-Cig aryl, or Ca-Cy heteroaryl, C-Cg alkaxy,

C4-Cg alkylamino, C-C; diatkylamine, or Cy3-Cg alkylthio,
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[0093] Insome embodiments, R is reprasented by the following structures:

0 i 0 |
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wherein, in the above examples, R™ is Co-Caz alkyl or alkylene, R is M or €:-Cg alicy!

and R** represents side chain alky} groups present in naturally accurring alpha amino acids;
O
O
R4 )I\ ~NHz
SN
o) G

Rtﬁ’
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wherein &' is {CH;),, f=2-4, and CO—R”-NH?_ represents an amineacyl group; or

R‘W \//'
wherein R*is (CHal, n=2-4, R is (CHa)s, n=1-3 and R is O or NMe.

[0200] In one embodiment, Ris:

1
/\/ ;{“\/\/L

[0101] Inone aspect, R is -C{RERYORIR¥P)P(OIOR™'NRY®R™™, wherein each R
RZOl R202 R203_ chu a065 and R2L‘6

i

/

is independently H, a C-C, alkyd, Ti-G; heterocoyelyl, Co-Cq
eyeloalkyl, Ce-Cyo aryl, C5-Co heteroaryl, wherein each ally!, heterocyelyl, cycloalkyl, aryi, and

heteroaryl is optionally substituted,

{0102} In some embodiments, R is -CH{RHOCH;P{O)OR™NHRYC, wherein R is €1-Cp
atkyl, R is phenyi, optionally substituted. In cne embodiment,8%° is -CHR*C(O)OR™
wherein R2% is selectad from the group consisting of the naturally occurring aming acid side
chains and —CO,H esters thereof and R™™ is C4-Cs alkyl. In one embodiment, R is €,-C

alleyl, optionatly susbtitued with 1-3, CO4H, SH, NH,, Co-Cio aryl, and C5-Cip heterparyl.

{0103} Inone embodiment, Ris:

41



WO 2014/150268 PCT/US2014/022769

[0104] In one embodiment, Ris:

O
7, /L(-‘)/PEG ¥ EG
il : £
& S o ; -‘377/ \0 e

— in]
r=01012 or

’

wherein Y is -C{RsB)g, wherein each R is independently hydrogen or Cy-Cg alkyl, Ca-

g cycloalkyl, Ca-Cs hetarocyclyl, Cg-Cag 3ryl, or C3-Cy heteroaryl.

{91051 Various polyetiylene glycol {PEG) moieties and synthetic methods refated to them
that can be used or adapted t6 make compounds of the invention are described in U S,
Patant Nos. 6,608,076; 6,395,266; 6,194,580; 6,153,655; 6,127,355, 6,111,107; 5,965,566,
5,880,131; 5,840,900; 5,011,042 and 5,681,567

[0106] In one embodiment; Ris

RSG

g{,

HO R or

J T

whersin
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R* is -OH or hydrogen;

R* is-OH, or hydrogen;

W is~ CH{CHa )W,

wherein W is a substituted £-Cy allo] group containing a moiety which is optionally
negatively charged at physiological pH,

satd moiety is selected from the group consisting of COLH, SO3H, 50,H,
-P{ONORTHOH), ~-OPIONORT)OH), and 0SO3H,

wherain R” is Cy-Cy alkyl, C3-Cy cycloalkyl, Ca-Co heterocyeivl, Co-Cyo aryl, or Cs-Co

heteroaryl.

[0107] Each heterocyclic and hateroaryl ring system Is optionally substituted with one or

more, preferably 1-3, C4-Cs alityl, -OH, amino andyor carboxyl groups.

f0308]  In one embodiment, Ris:

\ [o
i i
I /J\\J,\/J\Y/-"\/
'Z‘;»E\ /.J\\o /}\\/ - 1).,%.9” i
-R53
F
(ff)* !;"/\_,A'L\ /(’ i A G \ /f‘&‘
o R PV, ,
P
/f‘/l\):%b“ HO A s

HO

wherein R™ is H or C;-Cg atkyl.
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[0109] inanother aspect, Ris SO5H.

[0110] In another aspect, R comprisas a cleavable linker, wherein the term “cleavable
linkar” refers to a linker which has a short half life in vivo, The breakdown of the Enker Z'in
a compound releases or generates the active compound. In one embodiment, the cleavable
linker has a half life of less than ten hours. in one ermbodiment, the cleavable linker has a
half life of less than an heur. In one embadiment, the half life of the deavable linker is
between one and fifteen minutes. in one embodiment, the cleavable linker has at least one
connection with the structure: C*- C=X*X*-C* wherein C* is a substituted or unsubstituted
methylene group, and X* is Sor 0. In cne embodiment, the cleavabla linker has at laast one
C*-C{=0}0-C* connection. In one embodiment, the cleavable linker has at least one C*-
C{=0)S-C* connection. In one embodiment, the cleavable linker has at east one -C{=0jN™-
C*.50,-N*-connection, wherein N* is -NH- or £,-C; alkylamino. In one embodiment, the

cleavable Enker is hydrolyzed by an esterase enzyme.

{0111] inone embodiment, the linker is a self-immolating linkar, such as that disclosed in
4.5. patent publication 2002/0147138, to Firestone; PLT Appl. No, US05/08161 and PCT
Pub, No. 2004/087075. In another embodiment, the linker is a substrate for enzymes. See

generally Rooseboorn et al., 2004, Pharmacel. Rev, 58:53-102.

Pharmaceutical Compesitions

[0112] In further aspects of the invention, a composition is provided comprising any of the

compounds described herein, and at least 2 pharmaceutically acceptable excipient.

[0213] In ancther aspect, this invention provides a.composition comprising any of the

compounds described herein, and a pharmaceutically acceptabie excipiznt.

[01%4] Such compositions can be formulated for different routes of administration.
Although compositions suitable for aral delivery will probably be used most fragquently,
other routas that may be used include transdermal, intravenous, intraarterial, pulmonary,
rectal, nasal, vaginal, lingual, intramuscular, intraperitoneal, intracutaneous, intracranial,
and subcutaneous routes, Suitable dosage forms for administering any of the compounds
described herein include tablats, capsules, pills, powders, agrosols, stuppositories,

parenterals, and oral liquids, including suspensicns, solutions and emulsions. Sustainad
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release dosage forms may also be used, for example, in a trensdermal patch form. Al
dosage forms may be prepared using methods that are standard in the art:[see e.g.,

Remington’s Pharmaceutical Sciences, 16" ed., A, Oslo editor, Easton Pa, 1980).

{0115] Pharmaceutically acceptable exciptents are non-toxic, aid administration, and do
not adversely affect the therapeutic benefit of the compound of this invention. Such
excipients may be any solid, liguid, semi-solid or, in the case of an aerosol composition,
gasaaus exciplent that is generally available to one of skill in the art. Pharmaceutical
compasitions in accordance with the invention are prepared by conventional means using

methods known in the art.

[0118] The compositions disclosed herein mav be-used in canjunction with any of the
vehicles and excipients commonly employed in pharmaceutical preparations, e.g., talc, gum
arabic, actose, starch, magnesium stearate, cocoa butier, agueous or NCN-aQUecUs
salvents, oils, paraffin derivatives, giycols, etc. Coloring and flavoring agents may aisc be
added to preparations, particularly Lo those Tor oral administration. Sclutions can be
nrepared using water or physiologically compatible organic solvents such as ethano!, 1,2-
propylene giveol, polyglyeols, dimethylsulfoxide, fatiy alcahols, triglyceridas, partial estars of

glycerin and the like.

{0117} Solid pharmaceutical excipients include starch, cellulose, hydroxypropyl celiulose,
talc, glucose, lactose, sucrose, gelatin, malt, rics, flowr, chalk, silica gel, magnesium stearate,
sodium stearate, glvcero] monostearate, sodium chloride, drigd skim milk and the like.
Liguid and semisclid excipients may be selected from glycerol, propylene glycol, water,
ethanol and varicus oils, including those of petreleum, animal, vezetable or synthetic origin,
e.g., peanut oil, soybean oil, mineral oil, sesame oil, etc. in certain embodiments; the
compositions provided herein comprises one or more of a-tacopherol, gum arabic, and/or

hydroxypropyl cellulose.

{0118] In one embodiment, this invention provides sustainad release formulations such as
drug depots or patches comprising an effective amount of a cormpound provided harein. in
another embodiment, the patch further comprises gum Arabic or hydroxypropyl celluiose

separately or in combination, in the presence of alpha-tocopherol. Preferably, the
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hydroxypropyl cellulose has an average MW of from 10,000 to 100,000, In a more prefarred

embediment, the hydroxypropyl ceflilose has an average MW of from 3,000 to 50,000,

[0119] Compounds and pharmaceutical compositions of this Invention maybe used alone
or in cambination with other compounds, When administered with another agent, the ¢o-
administration ¢an be in any manner in which the pharmacological effecis of both are
manifest in the patient at the same time: Thus, co-zdministration does not require that a
single pharmaceutical composition, the same dosage form, or even the same route of
administration be used for administration of both the compound of this invention and the
ther agent or that the two agenis be administered at precisely the same time, However,
co-administration will be accomplished mast conveniently by the same dosage form and the
same route of administration, at substantiaily the samie time. Cbviously, such
administration rost advantageousiy proceeds by delivering both active ingredients
simultaneously in a novel pharmaceutical composition in accordance with the present

invention,

Methods of Treatiment

[0120] In aspects of the invention, 2 method is provided for increasing tissue
and/or celiular oxygenation, the method comprising administering to a subjectin
need thereof a therapeutically effective amount of any of the compounds or

compositions describad herain.

[0121] in aspects of the invention, a method is provided for increasing orygen affinity of
hemoglobin 5 in a subject, the method comprising administering to a subject in need
thereof a therapeutically effective amount of any of the compounds or compaositions

described hergin.

[0122] In aspecis of the invention, a method is provided for treating a condition
associated with oxvgen deficiency, the method comprising administering to a subjectin
naed thereof a therapeuticaily effective amount of any of the compounds or

compuositions describad herein,

f0123] In further aspects of the invention, a method is provided for treating oxygen

deficiency associated with sickle cell anemia, the method comprising administering to a
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subject in need thereof a therapeutically effective amount of any of the compounds or

compositions described herein.

(61241 In further aspects of the invention, a method is provided for tresting sickls cell
disease, the method comprising administering {0 a subject in need thereof a therapeutically
effective amount of a compound of any of the compounds or compositions described herein,
iy still further aspects of the invention, a method is provided for freating cancer, a
puimonary disorder, stroke, high altitude sickness, an ulcer, a pressure sore, Alzheimer's
disease, acute respiratory disease syndrome, and a wound, the method comprising
administering to a subject in need thereof a therapeuticaily effective amount of a compound

of any of the compounds or compositions described herein.

Synthetic Methods

{0125] Certain methods for making the compounds described herein are also provided,
The reactions are preferably carred out in @ suitable inent solvent that will be apparent to
the skilled artisan upon reading this disclosure, for a sufficient period of time to ensure
substantial completion of the reaction as observed by thin layer chromatography, “H-NMER,
etc. If ngeded to speed up the reaction, the reaction mixture can be heatad, as is wall
known to the skilled artisan. The final and the intermediate compounds are purified, if
necessary, by various art known methods such as crystallization, precipitation, column
chromatography, and the likes, as will be apparent to the skilled artisan upon reading this

disclosure.

[0128] An illustrative and non-limiting method forsynthesizing a compound of formula {1},

is schematically shown below.

P
.

.
1] w 4
.

In the following Schemes, ~~- and <" refer to rings B and C as described hereip;

~

L, R® and R are as described herein;

A% and B® are independently NR™, 0, 5, $I0)x, NBoC, CH,, CHR™, CIR™);
pravided that when botly A and B® are present in a ring, both are not CHs, CHRY, CIRY™),,
and provided that if only a single A or B is present in a ring, that A” or B® is not CHy, CHRY™,

CR™)
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1 is Cy-Cg alttyl, COR™ or COOR™; wharsin R is optionally substituted C-Cq
alloyd, optionally substituted Ce-Ciparyl, optionally substituted 5-10 memibered hetergaryl
containing up to 5 ring hetervatoms, or optionally substituted 4-10 membered heterocycle

containing up 1o 5 ring hateroatoms, wherein the heteroatom is selected from the group

consisting 0f G, N, §, and oxidized forms of Nand S;

X, and X° each represents a ieaving group and are independently selected from Cl,
Br, and I

X8 represants CR, N, O, S{Q)x; wherain xis 0, 1, or 2;

Y° represents a leaving group selected from Gl F, Br, |, OSO,R™ and 0SQ,AR

R™is Cy-Cs alkyl;
Ar is phenyl optionally substituted with 1-3 halo and /or C-C4 alityl groups;

nisQ, 1, or2.

Where variables already used in the structures hereinabove are used in the shcemes,

the context makes it unambiguous as to what the variable refers to.

General Synthetic Schemes

g e
R’-‘-ikg_")"’:-"
o T Method A
T~ _Mitsunobu a
""-—-.\ /-‘I])_\ /:‘?’I
\ RS
H - 0
Method G &D ,?\ AL
:v.c ‘: / :\C l‘
- // -
2a or 3b 4z or 4b
f'/
///
/'/I/
~ .
7 Allyiation
-
.- " Method B
R
R Y
2 X

[0127] General method A for preparing arvloxy/heteroaryiether analogs (4a/4b) from
substituted mathylene alcohol {1} and hydranyl {heterolaryt aldehyde derivatives {3a/3b).

48
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A hydroxyl (heterofarylaldehyde derivatives {3a/3b} (0.1-2 mmol} mixture with sabstituted
methyiene alcohol (1) {0.8 to 1.2eq) and PPhs {1-1.5¢4q) in anhydrous THF (1-10mL) was
stirred under nitrogen until complate dissolution. The solution was cooled to 0°C onice
bath and DIAR or DEAD {1.1 eqg) in THF or toluene was added dropwise aver a 1-20 min
period. The ice cooling bath was allowed to expire over 30 min and the mixture was stirred
at RT for 2-48 hours. The mixture was stitred for 10 min, then filtered through a pad of silica,
The siiica was washed with ethyl acetate 2-20ml. The combined filtrates were evaporated
and the rasidue was dried on highvac, The residue was purified by praparative HPLC or flash

silica gel chromatography,

{0128] General method B for preparing aryloxy/hetercarylether analogs {4a/4b) from
substituted methylene balide (2) and hydroayl {hotero)aryl aldehyde derivatives {3a/3i1
A m‘ixturre of hydroxyl (hetero)arylaldehyde derivatives {3a/3b) [0.1-2 mmol, 1-4 eq.),
substituted methylene chleride or bromide {2) (1eq), and K;CO0: (2-5 eq.) {catalytic amount
of Mal or BugN! may aiso be-added) in DMF or acetonitrile {1 to 10 mi) was stirred at RT or
heating up to 120 °C for 0.5-8 h under nitrogen atmosphere. In workup A, water was added
to the reaction mixture, the precipitated product was collected, washed with water, and
then subjected to preparative HPLL or flash silica gel chromatography purification. in
workup 8 {for products that did not precigitate), diluted HCO or aqueous NH.C was addad at
0 °C to adjusted the pH to ~7, the reaction mixture was partitioned between ethyl acetate or
dichtoromethane and agueous sodium chioride and the organic layer separated, dried, and
solvent removed under vacuum to afford crude product which was purified by automated
sifica gel column chromatography using appropriale sclvents mixture {e.g., ethyl

acetate/haxanes).

{0i29] General method C for preparing substituted methylena chloride (23). Toa
solution of substituted methylene alcohoi (1) (0.1 to 2 mmol) in DOM (1-10 mL) was added
SOCH, dropwise {2 to Seq } at 0 °C or RT. The reaction mixture was stirred at RT for 10min
to & h, or urtil reaction Is judged complete (LC/MS). The reaction mixture is concentrated to
dryness over a rotavap. The crude chloride residue was suspandad in toluene, sonicated
and concentrated to dryness. The process was repeated three times and dried under
vacutm to give the substituted methylene chloride {2), ususily as an off-white solid, which

was used for next step without further purification, Alternatively, a solution of aqueous 1IN

49
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ta,C0; is then added to produce a solution of pH~ 8. the mixture was extracted with DCM
{3 x10-50m1i}, dried over sodium suifate, and concentrated to the crude substituted
methyiene chioride (2a), which is then purified by column chromategraphy on silica ga! {0-
100% ethyl acetate-hexanes).

{0130] General method D for preparing substituted methylene bromide (2h). To a
solution of substituted methylene alcohol (1} (0.1 to 2 mmol} in DCM {1-10 mi) was added
PhsP Br, dronwiss {2eq to Seq } at 0 °C or RT, The reaction mixture was stirred at RT for 10
min to 2 h, o until reaction is judged complete [LC/MS). The reaction mixture is
concentrated to dryness over a rotavap. The residue purified by column chromatographyon

silica gel {0-100% ethyl acetate-hexanes) to afford the pure bromide 2b.
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[0131] General method E for preparing heterocyclic methylene derivatives 9, 10, 12 and
13. Reduction of the ester group of heterocyclohexene carboxylate 8 by LAH or DIBAL gives
the corresponding alcoho! 9-QH {Step 4}, Further reaction of the alcohol 9-OH with thionyl
chioride, PhaPBrs {or CBra-PhsP or PBr), or alkyl/aryl sufonyl chloride produces the

corresponding 10-X chioride, bromide or sulfonata (Step 5).

[0132] Alternatively, the double bond of heterocyclohexene carboxylate 8 isreduced to
give the cis-heteracyclohexane 11-¢is carboxylate under palladium catalyzed hydrogenation
conditions (Step 6). Reduction of the aster group of 11-cis by LAH or DIBAL yields cis-alechol
12-OH-cis {Step B). Conversion of the alcohol 12-OH-cis to its chioride, bromide or sulfonate
{such as mesylate, tosylate) 13-X-cis can be achieved by reacting with thiony! chloride, or
PhgPBra, or sufonyl chioride [such as mesy! chioride or tosyl chloride) (Step 2). The ¢fs-
cyciohexane carboxylate 11-gis can also be isomerized to the thermodynamically more
stable trans-isomer 11-trans by the treatment with an alcoholic alkoxide {e.g., ethoxide)
solution. Analogously, transformation of 11-trans ester to 12-trans aicohol and 13-X-trans
halide is accomplished by applying conditions of Step 8 and Step 9 similar to these for the

corresponding cis-isomers.

-"Aﬁ"i’s Method A - A g Method B ; As‘a*
A . Jaor i g 3a0r 3b dy,
) I O — r f
BH kg o # To gl
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.- P
I A Ae
2 i FO
b
1 CH 2 "
Scheme ¢ Schems 1

[0133] Coupling of the (heterojcyclic methylene derivatives 9, 16, 12 and 13 with hydroxyl
{haterojarylaldehyde derivatives (3a/3h) by general method A or B affords the

corresponding aryloxy/heteroarylether anafogs (de and 44d}.
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{0134] General method F for preparing heterocyelic methylene derivatives 18, 19, 20 and
21. The ketone ester 14 is converted o the triflate intermediate 15 by treating with a
triflating agent {e.g, triflic anhydride) in the presence of an organic base such as Hunig's
base (Step 1}. Suzuki coupling of the triflate 15 with 2 boronic acid or ester affords
heterocyclo carboxylate 16 (Step 2). Subsequent reduction of the ester group'by LAH or
DIBAL gives the corresponding aicohol 18 (Step 3). Further reaction of the alcoho! 18 with
thionyl chloride, PhsPBr, {or CBra-PhsP or PBrs), or alkyl/aryl sufony! chloride produces the

corresponding 18 chioride, bromide or sulfonate (Step 4).

[0135] Ahernatively, the double bond of 16 is reduced to give the saturated heterolic
analog 17 under palladium catalyzed hydrogenation conditions (Step 5). Reduction of the
ester group of 17 by LA or DIBAL vields alcohol 26 (Step 7). Conversion of the alcohol 20 to
its chloride, bromide or sulfonate {such as mesylate, tosylate) 21 can be achieved by
reacting with thionyi chloride, or PhyPBr, or sufonyl chioride {such as mesyl chlaride or tosyl

chiaride) (Step B8).

{0138] Coupling of the {hetero)cyclic methylene derivatives 18, 19, 20 and 21 with
hydroxy! (hetero)arytaldehyde derivatives {3a/3b) by general method A or B affords the

corresponding aryloxy/heteroaryloxyether analogs (e and 4§},

e
[
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{0237} Chirsl pyrrolidine methylene derivatives 25 and 26 can be prepared according to
reaction sequence dapicted herein. The pyrrolidine ester 24 is produced via a 1,3-dipolar
cycloaddition of alkene 22 with azomethine-ylide generated in situ from formaldehyde and
aming acid 23 alkena {Stepl). Subsequent reduction of the ester to alcohol 24 and further
conversion 2% are accomplished by analogous methods described herein. if a chiral suxiliary
group such as chiral oxazolidinone derivative 22a is used, optically active pyrralidine
derivatives 25 and 26 can also be obtained. Coupling of 25 and 26 with hydroxyl
{heterolarylaldehyde derivatives {3a/3b) by general method A or B affords the

corresponding aryloxy/heteroaryloxyether analogs {4).
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[0138] Separate from the ganeral synthesis of tetrahydrothiophenes {Le,, 20 and 21, A=S)

described herein, Also described is a different synthetic approach to this class of analogs.
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[0339] Other heterocyclic analogs {compound 5} with C-N linkage are synthesized by
applying Buchwald/Hartwig amination conditions. Many of the cyciic amines (1) are

available commercially {s.g., 1a, 1b, 1¢, 1d, and le},

L
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[0140] Protected amides of formula -CONHR™ and -CONHOR™ can be converted e.g.,

hydrolyzed to the corresponding amides according to methods known to the skilled artisan.

Scheme 1
20
CHO x‘\:?//\}\
30 20 Step 4 Y i N
M 5 YA (\AQJ e
Coh Step 1 ! e Ry
e N B2 N 1# _
A L, T i
G TORy OH DIAD "’/\[H\H
1a {Rqp=H) a (Rg=H) SN
Ste 2( 10 Sty / R
P2 M b Rygmatkyl) © 26 (Rypatiyl) &

2¢ {Ryp=AriHeteroAr)

i0141] Compounds of structure 4 can be synthesized via general synthetic schemie 1.
Reduction of carboxylic acid derivative 1 gives hydreoymethyl analog 2, which can be N-
derivativtized at via capper-mediated N-aryiation reaction (Cul; Ar-l, base such as N,N-
dimethylethyienediamine and potassium phosphate, heat) to give key hydroxvmethy!
intermediate 3. Coupling of 3 with phenoi aldehyde 4 produces the desired aldehyde analog
5 via typical Mistunobu conditions using either triphenylphosphine or polymer supported
triphenylphosphine. Ay is 3 hetercatom or a hydrocarbyl moiety as defined herein.

{0142} General method step 1 —~reduction of carboxylic acid derivative 1 to methy!

aleohol 2: To a suspension of carboxylic acld 1{3-10mmol) in MeOH or EtOH (2-10mb) at 0

(¥ 5
L
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“C was added SOCi; (1.52q). After stirred at room temperature for 1-12h, it was
concantrated to remove ali solvents, dried under high vacuum to give corresponding methyl
or ethyl ester. The ester was dissolved in MeOH or £tQH (5-30 mL), to this solution, was
added NaBH, (1-4eq) at 0 °C, the mixture was warmed up to room temperature and stirred
fur additional 1-24°h, The mixture was quenched with Sat. NH.C, filtered off the insolubles
and the filtrate was concentrated to give crude product, which was purified by flash silica
gel chromatography to give the corresponding hydroxymethylene compound 2.

[0143] General method step 2 ~ N-alkylation {1a to 1h): The carhoxylate 1a (Ry=H} can he
first alkylated and then reduced to give N-aliyl hydrosymethylene analog 1b (Ry=alkyl). In a
typicat procedure, the carboxylate 1a {1-10mmuol} is first dissolved i DMF [2-20 ml); ta this
was then added a base such as NaH or (5,005 {1-1.2aq), followed by the addition of alky!
halide {eg, BaBr) {0.9-1.5eq}. The reaction allowed to proceed at room temperature of heat
at 40 to 115 °C for 0.5 to 24 h. In workup A, water was added to the reaction niixture, the
precipitated product was collected, washed with water, and then subjected to preparative
HPLC or flash silica gel chromatography purification. In workup B {for products that did not
precipitate), dituted HC or aqueous NH.Clwas added at 0 °C to adjusted the pH to ~7, the
reaction mixturg was partitioned betwaen ethyl acetate or dichloromethane and aguesous
sadium chloride and the organic layer separated, dried, and solvent removed under vacoum
to afford crude product which was purifled by automated sifica gel column chromatography,

reaction appropriate solvents mixture (e.g., ethy! acetate/hexansas).

[0144) Genersi mathod step 3 - Copper-madiated N-arylation from 2a to 2o For cydlic
amines {X=k, H), to a solution of hydroxymethviene compound Za {31-10 mmel) and
aryl/heterv iodide {1-1.5eq) in iPrOH {0.5-10 mi} was added ethylene diol (1.3eq) and Cut
{6.7mol%), followed by K:P G, (1.3eq}, then it was degassed and haated at 88 °C for 6-24 h.
[0145] Alternatively, for lactams [X=0), to a solution of hydroxymethylene compound 2a
{1-10rmmol) and aryi/hatero icdide {1-1.5eqj in Dioxane (2-20 mL) was added Cul (G.17eg),
N,N-dimethylethylenediaming {0.17eq), K3P0, {1.7eq}, then it was depassed and heated at
100 °C for 6-48 h. '

[0148] Workup for both procedures: the reaction mixture was cooled to room
temperature the mixture was diluted with EtDAc and water, organic layer was separated

and the agueous layer was extracted with EtOAc, organic layer was combinad, washed with
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brine, dried and concenirated to give crude product, which was purified by flash silica gel
chromatograghy to give N-aryl/heteroaryl compound 2¢,

{0147} General method ¢ ~Miltsunobu conditions A hydroxyi (heterolarylaldehyde
derivatives (4} {0.1-2 mmol} mixture with substituted methylene alcohol {3) {0.8 to 1.2eqg)
and (polymer-supported) PPh; {1-1.5eg} in anhvdrous THF {1-10mi) was stirred under
nitrogen untii complete dissolution. The soiution was cocled ta 0 °C on ice bath and DIAD or
DEAD {1.1 eq} in THF or toluene was added dropwise over a 1-20 min period. The ice cooling
bath was allowed to expire over 90 min.and the mixture was stirred at RT for 2-48 hours,
The mbaure was filtered through a pad of silica. The silica was washed with-ethyl acetate 2-
20mL. The combined filtrates were evaporated and the residue was dried on highvac, The

residue was purified by preparative HPLC or flash silica gel chromatography.
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[0348] Compounds of structure 5 can be synthesized via general synthetic scheme 1.
Reduction of carboxylic acid derivative 1 gives hydrxoymethyl analog 2, which can be N-
aliylated by simpte alky! halide {base, R.X, heat) or aryl halide (ArX) via copper-mediated N-
arylation reaction (Cui, Ar-1, base such as N,N-dimethyethylenadiamine and potassium
phosphate, heat} to give key hydroxymethyl intermediate 3. Coupling of 3 with phenol
aldehyde 4 produces the desired aldehyde analog 5 via typicai Mistunobu conditions using
either triphenyiphosphineg or polymaer supported triphenviphosphing. A4 is a heteroatom or
a hydrocarbyl molety as defined herein.

[0149] General method step 1 - reduction of carboxylic acid derivative 1 to methyl
alcohol 2: To a suspension of carboxylic acid 1(1-10mmol} in MeOH or EtOH {2-10 mt) at O

°C was added SOCI; (1.5eq). After stirred at room temperature for 1-12h, it was

Ly
)
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concantrated to remove all solvents, dried under high vacuum to give corresponding methyl
or ethyt ester. The ester was dissolved in MeOH or FtOH {5-30 mL), to this splution, was
added NaPH, [1-4eq) at G °C, the mixture was warned up to room temperature and stirred
for additional 1-24 h. The mixtura was guenched with Sat. NHsC, filtered off the insolubles
and the filirate was concentrated to give crude product, which was purified by flash sitica
gel chromatography to give the correspending hydroxymethylene compound 2.

{0150} General method step 2 — Copper-mediated N-arylation: For cyclic amines (X=H, H),
to a solution of hydroxymethylene compound 2 {1-10 mmol} and aryl/hetere jodide {1-
1.5eq) in iPrOH {0.5-10 ml) was added ethylene diol {1.3eqg} and Cul {6.7mol%), followed by
KgPQy (1.3eq), then it was degassed and heated a1 88 *Cfor6-24 h.

Alternatively, for lactams [X=0}, to a solution of hydroxymethylene compound 2 {1-10mmol).
and aryl/hetero indide (1-1.5eq) in Dicxane {2-20 mL) was added Cul (0.17eq), N,N-
dimethylethylenadiaming {0.17eg), K:P04.{1.7eq), then it was degassed and heated at 100
*Cfor 548 1,

0151 Workup for both procedures: the reaction mixture was-cooled to room
temperature the mixture was diluted with FtOAc and water, organic layer was separated
and the agueous layer was extracted with EtQAc, organic layer was combined, washed with
krine, dried and concentrated to give crude product, which was purified by flash silica gel
chromatography to give N-aryl/heteroaryt compound 3.

[0152] General method step 2b — Ne-alkylation: The carboxylate 1 can be first alkylated
and then reduced to give N-alkyl hydroxymethylene analog 3. ina typical procedure, the
carboxyiate 1 (1-10mmaol) is first disselved i DMF {2-20 mL); to this was then added a base
such as NaH or €s;00: (1-1.2eq), followed by the addition of alkyl halide eg, BnBr) (0.5-
1.5eq}. The reaction silowed to proceed at room temperature of heat at 40 to 115 °C for 0.5
to 24 h. In workup A, water was added to the reaction mixture, the precipiiated product was
collected, washed with water, and then subjected to preparative HPLT or flash silica gel
chromatography purification. Inworkug B {for products that did not precipitate), diluted
HCl or agueous NH,Cl was added at 0 °C 1o adjusted the pH to ~7, the reaction mixture was
partitioned between ethyl acetate or dichloromethane and aqueous sodium chioride and
the organic layerseparated, dried, and solvent removead under vacuum ta affard crude
product which was purified by automated silica gel column chromatography, reaction

appropriate solvents mixture (e.g., ethyl acetate/hexanes).
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i153] Ganercal method € ~Mitsunobu conditions A hyd rc-x&i theterolarvlaldehyde
derivatives {4} {0.1-2 mmol} mixture with substituted methylene alcoho! (3} {0.8 to 1.2eq)
and {polymer-supported) PPhy {1-1.5eq] in anhydrous THF [1-10ml) was stirred under
nitrogen until complete dissolution. The solution was cooled to 0 °C on ice bath and DIAD or
DEAD (1.1 2g) in THF or toluene was addad dropwise over a 1-20 min period. The ice cooiing
bath was allowed to expive over 80 min and the mixture was stirred at RT for 2-48 hours.
The mixture was filtered through a pad of silica. The silica was washed with athyl acetate 2-
20mt. The combined filtrates were evaporated and the residus was dried on highvac. The

residue was purified by preparative HPLC or flash silica gel chromatoegraphy.

Prodrug Synthesis

[0154] Syntheses of the ester prodrugs start with the free carboxylic acid bearing the
tertiary amine. The free acid is activated for ester formation in an aprotic solvent and then
reacted with a free alcoheol group in the presence of an inert base, such as triethyl aming, to
provide the ester prodrug. Activating conditions for the carboxylic acid include forming the
acid chloride using oxaiyi chloride or thiony! chloride in an aprotic solvent, optionally with a
catalytic amount of dimethyl formamide, followed by evaporation. Examples of aprotic
solvants, include, but are not limited to methylene chloride, tetrahydrofuran, and the like.
Alternatively, activations can be performed in situ by using reagents such asBOP
{benzotriazol-l-yloxytris{dimethylamino) phosphonium hexafluoroiphosphate, and the like
{see Nagy et al., 1993, Proc. Natl. Acad. 5ci. USA 90:6373-6376) followed by reaction with
the free alcchol, isolation of the ester products can be affected by extraction with an
organic solvent, such as ethyl acetate or methvlene chloride, against a mildiy addic aqueous
solution; foilowed by base treatment of the acidic aqueous phase so as to render it basic;
followed by extraction with an organic solvent, for example ethyl acetate or methylene
chroride; evaporation of the organic srl.)l\fent tayer; and recrystaiization from a soivent, such
as ethanol. Optionally, the solvent can be acidified with an acid, such as HCl or acetic acid to
provide a pharmaceutically acceptable salt thereof. Alternativaly the crude reaction can be
passed over an ion exchange column bearing sulfonic acid groups in the protonated form,

washed with defonized water, and eluted with aqueous ammoenia; followed by evaporation.
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f0155] Suitable free acids bearing the tertiary amine are commercially available, such as 2-
(N-morphslino)-progionic acid, N,N- dimethyl-beta-aianine, and the like, Non- commerciai

acids can be synthesized in straightforward manner via standard literature procedures,

{0158] Carbonate and carbamate prodrugs can be prepared in an analogous way. For
exampie, amino alcohals and diamines can be activated using activating agents such as
phosgene or carbonyl diimidazele, to provide an activated carbonates, which in turn can
react with the aicohol and/or the phenolic hydroxy group on the compounds utilized herain

to provide carbonate and carbamate prodrugs.

[0857] Various protecting groups and synthetic methods related to them that can be used
ar adapted to make compounds of the invention can be adapted from the references Testa
et al., Hydrolysis in Drug and Prodrug Metabolissn, June 2003, Wiley- VCH, Zurich, 413-534
and Beaumont et al,, Curr. Drug Metab, 2003, 4:4561-85,

[0158] Provided hereinis a method of synthesizing an acyloxymethyl version of a prodrug

by adapting a method from the reference Sobolev et al., 2002, 1. Org. Chem. 67:401-410.

OH

- l..ﬁ .

34 O O

RS‘!

0
: /J‘L K,C0y, DMF
+ o Yo Ret 2

I

R™ is C;-Cg atkyl.

[6158] Provided hereinis a method for synthesizing a phosphonooxymethyl version of a

prodrug by adapting a method from Mantyla et al., 2004, 1. Med. Chem. 47:188-135.
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{0180} Provided hereinis a method of synthesizing an alkyloxymethy! version of a prodrug

?H RS2 K,CO,DMF < G 'e)
snnar T CEAO/ 2L - \/ ~ \RSZ

{
S

R* is C;-Cy alkyl, Co-Cs cvcloatkyl, C3-Co heterocychyl, Cg-Cig aryl, or C3-Cg heteroaryl.

Examples

{0181] The following examples are given for the purpose of iustrating various
ernbodiments of the invention and are not meant 1o limit the prasent invention i any
fashion. The presant examples, along with the methods described herein are presently
representative of preferred embodiments, are exemplary, and are not intended as
limitations on the scope of the invention. Changes therein and other uses which are
encompassed within the spirit of the invention as defined by the scope of the claims will

occur 1o those skilled in the art.

[0162] Inthe examples helow as well as throughout the application, the following

abbreviations have the following meanings. If not defined, the terms have their generally

accepted meanings.

C degrees Celsius
AT Room tamperature
resirs minute{s)
h hour(s)
pi Microliter
ml Mibliliter
mmol Miliimole
eg fquivalent
mg Milligram
pom Parts per million
atm trnosphearic pressure
MS Miass spectrometry
LC-MS Liguid chromatograghy—-mass spactrometry
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HPLC
NMR
Sat./sat.
MeOH
EtOH

£t0AC

Btz

Ac,C
Na{OAc)kBH
Par,

PhsP
Ph;P&r,
CBrg

DMF

BCM

LAH/ LiAlH,
THF
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High performance liquid chromatography
Nuclear magnetic resonance
Saturated

Methano!

Ethanol

Ethyl acetate

Triethylamineg

Acetic anhwydride
Sodium-triacetoxy borohydride
phosphorus tribromide
Triphenylphosphine
Triphenylphosphine dibromide
Tetrabromoamethane

N, MN-Dimethylformamide
Dichleromethane

Lithium aluminun hydride
Tetrahydrofuran
Diiscbutylaluminium hydride
Diisopropy! azodicarkoxylate
Diethyi azodicarbroxylate:

N, N-Diisopropyiethylamine
i1,1-Bis{diphenviphosphine)ferrocene]

dicidoropalladium{il), complex

[01563] The following represeniative B-ring and C-ring intermediates may be incorporated

into the compounds of the.invention by methods that are commaonly known to the skilled

artisan.
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{0164] Preparotion of 5-hydroxy-2-{2-methoxyethoxylisonicotinaldehyde).
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[0163] To a solution of 6-(benzyloxy)pyridin-3-0i {2.0 g, 10 mmol, 1 eq.} in DMF {20 mlL}
was added NaM (60% in mineral 0il; 0.6 g, 15 mmal, 1.5eq.} at 0-5 °C portion-wise. Upon the
completion of addition, the mixture was continued to stir at 0-5 °C for 15 min, added
chloromethyl methyi ather [0.88 g, 11 mmol, 1.1 eq.}, stirred at 0-5 °C for another 20 min,
and quenched with NHaCliee; solution. The agueous layer was extracted with EtGAc {3 x 20
ml} and the combined organic layers were washed with water and brine, dried over Na50,,
concentrated, and purified on silica gel using 25% EtOAc/hiexanes as eluent o give 2-

{benzyioxy}-5-{methoxymethoxyjpyridine (2.1 g, 87%) as a colorless oil. MS (ESI) m/z 246.1

IVE+H]T
tep 2
O/\C}/ /?/\G/
i Pdic 7
N,z - T N /J
[ p \[ EtoH
O OH

[0166] To 2-{benzyloxy}5-imethoxymethoxyjpyridine {1.8 g, 8.71 mol] in EtOH was added
Pd/C (1.0g) The mixture was charged with Hs {35 psi), stirred at RT for 45 min, filtered, and
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cancentrated 10 give 5-{methoxymethoxy)pynidin-2-of (1.35 g, quantitative yield) as 2 pale

yellow solid. MS {ESI} m/z 156.1 IM+H]".

Step 2
o o B O )D;\D/
ﬂ)\\}l KGO i j
N~ ' M
# DMF i
O . C}/\\’ O

[0167} To a mixture of 5-{methoxymethoxy)pyridin-2-ol (1.35 g, 8.71 mmol, 1 eq.) and
K;C04 (6.01 g 43.6 mmol, 5.0 eq.} in BMF (30.0 ml) was added 1-bromo-2-methoxyethane
{3.61 g, 26.1 mmol, 3eq.). The mixture was heated at 60 °C for 2 h, cooled, filtered,
concentrated, and purified on silice gel using a mixture of F1OAc and hexanes as eluent to
give 2-{2-methoxyethoxy}-5-(methoxymethoxy)pyridine (500 mg, 27%) as a colorless oil. *H
NMR {400 MHz, CDCls) 6-7.94 {d, / = 3.0 Hz, 1H}, 7.35 {ddd, /= 8.9, 3.0, 1.0 Hz, 1H), 6.76 {dd,
1=88, L.OHz, 1H), 5,11 {5, 2H), 4.48 - 4.40 {m, 2H), 3.79-3.71 {m, 2H), 3.50 {s, 3H), 2.45 (s,

3H). MS [ESH) m/z 214,10 [M+H]",

Step 4
Q}'A’O/ oo o o
7 MeLi, DIPA N o S
H + -
i DMF Ny et
\D/\"/O \‘C}" "‘\_JO \‘O’f\\uf a

(0168} To a mixture of 2-(2-methoxyethoxy}-5-{methoxymethoxy)pyridine {1.34 g, 6.3 maol,
1 eq.) and diisoprogylamine {17.5 ut, .13 mmol, 0.02 eq.) in THF {50 mL) was added methyl
lithivm {1.6 M/THF, 7 mL, 11.3 mol, 1.8 eq.) at -40°C. Upon the completion of addition, the
mixture was warmed 10 0 °C, continued to stir at 0 °C for 3 h, cooled back down to.-40 °C,
and added DMF {0.83 mL, 11.3 mol, 1.8 eq.) sfowly. Tha mixture was then stirred at -40°C
for 1 h, quenched with a mixture of HCI (12 N, 12 mL) and THF {28 mL), warmed to RT, and
added water (20 mL). The pH of the mixture was adjusted 1o pH 8-9 with solid K,00,. The

aguecus layver was extracted with EtOAc (30 mi) twice. Tha combined organic lavers were
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dried over Na;50,, concentrated, and purified on silica gel using a mixture of Et0Ac and
hexanes as eluent to give a mixture of 2-(2-methoxyethaxy)-5-
{methoxymethoxy)isonicotinaldehyde and 2-{2-methoxyethoxy)-5-
{methoxymethoxynicotinaldehyde (5/1, 1.27 g, 83.6%) as a pale yellow oil. 4 NMR (400
Mitz, COCL) § 10,45 (s, 1H), 8.23 (s, 1H), 7.16 {s, 1H}, 5.27 {5, 2H}, 4.46 {dd, } = 5.4, 3.9 Hz,
2H), 4.14 (g, /= 7.1 Hz, 1H), 3.77 = 3.71 {m, 2H), 3.56 {5, 3H), 3.46 {s, 3H} and *H NMR {400
MHz, CDCls) 6 10,41 {s, 1H), 8.18 (d, J = 3.2 Hz, 1H), 7.85 [d, J = 3.1 Hz, 1H}, 5.16 (5, 2H), 4.64
~ 4,57 {my, 2H), 3.85 —3.79 (m, /= 5.4, 4.0 Hz, 2H), 3.5C (5, 3H}, 3.46 {s. 3H): MS [ESH m/z
242.1 [M+H]"

Step 5
Clj/\-o/ O/“\O/
(qqﬁbo Ry, HCLGE N THF
N! /,l kN i! /I o j/\
z e
1 b 0
‘\O/\\_// \\O/\,,O

{0189} To a solution of 2-mathoxy-5-[methoxymethoxylisonicotinaldehyde {1.27 g, 5.29
mof) in THE {5 mi) was added HCl (3 N, 4 mL). The reaction was stirred at 50°Cfor 1 b,
cooled to RT, and diluted with water {5 mL}. The mixture was neutralized to pH 7-8 with
solid K:CQy and the aqueous layer was extracted with EtOAc {100 mL) twice, The combined
organic layers were dried over Na 50, concentrated, and purified on silica gel using a
mixture of Et0Ac and hexanes to give S-hydroxy-2-{2-methoxyethoxy)isonicotinaldshyde
{630 mg, 60%} and 5-hydroxy-2-(2-methoxyethoxylnicotinaldehyde (120 mg, 11%). Data for
5-hydroxy-2-{2-methoxyethoxylisonicotinaldehyde: 'H NMR {400 MHz, CDCls) 6 9.98 {s, 1H),
9,50 {s, 1H), 8.07 (s, 1H), 7.02 {s, IH}, 4.51 — 4.38 (m, 2H}, 3.81—3.72 {m, 2H), 3.47 {s, 3H).
LAMS (M+H') m/z 198.1. Data for and 5-hydroxy-2-{2-methoxyethoxy) nicotinaldehyde: '
NIMR- (400 MHz, COCL) 6 10.3 (s, 1H), 7.99 {d, S = 3.2 #iz, 11}, 7.58 (4, J = 3.2 Hz, 1M}, 7.18 —
7.07 (br, 1H), 4.54 (dd, J = 5.4, 3.7 Hz, 2H), 3.84 (dd, /= 5.4, 3.7 Hz, 2H}, 3.48 (s, 3H}; MS (ESH)
m/z 198.1 [M+H]".
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[0470)  Preporation of 2,6-dihydroxybenzaidehyde,

° 0
O A D AlCi, DOM
b - > HOY’L%/O“
N L

[0171] into a 3000-mi three neck round-bottom flask, was placed a solution of AlCl; (240
2, 1.80 mol, 3.00 equiv) in dichloromethane {1200mL). A solution of 2,6-
dimethoxybenzaldehyde {100 g, 601.78 mmol, 1.00eq) in dichloromethane (800mf) was
added to the reaction mixture dropwise at 07, The resulting solution was stirred ovarnight
at room temperature, and then it was quenched with 200 ml of diluted HCi (2M). The
resulting sofution was extracted with 2x260 mL of dichloromethane. The combined organic
lavers were concentrated under vacuum, The residue was applied onto a sifica gel column
with ethyl acetate/petroleum ether (1:200-1:53}) 35 eluent to furnish 40 g {48%) of 2,8-

diydraxybenzaldehyde as a yellow solid.

'HNMR {3000Hz, DMSO-d;) 8 11.25(s, 2H), 10.25(s, 1H), 7.36{m, 1H), £.36 (d, I=8.4Hz 2H)
MS (ESI) m/z 139 [M+H]"

{0172} Preparation of 5-hydroxy-2-methoxyisonicotinalde hyde.

OH
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[0173] Step 1: To a solution of B-methoxypyridin-3-0f (20 g, 0.16 mol) in DMF (200 mL} was
added Nat (60% in mineral oil; 9.6 g, .24 mol} at 0-5 °C portion-wise. Upon the compietion
of addition, the mixture was continued to stir at' 0-5 °C for 15 min followed by additionai of
chioromethyl methyl ether. The mixture was stirred at 8-5 °C for another 20 min and
guenched with agueous NH Claey. The aquecus layer was extracted with EtOAc (3 x 100
ml) and the combined organic layer was washed with water and brine, dried over Naa5Q,,
and concentrated under reduced pressure. The residue was purified on silica gel with 25%

FiDAc /hexanes as eluent to give 2-methoxy-5-{methoxrymethoxy)pyridine {24.1 g, 89.3%) as
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a coloriess il *H NMR (400 MHz; CDCl} 7,97 (d, 1 H), 7.35{dd, 1 H}, 6.70 (d, 1H), 5.12 (5, 2
H), 3.91 {s, 3 H}, 3.51 (s, 3 H); MS (ESI} m/z 170.1 [M+H]".

{01741 StepZ: To a mixture of 2-methoxy-5-{methosymethoxylpyridine {30 g, 0.178 mol)
and diisopropylamine {S07 ul, 3.5 mmol} in THF {500 mi} was added methyl ithium {1.5
M/THE, 200 mi, 0.32 mol} at -40 °C. Upen the completion of addition, the mixture was
warmed to 0 °C and continuad to stir at 9 °C for 3 h. The reaction mixture was then coolad
back down to -40 °C foliowed by addition of DMF {24.7 ml, .32 mol} siowly. The mixture
was then stirred at -40 °C for 1 h and aquenched with a mixture of HCH{12 N, 120 mL) and
THF {280 mi). Water {200 mL} was added and the pH of the mixture was adjusted to pH 89
with solid K:C0;. The mixture was extracted with EtDAc {360 mi) twice. The organic layer
was combined, dried over Na;50;, and concentrated to give 2-methoxy-5-
{methaxymathoxylisonicotinaldehyde {33.5 g, 95.7%) as a brown solid, which was used for
next step without further purification. *H NMR (400 MHz; CDs0D) 7.90 (s, 1 H), 6.92 {s, 1 H),
5.64 (s, 1 H), 5.20 {s, 2 H}, 3.84 (s, 3 H}, 3.48 (s, 3 H); MS (ES}) m/z 198.1 [M+H]".

{01751 Step 3: To a solution of 2-methoxy-5-{methoxymethaxylisonicotinaldehyde {33.5 g,
0.17 mol} in THF (.150 mik) was added HCI {3 N, 250 mi). The reaction was stirred at 50 °C for
1 h, cooled to BT and diliited with water (500 mL}. The mixture was neutralized to pH 7-3
with solid K;£0;. The pale yellow solid was collected, washed with water, and dried in
vacuum oven (40 °C) overnight to give S-hydroxy-2-methoxyisonicotinaidebvde (17.9 g,
74.6%). *H NMR {400 MHz; DM50) = 10.31 {s, 1 H), 8.03 (s, 1 H), 6.89 (5, 1 M), 3.80 (5, 3 H};
MS (ESt) m/z 154.0 [M+H]".
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[S)-2-({1-penzoyipyriolidin-2-yiymetnoxy;-6-
hydroxybenzakishyde
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[0176] GBT215- {5)-2-({{2-benzayipyrrolidin-2-yllmethoxy}-6-hydroxybanzaldehyde.
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{0177} Step 1t To asolution of {S)-pyrrolidin-2-vimethanaol (700 mg, .92 mmol} and DIPEA
{1.20 mL, 6.92 mmol}in DCM {12 mi} at 0 “C was added benzoyl chioride {0.80 mt, 6.92
mmol}, 30 min later it was difuted with more DCM and was washed with Sat. NaHCO,, brine,
dried over MgSQ,; concentrated to give crude product, which was purified by calumn
{EtOAc 0-100%) to give (S)-(2~(hydroxymeth\,’l)pyrroiidin»lq;l}(phenyi}methanone {1.2 g).
[0478] Step 2: Yo a sclution of {5)-(2-{hydroxymethyl)pyrrolidin-1-vl}{phenylmethanone
{100 mg, 0.42 mmol) and 2,6-dihydroxybenzaldehyde {80 mg, 0.64 mmol) in THF {3 mL} was
added PPh; {190 mg, 0.73 mmol) and DIAD {0.15 mL, 0.73 mmol) at room temperature, 30
min later, it was concentrated and the residue was purified by column
{Hexanes/EtOAc=100:0 to 1:1) to give {S)-2-({1-benzoylpyrrolidin-2-yl)methoxy)-6-
hydroxybenzaldehyde (65 mg). 14 NIIR {200 MHz, Chloroform-d} & 11.90 (s, 1M}, 10.40 (s,
1H), 7.51 - 7.31 {m, 6H}, 6.53 {t, F = 5.2 Hz, 2H), 4.65 (s, 1H}, 4.38 {d,J = 6.1 Hz, 2H), 3.51 (¢,
= 6.8 Hz, 2H), 2.29 ~ 1.90 (m, 2H}, 1,79 (d, / = 36.4 Hz, 1H}, 1.31 - 1.18 {m, 1H). MS found for
CigH1oNOs: 326.5.

{S)-2-{(1-banzoylpiperidin-2-ymethoxy)-5-
hydroxybenzaldehyde
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[0179] GBT952- {S}-2-{{1-benzoylpiperidin-2-yl)methoxy}-6-hydroxybenzaidehyde
OH Q /'\"‘-
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[(180] Step 1: To a suspension of (S)-piperidin-2-ytmethanol hydrochloride (0.11 g, 0.70
mmol) in DCM {2 m!) was added DIPEA {0.27 mi, 1.54 mmol) and benzoy! chioride (0.08 miL,
0.70 mmol! at room temperature, after stirred for 30 min, it was dituted with BCM and
washed with Sat. NH,Cl, brine, dried over MgS0,; and was concentrated to give crude
product, which was purified by column {Hexanes/EtCAc= 0:100) to give {S}(2-
{hydroxymethyl)piperidin-i-yi}{{phenyljmethanone {84 mg).

[0181] Step 2: To a solution of 2,6-dihydroxybenzaldehyde {110 mg, 0.80 mmol) and (S}-(2-
{hydroxymethylipiperidin-1-yl}iphenylimethanone {0.23 g, 1.04 mmol) in THF (1.5 ml} was
added PPh; (310 mg, 1.20 mmol) and DIAD (0.23 mi, 1.20 mmollat 0 °C, then it was
warmed up to room temperature and stirred for 1 h. The mixture was concentrated and
purified by column (hexanes/EtOAc=60:40) to give {8)-2-{{1-benzoylpiperidin-2-ymethoxy)-
&-hydroxybenzaldehyde 62 mg. 19 NMR {400 MHz, Chloroform-d} & 11,98 (s, 1H), 10.29 (s,
1H}, 7.45-7.28 {m, 5H), 6.58-6.50 {m, 2H], 6,40 {dt, S = 8.1, 0.8 Hz, 1H), 4.32 (t, /= 8.5 Hz,
1H), 4.18 (s, TH), 3.04 {5, 11}, 1.94 ~ 1.76 {m, 3H), 1,73 —1.58 {m, 3H), 1.26 (dt, /=7.0,3.1
Hz, 2H} MS found for CagHa NG,z 340.2,
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(Sy-2-hydroxy-6-{(1-nicatinoyipyrrolidin-2-yiymethoxyjbenzaldehyde
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[D182] GBT9G1- {S}-2-hvdmxy-5-{(1-nicmineyipyrmlidin-z-yl}methoxy}henzaidehvda
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[0183] Step 1: To a solution of {S)-pyrrolidin-2-yimethanol (500 mg, 4.94 mmaol} in DCM {10
mL) was added DIPEA (1.89 mi, 10.87 mmot}, followed by nicotinyl chloride {0.92 g, 5.1
mmof) at 0 °C, after stirred for 30 min, it was diluted with BCM, washed with aqueous Sat,
NaHCO0s, brinie, dried and concentrated to give crude product, which was purified by column
(DCM/MeOR=100:0 to 80:20) to give {SIH2-(hydroxymethvl}pyrrolidin-1-yi}{pyridin-3-
viimethanone {900 mgj.

[0184] Step 2: To a solution of {5)-{2-{hydraxymethyljpyrrolidin-1-yl){pyridin-3-
vlimethanone {150 mg, 0.73 mmoi) and 2,5-dihydroxybenzaldehyde (0.13 g, 0.51 mmol} in
THF (1.5 mL) was added PPh; {0.29 g, 1.1 mmol) and DIAD {0.21 mi, 1.1 mmol} at 0 °C and
stirrad at room temperature for 2 h, it was subsequantly concentrated, the resulting residue
was purified by column (hexanes/EtOAc=100:0 to 40:60 to BCM/MeOH=100:0to 9n:10) 1o
give a mixture of products, which was further purified by preparative HPLC to give (S}-2
hydroxy-6-({1-nicotinoyipyrrolidin-2-yl)methoxy)benzaldehyde (68 mg). Y4 NMR {400 MHz,
Chiarofarm-<) & 11.90 {s, 1H), 10.40 (s, 1H}, 8.78 —8.72 {m, 1H), 8.68 (dd, J = 4.9, 1.7 Hz,
1H), 7.82 (dt, J= 7.9, 2.0 Hz, 1H], 7.40{t, J = 8.3 Hz, 1H}, 7.36 (ddd, /= 7.9,4.9, 0.9 Hz, 1H),
6.53 (dd, /= 8.5, 4.9 Hz, 2H), 4.66 {d, /= 11.1 Hz, 1H), 4.38 (d, /= 5.8 Hz, 2H), 3.54 {1,/ = 7.6
Hz, 2H), 2.26 {dtd, /= 12.8, 7.6, 5.3 Hz, 1H), 2.19~ 2.10 {m, 1H), 210 - 1.58 {m, 1H}, 1.88 {dt,
F=12.5, 7.8 Hz, 1H). MS found for CpHigNOwr 327.4.
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{&)-2-hydroxy-8-({1-isonicotinoyipyrrolidin-2-yiimethoxy)benzalidehyde

[0185] GBT962- {S)-Z-hydroxy-ﬁ»{{l—isonicﬁtinoylpyrrolidin—z-y!}methoxy)benzaid&hyde
CH O

Step 1 Step 2 |
(’\) HOH i (/1 N "J\)L'H ;‘/;)\(\/)
HN— . e DIPEA L ne PN .0
N et N OH O Yo,
N . PP [HA 4
HO % ho Tt BAD aeTesz ¢ N
S

{0186] Step 1:To a solution of (5)-pyrrolidin-Z-yimathanol {500 mg, 4.94 mmol} in BCM (10
il was added DIPEA {1.89 md, 10.87 mmol), foliowed by nicotinyl chloride {0.88 g, 4.94
mmal} at 0 °C, after stirred for 30 min, it was dituted with DCM, washed with aqueous Sat.
NaHCO;3, bring, dried and concentrated to give crude product, which was purified by column
(DCM/MeOH=100:0 to 80:20) to give (S}-{2-Thydroxymethylipyrralidin-1-vi) (pyridin-4-
vlimethanone {800 mg).

[0187] Step 2: To asolution of (S}-(2-(hvdroxvmethylipyrrolidin-1-y!}(pyridin-3-
viimethznone {150 mg, 0.73 mmol} and 2,6-dihydroxybenzaldehyde {0.13 g, 0.91 mmol) in
THF {1.5 mlj was added PPh; {0.29 g, L.1 mmol) and BIAD {0.21 mi, 1.1 mmol} at 0 °C arid
stirred at room temperature for 2 h, it was subsequently concentrated, the resuliing residue
was purified by column {hexanes/Et0Ac=100:0 to 40:60 to DCM/MeOH=100:0to 90:10] to
give a mixture of products, which was further purified by preparative HPLC to give (5}-2-
hydroxy-6-{{i-isonicotinoylpyrrofidin-2-yl)methoxyibenzaldehyde (36 mg). '+ NMR (400
MHz, Chioroform-d} § 11.88 {5, 1H), 10.38 (s, 1H), 8.72 — 8.63 {m, 2H}, 7.38 {t, f = B.4 Mz, 1H),
7.35-7.24{m, 2H), 6.52 {t, J = 8.6 Hz, 2H), 4.63 {dq, = 8.4, 5.1 Hz, 1H), 4.42 - 4.29 (m, 2H},
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3.46 {hept, J= 6.3. 5.4 Hz, 2H), 2.24 (did, / = 13.3, 7.7, 5.5 Hz, 1H), 2.13 (dq, / = 13.0, 6.8 Hz,
14}, 2,03 {dt, £ =12.4, 6.3 Hz, 1H), 1.95-1.79 {m, 1H}. MS found for €,aH:N:0,; 327.4.

GBT979

L

(&)-2-hydroxy-8-({1-picolinoyipyrrolidin-2-yiimethnoxy}benzaidehyde

OH

GBTS7S- (8)-2-hydroxy-6-({1-picolinoylpyirolidin-2-ylimethoxylbenzaldehyde

.

OH -
Step 1 Stnpz : [/ N I Y

HCI T ]’ \<
£ "“% o 2PER 1‘\\/@“\/' “S') ~ \"'Jr. l\/ =G }
i ' H
0 Ph,P  DIAD /‘

GBTS7g

HE' HO \\ ,\_‘ OH
[0188] Step 1. 7o asolution of (S}-pyrrolidin-2-ylmethanal {500 mg, 4.94 mmol} in DCM {10
ml}was added DIPEA {1.88 mL, 10.87 mmo!}, followed by isonicotinyl chioride (0.88 g, 4.94
mmol} at 0 °C, after stirred for 30 min, it was diluted with. DCM, washed with aqueous Sat.
NaHCO3, brine, dried and concentrated to give crude product, which was purified by column
{DCM/MeOH=100:0 to 80:20} to give (S)-{2-{hydroxymethyljpyrrolidin-1-yl}{pyridin-2-
yHimethanone (200 mg).

[0188] Step 2: To a solution of (S)-(2-(hydroxymethylipyrrolidin-1-vl){pyridin-2-
yilmethanone (100 mg, 0.48 mmal) and 2,6-dihydroxyhenzaldehyde (0.08 g, 0.6 mmol) in
THF {5 inL) was added PPh; {(polymer supported, 600 mg, 0.72 mmeol} and DIAD {015 mi,
.72 mmol} at room temperature. After stirred at roorn temperature for 3 b, the mixture
was diluted with AzCN, the insoluble matarial was filtered off, the filtrate was concentrated
to give crude product, which was purified by preparative HPLC to give (S)-2-hydroxy-5-{{1-
picolinoylpyreolidin-2-yijmethoxylbenzaldehyde (15 mg). 'H NMR {400 MHz, Chloraform-d)
§11.82 {s, 14}, 10.39 (d, / = 0.6 Hz, 1H]}, 8.55 {ddt, / = 40.7, 4.9, 1.1 Hz, 1H), 7.89 - 7.74 {m,
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2H), 7.40 (t, J = 8.4 Hz, 1H), 2.37 = 7.23 {m, 1H), 6.60 — 6.46 (m, 2H), 476 - 4.65 (i, 1H), 4.48
{dd, } = 9.5, 3.3 Hz, 1H}, 4.32 —4.18 {m, 1H), 3.99 - 3.81 (m, 1H}, 3.81 - 3.67 {m, 1H}, 2.25 -
1.83 (m, QH} MS found for CgH1eMNaCa: 327.3.

GBT1064
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18}-2-hydroxy-8-{(1-{ 1-isapropyl-1 H-pyrazole-§-carbonyl)pyrrolidin-2-
yljmeihoxyjbenzaldehyde

10190} GBT1064- {S}-2-hydroxy-6-{(1-{1-isopropyl-1H-pyrazole-5-carbonyl)pyrrofidin-2-
ylimathoxylbenzaldehyde

OoH O -
Step 4 Siep 2 /L )‘\ A - \>

7o H N, /k N-,/
7 | \(
HATU L QO
" uﬂ)o” il “N/‘HE; Zon \‘L)‘ ~+
O PhgP  DIAD 7
HO A Yo 3 GBY1064 ¢ /\
O

[0191] Step 1: To a solution of {S}-pyrrolidin-2-ylmethanct {100 mg, 1 mmol) and 1-
isopropyl-1H-pyrazole-5-carboxylic acid {0.15 g, Tmmol} in DMF {Z ml) was added HATU
{0.38 g, 1 mmol) and then the mixture was stirred until finished, it was diluted with water
and extracted with EtQAc, organic laver was dried and concentrated to give crude product,
which was purified by column {100% EtQAc) to give {5)-(2-thydroxymethyl}pyrrelidin-1-yi)(1-
isopropyl-1H-pyrazol-5-yljmethanone {120-mg).

[0192] Step 2: To a solution of {S}-{2-(hydroxymethyl}pyrrofidin- 1-yi){1-isopropyl-1H-
pyrazok-5-yi)methanone {120 mg, 0.51 mmol) and 2,6-dihydroxybenzaldehyde {0.09 g, 0.66
mmol) in THF {4 mL) waas added PPha (Polymer supported, 640 mg, 0.77 mmol) and DIAD
{0.16 ml, 0.77 mmal) at 0 °C. After stirred at room temperature for 1 h, it was diluted with
AcCN, the insoluble material was filtered off and the filtrate was concentrated to give crude
product, which was purified by preparative HPLC to give {5}-2-hydroxy-6-{{1-{1-isopropyh-1H-
pyrazole-5-carbonyl)pyrrelidin-Z-ylimethoxylbenzaldehyde {46 mg). *H NMR (400 MHz,

i
I~
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Chloroform-d} & $1.90 (s, 1H), 10.37 (s, 1H}, 7.55{d, /= 2.0 Hz, 1H}, 7.471 {t, / = 8.4 Hz, 1H),
654 {d, /=85 Hz, 1H], 6.48 (d, J= 83 Hz, 1H), 6.37 {d, /= 2.0 Hz, 1H), 5.03 ~ 4.94 {1, 1H),
4.65 (s, 1H), 4.37 (d,J = 5.4 Hz, 2H), 3.67 (s, 1H), 3.60 - 3.45(m, 1H}, 2.25 {dd, /= 13.1, 6.1
Hz, 14}, 2,11 (ddt, /=304, 12.0, 6.4 Hr, 2H), 1.93 {5, 14}, 1.53{d, = 6.6 Hz, 3H), 146 {d, /=
6.7 Hz, 3H} MS {M+H) found for CigHy3N3Cy 358.3,
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{8)-2-nhydroxy-6-{{1 -nicotinoylpiperidin-2-ylimethoxyioenzaldehyde

fo153] GBTIL18- (5}-2-hydroxy-6-{{i-nicotinoyiniperidin-2-yilmethowy)benzaldehyde

Step 142 Step 3 .Jciia l? (/N\? (‘,
- 1 HCH - I

[Ty DA g A
BocNmf 2) DlPEA )* X o _'_O.H. R 5 "

; Pth DIAD P (

Ho et GBT1118 .
?ﬁ’\\l i ‘L:J/ OH

o

[0194] Step 1R3: 7o a solid sample of {S]-tert-butyl 2-(hydrosymethyljpiperidine-1-
carboxylate (215 mg 1.02 mmol) was added 4N HC in dioxane (3 mL). After stirced for 30
min, it was concentrated to give (§)-piperidin-Z-yimethanaoi HCE salt, To a suspension of (5)-
piperidin-2-yimethano! HC salt in OCM (3 mi} at 0 °C was added DIPEA {0.39 mi, 2.24
mmel) and nicotinyl chloride (0.2 g, 1.12 mmoll. After stirred for 30 min, it was diftted with
DCM, washed with agueous Set. NaHCO3, bring, dried and cancentrated te give crude
product, which was purified by column (DCM/MeDH=90:10} to give (5)-{2
{hydrowymethyiiptperdin-LyDipyridin-3-yiimethanone (130 mg).

(D195} Step 2: To a solution of (5}-{2-{hydroxymethyljpiperidin-1-yl){pyridin-3-
Yimethanone {130 mg, 0.59 mmol} and 2,6-dihydroxybenzaldehyde (0.11 g, 0.77 mmof) in

73



WO 2014/150268 PCT/US2014/022769

THF (4 mL) was added PPh; [polymer supported, 0.74 g, 0.839 mmol} and DIAD (0.17 mL, 0.89
mmol} at G °C and stirred at room temperature for 2 h, it was subsequently concentrated,
the resulting residue was purified by preparative HPLC fo give (5)-2-hydroxy-8-((1-
nicotinoyipiperidin-2-vijmethoxylbenzaldehyde (30 mg). 'H NMR {400 MHz, Chioroform-d} &
11.95 (s, 1H}; 10.29 {5, 14}, 8.66 {dd, /= 4.9, 1.7 Hg, 14}, 8.65 - 8.62 {m, 1H), 7.73 (dt, /= 7.8,
2.0 Hz, 1H), 7.41 d, j= 8.4 Hz, 1H), 7.37 (ddd, /= 7.8, 4.9, 0.9 Hz, 1H), 6.59 ~ 6.54 {rm, 1H),
5.40 {d, J = 7.0 Mz, 1H), 4.39 ~4.30 {m, 2H), 4.19 {5, 2H}, 3.15 (s, 1H), 1.97— 1.78 {m, 4H),
1.72 ~ 1.56 (m, 2H). MS found for CigHigN,Cq: 341.3.
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{ 5)-2-hydroxy-6-({1-{8-methyinicotinoylpiperidin-2-
yiimethoxy}benzaldehyde

[0196] GBT1579- ($}-2-hydroxy-6-{{1-(6-methyinicotinoyl}piperidin-2-
yilmethoxylbenzaldehyde

Step 182 Stepd | I S '
8 1 COCh, puE N 4 (T L/‘k b’
PN e T | e Y
TS OH LN N Lk, i\, 9
i \) 1 pieea S — o, e -
AN He 1i H
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He !
v\, =:/‘ GH

[0197] Steps 1&2: To a suspension of 6-methyinicotinic acid {270 mg, Zmmol) in DCM {5
mb)was added oxaly! chloride (0.34 mi, 4mmol) at 0 °C followed by a drop of OMF, after
stirred for 2 hour at roem temperature, the solution was concentrated to give crude acid
chioride.

To the above trude acld chloride in DCM {4 mL) was added {S}-piperidin-2-yimethanoi
hydrochloride {300 mg, 1.98 mmol) and DIPEA {1.04 mi, 5.94 mmol) at 0 °C, after stirred at

room temperature for 2 h, more DIPEA was added to drive the resction to completion. The
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reaction was diluted with DUM, washed with Sat. NalHCO3, brine, dried and concenirated 10
give crude product, which was purified by column {DCM/MeOH=50:10} to give desirad {5)-
{(Z-{hydroxymethylipiperidin-1-yvl}{6-methylpyridin-3-yl)methanone {100 mg).

{0188] Step 3:Te a solution of (51-(2-(hydraxymethy}piperidin-1-yi){6-methyipyridin-3-
yhmethanone (100 mg, 0.43 mimol) and 2,6-dihydroxybenzaldehyde {80 mg, 0.56 mmai) in
THF {2.5 ml) 21 0 "Cwas added polymer supported triphenylphasphine {435 mg, 0.52 mmol)
and DIAD {0.11 ml, 0.52 mmoi), after stirrad for 4 hour at room temperature, the solution
was filtered, the filtrate was concentrated and was purified by prep HPLC to give ($)-2-
hydroxy-6-{{1-{6-methylnicotinoyl}piperidin-2-yl}methoxylbenzaldehyde {29 mg). 'H NMR
{400 MHz, Chloroform-d} 6 11.95 (s, 1H}, 10.28 (5, 1K), 8.53 (4, J= 2.2 Hz, 1H}, 7.62 (dd, / =
8.0, 2.3 Hz, 11), 7.29 (1, J = 8.4 Hz, 1H), 7.2% (d, J = 8.0 Hz, 1H), 6.55 (dd, / = 8.5, D.8 Hz, 1H),
6.40 (s, 1H), 4.33 (t, J = 8.6 Hz, ZH), 4.19 (5, 1H), 3.09 (s, 2H), 2.59 {5, 3H), 1.73 (m, 6H}. MS
{M+H} found for CopHpN204, 355.3.
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(S)-2-hydroxy-G-((1-{2-mathymicotinoy)piperidin-2-
yi)methox,r)benzafdshyde

[0198] GBTISS0- {S)-2-hydroxy-6-{{1-{2-methyinicotinoyl}piperidin-2-
yi}methoxylbenzaldehyde

oH 0 .
o Step 182 seod G N
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[0200] Step 1&2:7To a suspension of 2-methylnicotinic acid (300 mg, 2.19 mmol} in DCM (5
mL} was added oxalyl chioride (.28 mL, 3.3 mmol} at 0 °C and was further stirred for 2 hour

at room temperature, then the solution was concentrated to give crude acid chioride.

[0201] To the acid chioride in 5CM (5 mil) was added (S)-piperidin-2-ylimethano!
hydrochloride (250 mg, 1.65 mmol) and triethylamine (0.68 mi, 4.95 mmol} at 0 °C and. was
further stirred for 30 min at room temperature, the solution was diluted with more DCM
and the organic layer was washed with Sat. NaHC(03 and brine, dried and concentrated to
give crude product, which was purified by column {DCM/MeOH=95:5} to give {5)-{2-
[hydroxymethylpiperidin- 1-yi}{Z-methylpyridin-3-ylimethanone {200 mg).

[0202] Step 3:To asolution of {S}-{2-{hydroxymethyllpiperidin-2-yi}{2-methylpyridin-3-
vlimethanone {180 mg, (.77 mmol) and 2,6-dihydroxybenzaldehyde (140 mg, 1.0 mmeo!) in
THE (5 mL} at 0 °C was added polymer supported triphenylphosphine {1.0 g, 1.16 mmol} and
DIAD {0.21 mL, 1.08 mmol), after stirred for 15 hour at room temperature, the solution was
filtered, the filtrate was concentrated and was purified by prep HPLC to give (5)-2-bvdroxy-
8-{{1-{2-methyinicotinoyl)piperidin-2-ylimethoxylbenzaldehyde (129 mg) *H NMR (400
MHz, Chicroform-d) & 11.9% {s, 1H), 10.40 [s, 1H), 8.53 (m. 1H), 7.42 {t, 1= 3.4 Hz, 1H}, 7.32
{m, 1K}, 7.28 {m, 1H), 6.56 {d,J = 8.4 Hz, 1H), 6.47 {d, /= 8.3 Mz, 1H), 5.38 {s, 1M}, 4.38 {1, /=
8.8 Hz, 1H), 4.21 (dd, J = 9.5, 6.6 Hz, 1H), 3.36 {d, / = 13.5 Hz, 1H), 3.14 (m, 1H), 2.52 {5, 3H},
2.10 —1.35{m, 8H}. MS {M+H) found for CigHaaN204 355.3,
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{Si-2-{(4-benzoylmorpholin-3-ylimethoxy)-3-hydroxybenzaidehyde
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{0203] GBT1124- (8)-2-{{4-benzovimorpholin-3-yvilmethoxy}-8-hydroxybenzaldehyde

OH © i
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{0204] Step 1&2: To a solid sample of (R)-tert-butyl 3-{hydroxymethyllmorpholine-4-
carboxylate (150 mg, 0.69 mmol) was added 4N HC in dioxane (1.5 mi}. After stirred for 30
min, it was concentrated to give {(R}-(3-{hydroxymethylimorpholino){phenylimethancne as
HCI salt. To a suspension of {R}-{3-{hydroxymethylimorpholinc}{phenyl)methanone HCi salt
in DCM {2 mL) at 0 °C'was added DIPEA {0.36 mL, 2.07 mmol) and benzoyl chioride {0.08 mL,
0.69 mmol). After stirred for 30 min, it was diluted with DCM, washed with agueous Sat.
NaHCO03, brine, dried and concentraied 1o give crude product, which was purified by column
{(100% EtOAc) to give [R)-{3-{hydroxymethyiimorphaolino){phenviimethanone {120 mg).
Steg 3. To a solution of [R)-(3-Thydroxymethyilmorpholino){phenylimethanons (30 mg, 0.36
mmol) and 2,6-dihvdroxybenzaldehyde (0.06 g, 0.47 mmol) in THF (2 mL) was added PPh;
{polymer supporied, 0.45 g, 0.54 mmol) and DIAD (0.11 mi, 0.54 mmol} at 0 °C and stirred
at room temperature for 2 h, it was subsequently concentrated, the resulting residue was
pufified by preparative HPLC to give (S} 2-{{4-benzoylmarpholin-3-yljmethoxy}-6-
hydroxybenzaldehyde (20mg). *H NMR (400 MHz, Chioroform-d) & 11.96 (s, 1H), 10.28 {s,
1H}, 7.50 = 7.35 {m, 7H), 6.61 - 6.41 (m, 1H)}, 4.37 (5, 2H), 4.07 (s, 1H)}, 3.89 (s, 1H], 3.76 {dd,
=12.2, 3.2 Hz, 14}, 3.55 {s, 2H), 3.39 {s, 1H}, 1.35— 1.18 {m, 1H}. MS found for CyaH:oNOe:

342.3.
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(8)-2-nydioxy-B-((1~{phenylsuifonylpyrroiidin-2-ylmathoxy)benzaldehyds
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[0205] GBT1126- [S}-2-hydroxy-8-{{1-(phenylsulfonvi)pyrrofidin.2-
yljmathoxylbenzaldehyde

Step 1 Step2 [ [ S N
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p e Relp . |
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[0206] Stepl: To a selution of {S}-pyrrolidin-2-yimeathanct {500 mg, 4.94 mmol) in DCM (10
mb) at 0 °C was added TEA {1.04 mi, 7.41 mmol) followed by benzenasulfonyl chioride {0.63
ml, 4.94 mmol). After stirred for 20 min, it was diluted with DCM, washed with agueous Sat.
MNaHCO3, brine, dried and concentrated to give crude product, which was purified by column
to (S}-(1-{phemyisulfonylpyrrolidin-2-yljmethanoi.

{02071 Step 2: To a solution of {S)-11-{phenylsulfonylipyreciidin-2-yi)methano! {125 mg,
0.54 mmol} and 2,6-dihydroxybenzaldehyde (0.1g, 0.7 mimol} in THF (2 mi.) was added PPh;
{0.21 g, 0.81 mmol} and DIAD {G.16 mL, 0.81 mmal) at § °C and stirred at room temperature
for 2 b, it was subsequently concentrated, the resulting residue was purifled by préparative
HPLC to give {S)-2-hydroxy-5-{{1-{phenylsulfonylipyrrolidin-2-yHimethoxyibenzaldehyde (37
mg). *H NMR (400 MHz, Chloroform-d) 6 11.90 (d, / = 0.4 Hz, 1H), 10.28 {d, S = 0.6 Hz, 1H},
7.93-7.76(m, ZH), 7.65 ~ 7.56 {m, 1H}, 7.56 ~ 7.47 (m, 2H}, 7.43 {td, / = &4, 0.4 Hz, 1H},
£.55{dt, /= 8.5, 0.7 Hz, 1H}, 6.48 {dd, 1= 8.3, 0.8 Hz, 1H}, 442 - 4,31 {m, 1H), 4.08 ~3.95 (m,
2H}, 3.56—3.45 {m, 1M), 3.20 {ddd, / = 10.0, 8.0, 7.0 Hz, 1H}, 2.03 - 1.33 {m, 2H}, 1.81-1.50
{m, 2H). MS found Tor CieHgNOsS: 362.4.

74



WO 2014/150268 PCTE/US2014/022769

GBT1128

{S)-2-hydroxy-G-({ 1-(pyridin-3-yisulfonylpyrrolidin-2 -ylimethoxy) benzaldehyda
[0208] GBT1128- (5)-2-hydroxy-6-{{1-{pyridin-3-yisulfonyi)pyrrolidin-2-
yiimethoxylbenzaldehyde
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[0209] Stepl: To asolution of {$)-pyrrolidin-2-yimethanal {320 mg, 3.16 mmal) in DCM (6

bl at § *Cwas added TEA (0.97 ml, 6.95 mmol) followed by pyridine-3-sulfonyl chioride
(0.68 g, 3.16 mmol), After stirred for 30 min, it was diluted with DCM, washed with dgueaus
Sat. NaHCO3, brine, dried and concentrated to give crude product, which was purified by
cotumi to give (5)-(1-{pyridin-3-ylsuifonyl}pyrrofidin-2-yl)methanot (66 mg).

[0210] Step 2: To a solution of (S}-{1-{pyridin-3-ylsulfonyl}pyrrolidin-2-ylimethanal (65 mg,
0.29 mmol) and Z,6-dihydroxybenzaldehyde [0.06 g, 0.41 mmol) in THE (2 mL} was added
PPhy (polymer sugported, 0.37 g, 0.44 mmol) and DIAD (0.09 mt, 0.44 mmol} at 0 °C and
sitrred at room temperature for 2 h, it was subseguently diluted with AcCN, the insoluble
material was fiitered off, the filtrate was concentrated, the resulting residue was purified by
preparativa HPLC to give {5)-2-hydroxy-6-({1-{pyridin-3-visulforylipyrrolidin-2-
ylimethoxy}benzaldehyde {17 mg). 'H NMR (400 MHz, Chioroform-d) § 11.90 {s, 1H), 10.29
{d,/=0.6Hz, 1H}, 9.08 (dd, S = 2.3, 0.9 Hz, 1H), 8.83 {dd, /= 4.9, 1.6 Hz, 1H), 8.18 — 8.0 {1,
iH), 7.53 ~ 745 {m,' IH), 7.44 {t, f = 8.4 Hz, 1H), 6.61 — 6.54 (m, 1H), 6.50 ~ 6.44 (m, 1H), 4.40
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—431{m, 1H}, 4,12 -3.96 {m, 2H), 3.56 {ddd, J = 10.5, 7.1, 4.2 Hg, IM), 3.214dt, /=101, 7.4
Hz, 14), 2.08 - 1.88 {m, 2H), 1.87 — 1.66 {m, 2H). MS (M+H) found for Ci7HigN20s5: 383.4.

10211} f£rom the foregoing it will be appreciated that, although specific embodiments of
the invention have been described herein for purposes of ifustration, various modifications

may be made without deviating from the spirit and scope of the invention.

[0212] Throughout the description of this invention, reference is made tovarious patent
applications and publications, each of which are herein incorporated by refarence in their

entirety,
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CLAIMS

1. A compound of Formula (Vi)

L‘I"‘"L.‘ B ':
LZ/
]
VD)
'or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein
Ris
Y N
Y s S =M
- = = N._= or iz~ N
1 3
i i i e T
each of which is optionally substituted with 1-4 C,-Cy alkyl;
L!i§ abond;
L' is C=0 or 80s;
ring B is
@
N .N N
% , %,
i e or bl 'l

each of which is optionally substituted with 1-3 halo, C;-C; allyyl optionally
substituted with 1-5 halo, C;-Cg alkoxy, hydroxyl, oxo, COR", or COORY,
R*is -OR" or C4-Cs alkoxy and is located on a carbon adjacent to the carbon
substituted with ~CHQO; and
RYis hydrogen.
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2, A compound of formula:

0 N o) r'\l/\o o I\]I/\S
ECRNNC R
@\/CHO; ©:CHO @cm

; or CH
or a pharmaceutically acceptable salt of each thereof.

3. A compound of formula:

; or
ora phannace_utlca]ly acceptable salt of each thereof.
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4, A compound of formula:

N
g
. N,
|
o
0 O
1
“OH
or a pharmaceutically acceptable salt thereof.
5, A compound of formuila:
e, N
Q QO

ora pharmaceutically acceptable salt thereof.

0. A compound of formula:

or a pharmaceutically acceptable salt thereof,

7. A compound of formula:

&



<V

OH

or & pharmaceutically acceptable salt thereof.

’»_N
{
0
o 0]
X
TOH

8. A compound of formular

or a pharmaceutically acceptable salt thereof.

N N
e
(@) Q
Cr
OH

9. A compound of formula:

or a pharmacentically acceptable salt thereof.

10. A compound of formula:
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, ,N"*N’k
g
LS/ s
!
o _
G 0
CL
OH
or a pharmaceutically acceptable salt thereof.

11. A compound of formula:

or & pharmaceutically acceptable salt thereof.

12. A compound of formula:

or a pharmaceutically acceptable salt thereof.

13, A compound of formula:

o
0¥ N

85



or a pharmaceutically acceptable salt thereof.

14. A compound of formula:

or a pharmaceutically acceptable salt thereof.

15. A compound.-of formula:

N ==

™

or a pharmaceutically acceptable salt thereof.

16. A pharmaceutical composition comprising a compound of any one of claims 1-15 and

at least one pharmaceutically acceptable excipient,

17.  Use of a compound of any one of claims 1-15 or the composition of claim 16 in the

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

18, Uscof a-compound of any one of clairis 1-15 or the composition of claim 16 in the
manufacture of 2 medicament for the treatment of a condition associated with oxygen
deficiency in a subject in need thereof, wherein the condition is sickle cell disease or a

Cancer.

19, Use of a compound of any one of claims 1~15 or the composition of claim 16 in

the manufacture of a medicament for the treatment of sickle cell disease,
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